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To examine the influence of fullerene on the macrocyclic ring conformation, crystal structures of a series of cocrystals
of 2,3,5,10,12,13,15,20-octaphenylporphyrin, M(TPP)(Ph), (M=2H, Co(ll), Cu(ll)), and 2,312,13-tetramethyl-
5,7,8,10,15,17,18,20-octaphenyl-porphinato copper(ll), CuTPP(Ph)4(CHs)4, derivatives with fullerene, Cgo, were
elucidated. Furthermore, crystal structures of the parent porphyrins, M(TPP)(Ph), (M = Co(ll), Cu(ll)) complexes,
were also determined. All the cocrystals revealed one-to-one stoichiometry between the porphyrin and Cgq and were
free of lattice solvates. Porphyrin rings in M(TPP)(Ph),- Cgo cocrystals revealed significant distortion with the root-
mean-square (rms) value as high as 0.265(2) A which is the average deviation of the 24 atoms core from the least-
squares plane. Crystal structures of the parent M(TPP)(Ph), (M = Co(ll), Cu(ll)) complexes indicated near planarity of
the 24-atom core with the root-mean-square deviation value of 0.016(2) A. Molecular packing in the M(TPP)(Ph)4 - Ceg
cocrystals showed essentially one-dimensional chains interconnected by weak interporphyrin and porphyrin—
fullerene close contacts. The Nporpnyrin* + - C(Ceo) Shortest distances between the Ho(TPP)(Ph), (M = 2H, Co(ll),
Cu(ll)) and fullerene in the cocrystals are 3.031(5) A, 3.062(4) A, and 3.059(3) A, respectively. Similarly, close contact
M- - -C distances in the M(TPP)(Ph),-Cgo (M = Co(ll), Cu(ll)) are 2.761(6) A and 2.886(3) A, respectively. In the
Cu(TPP)(Ph)4(CHg)4 - Ceo cocrystal, the shift of macrocyclic ring toward planarity was evidenced from the rms value
of 0.236(2) A relative to that observed in CuTPP(Ph)4(CHs),+ CHCI3 (0.391(2) A). The distortion of the macrocyclic
ring in M(TPP)(Ph),- Cgq complexes was examined by normal-coordinate-structure decomposition (NSD) analyses.
Their out-of-plane displacement of the core atoms revealed predominant contribution being saddle (~95—96%) and
gentle domed distortions (3—4%). In the case of M(TPP)(Ph)4(CHs),-Cgq cocrystal, it showed mainly saddled
(~83%), minimal ruffled (8%) and domed (8%) distortions of the macrocyclic ring. In-plane displacement on the
24-atom core of the porphyrin in these cocrystallates features generally a varying degree of N-str (B14) and bre (A1q)

distortions.

Introduction

Since the discovery of Buckminsterfullerene, Cgo,'? there
has been numerous reports on the [60] fullerene based
materials because of their unique electronic and physico-
chemical properties.'™ Fullerenes as three-dimensional elec-
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tron acceptors with various electron donor molecules have
been reported in the literature.>~® Porphyrins in association
with fullerenes are of considerable attention owing to their
potential use in material applications.'” The large extended 7-
system of the flat porphyrin form weak donor—acceptor type
of complexes with the electron deficient fullerene.' > Mono-
meric porphyrins such as octaethylporphyrin,® tetraaryl-
porphyrin,'* tetraazaporphyrin'> and their metal complexes
have been examined as lattice host for the complexation

(7) Crane, J. D.; Hitchcock, P. B.; Kroto, H. W.; Taylor, R.; Walton,
R. M. J. Chem. Soc., Chem. Commun. 1992, 1764.

(8) Saito, G.; Teramoto, T.; Otsuka, A.; Sugita, Y.; Ban, T.; Kusunoki,
M.; Sakaguchi, K. Synth. Met. 1994, 64, 359.

(9) Konarev, D. V.; Zubavichus, Y. V.; Slovokhotov, Yu. L.; Shul’ga, Yu.
M.; Semkin, V. N.; Drichko, N. V.; Lyubovskaya, R. N. Synth. Met. 1998,
92, 1.

(10) Roncali,J. Acc. Chem. Res. 2009, 42, 1719 and references cited therein.

(11) Boyd, P. D. W.; Reed, C. A. Acc. Chem. Soc. 2005, 38, 235.

(12) (a) Balch, A. L.; Olmstead, M. M. Coord. Chem. Rev. 1999, 185—186,
601. (b) Ishii, T.; Aizawa, N.; Kanehama, R.; Yamashita, M.; Sugiura, K.-I.;
Miyasaka, H. Coord. Chem. Rev. 2002, 226, 113.

Published on Web 08/19/2010 pubs.acs.org/IC



8390 Inorganic Chemistry, Vol. 49, No. 18, 2010

of fullerenes. The theoretical calculations on porphyrin—
fullerene interaction energies involve the electrostatic attrac-
tive forces that are offset by the Pauli repulsive interactions'®*¢
and/or London dispersion forces.'®®™® Porphyrins and
metalloporphyrins are potentially attractive molecular candi-
dates because of their ease of synthesis, facile functionaliz-
ation, extended s-system, and capable of incorporating a
wide range of metal ions with tunable stereochemistry of the
macrocycle.!’

Porphyrin—fullerene conjugates have been studied exten-
sively as model compounds for energy and electron transfer
reactions.'® The incorporation of fullerenes into the porphy-
rin network led to the formation of donor—acceptor com-
plexes via weak noncovalent interactions.'” Such a weak
porphyrin—fullerene interaction was exploited in the separa-
tion of fullerenes by silica gel appended porphyrins.”® More-
over, with the increase in number of porphyrin units in the
ensembles as in dimeric,?! trimeric porphyrin,** tetramer,”
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Figure 1. Molecular structures of porphyrins (M(TPP)(Ph),) and
Cu(TPP)(Ph)4(CHj;)4 employed for cocrystallization with Cg.

pentaphyrin box,** and hexamer® have been employed as
molecular hosts for complexation with the fullerenes. The
cofacial bisporphyrins are capable of incorporating fullerenes
into their cavities. Such cyclic porphyrin dimers have been
employed in selective extraction of higher fullerenes.?

