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Overall tumbling and internal rotational motions in porphyrins beanrggoaryl substituents and, in some
cases, flanking alkyl groups at tffepyrrolic positions have been determined usif@ spin-lattice relaxation

time measurements. In deuteriochloroform solution at 303 K, the overall reorientation of all three porphyrins
investigated occurs with diffusion coefficients ofL x 10° s™1. In porphyrins with only hydrogen at the
B-pyrrolic positions, thenesophenyl rings undergo rotations about their single bonds to the porphyrin with
diffusion coefficients of~+4 x 1° s™%. Introduction of methyl substituents at tAepyrrolic positions adjacent

to the phenyl rings reduces these motions, but onkrtox 10° s1. Thus, significant internal motions are
present in both types of molecules. These motions occur on the time scale of many photoinduced electron
and energy transfer processes in porphyrins covalently linked to electron or energy donors or acceptors through
mesaaryl groups. Thus, the internal librational motions may affect rates of photoinduced electron and energy
transfer, even in relatively “rigid” molecular constructs.

Introduction

Syntheticmesepolyarylporphyrins are important constituents
of many molecular and supramolecular model systems for
photosynthetic electron and energy transfer, where they stand
in for naturally occurring porphyrins and chlorophylls found in
reaction centers and other components of the photosynthetic
apparatud=8 The aryl groups of such porphyrins serve as
convenient points of attachment for various electron or energy
donor and acceptor moieties. The aryl rings serve a structural
role by providing a linkage that separates the porphyrin
chromophore from ther-electron systems of attached donors
and acceptors. In most cases, they also mediate the actual
transfer of electrons, triplet excitation energy, and sometimes
singlet excitation enerdythrough a superexchange mechanism,
which involves mixing of aryl bridge wave functions with those
of the adjacent moieties.

The role ofz—m overlap between the porphyrin macrocyclic
ring and the attachedneso aryl groups has always been

problematic. If the aryl rings of emesepolyarylporphyrin such 1: Ri=Ra=R4=Rs=H, R3g= ~© ,M=H,
asl were coplanar with the macrocycle, then conjugation would
be complete, and the aryl rings would be part of the porphyrin 2: Ry=Rs=CHgs, Ry=R4=CH,CHs Rg=H,M=H,

chromophore. For steric reasons, this is not the case. In the
solid state, the dihedral angle between the plane of the porphyrin
and the plane of the aryl group is usually betweeri 6ad
90°.10-14 Calculation®®> and NMR studies in solutidf1” have aryl carbon atoms ortho or meta to the point of attachment,
estimated the angle to be abouf 45t angles between°tand rotations can alter both the dihedral angles and the distances
90°, conjugation between the tweelectron systems would be  separating the various donor and acceptor moieties. Electron
partial. The angle of rotation of the aryl ring can affect energy transfer rate constants can also depend strongly on these
and photoinduced electron transfer rates in several ways. Inparameters. Thus, an understanding of the aryl rotational
the equilibrium conformation, the angle will determine the motions is crucial to understanding the electron and energy
degree of orbital overlap of the-electrons, which in turn will transfer processes.

affect the rate of transfer, because the rate is a function of the Numerous investigators have prepared photosynthetic model
orbital overlap between the donor and the acceptor. In addition, systems in which thenesoaryl groups are flanked by methyl,
rotational motions about the single bond joining the aryl group ethyl, or other alkyl groups at thg8“pyrrolic” positions on the

to the macrocycle will modulate the orbital overlap and could porphyrin periphery (cf. porphyrir2).12-14.18-29 Molecular

thus affect, or even determine, the rate of transfer. Finally, for modeling and some X-ray crystal structure determinations
donor or acceptor groups joined to the porphyrin through the suggest that thg-alkyl groups force the aryl rings into a position
perpendicular to the (idealized) porphyrin plane. If this were
® Abstract published ifAdvance ACS Abstractf)ecember 15, 1996. the case, and if the rings do not deviate from that position, then

3: Ry=Ra=Rg=H, Ry=(CHy)sCHs, Rs=CH;z ,M=2Zn
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TABLE 1: Selected Carbon-13 Chemical Shifts and Spir-Lattice Relaxation Times for Porphyrins 1—3 in Deuteriochloroform
at 303 K

porphyrin B porphyrin 2 porphyrin 3

carbon 9 (ppm) Ti(s) 9 (ppm) Ti(s) 9 (ppm) Ti(s)
2,8 131.1 0.45t 0.03

3,7 131.1 0.45: 0.03

10, 20 96.5 0.520.01 101.9 0.38 0.02
12,18 1311 0.45-0.03 131.9 0.4& 0.01
13,17 131.1 0.45%0.03 130.8 0.4@0.01
5Ar2,6 134.6 0.72£ 0.01 133.1 0.58 0.01 133.4 0.48 0.01
15Ar2,6 134.6 0.7220.01 133.1 0.58 0.01 134.6 0.61# 0.01
5Ar3,5 126.7 0.72£ 0.01 127.6 0.5 0.01 127.6 0.46: 0.01
15Ar3,5 126.7 0.720.01 127.6 0.5 0.01 126.6 0.6@: 0.01
5Ar4 127.7 0.46+ 0.01 128.3 0.46t 0.01 128.3 0.3%:0.01
15Ar4 127.7 0.46t 0.01 128.3 0.46: 0.01 127.4 0.41%0.01

aFor porphyrinl, the chemical shifts an@, values for the carbon atoms of the phenyl groups at the 10- and 20-positions are identical to those
reported for the corresponding carbon atoms of the phenyl rings at the 5- and 15-positions, for reasons of symmetry.

the porphyrin and its attached aryl rings would form a rigid discussed in the literature, only a brief summary of the approach
molecular framework with ne@—z interaction between the rings  used here will be given. Following excitatiolC nuclei relax
and the macrocycle, and the questionmeflelocalization onto by interaction with local magnetic fields which have motional
the aryl rings would be settled. components at the Larmor frequency. Relaxation mechanisms
Given the single bond joining an aryl ring to the macrocycle that may be of importance for molecules suchlas3 include
and the notorious flexibility of molecular species, the assumption dipole—dipole, spin rotation, chemical shift anisotropy, and
of rigidity for porphyrins with 5-alkyl groups is suspect. If  scalar coupling. In practice, the dipeldipole mechanism often
aryl rotation does occur, and occurs on a time scale comparabledominates for carbon atoms directly bonded to hydrogen, and
to or faster than electron or energy transfer, then the ambiguitiesthis has been shown to be the case for porphyrins sutk-as
discussed above in connection with porphyrins sucli ase under the experimental conditions used in this sttfdyrRelax-
also present in structures related2o ation arises from the interaction of th& nuclear magnetization
Carbon-13 nuclear magnetic resonance spectroscopy can yieldvith that of an attached proton, modulated by molecular motions
detailed information about overall and internal motions of that change the orientation of the—€l internuclear vector
molecules in solution. As will be discussed in detail below, relative to the external magnetic field provided by the spec-
dipole—dipole spin-lattice relaxation of a&3C nucleus by a trometer. Under these conditions, the dipetipole spin-
directly bonded hydrogen is a function of the time scale of lattice relaxation timeT,PP, for a3C nucleus is giveft by eq
reorientation of the internuclear vector with respect to the 1,
spectrometer magnetic field. Thus, motional information may
be extracted from experimentally determined dipaigole UT,P° = 0.1y, 2y hr [ Jy(wy — wg) + 33y (wo) +
spin—lattice relaxation timesT(PP). In this paper, we report 6wy + wd)] (1)
the results of such investigations oresetetraphenylporphyrin

