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New Porphyrins Bearing Pyridyl Peripheral Groups Linked by Secondary or
Tertiary Sulfonamide Groups: Synthesis and Structural Characterization
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New pyridyl meso-tetraarylporphyrins (TArP, Ar = -CgH,-) of the general formula, T(R'R®NSO,ANP (R" = N-py-n-CH,
(n = 2 or 4) and R? = CHg), have been synthesized by the versatile approach of utilizing meso-tetra(4-
chlorosulfonylphenyl)porphyrin. After characterization by mass spectrometry and by visible absorption and 'H NMR
spectroscopy, the porphyrins were converted to various metalloderivatives, including Cu(ll) and Zn(ll). Treatment of T
(N-py-4-CHy(CH3)NSOLAN)P (5) or TpyP(4) (meso-tetra(4-pyridyl)porphyrin) with CHzCo(DH),H,0 (DH = monoanion
of dimethylglyoxime) afforded [CH3Co(DH),],T(N-py-4-CHx(CH3)NSO,ANP (6) and [CH3Co(DH)ol4TpyP(4) (7).
Typically, basic pyridines shift the axial methyl 'H NMR signal of CH;Co(DH).L upfield but leave the equatorial
methyl signal unshifted. However, both signals for [CHzCo(DH),]4TpyP(4) are ~0.2 ppm more downfield than normal,
suggesting perhaps an extremely non-basic pyridyl group. However, TpyP(4) forms CH3Co(DH).py adducts with
binding ability comparable to that of other pyridine ligands with normal basicity and to that of T(N-py-4-CHx(CHs)
NSO,ArP. Consequently, in 7 the deshielding of the methyl signals, even the axial Co—CHj signal, is attributed to
anisotropy of the porphyrin core. The methyl signals for [CH3Co(DH)]4T(N-py-4-CH,(CH3)NSO,Ar)P (6) have normal
shifts. The absence of an anisotropic effect is attributable to the large distance of the CH3Co(DH), moieties from the
porphyrin core caused by the intervening linker in 6. Indeed, the separation led to only a slightly reduced (25%)
fluorescence emission of 6 compared to 5, whereas that of 7 is considerably reduced (90%) compared to TpyP(4). The
X-ray structures of 5, its Cu(ll) complex, and [CH3Co(DH)]sTpyP(4) (7) (all of which have C; symmetry) support the
spectroscopy. For example, the Co—Nay bond lengths of [CH3Co(DH)o]aTpyP(4) (2.055(4) and 2.079(4) A) are
comparable to that of CH3Co(DH),py (2.068(3) A), consistent with the normal coordinating ability of TpyP(4). In an
accompanying study, the new pyridylporphyrins have been converted to DNA-binding, water-soluble cationic
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porphyrins.

Introduction

The special characteristics of porphyrins have led to
numerous studies and applications both by nature and by
mankind.' ~® Pyridylporphyrins (PyPs) in which the pyridine
ring is directly attached to the porphyrin core have been used
in supramolecular systems, usually with metal centers pro-
viding the linking group.* ® A number of complexes with
different coordination numbers involving ruthenium, rhe-
nium, and platinum have been coordinated symmetrically to
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N atoms of the peripheral Pg/ridyl groups of meso-tetrapyri-
dylporphyrins (TpyPs).>” 'Y Most studies have involved the
meso-tetra(4-pyridyl)porphyrin (TpyP(4)) isomer, Chart 1. It
has been shown that coordination of the different metal
fragments to N atoms of the peripheral pyridyl groups not
only solubilizes the porphyrin but also introduces useful
functionalities into the system.® For example, Alessio and
co-workers recently reported adducts between a TpyP(4)
pyridyl group and either one or four Re(I) bipyridine tricar-
bonyl units, and they have compared their photophysical
properties to those of the parent TpyP(4)."!
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Chart 1

MT(N-py-4-CHy(CH;)NSO,Ar)P
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A second type of application for PyPs, such as TpyP(4), is
to convert them into water-soluble N-alkylpyridinium deri-
vatives. These compounds have been shown to possess
interesting biomedical properties such as antiviral activity,
anticancer activity, and so on, and to interact with DNA by a
variety of binding modes.'>”'® In many cases, metals bound
to the center of the porphyrin influence the DNA binding
mode."”"*! Coordination of areneruthenium(II) compounds
(e.g., [Ru(n®-C¢HsCH;)(u-C1)Cl],) to the pyridyl groups of
TpyP(4) to form [Ru(y°-C¢HsCH;)CL]TpyP(4) has been
studied with the aim of combining the photodynamic action
of the porphyrin with the cytotoxicity of the areneruthenium
complexes.”> These PyPs are generally relatively rigid, a
property that may be helpful in constructing supramolecular
systems,”>** but it would be interesting to examine less rigid
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systems. However, our interest in less rigid systems was
mainly motivated by our program to study DNA binding
of cationic porphyrins, particularly after the pyridines are
converted to N-alkyl pyridinium groups.” As a first step in
this direction, we wanted to overcome some of the problems
in constructing suitable porphyrins, chiefly the low-yield
syntheses that hamper porphyrin chemistry and the poor
solubility of such PyPs as TpyP(4). PyPs reported here were
prepared from the simple meso-tetraphenylporphyrin (TPP).
TPP can be modified by connecting to it different peripheral
substituents, changing the central metal, or expanding the
size of the macrocycle. In this initial report, we employ a very
useful strategy to meet our goals of finding a versatile
synthetic approach to preparing soluble PyPs containing
sulfonamide groups of the general formula, MT
(R'R®NSO,Ar)P (Scheme 1 and Chart 1). The new pyridyl
meso-tetraarylporphyrins (TArP, Ar = -C¢Hy-) of the gen-
eral formula, T(R'R’NSO,Ar)P (R' = N-py-n-CH, (n =
2 or 4) and R*> = H or alkyl) are synthesized by the versatile
approach of utilizing meso-tetra(4-chlorosulfonylphenyl)
porphyrin (1, Scheme 1). However, we found previously that
intractable products are obtained when R' = H (such as 2
and 3 in Scheme 1). Here we report new more tractable
pyridylporphyrins, T(R'R*NSO,Ar)P (R' = N-py-n-CH, (n =
2 or 4) and R* = CHj, Scheme 1 and Chart 1).