The porphyrin—fullerene cocrystallates thus far reported, in
general, have planar geometry of the macrocycle. The increase
in peripheral substituents induce nonplanar porphyrin ring
conformation/or flexible porphyrin core, and such porphyrins
have been largely unexamined for the complexation with
fullerenes. Crystal structures of S-tetra(phenyl/methyl/bromo)
substiuted Hz(TPP)s27 revealed an increase in average N4H,
core expansion® relative to Ho(TPP),? and more flexibility
of the ring conformation was noticed for S-octasubstituted
H,(TPP)s.”**' Complexation some of these S-pyrrole functio-
nalized MTPPs (Figure 1) with Cg, has been undertaken to
elucidate the role of spherical Cgy on the porphyrin ring
conformational flexibility and the supramolecular intermole-
cular interactions between them. The present article reports
about the M(TPP)(Ph)4- Cgo (M = 2H, Cu(II), Co(II))** and
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Table 1. Crystal Structure Data of Porphyrin—Cgy Cocrystallates and Their Parent Porphyrin Structures

Hx(TPP)(Ph)s-Cgo  Co(TPP)(Ph)4-Coo  Cu(TPP)(Ph)s-Cgo  Cu(TPP)(Ph)4 (CH3)s- Coo

Co(TPP)(Ph),

Cu(TPP)(Ph),

empirical formula Cs1oHig4Nig Cs1oHy76N16

fw 1639.69 1696.60

color black black

crystal system orthorhombic orthorhombic

space group Cmem Cmem

a, A 28.3412(13) 28.2701(20)

b, A 12.3443(5) 12.2664(8)

¢, A 22.1155(9) 22.0499(14)

o (°) 90 90

£(©) 90 90

y (), 90 90

vol (A%) 7737.2(6) 7646.3(9)

Z 4 4
Dearea(mg/m?) 1.408 1.474

wavelength (1), A 0.71073 0.71073

T (K) 173(2) 173(2)

no. of unique reflections 3630 3409

no. of parameters refined 307 312

GOF on F* 1.057 1.261

R\ 0.0475 0.0673

WR, 0.1339 0.1856

“Ri = SNFo| = Fl/SIFol; 1, > 20(16). P wRy = [Sw(Fy —

Cu(TPP)(Ph)4(CHj)4- Cg cocrystallates, and the macrocycle
in the former cocrystallates revealed nonplanarity while the
porphyrin ring is less distorted in the latter case. Further,
normal-coordinate-structure decomposition analysis of the
macrocycles in these cocrystallates is also reported.

Experimental Section

Materials. 2,3,5,10,12,13,15,20-Octaphenylporphyrin, H,-
(TPP)(Ph),, and its (M = Cu(Il), Co(II)) complexes and highly
substituted 2,3,12,13-tetramethyl-5,7,8,10,15,17,18,20-octaphenyl-
porphinato copper(Il) were prepared (Figure 1) using literature
methods.* Fullerene, Cg, 1,1,2,2-tetrachloroethane (TCE), and
n-hexane purchased from Sigma-Aldrich (India) were of analy-
tical grade and used as received.

Instrumentation. Single-crystal X-ray structure data collec-
tions were performed on a Bruker AXS Kappa Apex II CCD
diffractometer with graphite monochromated Mo Ka radiation
equipped with liquid nitrogen cryostat.

Crystal Structures. Crystals of M(TPP)(Ph),-Cgso (M = 2H,
Co(II), Cu(Il)) were grown by diffusing n-hexane vapor to the
saturated solution containing equimolar concentrations of por-
phyrin and fullerene in TCE over a period of 7 days. Similarly,
Cu(TPP)(Ph)4(CHj3)4- Cgq cocrystals were grown by diffusing n-
hexane to the porphyrin/Cg, in TCE over a period of 3 days.

The dark brown platelike/needle shaped crystals were coated
with inert oil, mounted on a glass capillary using quick fix glue,
and transferred to the cold nitrogen gas stream of the diffracto-
meter, and crystal data were collected at 173 K. The reflections
with I > 20(I) were used for structure solution and refinement.
The SIR92%** (WINGX32) program was employed for solving
the structure by direct methods. Successive Fourier synthesis
was employed to complete the structures after full-matrix least-
squares refinement on |F|* using the SHELXL97 software.
Fourier syntheses led to the location of all of the nonhydrogen
atoms. The criterion of F> > 20(F) was employed for calculat-
ing R1. Nonhydrogen atoms were refined with anisotropic ther-
mal parameters. Hydrogen atoms of the porphyrin structures
were geometrically relocated at chemically meaningful positions
and given riding model refinement. In the case of H,(TPP)-
(Ph),4-Cgo complex, the imino hydrogens show disorder on all

(33) Sheldrick, G. M. Acta Crystallogr.,
(34) Altomare, A. G.; Cascarano, G.;
J. Appl. Crystallogr. 1993, 26, 343.

Sect. A 2008, 64, 112.
Giacovazzo, C.; Gualardi, A.

Cs1oH 76Nj6 CsogHa0sN16Cuy Ci36HgsNgCuy  C36HggNgCu,
1701.22 1757.33 976.0 980.61
black black brown purple
orthorhombic monoclinic monoclinic monoclinic
Cmcem C2le P2,y/c P2y/c
28.2090(15) 28.8907(6) 7.4849(3) 7.5140(2)
12.5098(6) 12.8854(2) 13.2326(5) 13.2397(4)
22.0235(8) 23.6560(5) 24.4198(10) 24.4967(8)
90 90 90 90

90 115.758(1) 92.799(2) 92.630(2)
90 90 90 90
7771.9(6) 7931.4(3) 2415.77(17) 2434.44(13)
4 4 2 2

1.454 1.472 1.342 1.338
0.71073 0.71073 0.71073 0.71073
173(2) 173(2) 173(2) 173(2)
3590 6966 4232 5938

311 620 331 331

1.138 1.156 1.031 1.011
0.0357 0.0372 0.0343 0.0381
0.1044 0.1062 0.0782 0.0878

FEYow(FS).

the four pyrrole nitrogens and are fixed using riding model
refinement. Intermolecular short contacts were calculated from
Platon,* and molecular packing motifs were drawn using
Mercury 2.2 software.>* ORTEP diagrams were generated using
ORTEP-3 for windows program.®’

Results and Discussion

M(TPP)(Ph)4- Cso (M = 2H, Co(II), Cu(II)) cocrystallates
were grown from the same solvent system to elucidate the
influence of Cg( on the stereochemistry of the porphyrin ring.
Crystal structure data of the cocrystallates are listed in Table 1.
All the M(TPP)(Ph),-Cg cocrystals are isomorphous and
crystallized in orthorhombic space group, Cmem, with Z = 4.
The asymmetric unit contains one-quarter of each por-
phyrin and Cg, and both have crystallographic mm2 sym-
metry.

