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Self-Assembly of Porphyrin Arrays by Hydrogen Bonding in the Solid State:
An Orthogonal Porphyrin — Bisresorcinol System

Kenji Kobayashi, Masayuki Koyanagi, Ken Endo, Hideki Masuda, and Yasuhiro Aoyama*

Abstract: The crystal structures of two
adducts (1-2H,0-21BB and 1-4THF;
IBB =isobutyl benzoate) of an orthog-
onal porphyrin-bisresorcinol deriva-
tive, the Zn" complex of 5,15-bis(3,5-
dihydroxy-1-phenyl)octaethylporphyrin
(1), are described. Both adducts contain
an extensive hydrogen-bonding net-
work, which forces the porphyrin rings
into a columnar alignment. The resulting

staggered arrangement (in adduct 1-
2H,0-2IBB) or herringbone-type
edge-to-face contacts (in adduct 1-
4THF) of the porphyrin moieties in
neighboring sheets. In the large cavities
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left, guest molecules are incorporated by
hydrogen bonding (resorcinol --- OH, -
IBB) in adduct 1-2H,0-21BB, or by a
combination of hydrogen bonding (re-
sorcinol --- THF) and metal coordination
(Zn---THF) in adduct 1-4THF. The
use of the large porphyrin spacer in the
orthogonality strategy is discussed in the
light of the known crystal structures of
related anthracene — bisresorcinol deriv-
atives.

sheets are layered to give either a

Introduction

Self-assembly!l of porphyrin derivatives has attracted much
recent attention in view of their photoelectronic properties,?
which may be applicable in molecular devices.’! The primary
electron-transfer step in bacterial photosynthetic reaction
center complexes occurs between porphyrinoid species over a
distance of ~17 A.¥ The light-harvesting system, on the
other hand, involves =300 chlorophyll molecules, which are
spatially and orientationally controlled.’] Much effort has
been devoted to the preparation of finite arrays of porphyrin
in solution by linking two or more porphyrin moieties
covalentlyPe or noncovalently.”] Infinite arrays of porphyr-
in may be constructed in the solid state by the manipulation of
intermolecular interactions.®

The crystal structures of porphyrins are governed by strong
7—m stacking interactions.?**11 Because of their clathrate

[*] Prof. Dr. Y. Aoyama, M. Koyanagi, Dr. K. Endo
Institute for Fundamental Research of Organic Chemistry, Kyushu
University, Hakozaki, Higashi-ku, Fukuoka 812-81 (Japan)
CREST, Japan Science and Technology Corporation (JST)
Fax: (+ 92)642-2719
E-mail: aoyamay@ms.ifoc.kyushu-u.ac.jp
Dr. K. Kobayashi
Department of Chemistry, University of Tsukuba
Tsukuba, Ibaraki 305 (Japan)
Prof. Dr. H. Masuda
Department of Applied Chemistry, Nagoya Institute of Technology
Gokiso-cho, Showa-ku, Nagoya 466 (Japan)
CREST, Japan Science and Technology Corporation (JST)

Chem. Eur. J. 1998, 4, No. 3

© WILEY-VCH Verlag GmbH, D-69451 Weinheim, 1998

properties, simple tetraarylporphyrins are referred to as
porphyrin sponges.''l Attempts have been made to achieve
an in-plane alignment of porphyrin by formation of a hydro-
gen-bonded!”l or metal-coordination"* network. Actually,
the crystal structures of Zn! complexes of tetra(4-hydroxy-1-
phenyl)porphyrin are highly dependent on the guest mole-
cules incorporated in the crystal lattices.*?!