Using '"H NMR, visible absorption, and fluorescence
spectroscopic techniques, we have examined the effect of
coordination of the methylcobaloxime (CH;Co(DH),) moi-
ety (DH = the monoanion of dimethylglyoxime) to the N-
pyridyl group of the newly synthesized porphyrin, T(N-py-4-
CH,(CH3)NSO,Ar)P. Good solubility allows facile addition
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Scheme 1. Synthetic Scheme and Some Porphyrins Mentioned in This Work
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of the metal to either the inner core of the porphyrin or to a
peripheral pyridyl group. Furthermore, we report a method
of making poorly soluble porphyrins (e.g., TpyP(4)) more
soluble by using the (CH3Co(DH),) moiety as a dissociable
metal-protecting group. Organocobaloximes (RCo(DH),L),
in which L is an N-donor ligand such as pyridine, have been
used extensively to understand the fundamental chemistry
related to the organocobalt B;, coenzymes.® ¥ Organoco-
baloximes undergo exchange of the trans axial ligand rela-
tively rapidly, so that solutions normally reach equilibrium
before NMR spectra can be recorded.”® Methylcobaloximes
have well-understood NMR properties because axial ligand
exchange is slow on the NMR time scale. In this work we
exploit these favorable properties to explore the new por-
phyrins we have prepared.

Experimental Section

Starting Materials. 4-Cyanopyridine (4-CNpy), pyridine
(py), 3.5-lutidine (3,5-lut), 4-dimethylaminopyridine (4-Me»-
Npy), n-pyridylcarboxaldehyde (n = 2 or 4), methylamine
(CH;NH,), meso-tetra(4-pyridyl)porphyrin (TpyP(4)), and all
solvents were obtained from Sigma-Aldrich. 5,10,15,20-tetra-
(4-chlorosulfonylphenyl)porphyrin (TCISO,PP (1), Scheme 1)
was synthesized by a known method, and the "H NMR chemical
shifts in CDCl; matched the reported values.*? CH3Co(DH),-
H,O was prepared as previously reported.!

Instrumentation. All '"H NMR spectra were recorded on a 400
MHz Bruker NMR spectrometer. Peak positions are relative to
TMS or solvent residual peak, with TMS as reference. Visible
absorption spectra were recorded with a Cary 3 spectrophoto-
meter. Excitation and fluorescence spectra of 5.0 uM porphyrin
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solutions (CH,Cl,) were recorded on a Fluorolog-3 spectro-
fluorimeter (Horiba Jobin Yvon) at room temperature.

X-ray Data Collection and Structure Determination. All single
crystals suitable for X-ray crystallography were obtained by
slow diffusion of methanol into dichloromethane solution.
Single crystals were placed in a cooled nitrogen gas stream at
90 K on a Nonius Kappa CCD diffractometer fitted with an
Oxford Cryostream cooler with graphite-monochromated Mo
Ko (4 = 0.71073 A) radiation. Data reduction included absorp-
tion corrections by the multiscan method, with HKL SCALE-
PACK.** All X-ray structures were determined by direct
methods and difference Fourier techniques and refined by full-
matrix least-squares, using SHELXL97.%° All non-hydrogen
atoms were refined anisotropically. All hydrogen atoms were
visible in difference maps, but were placed in idealized positions,
except for those of the OH groups in 7, for which coordinates
were refined. A torsional parameter was refined for each methyl
group.

Synthesis of T(/N-py-n-CH,(CH3)NSO,Ar)P Porphyrins
(n = 2 or 4). Porphyrins 4 and 5 (below) were synthesized
from secondary amines, prepared by a slight modification of
a published procedure.*® A solution of 1.0 g (9.34 mmol) of
n-pyridylcarboxaldehyde (n = 2 or 4) in water (5 mL) was
saturated with methylamine gas until the solution was cloudy.
The resulting solution was stirred at RT for 2 h. Solvent removal
under vacuum left a pale yellow oil of the Schiff base (~1.0 g);
Schiff base formation was confirmed by a characteristic 'H
NMR imine signal (N-(4-pyridylmethylene)methylamine at 8.16
ppm, N-(2-pyridylmethylene)methylamine at 8.35 ppm). The
yellow oil (9.34 mmol) was dissolved in 10 mL of methanol,
0.472 g of NaBH, was added, and the reaction mixture then left
stirring at RT for 30 min. The solvent was evaporated under
vacuum; the residue was dissolved in water (10 mL) and
extracted into CH,Cl, (3 x 10 mL). The organic phase was
dried over anhydrous Na,SO,, and the solvent evaporated
under vacuum to yield pale yellow oils that were characterized
by "H NMR spectroscopy. These oils were used to synthesize
porphyrins 4 and 5 as follows: a solution of 1 (0.2 g, 0.198 mmol)
in CH»Cl, (20 mL) was treated with 0.11 g (0.89 mmol) of
N-methyl-N-(n-pyridylmethyl)amine (» = 2 or 4) in CH,Cl,
(5 mL). The reaction mixture was stirred at RT overnight,
and the precipitate that formed was removed by filtration.
The filtrate was washed with water (3 x 15 mL), dried over
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Table 1. Characteristic Absorption and Emission Maxima of Methylcobalox-
ime—Porphyrin Adducts and of the Porphyrin Models in CH,Cl,

absorption (Aya,/nm) emission

compound Soret band Q bands Aem (nm)?

T(N-py-4-CH,(CH3) 420 514, 548, 589, 644 650 714

NSO,A1)P (5)
Cu(I)5 416 540
Zn(ID)5 424 550, 596 603 649
[CH;Co(DH);,]4 420 514, 548, 589, 644 650 714
Por5 (6)
Cu(II)6 416 540
Zn(16 424 550, 596 599 648
TpyP(4) 416 510, 544, 587,642 649 712
Cu(I)TpyP(4) 418 538
Zn(II)TpyP(4) 424 550, 596 602 652
[CH3Co(DH)]4 422 515,550, 590, 646 652 714
TpyP(4) (7)
Cu(II)7 418 540
Zn(I1)7 424 551, 594 603 646

“exe = 420 nm.

anhydrous Na,SOy, and the solvent removed under vacuum.
The residue was recrystallized from CH,Cl,/methanol.