1 and porphyring and3, which feature alkyl groups that flank  \yhereN is the number of directly attached hydrogeps,and

the phenyl rings. yc are the magnetogyric ratios of hydrogen and carbasithe
. . internuclear distanceyy and wc are the Larmor frequencies
Results and Discussion of hydrogen and carbon, and thiw) are spectral density

Synthesis. Porphyrini is a known compound. Compounds functions describing molecular reorientational motions.
2 and3 were synthesized by an application of the MacDonald ~ For arigid, isotropically rotating molecule, the spectral density
[2+2] condensation, as described in the Experimental Section. functions in eq 1 may be expresSedccording to eq 2. The
Chemical Shift Assignments. The numbering system used 5
to identify the various carbon atoms in the porphyrins is J(w) =11+ 07, 7))
indicated on the structural drawing. THE and 3C NMR
spectra were assigned by a combination of COSY, NOESY, molecular reorientation is given in terms of a single rotational
HMQC, and one-dimensional experiments. The relevaat correlation timez,, which is sometimes more conveniently
chemical shifts appear in Table 1, and ft& NMR data are ~ expressed as the rotational diffusion constantrc = 1/6D).
given in the Experimental Section. For this situation, eq 1 becomes
13C Spin—Lattice Relaxation Time Measurements. The

T1 measurements were made at 11.7 T in degassed deutenol/-l- DD _ ) 1N 2426 Te
)/H )/C 2 2
chloroform solution at 303t 0.5 K. Measurements were 1+ (0y — 0T
repeated at least six times for each molecule. Compoands 37 61
and 2 were measured at 0.024 and 0.0092 M, and identical 4+ c (3)
results were obtained at the two concentrations, within experi- 14+ 0ltd 1+ (0 + 0t
mental error. The concentration f@& was 0.0082 M. The
inversion-recovery D-180+4-90-FID) pulse sequence was When the overall rotation of the molecule is isotropic, but

employed (see Experimental Section). Thevalues for the internal rotations such as those around carbmarbon single
monoprotonated carbon atomsof3 are reported in Table 1,  bonds also contribute to relaxation, the important motions
along with the standard deviations in the measurements. include not only the tumbling of the molecule about its center
Theoretical Framework for Analysis. As the theoretical of mass Do) but also rotations about single bonds joining the
principles used to interpret thE data have been thoroughly chain of atoms separating the carbon of interest from the center
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TABLE 2: Calculated Isotropic Diffusion Coefficients for Porphyrins 1 —3 in Deuteriochloroform at 303 K
porphyrin1a porphyrin2 porphyrin3
carbon Do (s7Y)P D; (s Do (s7H)P Di(s™ Do (s7Y)P Di (s
2,8 14x 10°
3,7 1.4x 1¢°
10, 20 1.7x 10 1.2x 1
12,18 1.4x 1¢° 1.2x 10
13,17 1.4x 10° 1.2x 1
5Ar2,6 (1.5x 10° 43x 10° (1.5 x 10°) 15x 10° (1.2 x 109 1.1x 10°
15Ar2,6 (1.5x 1(°) 43x 10° (1.5 x 10°) 15x 10° (1.2 x 109 3.7x 10
5Ar3,5 (1.5x 10°) 43x 10° (1.5x 10°) 1.3x 10° (1.2 x 10°) 8.4x 10°
15Ar3,5 (1.5x 10°) 43x 10° (1.5 x 109 1.3x 10° (1.2 x 10°) 3.6x 10°
5Ar4 15x 10 15x 1@ 12x10¢
15Ar4 15x 10 15x 10 1.3x 1¢

a For porphyrinl, the diffusion coefficients for the carbon atoms of the phenyl groups at the 10- and 20-positions are identical to those for the
corresponding carbon atoms of the phenyl groups at the 5- and 15-positions, for reasons of syPribgatajues in parentheses are those used to
calculateD; values for rotation about the single bond joining the phenyl ring to the macrocycle.

of mass. There are several models for treating the effects of t,= (2D, + 4D”)_1 (8)
such motions on relaxation. In this analysis, internal rotations
will be considered as rotational diffusion motions about the bond 7, = (5D, + D”)_l ©)
axes®73* |n this case, the spectral densities are given by
ca 4 7o=(6D)" (10)

(o) = agxmab(ﬁan%dbc(ﬁb)ﬁ o U (B P1d (B
[Z(1+ w’7?)] (4)
where
7= (6D, + aD, + b’Dy + ... + X’D,) * (5)

The dj(Bi) are the reduced second-order Wigner rotation

matrices’?~34 the 5; are the angles between successive axes of

rotation (i.e., bonds), and is the angle between the final
rotational (bond) axis and the-€H internuclear vector for the
two nuclei in question. ThB; values are the diffusion constants
for each of the single bonds about which internal rotation occurs,
and Dy is the diffusion coefficient for the overall isotropic
motion. Symmetry considerations allow thex565 matrices
that arise from a treatment using the Wigner rotation matrices
to be replaced by 3« 3 matrices®> The resulting spectral
density functions are givéfr34 by
e
+ 0%

whereB; are elements of a & 3 matrix and the sum is run
from O to 2 over all the indexes.

An additional complication occurs when the motions of the
molecule are no longer isotropic. A special case involves
approximation of the overall molecular tumbling as that of an
axially symmetric body such as an ellipsoid of revolution, with
rotational diffusion constant®, (for rotation about the major
axis) andDg (for rotation perpendicular to that axis). In this
case, the spectral density functions are gi¥day eq 7, where

‘J(w) Z BabBbc th X0 1 (6)

Porphyrins as Isotropic Rotors. TheT; data forl—3 were
first interpreted in terms of eqs-3, which require that the
molecule rotate isotropically about its center of mass. Under
these conditions, the carbehydrogen bond vectors for all of
the hydrogen-bearing carbon atoms on the periphery of the
porphyrin macrocycle reorient with a diffusion coefficiebg,
the overall tumbling rate of the molecule, as the macrocyclic
framework is assumed to be rigid. The same motions will relax
the carbons at the 4-positions of the aryl rings attached to the
macrocycle (Ar4), as internal oscillations of the phenyl groups
about their single bonds will have no effect on this i@ bond
vector. Application of the equations requires knowledge of the
carbon-hydrogen bond lengths. We chose a value of 1.09 A
for all bond lengths, although strictly speaking these lengths
cannot all be exactly equal. Equation 3 yielded the values for
Do reported in Table 2.