We have recently introduced the orthogonality strategy and
reported the crystal structures of the anthracene —bisresorci-
nol derivative 2.'Y An extensive hydrogen-bonded network
involving the resorcinol moieties forces the orthogonal
anthracene rings to form columns together with large cavities.
The latter not only incorporate a variety of guest molecules
but also promote intracavity reactions in a catalytic man-
ner."™ The inter-ring distances of the anthracene moieties are
also controllable.l'® 7]

1:R=H,M=2Zn(ll)
2:R=H,M=2H
3:R=CH; M=2H

The present work is concerned with an analogous metal-
loporphyrin derivative 1. The metalloporphyrins are remark-
able not only photoelectronically but also as catalysts. The
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expected hydrogen-bonded network, if it works, would result
in a vertical alignment of the porphyrin rings and the
formation of large cavities with porphyrin rings as their roofs
and floors. We report here that the hydrogen-bonded network
and the supramolecular cavities are well conserved for the
porphyrin system too and that the actual modes of guest
binding and packing of molecular sheets are guest-dependent.

Results and Discussion

Host - guest adducts: Slow diffusion of hexane into a solution
of the Zn"" complex of 5,15-bis(3,5-dihydroxy-1-phenyl)octae-
thylporphyrin (1) in isobutyl benzoate (IBB) gave single
crystals of a 1:2 adduct containing an additional two molecules
of water, 1-2H,0 -2IBB. The IR spectra showed a significant
shift (~36 cm™!) to lower wavenumber in v for IBB upon
adduct formation. Similar treatment of a solution of com-
pound 1 in tetrahydrofuran (THF) with hexane afforded a 1:4
adduct, 1-4(THF). The formulae of these adducts were
confirmed by 'H NMR and microanalyses.

Host 1 formed similar adducts with various guest molecules
when crystallized from a mixture of the guest and an
appropriate hydrocarbon (hexane, decane, benzene, or p-
xylene). The host:guest stoichiometry was 1:2 for such guests
as alkyl benzoates (alkyl =methyl, propyl, isopropyl, and
butyl), 5S-nonanone, and methyl 2-naphthyl ketone, and in
some cases 1:3, for example, for styrene oxide as a guest. As in
the case of adduct 1-2H,0O:-2IBB, most adducts thus
obtained contained two molecules of water; included carbon-
yl guests exhibited a characteristic complexation-induced shift
in vc—o. Bulky guests such as tert-butyl benzoate, ethyl 1-
adamantenecarboxylate, and 2-adamantanone tended to give
an apparently 1:3 host:guest ratio. In some cases, host—
guest —hydrocarbon adducts were obtained, for example, a
1:2:3 adduct crystallized from a mixture of methyl 1-naph-
thylacetate and benzene. Even hydrocarbon adducts resulted

side view
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in the absence of potential guests. The host—guest adducts
seem to have more or less similar crystal structures, judging
from the similarity in the total guest/host ratios, including
water molecules as guests. Unfortunately, however, many
adducts thus obtained did not form single crystals, despite
various attempts at recrystallization under different condi-
tions.

The crystal structures for adducts 1-2H,0O-2IBB and 1-
4THF as representative single crystals were determined by X-
ray diffraction and are shown in Figures 1 -4 and Figures 5-7,
respectively, where different moieties are shown in different
colors, and hydrogen bonds are represented in light blue. The
crystallographic data are summarized in Table 1. Table 2
shows characteristic angles and distances (inter-ring, inter-
column, intersheet, and hydrogen-bond distances).

Adduct 1-2H,0-2IBB: Compound 1 gives rise to an
intermolecularly hydrogen-bonded (O-H:--O-H) 2D net-
work, where all the porphyrin rings are nearly perpendicular
with respect to the molecular sheet (Figure 1a). This is
because 1) the porphyrin and resorcinol rings directly bonded
are roughly orthogonal, with a dihedral angle of ¢ =85°, and
2) the two resorcinol rings linked by a hydrogen bond are
nearly coplanar, with a tilt angle of ¢ =11°, as illuminated by
the side view of a molecular sheet (Figure 1b). All the
porphyrin rings along a column are parallel with face-to-face
and center-to-center inter-ring distances of /i ,~9.8 A and
5 ,=9.80 A (Figure 1a), while those in neighboring columns
are not parallel, having a small tilt angle of 6 =7° (Figure 1b)
and an intercolumn distance of /, .=18.14 A (Figure 1a).
Each cyclophane-like cavity is capped top and bottom by
the porphyrin rings, which are doubly linked by the hydrogen-
bonded chains. The two O —H --- O - H moieties in each chain
are further bridged by water, to which is hydrogen-bonded the
IBB guest, as shown in Figure 2a (front view) and 2c (top
view). The hydrogen bonds involved are explained in
Figure 2b and their lengths (/,_,) are summarized in Table 2.