T(N-py-2-CH,(CH;3)NSO,Ar)P (4). The general method de-
scribed above, starting with 2-pyridylcarboxaldehyde (1 g, 9.34
mmol) and CH;NH,, yielded N-methyl-N-(2-pyridylmethyl)
amine as a pale yellow oil (0.89 g, 76% yield). "H NMR (ppm)
in CDCl;: 8.53 (1H, d, ArH), 7.66 (1H, t, ArH), 7.28 (1H, d,
ArH), 7.16 (1H, s, ArH), 3.83 (2H, s, CH»), 2.50 (3H, s,
CH,).1.86 (1H, br, NH). GC-MS(m/z): M™ = 123.2. Caled
for M™ 123.17. Treatment of 1 (0.2 g, 0.198 mmol) with N-
methyl-N-(2-pyridylmethyl)amine (0.11 g, 0.89 mmol) as de-
scribed above afforded porphyrin 4 as a purple powder (0.16 g,
59% yield). '"H NMR (ppm) in DMSO-d: 8.90 (8H, s, SH), 8.59
(4H, d, H2), 8.47 (8H, d, mH), 8.25 (8H, d, oH), 7.90 (4H, m,
H3), 7.56 (4H, d, HS), 7.39 (4H, m, H4), 4.60 (8H, s, CH»), 2.99
(12H, CHj3), —2.94 (2H, br, NH). ESI-MS(m/z): [M + H]" =
1351.4077,[M + 2H] "% = 676.2076,[M + 3H] "3 = 451.1437.
Caled for [M + H]' = 1351.3775, [M + 2H] "2 = 676.1926,
[M + 3H]"? = 451.1310.

T(N-py-4-CH,(CH;3)NSO,Ar)P (5). The general method de-
scribed above, starting with 4-pyridylcarboxaldehyde (1 g, 9.34
mmol) and CH3NH,, yielded N-methyl-N-(4-pyrid?/1methyl)
amine as a pale yellow oil (0.94 g, 83% yield). The 'H NMR
spectrum in CDCl; matches that reported in the literature.’” 'H
NMR (ppm) in CDCls: 8.53 (2H, d, ArH), 7.24 (2H, d, ArH),
3.77 (2H, s, CH,), 2.46 (3H, s, CH3), 1.98 (1H, br, NH). GC-MS
(m/z): M ™ = 123.0. Caled for M * 123.17. Treatment of 1 (0.2 g,
0.198 mmol) with N-methyl-N-(4-pyridylmethyl)amine (0.11 g,
0.89 mmol) as described above afforded porphyrin 5 as a purple
powder (0.15 g, 55% yield). "H NMR (ppm) in DMSO-d;: 8.92
(8H, s, pH), 8.65 (8H, d, H2,6), 8.51 (8H, d, mH), 8.30 (8H,
d, oH), 7.46 (8H, d, H3.5),4.54 (8H, s, CH;), 2.93 (12H, s, CH3;),
—2.92 (2H, br, NH). ESI-MS(m/z): [M + H]" = 1351.4107,
[M + 2H]"2 = 676.2096, [M + 3H] " = 451.1451. Calcd for
[M+H]" = 1351.3775,[M + 2H] "2 = 676.1926,[M +3H] "* =
451.1310.

Cu(IT)T(N-py-4-CH(CH3)NSO,Ar)P (Cu(I)5). A solution
of 5 (50 mg, 0.037 mmol) in CH,ClI, (10 mL) was treated with
copper(I]) acetate (6.4 mg, 0.037 mmol) in methanol (SmL). The
solution was left stirring at RT for about 1 h. Completion of the
reaction was indicated by the collapse of the four Q bands of the
free base to one Q-band (Table 1). The reaction mixture was
reduced in volume to about 1 mL, and acetone was added to

(37) Varney, M. D.; Palmer, C. L.; Deal, J. G.; Webber, S.; Welsh, K. M.;
Bartlett, C. A.; Morse, C. A.; Smith, W. W.; Janson, C. A. J. Med. Chem.
1995, 38, 1892-1903.
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precipitate Cu(I)5 as a red powder (48 mg, 92% yield). 'H
NMR (ppm) in CDCl3, see Chart 1 for labeling: 8.74 (8H, br,
H2,6), 8.05 (8H, br mH), 7.49 (8H, d, H3,5), 4.46 (8H, br, CH,),
2.92 (12H, br, CH3).

Zn(IT)T(N-py-4-CH(CH3)NSO,Ar)P (Zn(IT)5). A solution
of 5 (50 mg, 0.037 mmol) in CH,Cl, (10 mL) was treated with
zinc(II) acetate (40 mg, 0.19 mmol) in methanol (2 mL). The
solution was left stirring at RT for 2 h, after which an aliquot of
the reaction mixture was analyzed by using visible spectroscopy.
The metal insertion was complete, as indicated by the collapse of
the four Q bands to two Q bands (Table 1). After the CH,Cl,
was removed by rotary evaporation, the purple precipitate that
formed was collected on a filter and washed with methanol to
remove the excess of zinc acetate and air-dried to afford Zn(II)5
(30 mg, 58% yield). "H NMR (ppm) in DMSO-d, see Chart 1
for labeling: 8.85 (8H, s, fH), 8.64 (8H, d, H2,6), 8.46 (8H, d,
mH), 8.28 (8H, d, oH), 7.46 (8H, d, H3,5), 4.55 (8H, d, CH,),
2.93 (12H, s, CH3).

Synthesis of (|CH;Co(DH),])4T(V-py-4-CH,(CH3)NSO,Ar)-
P (6). CH;Co(DH),H,0 (95 mg, 0.30 mmol) was added to a
solution of 5 (0.1 g, 0.074 mmol) in CH»Cl, (20 mL) and stirred
until a clear solution resulted (~5 min). The solution was filtered
and treated with 5 mL of ethyl acetate. After partial evaporation
of the solution, a brownish precipitate was collected on a filter,
washed with diethyl ether, and vacuum-dried to afford 6
(Chart 1) as a brown precipitate (0.17 g, 92% yield). '"H NMR
(ppm) in CDCl;, see Chart 1 for labeling: 18.34 (8H, s, OH), 8.85
(8H, s, fH), 8.67 (8H, d, H2,6), 8.44 (8H, d, mH), 8.26 (8H, d,
oH),7.44 (8H,d, H3,5),4.54 (8H, d, CH,), 3.00 (12H, CH3), 2.15
(48H, s, CH3), 0.82 (12H, d, Co-CH3), —2.79 (2H, br, NH).

[CH;Co(DH),]sCu(II)T(N-py-4-CH,(CH3)NSO,Ar)P (Cu-
(I1)6). The general method described above with CH3;Co
(DH),H,0 (45 mg, 0.14 mmol) and Cu(ID)5 (50 mg, 0.035 mmol)
afforded Cu(I1)6 (Chart 1) as a red precipitate (65 mg, 69%
yield). "H NMR (ppm) in CDCls, see Chart 1 for labeling: 18.30,
(8H, s, OH), 8.62 (8H, br, H2,6), 8.02 (8H, br mH), 7.38 (8H, d,
H3.5), 4.44 (8H, d, CH,), 2.90 (12H, CH3), 2.14 (48H, s, CH3),
0.81 (12H, d, Co-CH3).