Having obtained values for the rates of overall tumbling of
the molecules, we went on to calculate the diffusion coefficients
for rotations about the single bonds joining the phenyl rings to
the porphyrin macrocyclel;) using egs 36. These values
can be extracted from thg data for the Ar2,6 and Ar3,5 carbon
atoms (Table 1), because these relaxation times are affected not
only by overall tumbling of the molecule but also by internal
rotational motions about the single bond in question. For each
porphyrin, theDg values used in these calculations were the
average of those found for the Ar4 carbons, because the carbon
hydrogen bond lengths for these carbons are expected to most
closely approximate those for the Ar2,6 and Ar3,5 carbon atoms.
The results appear in Table 2.

Porphyrins as Anisotropic Rotors. Using 113Cd NMR
spectroscopy, Ellis and co-workers have shown that for the
pyridine complex ofl metalated with cadmium the molecule
does not tumble completely isotropicaliy. Rather, rotational

J(w) = sin* f ——— + Sinf 28 ———— A diffusion about an axis through the center of the porphyrin and
1+ 0’ 1+w Tl orthogonal to the porphyrin plan®,) occurs 3.2+ 0.8 times
faster than rotation perpendicular to this axij). Although
—(3 cos f— 1) — (1) this anisotropy is relatively small, we also analyzed the -spin
+ 'ty lattice relaxation time results fai—3 under these conditions

f is the angle between the major axis and theHCvector. In
this case, the correlation times are related to the diffusion
constants by eqs-810.

using the equations discussed earlier. Value®fof=3.2Dp)
were calculated from th&; values for the Ar4 carbons and the
carbon atoms rigidly fixed to the porphyrin skeleton, and the
values obtained for the Ar4 carbons were used in the calculation
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TABLE 3: Calculated Anisotropic Diffusion Coefficients for Porphyrins 1 —3 in Deuteriochloroform at 303 K

porphyrin12 porphyrin2 porphyrin3
carbon Du(s™)P Do(s™)° Dis Y Dy(syP Do(sY)® Di(s™) Di(s )P Do(s )P Di(s™)
2,8 2.4x 10° 7.4x 108
3,7 2.4x% 10° 7.4x 108
10, 20 2.9%x 10° 8.9x 108 1.9x 1® 59x 108
12,18 2.4x 10° 7.4%x 108 2.0x 10° 6.3x 108
13, 17 2.4x 10° 7.4x 108 2.0x 1 6.2x 108
5Ar2,6  (2.4x 10 (7.6x10F) 3.8x 10 (25x100) (7.7x10F) 19x10® (2.0x109) (6.4x 10 1.4x 10
15A12,6  (2.4x 10°) (7.6x 10F) 38x 10° (25x10°) (7.7x10F) 1.9x10° (2.0x10° (6.4x 10F) 3.2x 10°
5Ar3,5 (24x 1) (7.6x10°) 3.8x10° (25x10°0 (7.7x10¥) 18x10F (20x10®) (6.4x10°) 1.2x1C
15Ar35  (24x 10F) (7.6x 10F) 3.8x 10 (25x 109 (7.7x10) 18x10° (2.0x 10F) (6.4x 10F) 3.0x 1(°
5Ar4 2.4x 10° 7.6x 108 25x 10° 7.7x 10 2.0x 10 6.1x 10°
15Ar4 2.4x 10° 7.6x 108 25x 10° 7.7x 108 2.0x 10 6.6 x 108

a For porphyrinl, the diffusion coefficients for the carbon atoms of the phenyl groups at the 10- and 20-positions are identical to those for the

corresponding carbon atoms of the phenyl groups at the 5- and 15-positions, for reasons of sybribpetnglD values in parentheses are those
used to calculat®; values for rotation about the single bond joining the phenyl ring to the macrocycle.

of D; values for the Ar2,6 and Ar3,5 carbon atoms. The results
appear in Table 3.

Discussion

Isotropic Rotation. For porphyrinl, the T; values for the

As mentioned above, in porphyrins suchlathe phenyl rings
make angles of-45° or greater with the porphyrin macrocyclic
plane in solution. The equilibrium angle is that which best
balances repulsive forces due to steric interactions of the phenyl
groups with the hydrogen atoms at t8epyrrolic positions

carbons of the porphyrin macrocycle bearing one hydrogen atom (Which are minimized in the orthogonal conformation), attractive

and for the carbons at the 4-positions of the aryl rings are
identical, within experimental error, as expected for an isotro-
pically rotating rigid body. Thél; value for the Ar4 carbons
yields an overall reorientation ra@, of 1.5 x 1®° s™1. In
porphyrin 2, the T; values for the Ar4 carbons yieldedy
value identical to that found fat, whereas the 10,20 carbons
of 2 gave a slightly higher value (1.% 1®° s™1). In zinc
porphyrin3, the two different Ar4 carbons and the three different

forces between these two regions, and conjugative interactions
between the phenyl group and the macrocycle (which are
maximized in a planar conformation).

Rotation from the equilibrium position into the plane is a
high-energy process, for steric reasons. In metalated porphyrins,
barriers to rotation of phenyl groups through the plane in the
range 14-18 kcal/mol have been reportéd® Motions that
achieve this rotation are much too slow to affect carbon-13

sets of hydrogen-bearing carbons on the porphyrin macrocycle'elaxation. Thus, the librational motions of interest are those

all had the samel; value within experimental error. The
averageDg value for3 is 1.2 x 10° s71. Thus, the overall
reorientational motions of porphyrind—3 are essentially
identical. The isotropidD, values are very similar to that
reported previously for the zinc analog b{1.3 x 10° s71).30
Turning now to the librational motions about the single bonds
joining the phenyl groups to the macrocycle, it is evident from
the data in Table 1 that thHE, values for the Ar2,6 and Ar3,5
carbon atoms ofl are significantly greater than those for the

that move the plane of the phenyl ring through an arc centered
at the orthogonal orientation. In the case of relatively unhin-
dered porphyrins such dsthis arc must cover angles of roughly
+45° from the orthogonal conformation, and the calculabad
value represents oscillatory motion through this arc.