The bond lengths and geometrical parameters along the
transannular pyrrole directions are listed in Table 2. For
comparison, the crystal structure of M(TPP)(Ph), (M =
Co(II), Cu(Il)) complexes were examined and the data is
also incorporated in Table 2. Both the porphyrin complexes,
M(TPP(Ph); (M = Co(II), Cu(Il)), crystallize in isomor-
phous monoclinic space group P2;/c as in the H,(TPP)(Ph),
structure.>” These porphyrin/Cg, complexes crystallize in 1:1
stoichiometry and are free of lattice solvates. The majority of
the reported porphyrm/ Ceo crystallates bear a varying degree
of lattice solvates.'' "' As reported earlier, Hy(TPP) and its
metal complexes are known to form clathrates by incorpor-
ating a wide range of lattice solvates.*®

A representative ORTEP diagram of H,(TPP)(Ph),- Cq is
shown in Figure 2. In general, the mean bond lengths of the
porphyrin ring in the M(TPP)(Ph)4-Cgy (M = 2H, Co(II),
Cu(II)) cocrystallates are comparable to the parent M(TPP)-
(Ph)s (M = 2H, Co(II), Cu(Il)) structures. The M(TPP)-
(Ph),4 structures showed elongation of the core along the

(35) Spek, A. L. J. Appl. Crystallogr. 2003, 36, 7.

(36) Bruno,1.J.; Cole,J. C.; Edgington, P. R.; Kessler, M.; Macrae, C. F;
McCabe, P.; Pearson, J.; Taylor, J. Acta Crystallogr. 2002, B58, 389.

(37) Farrugia, L. J. J. Appl. Crystallogr. 1997, 30, 565.

(38) Byrn, M. P.; Curtis, C. J.; Hsiou, Y.; Khan, S. I.; Sawin, P. A_;
Tendick, S. K.; Terzis, A.; Strouse, C. E. J. Am. Chem. Soc. 1993, 115, 9480.
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Table 2. Selected Mean Bond Lengths and Geometrical Parameters of Porphyrin—Cg, Cocrystallates and M(TPP)(Ph), Structures

M = 2H, Co(ll), Cu(ll); M(TPP)(Ph),*Cq,
M = 2H, Co(ll), Cu(ll); M(TPP)(Ph),

H,(TPP)(Ph),- Ceo H,(TPP)(Ph)," Co(TPP)(Ph),- Ceo Co(TPP)(Ph), Cu(TPP)(Ph),- Ceo Cu(TPP)(Ph),
Distance (/DX)
M—-N 1.963(4) 1.947(2) 1.984(2) 1.959(1)
M-N' 2.001(4) 2.025(2) 2.037(2) 2.060(1)
N-C, 1.372(2) 1.372(9) 1.377(4) 1.385(2) 1.373(2) 1.382(2)
N'-C,/ 1.372(2) 1.370(9) 1.387(4) 1.392(2) 1.377(2) 1.384(2)
C,— G, 1.438(3) 1.441(9) 1.433(5) 1.433(3) 1.439(3) 1.435(2)
C/—Cy 1.454(3) 1.440(9) 1.446(5) 1.448(3) 1.455(2) 1.451(3)
C,—Cy 1.349(4) 1.332(9) 1.343(8) 1.337(3) 1.347(4) 1.342(3)
Cy/—Cy/ 1.364(4) 1.375(9) 1.359(7) 1.364(3) 1.361(4) 1.365(2)
C,—Cyy 1.401(3) 1.400(9) 1.390(5) 1.389(3) 1.439(3) 1.395(4)
C/—Cp 1.397(3) 1.41009) 1.389(5) 1.392(3) 1.391(3) 1.396(2)
Angle (°)
(N=M—N),g; 90.0(4) 90.0(1) 90.0(2) 90.0(6)
(N=M—N)opp 177.6(2) 180.0(1) 177.9(1) 180.0(1)
M—-N-C, 127.0(2) 127.7(1) 126.4(1) 127.3(1)
M-N'-C, 127.1(2) 127.4(1) 126.4(1) 127.0(1)
N-C,—Cp, 126.9(2) 128.1(6) 126.3(3) 126.9(2) 126.5(2) 127.3(2)
N'-C,/—C,/ 124.7(2) 124.0(6) 124.3(3) 124.4(2) 124.5(2) 124.2(2)
N-C,—C, 108.8(2) 110.1(6) 110.3(3) 110.4(2) 109.8(2) 109.9(2)
N'-C,/-Cy/ 107.9(2) 106.7(6) 110.2(3) 110.4(2) 109.6(2) 110.1(2)
C,—N-C, 107.5(2) 105.4(6) 105.1(3) 104.6(2) 106.1(2) 105.4(1)
C/—N'-C,/ 109.2(2) 110.9(6) 105.4(3) 105.2(2) 106.8(2) 105.9(1)
Cpy—C,—Cpy 124.3(2) 121.8(7) 123.4(3) 122.7(2) 123.7(2) 122.8(2)
C,/—C,/—Cp, 127.4(2) 129.2(6) 125.3(3) 125.2(2) 125.8(2) 125.7(2)
C,—C—C,)/ 125.6(2) 126.1(6) 123.3(3) 123.5(2) 124.1(1) 124.2(2)
C,—Cn—Cypi 115.0(2) 115.4(6) 115.93) 115.0(2) 115.5(2) 114.6(2)
C,/—Cp—Cy 119.3(2) 118.6(6) 120.8(3) 121.5(2) 120.4(2) 121.2(2)
C,/—Cy—Cpo 129.4(2) 129.4(6) 129.8(3) 130.4(2) 129.8(2) 130.5(2)
N'-C,/—C,—C, 9.8(3) 1(1) 10.4(6) 1.5(3) 10.4(3) 1.3(3)
Cy'—C/=C,—Cyi 10.9(3) 1(1) 9.0(3) 1.4(3) 10.0(3) 1.5(3)
Geometrical Parameters (A)
N---N' 4.044 3.924 3.925 3.894 3.968 3918
N---N" 4.225 4.371 4.002 4.047 4.073 4.120
rms 0.250(2) na® 0.253(3) 0.015(2) 0.265(2) 0.012(2)
AM () 0.024(2) 0.022(2) 0.023(1) 0.015(2)
Dihedral Angle (°)¢
meso-phenyl 66.6(1) na® 68.8(1) 73.9(1) 68.7(1) 74.1(1)
p-phenyl 70.6(1) na” 71.5(1) 71.0(1) 71.5(1) 71.3(1)

“Data ref 27a.  na, data not available.  AM, deviation of metal atom from the mean porphyrin ring plane. ¢ Relative to porphyrin ring mean plane.

substituted pyrrole direction to prevent steric strain enforced
by the meso and f-pyrrole phenyl groups, leading to Cy'—
Cy > Cp—C, and C,/—C,,,—Cy; > C,—C,,,—C,,; parameters
to prevent unfavorable contacts between the phenyl rings
that push the adjacent phenyl rings toward the unsubstituted
pyrroles.® A similar trend was observed in the macrocycles
of the cocrystallates examined in the present work with

smaller difference in their values. For example, the difference
in C,’—Cy' > C,—Cy bond distance and C,'—C,,—Cyp >
C,—Cn—Cy; angles are lower in the cocrystals relative to
parent porphyrins. Further, the elongation of N---N' and
contraction in N’---N" distances for M(TPP)(Ph),-Cq
cocrystals were observed in contrast to that of the corres-
ponding M(TPP)(Ph), structures.