[CH;Co(DH),]sZn(I1)T(N-py-4-CH,(CH3)NSO,Ar)P (Zn-
(I1)6). The general method described above with CH3;Co
(DH),H,0 (45 mg, 0.14 mmol) and Zn(II)5 (50 mg, 0.035 mmol)
afforded Zn(II)6 (Chart 1) as a purple precipitate (50 mg, 53%
yield). "H NMR (ppm) in CDCls, see Chart 1 for labeling: 18.18
(8H, s, OH), 8.94 (8H, s, fH), 8.63 (8H, d, H2,6), 8.44 (8H, d,
mH), 8.24 (8H, d, oH), 7.41 (8H, d, H3,5), 4.54 (8H, d, CH,),
3.01 (12H, CHs;), 2.12 (48H, s, CH3), 0.77 (12H, d, Co-CH3).

[CH5Co(DH),|4TpyP(4) (7). CH3Co(DH),H,0 (0.21 g, 0.64
mmol) was added to a suspension of TpyP(4) (0.1 g, 0.16 mmol)
in CH,Cl, (10 mL). After stirring (~5 min), the suspension
became a solution, which was then filtered and 5 mL of ethyl
acetate was added. After partial evaporation of the solution, a
reddish precipitate was collected on a filter, washed with diethyl
ether, and vacuum-dried to afford 7 (Chart 1, 0.28 g, 94% yield).
"H NMR (ppm) in CDCls, see Chart 1 for labeling: 18.53 (8H, s,
OH), 9.03 (8H, d, H2,6), 8.75 (8H, s, fH), 8.15 (8H, d, H3,5),
2.33 (48H, s, CH3), 1.03 (12H, s, Co-CH3), —3.04 (2H, br, NH).

[CH3Co(DH),]4Cu(IT)TpyP(4) (Cu(IT)7). A solution of 7 (50
mg, 0.027 mmol) in CH,Cl, (10 mL) was treated with a methanol
solution (5 mL) of Cu(Il) acetate (8.2 mg, 0.041 mmol). The
solution was stirred at RT for 2 h, then filtered and left standing
at RT overnight. The precipitate that formed was collected on a
filter and vacuum-dried, affording Cu(II)7 (Chart 1) as a red
precipitate (43 mg, 85%). '"H NMR (ppm) in CDCls, see Chart 1
forlabeling: 18.23 (8H, s, OH), 8.79 (8H, br, H2,6), 2.26 (48H, s,
CH3;), 0.96 (12H, s, Co-CH3).

[CH5Co(DH),|4Zn(I1)TpyP(4) (Zn(11)7). Treatment of a so-
lution of 7 (50 mg, 0.027 mmol) with a methanol solution
(5 mL) of Zn(II) acetate (8.9 mg, 0.041 mmol) as described for
Cu(I1)7 above afforded Zn(II)7 (Chart 1) as a purple precipitate
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Table 2. Crystal Data and Structure Refinement for T(N-py-4-CH,(CHj)-
NSO,Ar)P (5), Cu(Il)5, and [CH;Co(DH),], TpyP(4) (7)

5 Cu(ID5 7

formula C72H52N]208- C72H60CUN|208- C76H94C04N24-
S4-4CH;0H  S4-4CH;0H 046+ 12CHCly
fw 1479.74 1541.27 3267.89
color red orange orange
cryst syst monoclinic monoclinic triclinic
space group P2/c P2/c Pl
unit cell
i dimensions
a(A) 13.879(5) 13.530(4) 13.356(2)
b(A) 12.776(4) 12.967(4) 13.893(2)
c(A) 21.131(8) 21.020(7) 19.974(4)
o (deg) 90 90 72.830(9)
B (deg) 99.184(15), 97.227(14) 73.905(7)
y (deg) 90 90 75.270(9)
V (AY) 3699(2) 3659(2) 3341.7(10)
VA 2 2 1
T (K) 90 90 90
Peate (Mg m ™) 1.329 1.399 1.624
abs coeff (mm ™) 0.20 0.48 1.27
26 max (deg) 46.0 46.0 46.0
R indices” 0.090 0.096 0.051
wR2 = 0.247 0.280 0.136
[/ > 20(D)’

data/params 5081/471 5066/477 9107/795

“R = SIF| — IFI/SIFl "wR2 = [Y[w(F,” — F2Sw
(FUZ)Z]]I/Z.

(39 mg, 77% yield). "H NMR (ppm) in CDCl;, see Chart 1 for
labeling: 18.42(8H, s, OH), 8.97 (8H. d, H2.6), 8.82 (8H, s, BH),
8.13 (8H, d, H3,5), 2.29 (48H, s, CH3), 0.97 (12H, s, Co-CH3).

Results and Discussion

Crystal Structures of T(N-py-4-CH(CH3)NSO,Ar)P
(5) and Cu(I)T(NV-py-4-CH,(CH3)NSO,Ar)P (Cu(ID)5).
X-ray quality crystals of porphyrin 5 and its copper
complex were obtained by slow diffusion of methanol
into a dichloromethane solution of the respective com-
pound. Crystal data and structural refinement details are
summarized in Table 2. Oak Ridge Thermal Ellipsoid
Plot (ORTEP) drawings of 5 and Cu(I)5 are shown
in Figure 1; 5 and Cu(I)5 lie on inversion centers. The
24-atom core of 5 is nearly planar, having a mean devia-
tion of 0.032 A. The two distances (2.018 and 2.091 A)
from the centroid (C,) of the pyrrole nitrogens to Npyrrole
and Nprrmle, respectively, in 5 are comparable to the
respectlve values of 2.026 and 2.099 A for TPP.*® The
phenyl rings of 5 are almost perpendicular to the plane of
the porphyrin, with dihedral angles of 84.9(2)° and 73.3
(2)°. Two of the pyridyl rings of 5 are almost parallel
to the plane of the porphyrin, with a dihedral angle of
4.6(3)°, and the other two pyridyl rings form a dihedral
angle of 36.1(3)° with the porphyrin plane.

The coordination about the copper atom of Cu(I)S is
square planar (Figure 1). The two Cu—N distances are
2.001(5) and 2.002(6) A, which are comparable to that for
Cu(IDTPP (1.995(2) A) » The phenyl rings of Cu(Il)S are
almost perpendicular to the plane of the porphyrin with
dihedral angles of 83.5(3)° and 84.0(3)°. Two of the
pyridyl rings of Cu(II)5 are almost parallel to the plane

(38) Fleischer, E. B.; Webb, L. E.; Miller, C. K. J. Am. Chem. Soc. 1964,
86, 2342-2347.