For porphyrins such a3 that feature flanking alkyl groups,
steric hindrance between these groups and the phenyl rings will
constrict the size of this arc and thus decreaseédthealue. In
the case oR, this decrease is observed, but is relatively small.

Ar4 carbons and the proton-bearing carbons on the macrocycle.The data do not allow us to discriminate between a situation

This indicates that the carbeimydrogen internuclear vectors
are reorienting relative to the external magnetic field not only
due to overall tumbling of the molecule but also due to librations
around the single bonds joining the phenyl groups to the
macrocycle. The overall more rapid motions of these carbon
hydrogen bond vectors make dipeldipole relaxation less
efficient. TheD; value for diffusion about the single bonds to
the phenyl groups df is 4.3x 10° s™1. This is very similar to
the value of 2.9x 1(° s~1 found for the zinc analog df*® and

the value of 2.2x 1(° s~1 determined for the pyridine adduct
of the cadmium analog df.”

Porphyrin2 differs from 1 in that the two phenyl groups are
flanked by methyl groups. Table 1 shows that even with the
steric hindrance imposed by these groups,Tthealues for the
Ar2,6 and Ar3,5 carbon atoms are still significantly greater than
those for the Ar4 and macrocyclic carbons. Thus, the flanking
alkyl groups do not eliminate rapid rotational motions. Quan-
titatively, the averag®; value for librations about the single
bond of the phenyl group is 14 1(° s™* (Table 2). Thus, the
steric hindrance reduces the librational motions by only a factor
of about 3. The molecule is only slightly more “rigid” than
the less hindered analdg

In this connection, it is clear that the librational motions in
guestion cannot be complete 3@0tations of the phenyl rings.

similar to 1, where two conformational minima are located on
either side of the orthogonal arrangement, and a single
conformation with a minimum at the orthogonal orientation that
undergoes rotational excursions on either side of this minimum.

An additional feature that may contribute to the facile rotation
of the phenyl rings ir2 is distortion of the macrocycle from
planarity. Porphyrins with large substituents at bothieso
andp positions tend to distort significantff; 4% and this could
lower the rotational barrier for the phenyl rings. For example,
the macrocycle of the dication df which bears four protons
instead of two on the central nitrogen atoms, is significantly
distorted, with the pyrrole rings tilted at angles-e83° relative
to the mean porphyrin plarfé#2 In a closely related porphyrin
dication, the barrier for rotation of the aryl rings through the
mean porphyrin plane is reduced by 2.9 kcal/mol, relative to
the free base forrf®

In the case of zinc porphyri8, it is clear from theT; data in
Table 1 that the less hindered phenyl ring at position 15
undergoes librations about its bond to the macrocycle that are
large enough to significantly increase the relaxation times of
the Ar2,6 and Ar3,5 carbon atoms relative to those at Ar4 and
on the macrocycle itself. Table 2 shows that this increase gives
rise to aD; value of about 3.7x 10° s71, which is slightly
smaller than the corresponding value for In the case of the
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more hindered phenyl ring at position 5, the averagéor the dichloro-5,6-dicyanobenzoquinone to remove any chlorin im-
Ar2,6 and Ar3,5 carbon atoms is 0.47 s, whereasTthfer the purity, and purified by chromatography before use.
corresponding Ar4 carbon is 0.39 s. Thus, there is detectable 2 g 12 18-Tetraethyl-3,7,13,17-tetramethyl-5,15-diphenylpor-
internal motion about the single bond linking the phenyl group phyrin (2) was prepared in 80% vyield from benzaldehyde and
at the 5-position to the macrocycle. Tii® value for this  pjs(4-ethyl-3-methyl-2-pyrrolyl)methane using the method of
motion is ~1 x 1(° s7%, which is about one-quarter of the Maruyama and co-workef§:1H NMR (300 MHz, CDC}) 6
corresponding value for the less hindered phenyl group at the —2 41 (1H, br s, 2NH), 1.77 (12H, §,= 8 Hz, 2-CH, 8-CH,
15-position. Thus, the effect of alkyl group hindrance is 12-CH,; 18-CHy), 2.49 (12H, s, 3-Chl 7-CHs, 13-CH;, 17-
comparable in zinc porphyrig and free base porphyriisand CHg), 4.02 (8H, g = 8 Hz, 2-CH, 8-CH,, 12-CH, 18-CH),
2. 7.73 (4H, m, 5Ar3,5-H, 15Ar3,5-H), 7.79 (2H, m, 5Ar4-H,
The average diffusion constants of both the less and more 15ar4-H), 8.07 (4H, dJ = 8 Hz, 5Ar2,6-H, 15Ar2,6-H), 10.23
hindered phenyl groups & are slightly smaller for the zinc (24, s, 10-CH, 20-CH); MS (FAB)n/z 631.3778 (calcd for

porphyrin than for comparable phenyl groups in the free base (M+H)*, 631.3722): UV/vis (CHCIy) 408, 508, 540, 576, 628
forms. This is likely due to a stiffening of the porphyrin  nm.

skeleton resulting from introduction of the metal and/or changes
in the degree of nonplanarity of the porphyrin skeletort?
Anisotropic Rotation. Treating the porphyrins as anisotropic

Benzyl Pyrrole-2-carboxylaté4). A mixture of pyrrole-2-
carboxylic acid (11.11 g, 0.10 mol), dimethylformamide (150
mL), and potassium carbonate (15.2 g, 0.11 mol) was stirred

rotors with internal motion_s has very little _effect on the under a nitrogen atmosphere for 15 min. Benzyl bromide (14.3
calculatedD; values for rotation of the phenyl rings (Table 3). mL, 0.12 mol) was added to the resulting suspension, and the

Thus, the conclusions presgnted z.above fof the isotropic CaS€mixture was stirred for 29 h. The reaction mixture was then
apply equally well to the anisotropic analysis.

poured into 400 mL of diethyl ether, washed five times with
Conclusions water, and washed once with agueous sodium chloride. The
organic layer was separated, the solvent was removed by
distillation at reduced pressure, and the residue was recrystallized
from a mixture of dichloromethane and hexane to yield pure
The crude material remaining in the mother liquor was chro-
matographed on silica gel (hexane/ethyl acetate, 4:1) and
combined with the recrystallized material to produce a total of
19.10 g (95% vyield) of fibrous white crystalling *H NMR

