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Crystallization and crystal structure analysis of chlorohydrates of
either tri- or tetracationic copper porphyrins, namely copper(5,-
10,15-tris(N-methyl-pyridinium-4-yl)-20-pyridine-porphyrinato) (1)
and copper(5,10,15,20-tetrakis(N-methyl-pyridinium-4-yl)-porphyri-
nato), respectively, have been performed. Two crystalline forms,
2 and 3, of the latter have been obtained under different preparation
conditions. A novel kind of slipped stack chains of these cationic
porphyrins has been detected. The pronounced saddle conforma-
tion of the porphyrin reveals s-like interactions between the
peripheral pyrrole C,—C, “double bond” and the metal center. DFT

calculations on the isolated porphyrins clearly show the HOMO Figure 1. Host-guest interaction in the unit formed by the central

orbitals with the correct topology to yield a bonding interaction porphyrin cation with the sulfonate rim of the calixarenes. Each calixarene
) ’ ] hosts one sodium ion (magenta circles) on the carboxylate rim.

among the stacked porphyrin units. To our knowledge, a slipped

stack chain of positively charged porphyrins has never been Chart 1

previously reported, if the arrangement of faced units of mono-

cationic metalloporphyrins or phthalocyanins is excluded. o HT4

We have recently shownthat noncovalent conjugates
between the tetracationmesetetrakisN-methyl-pyridinium- o xR
4-yl)porphyrin (HT4, Chart 1a) and the anionic 5,11,17,- 0
23-tetrasulfonated-25,26,27,28-tetrakis(hydroxycarbon-
ylmethoxy)calix[4]arene (@'sTc, Chart 1b) are formed. ° ‘040’0 °
Supramolecular species with,F4/C,TsTc ratios of 3:4 and
5:4 have been detected in solution and structurally character-Stoichiometric addition of various metalloporphyrins to the
ized in the solid state. Both complexes share a 1:4 core 1:4 species. Consequently, we were interested to see if the
structure (Figure 1), where each of the foNrmethyl introduction of a central metal like copper(ll) might affect
pyridinium groups of HT4 is hosted by the sulfonate rim the architecture of the supramolecular species. The CuT4
of a calixarene anion. The 3:4 and 5:4 complexes are formedPorphyrin was prepared according to the literatufgy
by piling two and four HT4 units, respectively, to the 1:4 adding CuT4 to calixarene in an 1:1 molar ratio (buffered,
core. More recently, evidence has been obtdirfed the pH 9), single crystals isomorphous with those of the 5:4
formation in aqueous solution of mixed assemblies, by SPecies were obtainéd.

N - _ Surprisingly, when the crystallization was carried out in
univI:i)eV;thec.)irtr.] correspondence should be addressed. E-mail: randaccio@ unbuffered solution (molar ratio CUTA/TTc of 1:1), single

" Universitadi Trieste. crystals of a new speciglswere obtained.
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The crystallographic analysis showedhat 1 contained
neither calixarene nor CuT4, but that it was actually a novel
polymeric arrangement of the porphyrin of the tri-chloride
of Cu(T3py) (T3py= 5,10,15-tris-N-methylpyridinium-4-
yl)-20-pyridine-porphyrinato) (vide infra). It is known
indeed that HT3py is present in traces in M4 samples,
and consequently, it is also metalated together with the tetra-
N-methylpyridyl compound.In order to understand if this
arrangement is peculiar to,H3py or of general relevance,
we thought it would be interesting to also study the copper
derivative of BT4. Crystallization of CuT4 in the absence
of C4,TsTc gave two crystalline specieagnd3), which are
composed of chloride anions and polymeric cations,
(CuT4)** 8 with an arrangement very similar to that bf

The crystals ofl are built up by Cu(T3py) trications, and
those of2 and 3, by CuT4 tetracations, arranged in such a
way to form polymeric chains, by Clanions and crystal-
lization water molecules. The cations form one-dimensional
slipped-stack chains, shown on the top side of Figure 2,
where a view of the polymer chains projected in a plane
perpendicular to the copper plane is also shown on the bottom
side. The chains are very similar in both compounds. The
chloride anions are located close (337 A) to N atoms of
the positively charged pyridinium groups. The stacking,
arranged approximately on a 2-fold screw axis, is character-
ized by porphyrin mean plane separations of 3.7 A in all
structures and mean lateral shifts of 4.3 f the chains,
the copper ions, coordinated in the equatorial positions by
the porphyrin four N donors (mean €N distance of
1.935(5) A in1, 1.970(6) A in2, and 1.972(6) A ir8), are
held at the axial positions by-like interactions with the