(39) He, H. S. Acta Crystallogr., Sect. E: Struct. Rep. Online 2007, 63,
M976-M977.
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of the porphyrin with a dihedral angle of 3.7(4)°, while the
dihedral angle for the other two pyridyl rings is 31.2(5)°.
The overlay of the porphyrin core of Cu(II)TPP and Cu
(IT)S gave an rms value of 0.014 A. This good fit implies
that having substituents at the periphery of the porphyrin
does not affect the planarity of the core. Preliminary
X-ray results also confirmed the synthesis of 4 (Support-
ing Information, Figure S1).

Crystal Structure of [CH;Co(DH),|4TpyP(4) (7). Crys-
tals of porphyrin 7 were obtained by layering hexane in a
chloroform solution of 7. The crystals permitted the first
X-ray structural determination of the TpyP(4) molecule
with four CH;Co(DH), units, each bound to a pyridyl
nitrogen (Table 2, Figure 2). In the crystal, the porphyrin
has an inversion center. The planes of the pyridyl groups
make dihedral angles of 78.1(2)° and 64.1(2)° with the
plane of the porphyrin. The equatorial planes of the
pseudo-octahedral methylcobaloxime units are nearly
perpendicular to the plane of the porphyrin, with dihedral
angles of 89.6(1)° and 81.4(1)°. The Co—N., bond
distances range from 1.882(4)—1.892(5) A (Supporting
Information, Table S1), which is close to the range
reported for CH;Co(DH),py (1.877(2)—1.905(5) A).*
The Co—N(axial) distances of 7 are 2. 055(4) and 2.079
4) A (Supporting Information, Table S1), in good agree-
ment with the value reported for CH3;Co(DH),py (2.068
(3) A).* The Co—CHj3 bond lengths of 7 (1.999(5) and
2.002(5) A) are very close to the value reported for CH3Co-
(DH),py (1.998(5) A).*

Synthesis of the Porphyrins, Porphyrin-Cobaloxime
Adducts, and Their Metal Complexes. Treatment of
1 (TCISO,PP, Scheme 1) with primary amines such as
2- or 4-pyridylmethylamine generated porphyrins con-
taining secondary sulfonamide groups (2 and 3).*! Meta-
lation of such porphyrins resulted in an insoluble
material,*! possibly because the metal coordinates to
the sulfonamide group through both the sulfon 2/1 oxygen
and the deprotonated sulfonamide nitrogen.**”** The
potential for secondary sulfonamides to coordinate to
metals led us to investigate the synthesis of porphyrins
containing only tertiary sulfonamide groups. The pre-
sence of an N-Me group in place of the dissociable NH
group allowed us to prepare porphyrins (4 and 5) that are
very soluble in organic solvents; these were characterized
by mass spectrometry and '"H NMR spectroscopy. Cu(II)
and Zn(II) complexes of porphyrin 5 were also prepared.

Methylcobaloxime complexes (CH3;Co(DH),L) are
generally synthesized from CH3;Co(DH),H,O by sub-
stitution of water in the presence of an excess of L
in methanol solution®' or in a CH,Cl, suspensmn
Addition in a 4:1 ratio of CH;Co(DH),H,O to L (L =
T(N-py-4-CH,(CH3)NSO,Ar)P and TpyP(4)) in dichlor-
omethane produced [CH;Co(DH),|4L adducts. The
related metalloporphyrin adducts can be prepared by
reaction of the metalloporphyrin with CH;Co(DH),H-,O

(40) Bigotto, A.; Zangrando, E.; Randaccio, L. J. Chem. Soc., Dalton
Trans. 1976, 96-104.

(41) Manono, J.; PhD. Dissertation, Louisiana State University, 2009.

(42) Saladini, M.; Iacopino, D.; Menabue, L. J. Inorg. Biochem. 2000, 78,
355-361.

(43) Christoforou, A. M.; Fronczek, F. R.; Marzilli, P. A.; Marzilli, L. G.
Inorg. Chem. 2007, 46, 6942—6949.

(44) Christoforou, A. M.; Marzilli, P. A.; Fronczek, F. R.; Marzilli, L. G.
Inorg. Chem. 2007, 46, 11173-11182.
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Figure 1. ORTEP drawings of T(N-py-4-CH,(CH3)NSO,A1)P (5) and Cu(II)5 with 50% ellipsoids.

Figure 2. ORTEP drawing of [CH3Co(DH),]4TpyP(4) (7) with 50%
ellipsoids.

or by insertion of the metal ion into the isolated [CH;Co-
(DH),]4L adducts. Both methods were efficient and af-
forded the corresponding zinc and copper complexes in
good yield. Because TpyP(4) is not very soluble in chloro-
form or dichloromethane and the adduct is soluble, metal
insertion into the [CH3;Co(DH),|;TpyP(4) adduct (7) is
the preferred method. Insertion of Zn(II) into ((CH;Co-
(DH),]4T(N-py-4-CH,(CH3)NSO,Ar)P) (6) and 7 led to
two Q bands instead of four and a 2 nm red shift of the
Soret band, while insertion of Cu(II) led to one Q-band
and a 4 nm blue shift of the Soret band; these changes are

(45) Akins, D. L.; Zhu, H. R.; Guo, C. J. Phys. Chem. 1996, 100, 5420~
5425.

similar to those found upon metalation of other porphyr-
ins by these metals.*

Solution Studies. Porphyrins were characterized by 'H
NMR spectroscopy in CDCI; (Table 3) and DMSO-d;
(see Experimental Section). The H2,6 signal of [CH;Co-
(DH),]4T(N-py-4-CH,(CH;)NSO»Ar)P (6) in CDCl; is
slightly upfield to that of T(N-py-4-CH,(CH;)NSO,Ar)P
(5) (Table 3 and Figure 3). Coordination of a metal would
normally cause downfield shifts of such signals.” The
upfield shift of H2,6 arises from the anisotropic shielding
by Co,?*° which more than counteracts the deshielding
typically resulting from the inductive effect of a metal.
The sharp singlet for the equatorial DH methyls and the
broad signal of the oxime O—H—O bridge of the CH;Co-
(DH)> moieties for 6 have shifts of 2.15 ppm and 18.34
ppm, respectively. These shifts are similar to the 2.13 ppm
and 18.32 ppm values observed for CH;Co(DH),py,*® as
expected. Insertion of Cu(Il) and Zn(II) into porphyrin 6
resulted in a general slight upfield shift for the axial methyl
signal (Table 3). The H3,5 and H2,6 'H NMR signals of
TpyP(4) and [CH3Co(DH),]4TpyP(4) (7) (shown in CDCl;
in Figure 4) are respectively ~0.7 and 0.35 downfield from
those of 5 and 6. Such downfield shifts for TpyP(4) and 7,
as well as the greater downfield shift of H3,5 versus H2,6,
could be explained either by an inductive or by an aniso-
tropic effect of the porphyrin core.

