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Abstract: We have prepared two com-
plementary series of SubPc-Cy,
(SubPc =subphthalocyanine) electron/
energy donor-acceptor systems, in
which the two constituents are linked
through ortho-, meta-, or para-substi-
tuted phenoxy spacers. In one of the
series (1a) the SubPc units bear iodine
atoms, while in the other series (1b) di-
phenylamino groups are linked to the

R cyanines
SubPc macrocycles. The iodine atoms

Introduction

Testing molecular model systems—composed of electron-do-
nating and electron-accepting constituents—assists in under-

and diphenylamino groups both influ-
ence the resulting oxidation potentials
of the electron-donating SubPc. They
also modulate the outcome of excited
state interactions, namely, energy and/
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or charge transfer. In addition, we have
studied the impact that the substitution
pattern in the phenoxy spacer exerts
onto intramolecular processes in the
ground and excited states. Although
some of these processes are governed
by the spatial separation between both
components, the different electronic
coupling through ortho-, meta-, or
para- connections also plays decisive
roles in some cases.

standing factors that ultimately influence photoinduced
energy- and electron-transfer reactions.!'! The importance of
energy and/or electron transfer is undisputed, since these
two primary events govern the conversion of solar energy
into profitable chemical energy in natural photoactive reac-
tion centers.’! They also play a critical role in the perfor-
mance of, for example, organic solar cells.”’! Usually, well-de-
fined spacers are chosen to connect donors and acceptors.
Their nature, which may include covalent or noncovalent, -
conjugated or nonconjugated, rigid or flexible, and so forth,
determines the degree of electronic communication, the dis-
tance, and the relative orientation. In this context, m-con-
jugated systems stand out as spacers to afford excellent elec-
tronic couplings and, consequently, to accelerate intramolec-
ular events between the two active components.”! Besides,
they may allow switching or fine-tuning of the electronic
communication.*”

Recent studies have illustrated the kinetic dependencies
of intramolecular processes on the ortho, meta, or para con-
nections in rigid, isomeric, phenyl spacers. These spacers
regulate the distance between the donor and acceptor and,
consequently, intramolecular processes that occur by means
of through-space mechanisms will be favored in the follow-
ing order: ortho>meta>para® Appreciable differences
emerge for the electronic couplings in the isomeric forms. In
particular, in systems in which intramolecular events are
driven by through-bond interactions (i.e., the m and o bonds
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of the spacer) direct linkages across meta positions are less
effective than linkages across para positions. A reasonable
interpretation for this finding is lent from the superexchange
mechanism,”! which leads to a stronger increase in coupling
at the ortho and para positions relative to that at the meta
connections. Leading examples include singlet-singlet and
triplet—triplet energy transfer,!'”) photoinduced charge sepa-
ration and charge recombination,' charge transfer to elec-
trodes,'” or electronic communication in conjugated den-
drimers™ and intervalence metal complexes.['*!

In addition, some of these studies reveal that meta linkers
may provide enhanced electronic coupling in the excited
state, operating as a gated wire in m-conjugated systems.['’]
This effect has been demonstrated in conjugated donor-ac-
ceptor systems, in which the meta connection yielded faster
charge separation and slower charge recombination rates
than the para connection.''®!

Subphthalocyanines!"™™ (SubPc’s) are nonplanar aromatic
macrocycles that exhibit interesting optical properties.'"]
Our recent work focused on the synthesis and physicochemi-
cal features of subphthalocyanine/fullerene, electron donor—
acceptor systems!'"”! (SubPc—Cg,). In this work the two
photo- and redox-active units were connected by meta phen-
oxy spacers.'™ Selective photoexcitation of SubPc gave
rise—depending on the type of SubPc—to either an energy-
or charge-transfer mechanism to yield either a photoexcited
or one-electron reduced fullerene, respectively, as a reactive
intermediate. The outcome between these two competitive
processes was found to depend on the peripheral substitu-
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tion on the SubPc macrocycle. Donor groups, including
phenyl ether or diphenylamino groups, led to a considerable
lowering of the SubPc oxidation potentials and, in turn, as-
sisted in favoring electron transfer. However, only energy
transfer was operative when the SubPc macrocycle was en-
dowed with fluorine or iodine substituents.