/

Figure 1. Structure of a molecular sheet maintained by hydrogen bonding in the crystal of adduct 1-2H,0 - 21BB: a) front view and b) side view. Porphyrin
and resorcinol rings are shown in red and black, respectively, and hydrogen bonds are in light blue.
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The two IBB molecules incorporated are antiparallel with
each other and nearly parallel with the porphyrin ring with an
inter-ring distance of ~3.3 A.

The molecular sheets are layered with an intersheet
distance of I, =9.04 A in a staggered manner, as shown in
the top view (Figure 3a) of three neighboring sheets. The
intersheet space is filled with peripheral ethyl groups of the
porphyrin and isobutyl groups of the guest. The porphyrin
rings in different sheets share their mean planes, as shown
in the side view (Figure 3b) of three adjacent columns (1, 2,
and 3) in neighboring sheets. Hence, the guest-binding cavities
form extended intersheet channels along the c¢ axis (Figure 4).

Adduct 1-4THF: The crystal structure of the THF adduct has
many aspects in common with those of the IBB adduct
discussed above as far as the concomitantly generated infinite
2D networks and supramolecular cavities are concerned
(Figure 5a). One of the big differences lies in the tilt angle
of the two hydrogen-bonded resorcinol rings; ¢ =55° (Figur-
e 5b), compared with ¢ =11° in adduct 1-2H,0O - 2IBB. Thus,
the poly(resorcinol) chains and hence the porphyrin rings
attached to the chain (6 =72°) are arranged in zigzags, since
the porphyrin and resorcinol rings in compound 1 are again
almost orthogonal (¢ = 89°) (Figure 5b). The consequences of
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Figure 2. Structure of a guest-binding
cavity in the crystal of adduct 1-2H,0-
21BB: a) front view and b) its explan-
ation, and c) top view. Water and IBB
molecules are shown in pink and green,
respectively. Other colors have the same
meanings as in Figure 1.

these structural features are that 1) the porphyrin rings are
significantly tilted with respect to the molecular sheet and
hence form highly slipped columns with /£  ~74 A and
5, =912 A, and 2) those in neighboring columns with /, .=
17.02 A are far from parallel with each other (Figure 7b).

Four molecules of THF are bound in or near each cavity,
two by hydrogen bonding at the resorcinol sites (O-H---O—
H---THF) and two by metal coordination (Zn!---THF)
(Figure 6); the Zn—O distance is 2.56 A and the N-Zn-O
angle is 87.4 or 89.4°n. The central Zn" ion is thus hexacoor-
dinated, although Zn" porphyrins are usually tetra- or
pentacoordinated.'” The metal-bound THF molecules are
disordered; this is why they appear as six-membered rings in
Figure 6.

The zigzag nature also affects the packing modes of
molecular sheets (Figure 7a). The neighboring sheets slide
laterally by an intercolumn distance (/._.), so that porphyrin
rings tilting in opposite directions are brought into proximity.
This is best seen in the side view (Figure 7b) of three
neighboring columns (1, 2, and 3) in neighboring sheets. Such
an offset geometry of the herringbone type allows intersheet
edge-to-face porphyrin-porphyrin contacts or, more precisely,
van der Waals interactions between porphyrin rings and
peripheral ethyl groups.
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Figure 4. Perspective view along the c axis of the guest-binding cavities
in the crystal of adduct 1-2H,0 -2 IBB. Different colors have the same
meanings as in Figure 2.