Article

As anticipated, their general trend in the core size of the co-
crystals and parent M(TPP)(Ph), structures follow the order:

C15

Figure 2. ORTEP of H,TPP(Ph),- Cg cocrystallate. The atoms of the

asymmetric unit are labeled for clarity. Thermal ellipsoids at 40%
probability level.

(b)

N
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0.024 |
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H,(TPP)(Ph)4 > CuTPP(Ph), > Co(TPP)(Ph), (Table 2).
This suggests the contraction of the Ny core by the core
metal ion and redistribution of steric strain imposed by the
close approach of Cg on the opposite faces of the porphyrin.
Moreover, the average (N--+N' and N’---N") value in
H,(TPP)(Ph)4- Cq is marginally contracted when compared
to H,(TPP)(Ph)s,>"* and other M(TPP)(Ph);-Cgo (M =
Co(II), Cu(Il)) cocrystallates showed almost similar a core
as in the corresponding M(TPP)(Ph), structures (Table 2).
The M—N’ is longer than the M—N bond distance in MTPP-
(Ph)4 and M(TPP)(Ph),- Cg cocrystals; however, their mean
bond distance is similar, but these are longer than the
corresponding values in Co(TPP) (1.949(3) A)*? and Cu-
(TPP) (1.981(7) A).* The angle, (N—M—N),g;, is 90°, and a
decrease in the (N—M—N),,,, angle from 180° in M(TPP)-
(Ph)4-Cgo (M = Co(II), Cu(Il)) cocrystals (Table 2) suggests
that the metal centers deviate from square planar geometry.?*®

A comparison of geometrical parameters of the M(TPP)-
(Ph)4- Cgq cocrystals with the parent M(TPP)(Ph), (M = 2H,
Co(II), Cu(Il)) structures indicates significant distortion of
the macrocycles in the former cases (Table 2). In H,(TPP)-
(Ph)4- Cgp, the hydrogens are statistically disordered over all
the four inner pyrrole nitrogens with slightly higher C,/—
N'—C,/ than the C,—N—C, angle. The relative contraction

Figure 3. Leftside showsmean plane deviation of the porphyrin ring core atoms, and right side is the side view of the macrocycle (phenyls are not shown for
clarity) and linear deviation of the 24-atom core in (a) H,TPP(Ph),- Cgp, (b) CoTPP(Ph)4- Cep, and (¢c) CuTPP(Ph)4- Cgp.
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c

Figure 4. van der Waals packing diagram (100% vdw) of H,TPP-
(Ph)4- Cg cocrystallate.

and elongation of the core along the transannular direction is
influenced by the core hydrogens to prevent bump into each
other. Figure 3 shows the displacement of core atoms from
the mean porphyrin ring plane, side view of the macrocyclic
ring, and the linear displacement of the 24-atom core for the
M(TPP)(Ph)4-Cgy (M = 2H, Co(II), Cu(II)) cocrystallates.
The comparison of the root-mean-square (rms) value which
is the average deviation of the 24 atoms core from the least-
squares plane is significantly higher in contrast to the parent
porphyrins (Table 2). In addition, the meso-phenyl and
[-pyrrole phenyl groups are oriented at angle of 66—74° with
the C;,—Cy, and C,'—C,, bond distances are in the range
1.49—1.51 A, indicating their conjugation with the porphyrin
m-system is negligible. Table 2 shows there is a significant
change in bond angles of the porphyrin ring in H,(TPP)-
(Ph)4- Cgq along the transannular substituted pyrrole direc-

(39) Madura, P.; Scheidt, W. R. Inorg. Chem. 1976, 15, 3182.
(40) Fleisher, E. B.; Miller, C. K.; Webb, L. E. J. Am. Chem. Soc. 1964, 86,
2342.

Figure 5. (a) Shows short intermolecular contacts between the porphy-
rin and Cg along the one-dimensional chains in H,TPP(Ph),-Cg. (b)
Relative orientation of C4o (shown in purple color) to the porphyrin ring.
Short contact atoms are labeled for simplicity. The phenyl groups are not
shown for clarity. Porphyrin: C, gray; N, blue; H, green. Cg, purple color.

tion versus the unsubstituted pyrrole direction which
is induced by the Cqo—H,(TPP)(Ph)4 intermolecular inter-
actions; however, the angles are marginally affected in the
case of M(TPP)(Ph)4-Cgo (M = Co(II), Cu(II)) cocrystals.
The nonplanarity of the porphyrin ring is reflected from an
increase in torsional angles (N'—C,'—C,,—C, and C,/—C,/—
Cm—C,1) and a decrease in dihedral angles of the meso-phenyls
in the cocrystallates compared to those of the corresponding
parent porphyrins (Table 2). This shows the influence of
convex Cgq surface on the stereochemistry and conforma-
tional flexibility of these porphyrin macrocycles.
M(TPP)(Ph)4- Cyo (M = 2H, Co(II), Cu(II)) cocrystallates
exhibit similar packing motifs. The Cg, molecules are posi-
tioned alternatively above and below the faces of the por-
phyrin to form a one-dimensional array. A representative
one-dimensional array of H,(TPP)(Ph)s-Cgo is shown in
Figure 4. The alternating face of the porphyrin has close
contact with C18—C18' and C34—C34' bonds of Cg, and are
shorter in the H,(TPP)(Ph),-Csy complex (1.336(10)—
1.352(9) A) while they are elongated in M(TPP)(Ph)4-Ceg
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Figure 6. Packing motifs of H,TPP(Ph)4- Cgo showing the interconnected one-dimensional array via C—H - - - interactions oriented parallel to unit cell
side “hc¢” plane. Intermolecular contacts are shown in dotted red lines. Color scheme: porphyrin, C and H, gray; N, blue; Cg, purple.