(300 MHz, CDC}) 6 5.31 (2H, s, CH), 6.27 (1H, ddJ = 6.3,

2.5 Hz, 4-H), 6.96 (2H, m, 5-H, 3-H), 7.38 (5H, m, Ar-H), 9.17
(1H, br s, NH); MSm/z201 (M").

These results show that the introduction of methyl groups at
the B-pyrrolic positions flankingmesoaryl substituents on
porphyrin macrocycles results in steric hindrance to librational
motions of the aryl groups around the single bonds joining them
to the macrocycle. However, the effect is relatively small, and
librational motions still occur at rates comparable to or greater
than overall reorientation of the macrocycle. Diffusion constants
for the oscillatory motions arel x 10°to 4 x 1®s™1. Thus,
the distribution of motional frequencies describing the librations
is comparable to the rate constants for photoinduced electron
transfer often observed in porphyrin-based electron denor ~ Benzyl 5-Formylpyrrole-2-carboxylatg), An11.2mL (0.12
acceptor systenis? The observe®; values are substantially ~ Mo!) portion of POC} was added dropwise to 23 mL (0.3 mol)
larger than rate constants for charge recombination in some of©f dimethylformamide at 510°C under a nitrogen atmosphere.
these systems and larger than some rates of tripigtet energy Stirring for 30 min produced thg Vllsmele_r reagent. A12.07g
transfer from porphyrins to carotenoids or other acceitts. (0-06 mol) portion of4 was dissolved in 250 mL of 1,2-

Because these librations necessarily modifyther overlap ~ dichloroethane, the solution was cooled-@0 °C, and the
between the macrocycle and the aryl rings, they may affect the Vilsmeier reagent was added dropwise over-13 min. The
rates of photoinduced electron or energy transfer when sucheaction mixture was stirred at € for 3 h and then at room
transfer is mediated by the bonds of the covalent linkage joining t€mperature for 27 h. Aqueous sodium bicarbonate was added,
the donor and acceptor. In addition, donors or acceptors linked 2d the mixture was stirred for an additional 16 h. The organic
to mesoaryl rings through positions other than the 4-position 'ayer was separated and washed with water, and the solvent
will undergo changes in their angular relationship to the Was evaporated under reduced pressure. The residue was
porphyrin macrocycle as a result of these oscillations and dissolved in 200 mL of diethyl ether and washed with water
possibly changes in the distances separating them from other(x5) and agueous sodium chloride solution. Drying the solution
donor or acceptor moieties. Doneacceptor systems based OVer MgSQ and filtering gave a clear yellow solution that was
upon porphyrins bearingiescaryl rings flanked by alkyl groups concentrated_ py evaporation at reduced pressure and chromato-
are certainly more conformationally constrained than many other 9raphed on silica gel (hexane/ethyl acetate/dichloromethane, 70:
donoracceptor species, and rotations of the aryl rings are more 15:15) to yield 8.66 g ob (63% yield) and 4.54 g of benzyl
hindered than those of their counterparts that lack the flanking 4-formylpyrrole-2-carboxylate6) (33% yield): IH NMR of 5
alkyl groups. However, even these molecules are far from being (300 MHz, CDC}) 6 5.32 (2H, s, CH), 6.93 (2H, m, 3-H, 4-H),
“rigid” in the same sense that rigidity is imparted by double 7-36 (5H, m, Ar-H), 9.63 (1H, s, CHO), 9.86 (1H, br s, NH);
bonds or some bicyclic systems. MS m/z 229 (M"); TH NMR of 6 (300 MHz, CDC}) ¢ 5.34

The magnitude of the effect of these internal motions on (2H, s, Ch), 7.39 (5H, m, Ar-H), 7.56 (2H, m, 3-H, 5-H), 9.77
electron and energy transfer rate constants will depend on the(1H, br s, NH), 9.85 (1H, s, CHO).
details of the system. In a companion study, it was found that  Benzyl 5-(Hydroxymethylphenyl)pyrrole-2-carboxylate (A
introduction of methyl substituents at porphyrihpyrrolic solution of 11.5 g (0.05 mol) & in 200 mL of tetrahydrofuran
positions adjacent to aryl rings bearing electron donor or was cooled to OC under a nitrogen atmosphere, and 50 mL
acceptor groups reduces electron transfer rate constants by #0.10 mol) of phenylmagnesium chloride (2M) in tetrahydro-

factor of ~1/525 furan was added dropwise over 10 min. The reaction mixture
) ) was stirred for 15 min at @C and poured into a mixture of ice,
Experimental Section citric acid, and dichloromethane. The mixture was stirred until

Synthesis. Porphyrin 1 (5,10,15,20-tetraphenylporphyrin)  the ice melted, the organic layer was separated, and the aqueous
was purchased from Aldrich Chemical Co., treated with 2,3- phase was extracted twice with dichloromethane. The combined
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extracts were washed with water and aqueous sodium bicarbon2'-H), 6.21 (1H, dd,J = 16.5, 1 Hz, 1-CH), 8.68 (1H, br s,
ate, and the resulting solution was dried over anhydrous sodiumNH); MS m/z249 (M*).

sulfate and filtered. Distillation of the solvent under vacuum
gave 14.31 g of as a pale yellow solid (93% yield}H NMR
(300 MHz, CDC#) 6 2.77 (1H, d,J = 4 Hz, OH), 5.27 (2H, s,
CH,), 5.87 (1H, dJ = 4 Hz, 4-CH), 5.96 (1H, dd] = 3, 4 Hz,
CH), 6.88 (1H, dd,J) = 3, 4 Hz, 3-CH), 7.33 (10H, m, Ar2-H,
Ar5-H), 9.47 (1H, br s, NH); MSn/z307 (M").
1,9-Bis(carbobenzoxy)-5-phenyldipyrrometha®. (To a
stirred mixture of7 (3.10 g, 10.0 mmol) and (2.1 g, 10.0
mmol) in 60 mL of dichloromethane under a nitrogen atmo-
sphere was added 1.90 g (10.0 mmolpdgbluenesulfonic acid.
After stirring the mixture for 30 min, it was diluted with

Ethyl 3,5-Dimethyl-4-hexylpyrrole-2-carboxylatd 1j. A
mixture of10 (5.0 g, 20 mmol) and 0.50 g of 5% palladium on
carbon in 80 mL of ethyl acetate was stirred under 50 psi of
hydrogen for 24 h. The catalyst was removed by filtration and
washed with dichloromethane/methanol (9:1). The solvent was
distilled from the combined filtrates at reduced pressure to give
11 (5.0 g, 99% vyield): 'TH NMR (300 MHz, CDC}) 6 0.88
(3H, t,J =7 Hz, 8-CHjg), 1.29 (3H, m, 2-CH), 1.37 (8H, m,
2'-CH, 3-CH, 4-CH; 5'-CHy), 2.19 (3H, s, 5-CHlor 3CHp),
2.26 (3H, s, 3-CHor 5-CHg), 2.34 (2H, t,J = 7 Hz, 1-H),
4.29 (2H, q,J = 7 Hz, 2- CH), 8.56 (1H, br s, NH); MSn/z

dichloromethane, washed with water, washed with aqueous251 (M%).

sodium bicarbonate, and dried over anhydrous sodium sulfate.