The observed sliding mode in 1-4THF is in contrast to a
lateral slide of the sheets by half an intercolumn distance
(0.51._.) to give a staggered geometry for adduct 1-2H,0 -
21BB (Figure 3a). The different layer structures may be
understood in terms of crystal packing. In the IBB adduct,
the in-cavity space is effectively filled by the large IBB
molecules, while the out-of-cavity space in the vicinity of
the resorcinol moieties remains vacant (Figure 2¢). In the
THF adduct, this space is at least partially filled by the
hydrogen-bonded THF molecules, while two molecules of
metal-bound THF are too small to fill the in-cavity space
(Figure 6b). In both cases, the empty space has to be filled
by the peripheral alkyl groups of the porphyrin. This may

420 — © WILEY-VCH Verlag GmbH, D-69451 Weinheim, 1998

Figure 3. Arrangement of three neighboring
molecular sheets in the crystal of adduct
1-2H,0-21IBB: a) top view of the sheets
and b) side view of three adjacent porphyrin
columns (1, 2, and 3) in neighboring sheets.
Different colors have the same meanings as in

Figure 2.

Table 1. Crystal data for adducts 1-2H,0-21BB and 1-4THFE.

1-2H,0-21BB 1-4THF
formula C;)HgyN,OyZn CeHgyN,OgZn
M, 1206.83 1102.77
crystal size (mm) 0.10 x 0.15 x 0.20 0.15 x 0.15 x 0.25
crystal color reddish purple reddish purple
crystal system monoclinic monoclinic
space group C2/c P2/a
a(A) 22.329(1) 19.103(2)
b (A) 9.7961(5) 9.116(3)
c(A) 29.394(2) 19.248(2)
g () 92.055(4) 117.879(5)
V (A% 6425.6(6) 2962.9(9)
V4 4 2
Peated (gem™3) 1.247 1.236
radiation Moy, (A=0.71069 A) Moy, (4 =0.71069 A)
graphite-monochromated graphite-monochromated
u (cm™) 4.43 4.72
transmission min. 0.925; max. 1.000 min. 0.975; max. 1.000
264 (°) 52.6 55.0
scan mode 3} w-26
T (K) 293 293
no. reflns measured 7085 7456
no. unique reflns 6903 7426
no. reflns used 3184 3585
(I>30(1))
no. parameters 527 463
R R, 0.042, 0.049 0.062, 0.076
GoF 1.48 222

Final diff Four. map (e A-3) max. 0.35; min. —0.26

max. 0.58; min. —0.90

[a] R=Z[|F,|=|F|[/Z|F]. [b] R,=[Zw(|F,|—|F|/ZwFi]"™
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Table 2. Selected angles and distances for adducts 1-2H,0O-2IBB and
1-4THFE[

1-2H,0-21BB 1-4THF
¢ (°) 85 89

6 (%) 7 72

¢ () 11 55

Iy (A) 9.8 7.4

I5p (A) 9.80 9.12

L. (A) 18.14 17.02

I, (A) 9.04 9.55

loo (A) 2.74 (res—res)
2.71 (res- OH,)

2.83 (H,0-0C)

2.82 (res—res)
2.66 (res-THF)

[a] Definitions are as follows: ¢, dihedral angle between porphyrin and
resorcinol rings; 6, tilt angle of two porphyrin rings in neighboring columns;
¢, tilt angle of two resorcinol rings hydrogen-bonded; /f", face-to-face
inter-ring distance in a porphyrin column; /2P, center-to-center inter-ring
distance in a porphyrin column; /.., intercolumn distance of neighboring
porphyrin columns; [, intersheet distance of neighboring molecular
sheets; [,,,, O—O distance in a hydrogen bond between two resorcinol
moieties (res—res), resorcinol and water (res—OH,), resorcinol and THF
(res—THF), or water and IBB.

be achieved most effectively when the IBB and THF adducts
adopt parallel staggered geometry (Figure 3) and tilted edge-
to-face geometry (Figure 7), respectively.