(M = Co(II), Cu(II)) cocrystallates (1.357(15)—1.379(14) A).
Furthermore, the average C—C bond lengths of the 6:6 and 6:5
junctions in these cocrystals range from 1.34 to 1.39 A and 1.44
to 1.48 A, respectively. In the array, the centroid-to-centroid
(Cgo* - - Cgp) distance between the Cqy molecules, which are
in short contact with the porphyrin ring from its opposite
faces, is 12.344 A in Hy(TPP(Ph),- Cq, 12.266 A in Co(TPP)-
(Ph)4- Cgp, and 12.510 A in CuTPP(Ph),- Cqq cocrystallates.
The facial intermolecular contact on opposite faces of the
porphyrin with the fullerene paracylene units is shown
in Figure 5. It can be seen that the paracylene units are posi-
tioned in such a way that the 6:6 junction is aligned along
the transannular unsubstituted pyrrole N---N' direction.
The short contact distance between the porphyrin—Cgy,
Nporphyrin® * * C(Cep), is in the range 3.031(5)—3.056(5) A
while the shortest Cporphyrin® * * Coo 1s 3.329(3) A. The separa-
tion between the mean porphyrin planes sandwiching the Cq
in the array is 12.34 A. These one-dimensional chains are inter-
connected via a very weak C—H- - - (2.83 A) between the
porphyrin and Cgy molecules to form an extended layerlike
structure (Figure 6). The mean planes of the porphyrin ring
from the adjacent array are offset with the vertical separation
of 1.23 A. These layers are interconnected via interporphyrin
through a pair of phenyl—phenyl C—H- - -7 (2.75 A) inter-
actions and are stacked perpendicular to the unit cell “a” axis
to form an extended three-dimensional packing motif.
Similarly, Co(TPP)(Ph)4-Cgy cocrystallate exhibited a
one-dimensional array, and the Cq is sandwiched between
the two porphyrin mean planes separated by 12.27 A. The Cy
molecules act as a bridge via a pair of weak C—H- - - 71(Cyy)
(2.84 A) contacts between the two adjacent one-dimensional

(a) (b)

Figure 7. Molecular packing motifs of (a) CuTPP(Ph)4-Cgy and (b)
CuTPP(Ph),, complex view approximately down the “c” axis. Hydrogens
are omitted for clarity. Color scheme: porphyrin, gray; and Cg, purple
color.

arrays to form an extended layerlike structure. The closest
vertical separation between the mean planes of the porphy-
rins from the adjacent array is 1.26 A. The porphyrin face,
with less Cqg contacts in the array, features an additional four
C—H: - -7(Cgp) and phenyl—C(Cg) (2.89 A) contacts. These
extended layers are interconnected by weak interporphyrin
C—H---m (2.77 A) interactions and are stacked perpendi-
cular to the unit cell “a” axis.

In Cu(TPP)(Ph),- Cg, Cgp 1s sandwiched between the two

porphyrin ring mean planes that are separated by 12.51 Ain
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Table 3. Selected Mean Bond Lengths and Geometrical Parameters of the Macrocycle in CuTPP(Ph)4(CH3)s-Cgg, Cu(TPP)(Ph)4(CH;)4-CHCI3, and CuTPP(Ph),

Complexes
R = CHj, Cu(TPP)(Ph)4(CHj;)4*Cgo
R= CHj, Cu(TPP)(Ph),(CH5),*CHClI,
R = H, Cu(TPP)(Ph),
Cu(TPP)(Ph)4 (CH3)4:-Ceo Cu(TPP)(Ph)4(CHj3)4- CHCIL5* Cu(TPP)(Ph),
Distance (A)
Cu—N 2.012(2) 1.946(2) 1.959(1)
Cu—N? 1.982(2) 1.962(2) 2.060(1)
N-C, 1.379(3) 1.375(3) 1.383(2)
C,— G, 1.453(3) 1.453(4) 1.443(2)
Cp—Cp 1.361(3) 1.367(4) 1.354(2)
C,—Cpy 1.402(3) 1.407(4) 1.396(2)
Angle (°)
(N—=M—N),qi 90.2(1) 90.2(1) 90.0(6)
(N=M—N)opp 173.8(1) 174.0(1) 180.0(1)
M—-N-C, 125.7(2) 124.8(2) 127.2(1)
N-C,—C,, 123.5(2) 122.6(2) 125.8(2)
N-C,—C, 109.8(2) 109.0(2) 110.0(2)
C,—N—-C, 106.2(2) 107.6(2) 105.7(2)
Cp,—C,—Cpy 126.3(2) 127.9(2) 124.3(2)
C,—C,—C, 124.0(2) 122.1(2) 124.2(2)
Geometrical Parameters (A)
rms 0.236(2) 0.391(2) 0.012(2)
N---N" 4.016 3.885 3.918
(N---N)* 3.959 3.919 4.120
Dihedral Angle (°)

meso-phenyl 69.6(1) 54.0(1) 74.1(1)
f-phenyl 68.0(1) 66.3(1) 71.3(1)
pyrrole 15.0(1) 21.5(6) 0.6(1)

“Data from ref 32a. ® Distance for S-phenyl substituted pyrrole. ¢ Along -phenyl substituted pyrrole direction.

the array. These one-dimensional chains are interconnected
by pair of (C—H)porphyrin® * *7(Cso) (2.84 A) contacts to
induce a layerlike structure (bc plane), similar to the H,TPP-
(Ph),4- Cgp structure. The closest porphyrin mean planes in the
neighboring one-dimensional array are offset with a vertical
separation of 1.34 A. The weakly held layers are connected
through weak interporphyrin C—H- - -7 (2.76 A) contacts,
and the layers stack perpendicular to unit cell “a” axis.
Interestingly, in the cocrystallates, the S-phenyl groups are
bent toward one face of the porphyrin showing less contact
with the Cgq while the meso-phenyls are almost in one plane.
This is further evidenced from the increase (11—14°) in
Cm—C, —Cy'—Cy, torsional angles, when compared to those
angles in M(TPP)(Ph), structures (1 to 2°).

A comparison of Cu(TPP)(Ph), with Cu(TPP)(Ph),-Cgo
shows considerable change in molecular packing, indicating
structural variation induced by the incorporation of Cg into
the porphyrin lattice. Molecular packing motifs for Cu-

[P L]

(TPP)(Ph)4- Cgo complex oriented along the unit cell “c” axis

is shown in Figure 7a. Porphyrin and Cgy molecules stack
alternately front and back along the unit cell “¢” axis in
the CuTPP(Ph),-Cgo. The view is perpendicular to a one-
dimensional array and they slip stack along the unit cell “c”
axis. The packing motif of the Cu(TPP)(Ph)4 structure is
shown along the unit cell “¢” axis (Figure 7b). The one-
dimensional slip-stacked porphyrin chains are oriented ap-
proximately along the unit cell “4” axis and are inter-
connected through a pair of symmetry related weak C—H- - - o7
(2.77—2.87 A) interactions on each face of the porphyrin.
Each array is bridged by two symmetry related interporphy-
rin weak C—H - - -1 (2.84—2.87 A) contacts. The porphyrins
from the adjacent array are oriented in a zigzag fashion as
shown in Figure 7b. The molecules are largely held in the
lattice by weak C—H - - -;r and van der Waals interactions. A
similar packing motif was observed in Co(TPP)(Ph)4-Cgg
and Co(TPP)(Ph), structures.