When compared to the shifts of the parent TpyP(4),
several signals of 7 (Table 3) are moderately or slightly
upfield (e.g., the pyridyl H2,6 signal by 0.03 ppm).
The upfield shifts of the pyridyl signals arise from the
anisotropy of Co.?*° In contrast, coordination of four
cis,cis,cis-RuCl,y(dimethylsulfoxide),CO units to TpyP(4)
caused downfield shifts (H2,6 by 0.45 ppm).’

Sharp singlets observed at 2.33 ppm and at 1.03 ppm
for the equatorial and axial methyl protons of [CH;Co-
(DH),]4TpyP(4) (7) are shifted downfield by 0.20 ppm
when compared to the corresponding signals for
CH;Co(DH),py.*® Normally, the axial methyl signal of
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Table 3. Selected "H NMR Shifts (ppm) of Porphyrin and [CH;Co(DH),],—Porphyrin Signals®

Manono et al.

compound O—H...O H,B" H3.,5 (py) H2.6 (py) DH CH; Co—CHj3; —NH

T(N-py-4-CH,(CH3)NSOLAT)P (5) 8.87 7.42 8.70 -2.79

[CH;Co(DH),]4Por5 (6) 18.34 8.85 7.44 8.67 2.15 0.82 —=2.79
Cu(IDe6 18.30 7.38 8.62 2.14 0.80
Zn(ID)6 18.18 8.94 7.41 8.63 2.12 0.77

TpyP(4) 8.87 8.16 9.06 —2.92

[CH;Co(DH),l, TpyP(4) (7) 18.53 8.75 8.15 9.03 2.33 1.03 —3.04
Cu(I)7 18.23 8.79 2.26 0.96
Zn(I1)7 18.42 8.82 8.13 8.97 2.29 0.98

py 7.29 8.61
CH;Co(DH),py 18.32 7.33 8.61 2.13 0.83
“5mM in CDCls. ° 8 -pyrrole.

BH [ not basicity, is responsible. Insertion of a metal into 7 to

H26 mH o H35 form the Cu(I)7 and Zn(II)7 derivatives resulted in a

general upfield shift of the signals of the CH;Co-

(DH), and pyridyl moieties (Table 3). Previous studies

{ have shown that insertion of Zn(II) into TpyP(4) in-

6H creases the basicity of the pyridyl nitrogen.**™** This

H2.6 M oH H35 increased basicity is confirmed by the more upfield shift

of the axial methyl signal of Zn(II)7 compared to 7.

Nevertheless, the downfield shift position of the axial

L methyl signal of 7, Cu(II)7, and Zn(II)7 indicates either

s a0 s p'pm' o s 10 low pyridyl basicity or a porphyrin anisotropic effect

Figure 3. Comparison of the 'H NMR spectra of T(N-py-4-CH,(CH3)-
NSO,Ar)P (5) (bottom) and [CH;Co(DH),],T(N-py-4-CH,(CHj3)-
NSO-AT)P (6) (top) in CDCl5.

BH
H2,
H3,5
J[ ) J\ . B
MH JHis
| T T T T T T T Blsl T T T gol T T

T LI L B |
9.5 J-D 7.5 7.0

ppm

Figure 4. Comparison of the "H NMR spectra of TpyP(4) (bottom) and
[CH3Co(DH),]4TpyP(4) (7) (top) in CDCl;.

CH;Co(DH),L shifts upfield with increasing L basicity
(Supporting Information, Table S2);* thus, the down-
field shift of the axial methyl observed with L = TpyP(4)
indicates either that TpyP(4) peripheral pyridyls are much
less basic than pyridine or that the signal is shifted by
porphyrin anisotropy. Unlike the axial methyl signal, the
equatorial methyl signal of CH;Co(DH),L compounds
is insensitive to L basicity and tends not to vary much
from compound to compound unless L is anisotropic.?®
The usual value is 2.13 ppm (Supporting Information,
Table S2); the much further downfield signal for [CH;Co-
(DH)»]4TpyP(4) (7) (Table 3) indicates that anisotropy,

extending out to this long distance. More basic ligands
form more stable CH3;Co(DH),L compounds, and thus
we assessed relative binding ability.

A CDClj; solution initially 10 mM in 3,5-Iut and 5 mM
in [CH;Co(DH),]. TpyP(4) (7) gave a "H NMR spectrum
with signals for CH3;Co(DH),(3,5-1ut), indicating some
displacement of the CH3Co(DH), moiety from 7. The
NH signals were most informative. In addition to the NH
signal for 7 at —3.04 ppm, NH signals for new species
were observed at —3.01, —2.97, —2.94, and —2.92 ppm
(Figure 5). In a similar study performed with 40 mM
3,5-lut, the relative size of the NH signals changed.
This change and the relative shift trend (the NH signal
shifted downfield as the number of CH3;Co(DH), moi-
eties displaced increased) allowed assignment of the
NH signal to the different adducts. The distribution of
the TpyP(4) adducts differing in the number of CH;Co-
(DH)> moieties is summarized in Supporting Informa-
tion, Table S3.

The CDCIl; solution initially 40 mM in 3,5-lut and
5 mM in [CH3Co(DH),]4,TpyP(4) (7) revealed consider-
able displacement of the porphyrin ligand, with 49% of
the porphyrin completely lacking a CH;Co(DH), moiety
(Supporting Information, Table S3). Two DH methyl
peaks were observed. One peak is for CH;Co(DH),-
(3,5-lut) (2.13 ppm), a value similar to that observed
previously.”®? The second peak (2.33 ppm) is broad
and arises from overlapping signals of [CH;Co-
(DH),], TpyP(4) adducts (n = 1, 2, 3 and 4). In solutions
of 7 containing 3,5-lut, two signals were observed for
the axial methyls. The signal at 0.77 ppm matches that of

(46) Drain, C. M.; Batteas, J. D.; Flynn, G. W.; Milic, T.; Chi, N.;
Yablon, D. G.; Sommers, H. Proc. Natl. Acad. Sci. U.S.A. 2002, 99, 6498~
6502.

(47) Drain, C. M.; Nifiatis, F.; Vasenko, A.; Batteas, J. D. Angew. Chem.,
Int. Ed. Engl. 1998, 37, 2344-2347.

(48) Drain, C. M.; Nifiatis, F.; Vasenko, A.; Batteas, J. D. Angew. Chem.
1998, 110, 2478-2481.
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Figure 5. NH 'H NMR signals in CDCl; of TpyP(4) (a); [CH5Co-
(DH),l, TpyP(4) (b); [CH3;Co(DH),J4TpyP(4): 3.5-lut = 1:2 (¢); [CH;Co-
(DH),)4TpyP(4): 3,5-lut = 1:4 (d); [CH3;Co(DH),]sTpyP(4): 3,5-lut =
1:8 (e).