The apohost and guest binding: Both adducts lose their
included guest molecules when heated, as readily monitored
by thermal gravimetry. The loss of four THF molecules from
adduct 1-4THF apparently occurs in a single step in a
temperature range of 110—150°C at a rate of temperature
change of 10°Cmin~". In contrast, that of two IBB molecules
from adduct 1-2H,0O-2IBB occurs in a stepwise manner at
90-160°C and 160—-180°C for the first and second molecules,
respectively; water molecules seem to be lost at 60-
100 °C.The resulting guest-free apohost is no longer a single
crystal, but readily regenerates the original adducts, although
not in single crystalline form, upon exposure to the vapor of
the guests. Other volatile guests can also be included in this
manner.

side view
ink

Conclusions

This work may be summarized as follows. 1) The present
porphyrin derivative 1 and the previously studied anthracene
derivative 2 have similar hydrogen-bonded 2D networks. This
suggests that the present approach may be generalized to
other orthogonal aromatic systems. The porphyrin rings,
which otherwise readily self-stack, can be deaggregated to
give crystals of a porous nature.'¥! 2) The large cavities are
filled by bound guests. Both adducts investigated exhibit a
total host:guest ratio of 1:4. This is in marked contrast to the
1:2 stoichiometry for the anthracene system 2, where two
guest molecules are directly hydrogen-bonded to the host.['
In the present case, two molecules of water or THF are bound
in this manner. They are obviously too small to fill the cavity
and allow two additional guest molecules to be bound by
hydrogen bonding to the water or by metal coordination to
the central Zn" ion. The failure of many adducts to give single
crystals might be due to the difficulty in packing the large
cavities. 3) The 2D network is actually flexible and adjustable
to fit guest molecules. The most favorable crystal packing is
attained by adjusting the tilt angles of the resorcinol and
hence the porphyrin moieties and by controlling the packing
modes of molecular sheets.

Further work is now under way to shed light on the
photochemical and photophysical properties and catalytic
activities in the solid state of the present type of porphyrin
derivatives, whose molecular alignment and microporosity are
controlled on the basis of the orthogonality strategy with
various guest molecules.

Experimental Section

General: Tetrahydrofuran and dichloromethane were distilled from
sodium benzophenone ketyl and calcium hydride, respectively. Analytical
thin-layer chromatography (TLC) was performed on silica gel 60 F,s, plates
(Merck). Wakogel C-200 was used for column chromatography. 'H NMR
spectra were recorded on a JEOL JNM-EX400 spectrometer. IR spectra

a c

/

c-C

Figure 5. Structure of a molecular sheet maintained by hydrogen bonding in the crystal of adduct 1-4THF: a) front view and b) side view. Different colors

have the same meaning as in Figure 1.
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Figure 6. Structure of a guest-binding cavity in the crystal of adduct 1-4THF: a) front view and b) top

2.2 Hz, 4H), 9.60 (s, 4H), 10.24 (s, 2H); 13C
NMR (100 MHz, [D4]DMSO, 50°C, TMS):
5=1775, 1839, 19.09, 20.10, 25.11 (THF),
67.00 (THF), 96.21, 102.79, 112.75, 118.26,
140.15, 141.48, 142.55, 143.88, 144.76, 156.73;
C5oH,,N,O4 (3-2H,0-2THF) (931.2): caled
C 7223, H 8.01, N 6.02; C 71.98, H 8.02, N
5.96.