To determine the effect of the nonplanar porphyrin ring
mr-system on the convex fullerene surface, we examined the
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structure of Cu(TPP)(Ph)4(CHj3),-Cgq cocrystal. It crystal-
lized in a monoclinic space group C2/c with Z = 4. The
asymmetric unit has one-half of each porphyrin and Cg, and
both have a 2-fold rotational axis parallel to unit cell “»”. The
selected mean bond lengths and angles of the 24-atom core
are listed in Table 3. For comparison, the data of Cu(TPP)-
(Ph)4(CH3),- CHCl5*** and Cu(TPP)(Ph), structures are also
listed in Table 3. The mean C—C bond distances of the 6:6
and 6:5 junctions of the Cgy unit in Cu(TPP)(Ph)4(CHs),+ Cg
has the range from 1.33 to 1.39 A and 1.44 to 147 A,
respectively. Interestingly, the Cu—N bond distance in Cu-
(TPP)(Ph)4(CH3)4-Cgy cocrystallate is longer than the
Cu—NP® distance, and it is perhaps due to steric crowding
of the peripheral substituents and/or porphyrin- - - Cg inter-
actions. Moreover, the average M—N bond distance (1.997(2)
A) in the cocrystallate is longer than that reported for
Cu(TPP)(Ph),(CH3)4-CHCl; (1.954(2) A)*** and shorter
than Cu(TPP)(Ph),-C,H,Cly (2.010(1) A).*2® This is also
reflected from an increase in N--+N' and decrease in
(N- - -N"® distances in Cu(TPP)(Ph),(CHj3),- Csy and reveal
the contraction of the core along the antipodal pyrroles with
methyl groups compared to the other transannular pyr-
roles with phenyl groups, and an opposite trend is reported
for the Cu(TPP)(Ph)4(CHj)s- CHCl; structure.**® The mean
(N---Nand (N---N)°) separation of the macrocycle in these
structures varies in the order Cu(TPP)(Ph)4(CH3)4- CHCl;
(3.90 A) < Cu(TPP)(Ph)4(CH3)4-Ceo (3.99 A) < Cu(TPP)-
(Ph)4 (4.02 A). The bond lengths of the macrocycle of the
cocrystallates are comparable with the macrocyclic ring in
Cu(TPP)(Ph)4(CH3)4+- CHCI3 and Cu(TPP)(Ph)4 complexes.
In addition, the geometry around the Cu(II) centers shows
distorted square planar geometry in contrast to that observed
in the Cu(TPP)(Ph), structure (Table 3). The comparison of
core bond angles of the porphyrin ring in Cu(TPP)(Ph),-
(CH3)4+ Cgp and Cu(TPP)(Ph)4(CHj3),4- CHCl; structures re-
vealed an increase in C,—C,—C,, angle and considerable
decrease in M—N—C, and N—C,—C,, angles when com-
pared to planar Cu(TPP)(Ph),. The extent of variation in
these angles indicates the decreased nonplanarity of the
macrocyclic ring in Cu(TPP)(Ph)4(CHjz)4+Cq relative to
Cu(TPP)(Ph)4(CH3)4+ CHCIs. This is further evidenced from
their rms values, the dihedral angles for the meso-phenyl, and
f-phenyl and pyrrole groups relative to porphyrin ring mean
plane (Table 3).

The molecular packing motif of Cu(TPP)(Ph)4(CH3)4: Cgg
cocrystal is quite comparable to M(TPP)(Ph),-Cg cocrys-
tals. The porphyrin and Cgy molecules are arranged
alternatively along the unit cell “»” axis to form a one-
dimensional array. Figure 8 shows the interaction between
the porphyrins and the fullerene along the one-dimensional
chain. Along the column, the Cg is sandwiched between
the porphyrin mean planes separated by 12.89 A. On one
face of the porphyrin, the S-phenyl groups bent toward
the Cg with short contact distances between porphyrin
(o-phenyl hydrogen)- - - C(Cgo) C—H-- -7 (2.81-2.86 A),
and (Cgo)C+ + * Cporphyrin, T+ * =7 (3.179(5)—3.250(7) A) inter-
actions were observed. The other opposite face of the
porphyrin is dominated by a core Cu(Il) ion interacting
with the C55—C55' double bond 6:6 junction with the short
Cceo* + - Cu contacts. Figure 8b shows the relative orien-
tation of the paracylene unit of the Cg to the Cu(TPP)-
(Ph)4(CH3)4 macrocyclic ring. In the case of Cu(TPP)(Ph)4-
(CH3)4- Cgp complex, the 6:6 junction is oriented at an angle
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(b)

Figure 8. (a) Shows porphyrin—fullerene close contacts along the one-
dimensional chain of CuTPP(Ph)4(CHs)4- Cg complex. The short contact
atoms are labeled for clarity. (b) Feature relative orientation of the
paracylene unit of Cg relative to the porphyrin ring. Porphyrin: C and
H, gray; N, blue; and Cu, red. Cg, purple color.

of 25.6° relative to the (N1—Cu—N1'),p, angle while it is
parallel to that angle in MTPP(Ph);-Cgy (M = Co(II),
Cu(Il)) cocrystallates. In these cocrystallates, the meso-
phenyl and S-pyrrole phenyl groups are approximately bent
in opposite faces to the porphyrin mean plane. The closest
vertical distance between the offset porphyrin mean planes in
the adjacent column is 3.00 A, and they are connected via
porphyrin- « - C(Cgp) and C—H- - -7 (2.77 A) contacts result-
ingin layerlike structure (Figure 9). These layers interact with
the adjacent layer via interporphyrin, C—H: - -7 (2.68 A),
interactions to form three-dimensional packing. The Cgy- « - Cgo
interaction between the adjacent columns shows the closest
C..-C contact distance is greater than 5.4 A, indicating
negligible inter-Cg, interactions along the layer or between
the layers. A comparison of the packing along the unit cell
c-axis of Cu(TPP)(Ph)4(CHs) 4+ Cgo with Cu(TPP)(Ph)4(CH3),-
CHCI; showed that the Cg replaces the CHCI; between the
porphyrin faces.