Herein we describe the synthesis of two complementary
series of SubPc-Cq, energy/electron donor—acceptor systems,
in which the two constituents are linked through ortho-,
meta-, or para-substituted phenoxy spacers. In one of the
series (1a) the SubPc units bear iodine atoms,'” while in
the other series (1b) diphenylamino groups are linked to
the SubPc macrocycle. A wide range of electrochemical and
photochemical experiments were employed to probe ground
and excited state interactions, as a function of substitution
pattern in the spacer, that range from energy- to electron-
transfer reactions. We demonstrate that, while some of these
processes are clearly regulated by the separation distance
between both components, the different electronic coupling
through ortho-, meta-, or para- connections can also play an
important role in some cases.

Results and Discussion
Synthesis: The synthesis of 1a and 1b was carried out by

employing triiodoSubPc 4al'®® as a common synthetic pre-
cursor (Scheme 1). The axial chlorine atom was first re-

placed by ortho-, meta-, or para-formylphenoxy ligands,
I
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Scheme 1. Synthesis of the two sets of isomeric SubPc-Cy, (1a and 1b).
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leading to 0-2a, m-2a, and p-2a, or by phenol, yielding the
reference SubPc 3a. This set of trilodoSubPc compounds
was then subjected to a palladium-catalyzed amination reac-
tion"® with diphenylamine that afforded o-2b, m-2b, p-2b,
and 3b in nice yields (75-87%). As an alternative to this
synthetic route we also examined the direct amination reac-
tion with 4a, but instead of observing the incorporation of
the diphenylamino substituents, the starting chloroSubPc de-
composed during these conditions. It seems that an axial
phenoxy group imparts chemical stability to the SubPc mac-
rocycle.”” Finally, o-1a, m-1a, p-1a, o-1b, m-1b, and p-1b,
were prepared by 1,3-dipolar cycloaddition reactions! be-
tween the corresponding SubPc 2a and 2b compounds and
Cyo. PV

Purification was performed by silica gel column chroma-
tography with toluene or toluene/hexane mixtures as elu-
ents. Unreacted fullerene eluted first, followed by the mono-
addition compound and a small amount of bisadducts. The
corresponding C; and C; regioisomers of the monoadducts
1a and 1b could be separated by column chromatography
and were individually characterized.”” Moreover, in these
intrinsically chiral macrocycles, the presence of an additional
stereogenic center at the pyrrolidine ring gives rise to a 1:1
mixture of two diastereoisomers for each C,/C; isomer. Only
the diastereoisomers of ortho-isomeric systems were found
to separate in some cases by column chromatography with
the conditions employed. Most probably, the restricted rota-
tion—the two subunits being held close by the spacer—is re-
sponsible for a greater differentiation between the diaste-
reoisomers.

Evaluation of the relative distance between the SubPc and
the Cg units: The nature of the phenoxy spacers, which
have two torsion angles around o-bonds that lead to multi-
ple conformations, impart some degree of flexibility to the
molecules. This, in turn, means that the Cy, and SubPc units
are not restrained to any fixed relative position, but their
distance can shift within a small range. Structural modeling
of these systems, using molecular mechanics and semiempir-
ical methods,? allowed us to evaluate the maximum and
minimum distances between the two moieties in each
isomer. These values, defined as the distance between the
boron atom and the center of the carbon sphere, together
with a model of minimized conformation for each isomer,
are illustrated in Figure 1.

The calculated average distances agree quite well with the
upfield shifts observed for the signals of the pyrrolidine pro-
tons, especially when considering the signal of the proton on
the tertiary carbon atom (proton a, Figure 1). In fulleropyr-
rolidine 5 this proton signal appears as a singlet at 0=
4.88 ppm. In 0-1b, m-1b, and p-1b, on the other hand, the
same signal is shifted upfield to 6 =3.81, 4.39, and 4.44 ppm,
respectively. A distance-dependent interaction with the
SubPc ring-current is responsible for this trend. Similar ef-
fects were observed for the corresponding protons in o-1a,
m-1a, and p-l1a at 6=3.90, 4.52, and 4.60 ppm, respectively.
Furthermore, a significant broadening of the proton signals
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Figure 1. Models and estimated range of interchromophoric distances for
0-, m-, and p- isomeric SubPc-Cg,. Portion of the 'H NMR spectra
(CDCl;, 300 MHz) of o-1b, m-1b, and p-1b, showing the magnitude of
the upfield shift experienced by some of the pyrrolidine protons as a
function of their distance to the SubPc macrocycle.

in the spacer of the meta isomers seems to reflect an inter-
conversion between different conformations in a time scale
comparable to that of the 'HNMR measurements. This
must be due to the higher flexibility of the meta spacer,
which provides a wider distribution of interchromophoric
distances than the other two.