5,15-Bis(3,5-dihydroxy-1-phenyl)-2,3,7,8,12,1-
3,17,18-octaethylporphinatozinc@) (1): A sol-
ution of free base porphyrin 3 (303 mg,
0.403 mmol) in MeOH (90 mL) was treated
with a MeOH solution (3 mL) saturated with
[Zn(OAc),]-2H,0 under reflux for 1h.?
The methanol was removed in vacuo. The
residue was dissolved in EtOAc (100 mL),
washed with water (100 mL), and evaporated.
The reddish-purple crude product was puri-
fied by column chromatography on silica gel
(EtOH/hexane 1:19) followed by recrystalli-
zation from THF/hexane to give 1-4THF
(264 mg, 0.324 mmol, 80% yield for 1) as
reddish purple prisms. M.p.>400°C; R,=
0.25 (EtOH/hexane 1:19); 'H NMR
(400 MHz, [D¢]DMSO, 25°C, TMS): 6 =1.28
(t, /=73 Hz, 12H), 1.75 (m, 4H, THF), 1.82
(t, J=76 Hz, 12H), 2.92 (q, J=7.3 Hz, 8H),
3.59 (m, 4H, THF), 3.96 (q, /=76 Hz, 8H),
6.63 (t, J=2.0Hz, 2H), 6.98 (d, /J=2.0 Hz,

view. THF molecules are shown in green. Other colors have the same meanings as in Figure 5. 4H), 946 (s, 4H), 1000 (s, 2H);

were obtained with a JASCO IR-810 spectrophotometer. Microanalyses
were performed at the microanalysis center of Kyushu University.

Zinc porphyrin 1 was obtained by zinc insertion into the corresponding free
base porphyrin 3, which in turn was prepared by the acid-catalyzed
condensation —cyclization of dipyrrolylmethane and dimethoxybenzalde-
hyde, followed by demethylation of the resulting tetramethoxy derivative 4.

5,15-Bis(3,5-dimethoxy-1-phenyl)-2,3,7,8,12,13,17,18-octaethylporphyrin
(4): Boron trifluoride etherate (53.0 mL, 0.431 mmol) was added to a
solution of freshly prepared 3,3’ 4,4'-tetraethyl-2,2"-dipyrrolylmethanel*]
(668 mg, 2.59 mmol) and 3,5-dimethoxybenzaldehyde (430 mg, 2.59 mmol)
in CH,Cl, (74 mL) under nitrogen and the mixture was stirred at RT for
3 h.% Chloranil (954 mg, 3.88 mmol) was added and the mixture was
refluxed while being stirred for 1 h, treated with triethylamine (60.0 mL,
0.431 mmol), and evaporated. The crude residue was washed with MeOH
and purified by means of chromatography on silica gel (CH,Cl,/hexane 4:1)
followed by recrystallization from CH,Cl,/hexane to give tetramethox-
yporphyrin 4 (493 mg, 0.611 mmol, 47 % yield). M.p. 259-260°C; R;=0.21
(CH,Cly/hexane 4:1); 'H NMR (400 MHz, CDCl;, 25°C, TMS): 6 = —2.14
(s, 2H), 1.31 (t, J=7.6 Hz, 12H), 1.88 (t, J=76 Hz, 12H), 2.96 (q, /=
7.6 Hz, 8H), 3.94 (s, 12H), 4.03 (q, / =7.6 Hz, 8H), 6.92 (t,/=2.4 Hz, 2H),
7.39 (d, J=2.4 Hz, 4H), 10.25 (s, 2H); 3C NMR (100 MHz, CDCl;, 25°C,
TMS): 6=18.05, 18.55, 19.83, 20.69, 55.60, 96.85, 101.16, 112.48, 117.53,
141.04, 142.43, 143.18, 144.36, 144.85, 158.92; C5,H,N,O, (807.1): caled C
7739, H 7.74, N 6.94; found C 77.17, H 7.72, N 6.93.