In M(TPP)(Ph)4C60 and M(TPP)(Ph)4(CH;)4‘C60 CO-
crystallates, the observed porphyrin—Cgo short contact
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Figure 9. Molecular packing motifs of CuTPP(Ph)4(CH3)4- Cgo complex showing the interconnected one-dimensional array oriented parallel to unit cell
“ab” plane. Intermolecular contacts are shown in dotted red lines. Porphyrin: C and H, gray; N, blue; Cu, red. C¢, purple color.

distances are comparable to the reported cocrystallates.!>!*

The closest contact between the porphyrin—Ce is dominated
by Nporphyrin toe C(CGO) (292;’(7)_3164(4) A)a Cporphyrin' -C
(Coo) (3.179(5)—3.329(3) A), and M---Cg (2.761(6)—
3.627(5) A) interactions. The Cporphyrin* * * C(Cep) and (Cgp)-
C- + »Nporphyrin short contact distances in Hy(TPP)(Ph),- Cq
(3.329 A and 3.031(5) A) are comparable to 3.37 A and
3.02—3.12 A of H,TPP-Cq-(C;Hg); and 3.41—3.70 A and
2.96 A of H,TPP(Cgp)> - (CeHg)n (n = 3, 4) cocrystallates.'*®
Similarly, the Nporphyrin* * * C(Coo) close contact distances in
the range 3.02—3.12 A were reported for H,TPP- Cgo(C7Hg);
cocrystallate.'** The longer Co- - -C(Cq) distance indicates
the oxidation state of the cobalt center is divalent since the
reported distance was in the range of 2.67—2.78 A for both
Co(TPP)- Cgo(CsH4Cl)y 5% and Co(OEP)-Cgy+ CHCl5'*
cocrystallates. The Co---C(Cgy) contact distances in the
saddle-shaped porphyrin ring of Co(T(4-OCHj; Ph)P)-Cg
cocrystallate'* was 3.16—3.21 A while a planar macrocycle
containing Co(T(4-OCH3 Ph)P)-(Cq)-3(toluene) showed
shorter distances (2.64—3.55 A).'* The crystal structure of
the covalently bonded CoTPP—Cg diad showed close con-
tact distances of 2.726 A and 2.713 A for Co- « -Ccgp, and
such interactions were suggested to be weak o-donor ((Cgo)C—
Co(CoTPP)) and z-acceptor (porphyrin — m(Cg)) inter-
actions.”'" Much shorter Co- - - C(Cgp) contacts 2.28—2.32 A
were indicative of a Co—C(Cgp) covalent bond in the Co-
(TPP)+(Cgo)~ system.'* The density functional theoretical
calculations on metalloporphine—Cgy, MP-Cgy (M = Co-
(IT), Ni(IT), Cu(II), and Zn(II)), complexes indicated shorter
Co- -+ C(Cg) close contact distances than other M« - - C(Cqg)
contacts.'*

The observed value of the shortest Cu- - - C(Cy) distances
in Cu(TPP)(Ph)4-Cg is 2.889(4) A and for Cu(TPP)(Ph),-
(CH3)4+Cgp is 3.036(3) A when compared to those reported
in nonplanar [Cu(TPP)], Cg (3.47 A)'* and Cu(OEP)- Cg-
(CHClLy), (3.02 A)" crystallates. The majority of the
reported porphyrin—Cg, cocrystals showed near planarity

of the porphyrin ring. The M(TPP)(Ph)4-Cg_cocrystals
indicate a nonplanar macrocycle (rms = 0.265 A) which is
comparable to that reported for a (Cu(TPP)),-Cs struc-
ture (rms = 0.263 A). The use of a nonplanar porphyrin
ring as in Cu(TPP)(Ph)4(CHj3)4-Cg revealed interesting
structural features that the nonplanarity of the macro-
cycle decreases relative to that of the Cu(TPP)(Ph),-
(CH;)4-CHCl; structure.>® The dense close packing of
spherical Cg, with the flat-disk like porphyrins is rather
less favorable. The conformational flexibility of the
planar macrocycle in M(TPP)(Ph), derivatives acquire
the nonplanar conformation to induce porphyrin- - -Cg,
interactions and perhaps provide effective close packing
in these structures. For all the structures examined in this
study, the short contact distances are less than the sum of
their van der Waals radii,*' indicating the weak inter-
molecular interactions.*?

The porphyrin rings in M(TPP)(Ph),-Cgy and M(TPP)-
(Ph)4(CH3)4- Cgp cocrystallates were examined by normal-
coordinate structure decomposition (NSD) analysis.* The
out-of-plane displacement (D) and in-plane displacement
(Dip) values from the minimum basis set of core atoms
of the macrocyclic ring in the various cocrystallates and
their corresponding parent porphyrins are also listed in
Table 4. The sum of all the displacements and their per-
centage distortions were calculated by neglecting the sign
on the values. It is evident from the D, values that the
M(TPP)(Ph),- Cg cocrystallates feature enhanced nonplanar

(41) Bondi, A. J. Phys. Chem. 1964, 68, 441.

(42) (a) Desiraju, G. R. Acc. Chem. Res. 2002, 35, 565. (b) Desiraju, G. R.;
Steiner, T. The weak hydrogen bond in structural chemistry and biology; TUCr
Monographs on Crystallography 9; Oxford University Press: Oxford, 1999,

215.
pp(43) (a) Jentzen, W.; Ma, J.-M.; Shelnutt, J. A. Biophys. J. 1998, 74,
753. (b) Sun, L.; Jentzen, W.; Shelnutt, J. A. The Normal Coordinate
Structural Decomposition Engine. http:/jasheln.unm.edu/jasheln/content/nsd/
NSDengine.
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Table 4. Normal-Coordinate Structure Decomposition Analysis of Macrocycles in Porphyrin—Cg, Cocrystallates and Their Parent Porphyrins®

Out of Plane Displacements (A)