Benzyl 3,5-Dimethyl-4-hexylpyrrole-2-carboxylate2), A

The solvent was removed from the resulting solution by mixture of benzyl alcohol (800 mL) and sodium metal (0.64 g,
distillation at reduced pressure, and the residue was chromato-28 mmol) was stirred under nitrogen until all the sodium had
graphed on silica gel (hexane/ethyl acetate, 83:17) to give 4.25reacted, and 70.0 g (0.278 mol) bl was then added. The

g of 8 (87% yield):'H NMR (300 MHz, CDC}) 6 5.19 (4H, s,
1-CO,CH,, 9-CO,CHy), 5.46 (1H, s, 5-CH), 5.88 (2H, m, 2-H,
8-H or 3-H, 7-H), 6.80 (2H, m, 3-H, 7-H or 2-H, 8-H), 7.34
(15H, m, Ar-H), 9.77 (2H, br s, NH); M$n/z490 (M").
5-Phenyldipyrromethaned). A mixture of 8 (5.00 g, 10.2
mmol) and 0.5 g of 10% palladium on carbon in 100 mL of

solution was stirred at 98C under a pressure of 16 mmHg for
19 h. The solution was cooled, and 24 mL of acetic acid was
added. Distillation of the solvent at reduced pressure gave a
white solid, which was dissolved in dichloromethane. The
solution was washed with water, dried over anhydrous sodium
sulfate, and filtered, and the solvent was removed by distillation

tetrahydrofuran was stirred under an atmosphere of hydrogenat reduced pressure. Recrystallization of the residue from

for 14 h. The catalyst was removed by filtration through Celite,

dichloromethane/hexane yieldd@. Additional material was

and the filtrate was concentrated by evaporation of the solvent obtained by chromatography of the residue in the mother liquor
under reduced pressure. The resulting solid was dissolved in aon silica gel (dichloromethane/hexane, 3:1) to yield a total of

solution of sodium hydroxide (8.2 g, 0.2 mol) in 100 mL of
ethylene glycol, and the solution was heated at AB%nder a

84.1 g 0f12 (96% yield): 'H NMR (300 MHz, CDC}) 6 0.85
(3H, br t,J = 7 Hz, 8-CHa), 1.25 (6H, s, 3CH, 4-CH, 5'-

nitrogen atmosphere for 1 h. The cooled solution was mixed CHy), 1.37 (2H, m, 2CHj), 2.15 (3H, s, 5-CHlor 3-CHg), 2.25
with toluene and water, and the aqueous phase was extracted3H, s, 3-CH or 5-CHs), 2.31 (2H, t,J = 7 Hz, 1I-CH,), 5.26
with toluene four times. The combined organic extracts were (2H, s, CQCHy), 7.35 (5H, m, Ar-H), 8.52 (1H br s, NH); MS
washed with aqueous sodium chloride, and the toluene wasm/z313 (M").

distilled at reduced pressure to prod8;evhich was used in
later reactions without further purificatiodiH NMR (300 MHz,
CDCl) 6 5.47 (1H, s, 5-H), 5.93 (2H, m, 1-H, 9-H or 3-H,
7-H), 6.17 (2H, m, 2-H, 8-H), 6.70 (2H, m, 3-H, 7-H or 1-H,
9-H), 7.28 (5H, m, Ar-H), 7.91 (2H, br s, NH); M8&/z 222
(M7).

Ethyl 3,5-Dimethyl-4-(1-hexenyl)pyrrole-2-carboxylat€)
A 120 mL portion (0.24 mol) of pentylmagnesium bromide in

Benzyl 4-Hexyl-5-carbomethoxy-3-methylpyrrole-2-carboxy-
late (13). A solution of 600 mL of carbon tetrachloride and
31.35 g (0.100 mol) o12 was stirred and cooled to€ under
a nitrogen atmosphere. A 32.1 mL portion (0.400 mol) of
sulfuryl chloride was added dropwise at a rate of 8.8 mL/h.
After completion of the addition, the reaction mixture was stirred
for 8 h, the solvent was distilled under vacuum, and residual
liquids were removed by codistillation with 200 mL of benzene.

diethyl ether was added dropwise to a solution of 20 g (0.10 The resulting yellow-orange oil was dissolved in 500 mL of
mol) of ethyl 3,5-dimethyl-4-formylpyrrole-2-carboxylate in 250 methanol, and 100 g of sodium acetate was added. The
mL of tetrahydrofuran under a nitrogen atmosphere and cooled suspension was warmed at 0 under a nitrogen atmosphere

in an ice bath. When addition was complete, the mixture was for 5 h, and the reaction mixture was mixed with dichlo-
stirred at ambient temperature for 30 min and poured over ice. romethane and water and aqueous sodium bicarbonate. The
The layers were separated, and the aqueous layer was extracte@rganic layer was separated, dried over anhydrous sodium
four times with 120 mL portions of diethyl ether. The solvent sulfate, and filtered, and the solvent was removed by distillation
was distilled from the combined extracts at reduced pressure toat reduced pressure. Chromatography of the residue on silica
yield crude ethyl 3,5-dimethyl-4-(1-hydroxyhexyl)pyrrole-2- gel (hexane/ethyl acetate, 85:15) gave 24.75 dl®f(69%
carboxylate, which was dissolved in 250 mL of dichlo- Yield): *H NMR (300 MHz, CDC}) 6 0.88 (3H, t,J = 7 Hz,
romethane. This solution was mixed with 150 mL of 3 M 6-CHg), 1.30 (6H, br s, 3CHj,, 4-CHa, 5-CHy), 1.46 (2H, m,
hydrochloric acid and stirred for 25 min. The organic layer 2-CHp), 2.28 (3H, s, 3-Ch), 2.71 (2H, t,J = 7 Hz, I-CHpy),

was separated, and the aqueous phase was washed twice witB.87 (3H, s, C@CHjz), 5.33 (2H, s, C@CHy), 7.38 (5H, m, Ar-

100 mL portions of dichloromethane. The combined organic H), 9.35 (1H, br s, NH); MSn/z357 (M").