Table 4. Distribution? (%) of the CH;Co(DH), Moieties Bound to a Pyridine or
Porphyrin on Addition of Pyridines to CDCl; Solutions of [CH;Co(DH),]4TpyP
(4) (7) or [CH3Co(DH),]4T(N-py-4-CH,(CH3)NSO,Ar)P (6)

% of cobalt bound % of cobalt bound

ratio to pyridine to porphyrin
7: 4-CNPy (1:2) 28 72
7: 4-CNPy (1:8) 48 52
7:3,5-lut (1:2) 51 49
7:3,5-lut (1:8) 79 21
6: 4-CNPy (1:2) 25 75
6: 4-CNPy (1:8) 40 60
6: 3,5-lut (1:2) 42 58
6: 3,5-lut (1:8) 77 23

“Distribution determined from integration of axial CHj signals.

CH;Co(DH),(3,5-1ut), while the other signal (1.03 ppm)
is broad and matches that of the [CH;Co(DH),],, TpyP(4)
adducts (where n = 1, 2, 3, and 4). By integration of the
axial methyl signals, the percentage of CH;Co(DH),
moiety bound in TpyP(4) adducts and the percentage in
CH;Co(DH),(3,5-1ut) could be determined (Table 4). In
the experiment with 10 mM 3,5-lut (7/3,5-lut = 1:2), 51%
of the CH3Co(DH), was bound to 3,5-lut, while 49% was
still bound to the porphyrin (Table 4); however, in the
presence of 40 mM 3,5-lut (7/3,5-lut = 1:8), these values
were 79% and 21%, respectively (Table 4). A related
study was carried out with 4-CNpy and 7 (Table 4 and
Supporting Information, Table S3).

The pyridyl group is not directly linked to the porphyr-
in in [CH3Co(DH),|4T(N-py-4-CH,(CH3)NSO,Ar)P (6);
consequently, the NH signal of 6 is not shifted relative to
that of 5. Also, the aromatic signals overlap. Hence, the
distribution of the various [CH3;Co(DH),],,Por5 adducts
after addition of pyridine ligands could not be assessed.
From the relative intensity of the axial methyl signal, the
percent distribution of the CH3Co(DH), moiety between
the porphyrin adduct and the CH;Co(DH),(pyridine
ligand) complex could be determined, and the results
are summarized in Table 4. The distribution of the
CH;Co(DH), moiety between the CH;Co(DH),(pyridine
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Figure 6. Co-CH; region of the "H NMR spectra of CH;Co(DH),L
with L = T(N-py-4-CH,(CH;)NSO,A1)P (5) (a); TpyP(4) (b); 4-CNpy
(¢); py (d); 3,5-lut (e); and 4-Me,Npy (f) in CDCls.

ligand) complex and the [CH3Co(DH),],Por adducts is
very similar for Por = T(N-py-4-CH,(CH3)NSO,Ar)P
(5) or TpyP(4). Thus, these two porphyrins have similar
basicity.

As mentioned, the axial methyl signal shifts of CH;Co-
(DH)x(pyridine ligand)®® are upfield with increasing ba-
sicity of the pyridine ligand (Supporting Information,
Table S2). The shifts when L = 5, TpyP(4), 4-CNpy, 3,5-
lut, and 4-Me,Npy are shown in Figure 6, Table 3, and
Supporting Information, Table S2. When L = 5, the axial
methyl shift at 0.82 ppm matches that of CH;Co(DH),py.
These results suggest that the basicity of the pyridyl
groups of 5 is close to that of pyridine. The similarity of
the adduct distribution in Table 4 thus confirms that
TpyP(4) has a basicity comparable to that of 5. Without
doubt the porphyrin ring anisotropy, not low porphyrin
basicity, is responsible for the downfield position of the
methyl signals in [CH3Co(DH),], TpyP(4) (7).

Visible Absorption Spectra. Soret and Q bands for 5 and
TpyP(4) and their respective methylcobaloxime adducts
(6 and 7) were measured in CH,CI, (Table 1). The Q and
Soret bands correspond respectively to the first and
second excited singlet states of the porphyrins.**~>! The
change in the number of Q bands to two or one observed
upon insertion of metals (zinc and copper) into the
porphyrin results from the increased molecular symmetry
(Cy4, and Dy, respectively), and is typical of patterns
observed for metalloporphyrins with the respective
metals.*” The lower symmetry of the Zn porphyrin is
attributable to one axial ligand, and X-ray results (albeit
of crystals with less than desirable quality) confirmed that
an axial water is coordinated in [CH3Co(DH),]4Zn(II)
TpyP(4) (Supporting Information, Figure S2).

Compared to the bands of the parent porphyrin (TpyP-
(4)), the Soret and Q bands of 7 show 6 nm and ~4 nm red
shifts, respectively (Table 1). The spectrum of 6 retains the

(49) Spellane, P. J.; Gouterman, M.; Antipas, A.; Kim, S.; Liu, Y. C.
Inorg. Chem. 1980, 19, 386-391.

(50) The Porphyrins: Dolphin, D., Ed.; Academic Press: New York, 1978;
Vol. 3.

(51) Even, U.; Magen, J.; Jortner, J.; Friedman, J.; Levanon, H. J. Chem.
Phys. 1982, 77, 4374-4383.
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Figure 7. Emission spectra in CH,Cl, of T(N-py-4-CH,(CH3)NSO,Ar)P (5), [CH3Co(DH),]4T(N-py-4-CH,(CH3)NSO,AT)P (6), TpyP(4), and [CH3Co-
(DH),]4TpyP(4) (7) at excitation wavelengths of 420 nm (left) and 515 nm (right).