Doop By, sad By, ruf  Asy, dom  Eg(X), wav(x)  Ey(y), wav(y) Ay, prop sum sadfsum (%)  ruffsum (%)  dom/sum (%)
1 1.2075 1.2064 0.0000 —0.0510 0.0000 0.0000 0.0000 1.2574 95.9 0 4.0
2 12616 —1.2609 0.0000 0.0422 0.0000 0.0000 0.0000  1.3031 96.8 0 3.2
3 13152 —1.3145 0.0000 0.0420 0.0000 0.0000 0.0000  1.3565 96.9 0 3.1
4" 0.0350 —0.0002 0.0000  —0.0001 —0.0346 0.0052 —0.0001  0.0402 0.5 0 0.25
5 0.0261 0.0000  —0.0002  —0.0000 —0.0144 0.0218 0.0000  0.0364 0 0.55 0
6 0.0327 —0.0001 —0.0001 0.0003 —0.0247 —0.0214 0.0002  0.0468 0.21 0.21 0.64
7 25678 —2.5417 0.2414 0.2733 0.0000 0.0000 —0.0170  3.0734 82.7 7.85 8.9
8 32119 —2.7295 1.6893 0.0898 0.0000 0.0000 0.0667  4.5753 59.7 36.9 2.0
In-Plane Displacements (A)
D, Boo(m-str)  Bo(N-str)  Ey(x)(trn)  Ey(y) (trn) — Ajg(bre)  Axy(rot) sum Byo/sum (%) Bjg/sum (%)  A;g/sum (%)
1 0.2526 0.0000 —0.1997 0.0006 —0.0007 0.1547 0.0000  0.3557 0 56.1 43.5
2 0.1532 0.0000 —0.1179 0.0000 0.0003 —0.0979 0.0000 0.2161 0 54.5 453
3 0.1449 0.0000 —0.1422 0.0008 0.0000 —0.0277 0.0000  0.1707 0 83.3 16.2
4 04412 —0.0231 0.3643 0.0002 0.0002 0.2477 0.0053  0.6408 3.6 56.8 38.6
5 0.1840 —0.0063 —0.1819 —0.0001 0.0001 0.0257 0.0081  0.2222 2.8 81.8 11.5
6 0.2555 —0.0063 —0.2360 0.0000 —0.0001 0.0969 0.0112  0.3505 1.8 67.3 27.6
7 03012 —0.0035 —0.0697 0.0001 0.0001 —0.2928  —0.0119 0.3781 0.9 18.4 77.4
8 0.6814 —0.0386 —0.0132 0.0004 —0.0003 —0.6788  —0.0428 0.7741 5.0 1.7 87.7

“1, Hy(TPP)(Ph)s-Cqo; 2, Co(TPP)(Ph)s-Cep; 3, Cu(TPP)(Ph)s-Ceo; 4, Ha(TPP)(Ph)y; 5, Co(TPP)(Ph)s; 6, Cu(TPP)(Ph)y; 7, Cu(TPP)(Ph),-
(CHs),-Cgo: 8, Cu(TPP)(Ph)4(CH;)4- CHCl5. ® Mainly wave E,(x) distortion. “ Combination of wave (E,(x) and Ey(y)) distortions.

distortion of the macrocyclic ring in contrast to that
observed for parent M(TPP)(Ph), structures. The magnitude
of distortion observed in these cocrystallates is predomi-
nantly from sad (B,,) combined with minor dom (A4,,) dis-
tortions. Dy, of the core atoms in M(TPP)(Ph), (M = 2H,
Co(II), Cu(II)) derivatives showed negligible distortion of the
porphyrin ring with major contribution from the wave [ Ey(x),
E(y)] distortions. Similarly, the in-plane displacement of
the core atoms in M(TPP)(Ph),-Cgg cocrystallates showed
mainly contributions from N-str (B,,) and ring bre (A,)
distortions. M(TPP)(Ph), (M =2H, Co(Il), Cu(Il)) struc-
tures revealed a higher D, value relative to the corresponding
M(TPP)(Ph)4'C60 structures. Further, Hz(TPP)(Ph)4‘C60
has higher contribution from N-szr and is decrement in bre
when compared to that observed in M(TPP)(Ph)4-Cgo (M =
Co(II), Cu(I)) cocrystallates. However, macrocycles in these
systems showed lower in-plane displacements in contrast to
the corresponding parent porphyrins.

The Cu(TPP)(Ph)4(CHs)s-Cg complex®' exhibited a
lower D, value, indicating decreased nonplanarity of the
porphyrin ring when compared to that of the Cu(TPP)-
(Ph)4(CH3)4+-CHCl5 complex (Table 4). The D,y is com-
posed of major sad, minor ruf and dom distortions. How-
ever, the parent Cu(TPP)(Ph)4(CHj3)s-CHCIl; complex
showed higher nonplanarity with major contribution from
mainly sad, minor ruf and prop distortions. The Cu(TPP)-
(Ph)4(CH3)4- CHCI3 complex features predominantly bre
with gentle m-str and rot distortions while Cu(TPP)(Ph)4-
(CH3)4:Cgo has predominantly bre and minor N-str dis-
tortions for in-plane displacements of their 24-atoms
core. The cocrystallates show enhanced distortion of the
macrocyclic ring in M(TPP)(Ph),-C¢o while a decrement
in distortion is observed for nonplanar macrocycle con-
taining M(TPP)(Ph)4(CH3)4-Cgp cocrystallate. This sug-
gests the influence of a convex fullerene surface on the
stereochemistry of the planar porphyrin macrocycle in
these cocrystallates.

Conclusions

Crystal structures of a new series of substituted porphyrin—
Cgp cocrystallates were examined to elucidate the role of Cg
on the stereochemistry of the porphyrin host. All the cocrys-
tallates of porphyrin—Cgq indicate 1:1 stoichiometry and
are free of lattice solvates. The short metal—Cgq intermo-
lecular contacts in M(TPP)(Ph)4-Cgo (M = Co(II), Cu(II))
cocrystals suggest greater fullerene porphyrin interac-
tions than that observed for the H,TPP(Ph),-Cg( struc-
ture. The macrocyclic rings in these cocrystallates are
nonplanar (rms <0.27 A) while the parent porphyrin rings
have more planar geometry (rms <0.016 A). The use of
nonplanar host in the Cu(TPP)(Ph)4(CHj3)4-Cgo cocrystal
revealed decreased nonplanarity of the porphyrin ring in
contrast to that found in the Cu(TPP)(Ph)4(CHs),-CHCl3
structure. Molecular packing diagrams of these cocrystallates
indicate essentially a one-dimensional array induced by weak
porphyrin—Cg, contacts, and these chains are held by weak
C—H---m and van der Waals interactions. The induced
nonplanarity in these structures suggests the conformational
flexibility that allows octaphenylporphyrin derivatives to
adopt complementary surface to the convex Cgo. Normal-
coordinate structure decomposition analysis for the out-
of-plane displacement (D) With minimal basis set in the
cocystallates (M(TPP)(Ph)4-Cgo) revealed predominantly
saddled and gentle domed distortions, while the parent
M(TPP)(Ph), structures indicated very minimal wave distor-
tions. The nonplanar porphyrin containing cocrystal, Cu-
(TPP)(Ph)4(CHs)4- Cg, shows largely saddle combined with
minimal ruffled and domed distortions relative to saddle
combined with enhanced ruffled and negligible domed
distortions observed for the parent Cu(TPP)(Ph),-
(CH3)4-CHCI; structure. The nonplanar geometry of the
porphyrin ring in the M(TPP)(Ph),-Cgy cocrystallates is
perhaps due to porphyrin—Cg, intermolecular interactions,
and crystal packing forces cannot be neglected in these
systems.
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