(4) Lauceri, R.; Di Costanzo, L.; Geremia, S.; Gulino, F: G.; Nardin, G;
Randaccio, L.; Sciotto, D.; Sortino, S.; Purrello, R. Manuscript in
preparation.
Crystals ofl and3 were obtained by the hanging drops method adapted
for supramolecular complexes (see ref 1). Drops were formed by
mixing water solutions. Fot: 2 mL of 7 mM GTsTc, 1 mL of 14
mM CuTy, and 2 mL poly(ethylene glycol) (PEG 300) in the range
20—50% (v/v). For3: 2.5 mL of 14 mM CuT, and 2.5 mL of NaCl
(in the range 1.070.74 M) plus PEG 300 (in the range -3862%
(v/v)). Drops were set to equilibrate at 2@ against 1 mL of the
PEG solutions. Crystals @were obtained by cooling to % a satured
solution of CuT in 2 M NaCl. Data collection was performed at the
XRD1 beamline of Elettra Synchrotron, Trieste (ltaly). Crystal data
for 1: orthorhombic, space groupna2;, a = 30.3627(8) A,b =
9.2951(4) A, = 33.0295(15) AV = 9321.7(6) &R, (CuCizH33Ng)-
Clg*16H:0, My, = 1951.58,Z = 4, pcac = 1.391 g/crd; 10761
intensities, 1162 parameters, 24653 restraiifs > 20(1)] = 0.091,
wR, = 0.238. Crystal data fo2: monoclinic, space grou2/c, a =
42.248(4) Ab = 9.4568(9) A,c = 30.229(3) A5 = 129.82(43; V
= 9276(2) B, CuCyH3eNgCls6H20, My, = 990.24,Z = 8, peaic =
1.418 g/cnd; 5055 intensities, 609 parameters, 774 restraRafs >
20(1)] = 0.124,wR, = 0.325. Crystal data fd: triclinic, space group
P1, a = 9.5360(8) A,b = 22.726(3) A,c = 23.347(3) A,a =
82.240(6), f = 81.820(73, y = 81.132(7y; V = 4915(1) A&,
(CuCyaH3eNsg),Clg*15H,0, My, = 2034.54Z = 2, pcaic = 1.375 glcrd;
10625 intensities, 1218 parameters, 768 restraffs > 20(1)]=
0.128,wR, = 0.366. Crystallographic information in CIF format can
be obtained from the Cambridge Crystallographic Data Centre (CCDC
No. 236877-236879), 12, Union Road, Cambridge CB2 1EZ, U.K;
fax (+44) 1223-336-033; or e-mail deposit@ccdc.cam.ac.uk.
(6) Hambright, P.; Fleischer, E. Bnorg. Chem.197Q 9, 1757-1761.
(7) Buchler, J. W.; Kazel, F. M.; Mayer, U.; Nawro, MFresenius’ J.
Anal. Chem1994 348 371—-376.
(8) Scheidt, W. R. IrThe Porphyrin Handbogkkadish, K. M., Smith,
K. M., Guillard, R., Eds.; Academic Press: New York, 2000; Vol. 3,
Chapter 16.
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Figure 2. Top: side view of the porphyrin chains ih (metal ions in
blue). The chains ir2, where all the porphyrins are however related by
crystallographic symmetry centers, aBé@re identical, making allowance
for the different cationic porphyrin. Bottom: a view of the chain projected
in a plane perpendicular to that of the metal ion (magenta).

peripheral pyrrole &-C;, “double bond™ of two porphyrin
units, one above and one below. These axial interactions are
indicated by broken lines in Figure 2.

The axial Cu-C,,, mean distance is 3.14 A, wherg, &
the G,—C, middle point. The arrangement of the positively
charged porphyrins is such that two adjacent pyrrole rings
are involved in the interaction with one Cu above and one
below the porphyrin plane. The pronounced saddle confor-
mation?® of the porphyrin “facilitates” the axial Cupyrrole
interaction. In fact, the pyrrole ring bends up toward the
copper ion above, whereas the adjacent pyrrole bends down
toward the copper ion below the porphyrin (Figure 2).