5,15-Bis(3,5-dihydroxy-1-phenyl)-2,3,7,8,12,13,17,18-octaethylporphyrin

(3): Boron tribromide (462 mL, 4.87 mmol) was added to a solution of
tetramethoxy derivative 4 (493 mg, 0.611 mmol) in CH,Cl, (35 mL) at 0°C
over a period of 0.5 h.?l The mixture was stirred for 1.5 h at 0°C and for
18 h at RT, poured into a saturated aqueous NaHCOj; solution (300 mL),
and extracted with EtOAc (2 x 300 mL). The extracts were combined,
washed with saturated aqueous NaCl solution (300 mL), dried (Na,SO,),
and evaporated. The residue was chromatographed on silica gel (EtOAc/
hexane 1:1-4:1). The main porphyrin fraction was recrystallized from
THF/hexane to give 3-2H,0 -2THF (303 mg, 0.403 mmol, 66 % yield for
3). M.p.>400°C; R;=0.26 (EtOAc/hexane 1:1); '"H NMR (400 MHz,
[Dg]DMSO, 25°C, TMS): 6 = —2.36 (s, 2H), 1.34 (t, J=7.6 Hz, 12H), 1.75
(m, 4H, THF), 1.85 (t, /=76 Hz, 12H), 3.04 (q, /=76 Hz, 8H), 3.59 (m,
4H, THF), 4.04 (q, J=76 Hz, 8H), 6.67 (t, J=2.2Hz, 2H), 6.99 (d, J=
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CeHgyN,OgZn (1-4THF) (1102.8): caled C

69.71, H 7.68, N 5.08; found C 69.82, H 7.71, N
5.07. Slow diffusion of hexane into a solution of compound 1 in isobutyl
benzoate (IBB) afforded adduct 1-2H,0 -21BB; C;iHgN,0,,Zn (1206.8):
caled C 69.67, H 7.02, N 4.64; found C 69.62, H 7.00, N 4.63.

X-Ray crystallography: A single crystal of an adduct was mounted in a glass
capillary or on a glass fiber. Diffraction data were collected on an Enraf
Nonius CAD4 (for adduct 1-2H,0-21IBB) or a Rigaku AFC7R (for
adduct 1-4THF) four-circle automated diffractometer. The unit cell
parameters used for refinement were determined by least-squares calcu-
lations on the setting angles of 25 reflections in the range of 260 =20-25° or
23-29°. Reflection data were corrected for both Lorentz and polarization
effects, but no absorption correction was applied.

The structures were solved by the direct methods with the programs
SAPI90 or SIR92 and the Fourier techniques used DIRDIF94. Non-
hydrogen atoms were refined anisotropically by full-matrix least-squares
calculations. Some hydrogen atoms were refined isotropically and the rest
were introduced at calculated positions. The weighting scheme was w™!=
[0*(F,) + 0.00040(F,)*] for adduct 1-2H,0-2IBB or w'=[0X(F,)+
0.00022(F,)?] for adduct 1-4 THF. Atomic scattering factors and anomalous
dispersion terms were taken from International Tables for X-Ray Crystal-
lography.” The calculations were performed on an INDY workstation with
the teXsan crystallographic software package from the Molecular Structure
Corporation. The crystal structures were visualized with the Cerius2 set of
computer programs of Molecular Simulations Incorporated.

Crystallographic data (excluding structural factors) for the structures
reported in this paper have been deposited with the Cambridge Crystallo-
graphic Data Centre as supplementary publication no. CCDC-100433.
Copies of the data can be obtained free of charge on application to CCDC,
12 Union Road, Cambridge CB21EZ, UK (Fax: Int code + (1223)336-033;
E-mail: deposit@ccdc.cam.ac.uk).
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Figure 7. Arrangement of three neighboring molecular sheets in the crystal of adduct 1-4 THF: a) top view of the sheets and b) side view of three adjacent
porphyrin columns (1, 2, and 3) in neighboring sheets. Different colors have the same meanings as in Figure 6.
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