characteristic Soret and Q bands of the parent porphyrin
5, with no shifts (Table 1). The red shift of the Soret band
observed with the [CH;Co(DH),]4TpyP(4) adduct (7)
(Table 1) suggests that there is a reduction of the electron
density as a result of cobalt coordination to the pyridyl
groups. In contrast, the lack of a shift for the [CH;Co-
(DH),J T(N-py-4-CH,(CHy)-
NSO,Ar)P adduct (6) is expected because the pyridyl
groups are not directly linked to the porphyrin core.
The blue shift (4 nm) of the Soret band and of one Q-
band (540 nm) observed for copper complexes Cu(Il)6
and Cu(II)7 (Table 1) is consistent with observations
reported for other copper porphyrins.*>* In copper
porphyrins the delocalized 7 bonding decreases the aver-
age electron density, which increases the energy needed
for electronic transitions, and thus a blue shift of the Soret
band is observed.>* Complexes Zn(I1)6 and Zn(I1)7 show
a red shift (<10 nm) of the Soret band and two Q bands
(550, 596 nm), as observed previously with other zinc
porphyrins.” For zinc porphyrins the delocalized
bonding increases the average electron density of the
porphyrin, thus lowering the energy for the electronic
transition and leading to a red shift of the Soret band.>*
Emission Spectra. The emission of T(N-py-4-
CH,(CH3)NSO,Ar)P (5) and of TpyP(4) in dichloro-
methane is compared to that of the CH;Co(DH), adducts
(Table 1). The fluorescence intensity of 5 is comparable
to that of TpyP(4) upon selective excitation at the Soret
band (420 nm; Figure 7). The adducts, [CH;Co-
(DH),]4T(N-py-4-CH,(CH3)NSO,AT1)P (6) and [CH;Co-
(DH)»]4TpyP(4) (7), show typical porphyrin-based
intense fluorescence spectra (Figure 7) characterized by
two bands at ~650 and ~714 nm (Aexe = 420 or 515 nm).*
A small red shift (~3 nm) of the emission bands of 7 was
observed with respect to the parent porphyrin (TpyP(4)).
Insertion of zinc (Zn(I1)6 and Zn(I1)7) changed the gen-
eral shape of the emission spectra and led to a blue shift
(50 nm, Aexe = 420 nm) of the emission bands (~600 and

(52) Butje, K.; Nakamoto, K. Inorg. Chim. Acta 1990, 167, 97-108.

(53) Sun, X.; Chen, G.; Zhang, J. Dyes Pigm. 2008, 76, 499-501.

(54) Zheng, W.; Shan, N.; Yu, L.; Wang, X. Dyes Pigm. 2008, 77, 153~
157.

650 nm) (Table 1) compared to those of the metal-free
porphyrins (6 and 7). The intensity of spectra obtained on
optically matched (Aex. = 420 nm) solutions showed that
the emission of 6 is slightly lower (25—35%) for both
bands (650 and 714 nm) than that of 5. The fluorescence
intensity of 7 (Aexe = 420 nm) is generally much lower
(90%, for both the 652 and 714 nm bands) than that of
TpyP(4) (Figure 7). The much greater effect of adduct
formation on 7 than on 6 is attributable to the direct and
indirect attachment of the pyridyl group to TpyP(4) and
T(N-py-4-CH,(CH3)NSO,Ar)P, respectively, resulting
from a much shorter distance of the methylcobaloxime
moieties to the porphyrin in 7 than in 6. The quenching of
the emission of 7 is attributed to the cobalt heavy atom
effect. Heavy atoms enhance spin—orbit coupling of a
formally spin-forbidden deactivation process of the sing-
let state of the porphyrin.'!

The titrations of 4-CNpy, 3,5-lut, and 4-Me,Npy into
5 uM solutions of adducts 6 and 7 in dichloromethane
were monitored by fluorescence spectroscopy; results for
4-CNpy and 4-Me,Npy are shown for 6 and 7 in Figure 8
and Supporting Information, Figures S3 and S4. When a
solution of 7 was titrated with these pyridine ligands,
fluorescence intensity restoration was observed. Upon
addition of 4-Me,Npy (80 uM) (Figure 8), the restored
fluorescence intensity at 650 nm was 12 times that of the
original solution of 7; the values obtained with 3,5-lut and
4-CNpy (80 uM) (Supporting Information, Figure S4)
were 11 and 5 times the original fluorescence, respectively.
The titration of TpyP(4) with 4-Me,Npy resulted in an
intensity ~1.2 times that of the original value of TpyP(4).
These results support the conclusion that restoration of
fluorescence intensity upon addition of the different
pyridine ligands is caused by the displacement of the
CH;Co(DH), moieties, releasing the TpyP(4).

The fluorescence intensity of 6 increased by ~1.5 times
upon the addition of 4-CNpy (Supporting Information,
Figure S3), 3,5-1ut, or 4-Me,Npy (Figure 8) (80 uM). The
titration of 5 with 4-Me,Npy led to a ~1.2 times increase
of the original fluorescence intensity. This higher inten-
sity is similar to that observed upon titrating 6 with the
different pyridine derivatives; as a result, we conclude
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Figure 8. Emission spectra of [CH;Co(DH),l T(N-py-4-CHa(CH3)NSO,AD)P (6) (left) and [CH;Co(DH),], TpyP(4) (7) (right) (5.0 uM) in CHCl, with

increasing amounts (6/7: pyridine ratio) of 4-Me,Npy.

that the increase in fluorescence intensity of solutions of 6
arises from a combination of two effects of the pyridine
ligands: first, displacement of the CH;Co(DH), moieties
and second, weak interaction with the displaced porphyrin.

Conclusions

The synthetic scheme developed in this work is useful and
versatile for preparing porphyrins and metalloporphyrins
having sulfonamides and peripheral pyridyls. However, it is
necessary to employ a tertiary sulfonamide because otherwise
intractable species are formed. Adducts with four methylco-
baloxime units bound to pyridylporphyrins (TpyP(4) and
T(N-py-4-CH,(CH3)NSO,Ar)P) have been synthesized, and
their photophysical properties investigated and compared to
those of the parent porphyrin. Upon excitation of the
porphyrin core, the typical porphyrin fluorescence is partially
quenched for the [CH;Co(DH),J4T(N-py-4-CH,(CHjs)-
NSO>Ar)P adduct (6), whereas the fluorescence of the
[CH5;Co(DH),]4TpyP(4) adduct (7) is strongly quenched.
These observations suggest that the porphyrin core of T(N-
py-4-CH,(CH3)NSO,Ar)P is insulated from the pyridyl
group, and consequently coordination of the methylcobalox-
ime moiety to the pyridyl group does not greatly modulate
the photophysical properties of the porphyrin. A comparison
of the "H NMR signal of the axial methyl of the T(N-py-4-
CH,(CH3)NSO,Ar)P and the TpyP(4) methylcobaloxime
adducts with those of the other methylcobaloxime com-
pounds with different pyridine ligands allows us to conclude
that the pyridyl groups of T(N-py-4-CH,(CH3)NSO,Ar)P)

and of TpyP(4) have a basicity (and hence metal-binding
ability) close to that of pyridine. In turn, the porphyrins do
not affect the properties of the cobaloxime moiety. The
unusual downfield shift found for the CH3;Co(DH), methyl
signals in 7 can be confidently attributed to porphyrin ring
anisotropy.
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