extracts were washed with aqueous sodium bicarbonate, dried Methyl 3-Hexyl-4-methylpyrrole-2-carboxylate4f. A mix-

over anhydrous sodium sulfate, and filtered. Evaporation of ture of 40.0 g (0.112 mol) of3 and 2 g of 10%palladium on

the solvent at reduced pressure yielded a pale yellow solid, charcoal in 400 mL of tetrahydrofuran was stirred under a
which was recrystallized from methanol to gii® in 91% positive hydrogen atmosphere for 5 h. The catalyst was
yield: H NMR (300 MHz, CDC}) 6 0.93 (3H, t,J = 7 Hz, removed by filtration through Celite and washed with a mixture
6'-CHg), 1.35 (3H, t,J = 7 Hz, 2-CH;), 1.42 (4H, m, 4CH,, of tetrahydrofuran and methanol (4:1). Distillation of the solvent
5'-CH, or 3-CHy), 2.19 (2H, m, 3CH, or 4-CH, or 5-CHy), from the combined filtrates at reduced pressure gave 4-hexyl-
2.29 (3H, s, 5-CHor 3-CHg), 2.36 (3H, s, 3-CHor 5-CH), 5-carbomethoxy-3-methylpyrrole-2-carboxylic acid, which was
4.30 (2H, qJ =7 Hz, CQCH,), 5.74 (1H, tdJ = 16.5, 7 Hz, dissolved in 400 mL of water containing 18.23 g (0.217 mol)
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of sodium bicarbonate. The solution was heated t6G050 After stirring the mixture for 20 min, it was poured over a
mL of 1,2-dichloroethane was added, and the mixture was stirred mixture of ice, diethyl ether, and citric acid and stirred. The
as 34.4 g (0.136 mol) of iodine was added in small portions. organic layer was separated, and the aqueous phase extracted
When addition was complete, the solution was heated at reflux twice with 80 mL of diethyl ether. The combined organic
for 40 min. After treating the cooled reaction mixture with extracts were washed with aqueous sodium bicarbonate and
aqueous sodium bisulfite, the organic layer was separated andaqueous sodium chloride, dried over sodium sulfate, and filtered,
the aqueous phase extracted with dichloromethane. The com-and the solvent was distilled at reduced pressure to give 7.85 g
bined organic extracts were washed with an aqueous solutionof 17 as a white solid (96% yield)*H NMR (300 MHz, CDC})
of sodium bicarbonate and sodium bisulfite, dried over anhy- 6 0.85 (3H, t,J =7 Hz, 6-CHs), 1.22 (6H, m, 3:CH,, 4'-CH,,
drous sodium sulfate, and filtered. The solvent was distilled 5'-CH,), 1.41 (2H, m, 2CH,), 1.88 (3H, s, 4-Ch), 2.38 (1H,
from the filtrate at reduced pressure to yield a yellow fibrous d, J = 3 Hz, OH), 2.65 (2H, m, tCHy), 5.25 (1H, d,J =8
material, which was added to a mixture of 500 mL of methanol, Hz, CO,CHH), 5.26 (1H, dJ = 8 Hz, CQCHH), 5.90 (1H, d,
75 g of sodium acetate, and 70 mg of RtOrhe suspension J= 3 Hz, CH), 7.35 (10H, m, Ar-H), 8.97 (1H, br s, NH); MS
was stirred under a positive pressure of hydrogen gas for 21 h.m/z405 (M*).
The solvent was distilled under reduced pressure, and the residue 1 9-(Dibenzyloxycarbonyl)-2,8-dihexyl-3,7-dimethyl-5-phenyl-
dissolved in a mixture of water and dichloromethane. The dipyrromethane 18). To a stirred solution of 3.00 g (10.0
organic layer was separated, dried over sodium sulfate, andmmol) of 15 and 4.06 g (10.0 mmol) o7 in 60 mL of
filtered, and the solvent was distilled under reduced pressure. dichloromethane was added 1.9 g (10.0 mmolpdbluene-
Chromatography of the residue on silica gel (hexane/diethyl sylfonic acid. The pink solution was stirred for 30 min, diluted
ether 85:15) gavé4in quantitative yield based dat8: 'H NMR with dichloromethane, washed with aqueous sodium bicarbonate
(300 MHz, CDC#) 6 0.89 (3H, br t,J = 7 Hz, 8-CHj3), 1.32 and aqueous sodium chloride, dried over sodium sulfate, and
(6H, brs, 3-CHy, 4-CHy, 5-CHy), 1.50 (2H, m, 2CHy), 2.03 filtered. The solvent was distilled at reduced pressure, and the
(3H, s, 4-CH), 2.72 (2H, t,J = 8 Hz, I-CH), 3.8 (3H, m, residue was chromatographed on silica gel (hexane/ethyl acetate,
COCHy), 6.66 (1H, d,J = 2 Hz, CH), 8.27 (1H, br s, NH);  85:15) to give 6.56 g 018 (95% vyield): H NMR (300 MHz,
MS m/z223 (M"). CDCly) 6 0.85 (6H, t,J = 6 Hz, 8'-CHs, 6'-CHs), 1.22 (12H,
Benzyl 3-Hexyl-4-methylpyrrole-2-carboxylaté), Metallic m, 3'-CHp, 3-CHa, 4'-CHjy, 4-CHjy, 5'-CH,, 5-CHy), 1.43 (4H,
sodium (0.23 g, 0.010 mol) was dissolved in 500 mL of benzyl m, 2'-CH,, 2-CH,), 1.76 (6H, s, 3-Chl 7-CH;s, 2.66 (4H, m,
alcohol, and 23 g (0.10 mol) df4 was added. The solution  1"-CHj,, 1'-CHyp), 5.23 (4H, s, 1-C@CH,, 9-CO,CHy), 5.47 (1H,
was heated at 90C for 15 h under the vacuum from an s, 5-CH), 7.08-7.35 (15H, m, 1Ar-H, 5Ar-H, 9Ar-H), 8.25 (2H,
aspirator. The solvent was distilled under reduced pressure ancor s, NH); MSm/z686 (M").
the residue was chromatographed on silica gel (hexane/ethyl 1 9-Diformyl-2,8-dihexyl-3,7-dimethyl-5-phenyldi-
acetate, 85:15). The product was recrystallized from dichlo- pyrromethane9). A 6.0 g (8.73 mmol) portion ot8and 0.6
romethane and hexane to give 29.11 gl6f(94% yield): 'H g of 10% palladium on carbon were added to 100 mL of
NMR (300 MHz, CDC}) 6 0.86 (3H, m, 6:CHg), 1.25 (6H, tetrahydrofuran, and the suspension was stirred under a positive
m, 3-CHy, 4-CH,, 5-CHy), 1.46 (2H, m, 2CH,), 2.02 (3H, s,  pressure of hydrogen for 16 h. The catalyst was removed by
3-CHg), 2.70 (2H, t,J = 8 Hz, I-CHy), 5.29 (2H, m, CG filtration through Celite, and the residue was washed with
CHy), 6.65 (1H, dJ = 3 Hz, CH), 7.37 (5H, m, Ar-H), 8.72  tetrahydrofuran/methanol (4:1). The solvent was removed by
(1H, br s, NH); MSm/z299 (M"). distillation at reduced pressure. The residue was dissolved in
Benzyl 5-Formyl-3-hexyl-4-methylpyrrole-2-carboxyléit6) ( 50 mL of dimethylformamide, purged of oxygen with nitrogen
A Vilsmeier reagent was formed by adding 10.6 mL (0.114 mol) gas, and heated at reflux for 4 h. The reaction mixture was

of POCE dropwise to 24 mL of dimethylformamide at @ cooled to 0°C under a nitrogen atmosphere, and a Vilsmeier
and stirring the resulting solution for 30 min. The reagent was reagent prepared from 4.07 mL (43.7 mmol) of P&id 7.3
added dropwise to a solution of 17.0 g (0.057 mol)1&fin of mL dimethylformamide was added. The resulting mixture