Relevant geometrical features of the pyrrotopper
interaction in1 and?2 are given in Figure 3, where the two
C,—Cy bonds rotated with respect to each other by about
90° are also evidenced. A metagbyrrole z-bonding interac-
tion was suggestétito be present in the polymeric structure
of the monoclinic crystalline form of the neutral (5,10,15,-
20-tetramethylporhyrinato)nickel(ll), NiTMP, where the es-
sentially planar NiTMP units are stacked with a mean
interplanar distance of 3.35 A, as shown in Figure 4a.

(9) Stevens, E. DJ. Am. Chem. S0d 981, 103 5087-5095.
(10) The G—C;, bonds are alternatively above and below the porphyrin
mean plane by about 0.5 A.
(11) Kutzler, F. W.; Swepston, P. N.; Berkovitch-Telli, Z.; Ellis, D. E.;
Ibers, J. A.J. Am. Chem. S0d 983 105 2996-3004.
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Figure 3. Relevant geometric parameters for the-quyrrole interaction
in 1 (left) and2 and3 (right). The mean G—Cu—Cy, angle is 177 (1) and
176 (2, 3); the other coordination bond angles range from &296°.

Figure 4. Schematic illustration of the slipped-stack arrangements: (a)
Ni(TMP); (b) 1 and2. The essentially parallel mean planes of the porphyrins
are inclined by about 50in both 1 and 2, with respect to the plane
containing the Cu ions. The mean met@l, distances are indicated. The
porphyrin interplanar distance is 3.35 A in part a and 3.70(3) A in part b.

Figure 5. Orbital interactions among the {&@) HOMO—6 of isolated
Cu(T3py) and (eé-f) HOMO-5 of isolated CuT4. Porphyrins a, c and d, f
are arranged above and below porphyrins b and e, respectively.

In this case, the two opposite pyrrolg-&€C, bonds of each
planar porphyrin are involved in the interaction with the
metal. The axial Ni-C, distance is 3.30 A, and the twq,C
C, bonds above and below Ni are parallel. The schematic
arrangements of the porphyrin chains inand 2 and in
NiTMP are compared in Figure 4.

In order to shed light on the orbital interactions that are
operative among stacked €porphyrins, density functional
theory (DFT) calculatiori8 were performed on the isolated
Cu(T3py) and CuT4 molecules. As shown in Figure-6a
it appears that HOM©O6 (a orbital) of Cu(T3py) has the

(12) DFT calculations were performed with a parallel version of the
Gaussian98 software packagen the Fujitsu-Siemens Prime-Power
(ITBL) supercomputer of JAERI, Kyoto (Japan). The UB3LYP method
of Becké# in conjunction with the LANL2DZ basis s&tof Hay and
Wadt was employed in the geometry optimizations.
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correct symmetry and topology to yield a bonding interaction
throughout the polymer chain. If we consider porphyrin b
of the figure, it is clear that the left-side lobes of its
HOMO-6 match with those (not visible) on the right side
of the upper porphyrin, while those on the right side (not
visible) match with those on the left side of the lower
porphyrin. Note that the first and third porphyrin in the figure
are rotated in the plane by about 280ith respect to the
second one at the center, as observed in the experimental
structure shown in Figure 2. This arrangement is likely to
arise from the antiparallel orientation of their dipole moments
(23 D). On the other hand, the magnitude of the computed
dipole moment of Cu7is practically zero.

The interstacking orbital interaction operative in this case
is analogous to the one described above, as shown in Figure
5d—f. Here, the HOMG-5 (a orbital) has the correct
topology to yield a bonding interaction among the stacked
CuT, monomers. Owing to the quasisymmetric distribution
of positive charge, however, four rather than two pyrrole
units contribute with their p orbitals to HOMO-5. The
optimized Cu-N distances in both cases are about 0.1 A
longer than those found thand2. Both optimized structures
do not display significant distortion of the porphyrin plane
from planarity, as experimentally found in several isolated
MT4 species® We interpret the observed distortion in the
crystal as an effect arising from the interorbital interactions
within the porphyrin stack. DFT calculations suggest that
orbital interactiond’” among stacked porphyrins do contribute
to stabilizing the observed supramolecular architecture.

To our knowledge, a slipped stack chain of positively
charged porphyrins has never been previously reported, if
the arrangement of faced units of monocationic metallopor-
phyrins or phthalocyanins is exclud&d.
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