300 mL of 1,2-dichloroethane at OC under a nitrogen  was stirred at 0C for 20 min and at room temperature for 1 h.
atmosphere. The mixture was stirred for 10 min, warmed to The solution was diluted with 100 mL of 1,2-dichloroethane,
room temperature, and stirred for an additional 30 min. The and aqueous sodium bicarbonate was added. After stirring the
solution was cooled in an ice bath, agueous sodium acetate wasnixture for 16 h, the organic layer was separated and the
added, and the resulting mixture was stirred for 14 h. The aqueous phase extracted twice with dichloromethane. The
organic layer was separated and washed with aqueous sodiuntombined extracts were washed with aqueous sodium bicarbon-
bicarbonate, and the solvent was distilled at reduced pressureate and aqueous sodium chloride to yi#@i(3.60 g, 87%):'H
The residue was redissolved in diethyl ether, washed four timesNMR (300 MHz, CDC}) 6 0.88 (6H, t,J = 7 Hz, 8'-CHg,
with water, washed with aqueous sodium chloride, dried over 6'-CHjg), 1.31 (12H, br s, 3-CH,, 4'-CH,, 5"'-CH,, 3-CH, 4'-
anhydrous magnesium sulfate, and filtered. The solvent wasCH,, 5-CH,), 1.54 (4H, m, 2-CH,, 2-CH,), 1.85 (6H, s,
removed by distillation at reduced pressure, and the resulting 7-CHs, 3-CHg), 2.66 (4H, m, I-CH,, 1'-CH,), 5.58 (1H, s,
yellow solid recrystallized from dichloromethane and hexane 5-CH), 7.0#~7.30 (5H, m, Ar-H), 9.27 (2H, br s, NH), 9.44
to give 17.86 g ofl6 (96% yield): *H NMR (300 MHz, CDC}) (2H, s, CHO); MSm/z474 (M*).
6 0.87 (3H, m, 6:CHy), 1.25 (6H, m, 3CHy, 4-CH,, 5-CHy), 2,8-Dihexyl-3,7-dimethyl-5,15-diphenylporphyri0). To a
1.45 (2H, m, 2CHy), 2.30 (3H, s, 4-Chy), 2.69 (2H, tJ =8 mixture of 0.48 g (1.00 mmol) of9 and 0.23 g (1.00 mmol)
Hz, 1-CHy), 5.32 (2H, m, CGCHy), 7.40 (5H, m, Ar-H), 9.44  of 9in 350 mL of dichloromethane under a nitrogen atmosphere
(1H, br's, NH), 9.77 (1H, s, CHO); M&/z327 (M"). was added 8.0 g gi-toluenesulfonic acid (azeotropically dried
Benzyl 3-Hexyl-5-(hydroxymethylphenyl)-4-methylpyrrole-2- three times with 200 mL portions of toluene) in 20 mL of
carboxylate 17). A solution of16 (6.55 g, 0.020 mol) in 150  methanol. The dark red reaction mixture was stirred at room
mL of tetrahydrofuran was stirred at @ under a nitrogen  temperature for 19 h, and 20 mL of methanol and excess zinc
atmosphere, and 20 mL of a 2.0 M solution of phenylmagnesium acetate were added. The mixture was refluxed 5och and
chloride in tetrahydrofuran (0.040 mol) was added dropwise. stirred at room temperature for 14 h. After addition of 2,3-
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dichloro-5,6-dicyanobenzoquinone (1.0 g, excess) the mixture
was stirred for an additional 5 h. The mixture was washed with
water, 10% hydrochloric acid, aqueous sodium bicarbona®, (

and aqueous sodium chloride. The solvent was distilled at
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gel (dichloromethane/hexane, 2:1) to give 0.210 @@{32%
yield): 'H NMR (300 MHz, CDC}) 6 —3.03 (1H, s, NH),
—2.54 (1H, s, NH), 0.91 (6H, tJ = 7 Hz, 8-CHjs, 6"-CHy),
1.37 (4H, m, 5CHa, 5'-CHy), 1.48 (4H, m, 4CH,, 4"-CHy),
1.72 (4H, m, 3CHy, 3'-CHyp), 2.16 (4H, m, 2CH,, 2'-CHy),
2.47 (6H, s, 8-ChH, 12-CH), 3.97 (4H, t,J = 8 Hz, I-CHj,
1"-CHyp), 7.78 (6H, m, 20Ar3,4,5-H, 10Ar3,4,5-H), 8.08 (2H,
d,J =7 Hz, 10Ar2,6-H), 8.28 (2H, dd] = 4, 7 Hz, 20Ar2,6-
H), 9.07 (2H, dJ = 4 Hz, 18-CH, 2-CH), 9.37 (2H, d =4
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m/z659.4120 (calcd for (M-H)™, 659.4035); UV/vis (CHCl,)
406, 506, 538, 576, 630 nm. Porphy@0 was quantitatively
converted to zinc 2,8-dihexyl-3,7-dimethyl-5,15-diphenyl-
porphyrin @) by stirring a dichloromethane solution with zinc
acetate and purifying the crude product by chromatography on
silica gel (dichloromethane/hexane, 2:1).

NMR Spectroscopy. Chemical shift assignments were made
using Varian Unity 500 or 400 MHz spectrometers. Spin
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lattice relaxation time measurements were made at 11.7 T onki: M. A. J. Am. Chem. S0d.994 116 6904-6909.

the Varian Unity-500 spectrometer.
was 303.0+ 0.5 K. Samples were dissolved in deuteriochlo-

roform, transferred to 10 mm NMR tubes, and degassed under

vacuum using four freezethaw cycles. The tubes were then
sealed. Thel; measurements were made using B 804-
90-FID inversion-recovery pulse sequence with a relaxation
delayD at least 10 times the long€egt value of interest, and a
minimum of 13t values. Relaxation times were calculated by
fitting the data with eq 11, wher& andB are constants anid
I'=A+ B (—1/Ty) (112)
is the peak intensity for the spectrum obtained at timélo
verify the 90 pulse tip angle and other parameters,

measurements were also made on freshly prepared solutions o

dioxane in BO. The results were consistent with literature
reports?’
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