Ground state—electronic absorption spectra: The absorp-
tion spectra of all systems disclose features of both constitu-
ents (Figure Sla in the Supporting Information). For in-
stance, the presence of Cy, is clearly seen through absorp-
tions in the 250-350 nm range, followed by a weak band
around 430 nm. The SubPc unit, on the other hand, domi-
nates the red part of the spectrum, in which the typical Q-
bands appear at around 570 or 615 nm for the a or b series,
respectively. This band is responsible for the marked
changes in color that ranges from the typical intense magen-
ta to green. In the b series, an additional broad band evolves
around 450 nm, which is attributed to n—m* transitions of
the amine group.

In the dyads, the SubPc Q-band shows a small red shift
when compared to the corresponding reference compounds
(i.e., 3a and 3b). This bathochromic shift (as illustrated in
Figure S1b in the Supporting Information for o-1b, m-1b,
and p-1b) slightly weakens as the distance between the two
constituents increases. This trend was qualitatively repro-
duced in several solvents, that is, toluene, CHCl;, THF, or
even benzonitrile, and seems to indicate a distance-depen-
dent perturbation of the m—mt* SubPc transition by the fuller-
ene unit. Moreover, in the diphenylamine-substituted series
the magnitude of the red shift shows a solvent dependence,
and an increase in solvent polarity evokes an additional red
shift of the SubPc Q-bands (Figure Slc in the Supporting
Information).
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Ground state—electrochemistry: Cyclic voltammetry experi-
ments have been carried out with o-1a, m-1a, p-1a, o-1b,
m-1b, and p-1b, and compared to the references 3a, 3b and
5. In Table 1 the redox potentials (as measured with this
technique) are summarized, while Figure?2 displays the
cyclic voltammograms in THF.

FULL PAPER

maining compounds, this oxidation is placed close to the sol-
vent threshold and, in turn, barely observed. The cyclic vol-
tammograms of 3a also display an irreversible many elec-
tron wave reduction (~3e) at around —1900 mV (E] ). A

similar wave is observed for 1a (not shown).
In the case of the diphenylamino series, the first macrocy-
cle-based oxidation was detect-

Table 1. Potential data (mV vs. ferrocene) for SubPc-Cg, dyads 1 and reference compounds 3 and 5 in THF.

ed at +0.37 V. It displays the

3 [a] 2 [a] 1 [a] 1 2 3 - [b] . : .
Eo Eox Eox Eiprea El/z"ed[‘] Eipra HOMO-LUMO usual electrochemical irreversi-
3a 821 1323 —1900 (=3¢) bility seen during the oxidations
o-1a +822  —1016  —1393 ~1560 1.84 ¢ SubPe. Wh ot
m-1a +998 4779 1004 1347 ~1511 1.78 ob subkc. When scanmng 1o
p-la +1038  +854  —1037  —1380 ~1567 1.89 more positive potentials, the b
3b +824 +616 +374  —1579  —2079 —27501) (=3e) series exhibits a second irrever-
o-1b +846  +606 +436  —1025  —1567 (2e) —2153 1.46 sible event around 4+0.6V. A
m-1b  +840  +586 +372  —1017  —1532 (2¢) -2162 139 three-electron quasi-reversible
p-1b +846  +623 +378  —1028  —1543 (2¢) —2180 141 4 o
5 _910 1435 2019 wave suggests here an oxidation

[a] Electrochemically irreversible wave. Only peak potentials are given. [b] Estimated HOMO-LUMO energy
gap (in eV) as the difference between the first oxidative and reductive potentials of the dyads.
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Figure 2. Cyclic voltammograms (mV vs. ferrocene) of references 3a and

3b and o-1a, m-1a, p-la, o-1b, m-1b, and p-1b in THF and 0.1m

TBAPF; as supporting electrolyte.

For the o-, m-, and p-dyads (1a), the cathodic waves at
~-1V (Ej,,,) and =~-15V (E}, —one electron
each—are assigned to Cy, while those seen at ~+0.8V
(E,,) and =—1.4V (E}, ,)—one electron each—are cen-
tered on the SubPc. All three reduction processes were
found to be fully reversible. On the other hand, the first and
the second anodic oxidation processes of m-1a and p-1a are
irreversible. The second oxidation wave at around +1V
seems to correspond to the oxidation of the nitrogen atom
in the pyrrolidine ring attached to the Cy, group. In the re-
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of the diphenylamino groups.
After a full oxidation scan
strong adsorption at the work-
ing electrode evolves, which
leads to a green-blue film on the surface. This hampered
any further reductive electrochemistry from being detected.
The oxidative deposition, which very closely resembles sur-
face-confined behavior, is depicted in Figure S2 (Supporting
Information). This behavior was also observed in 1b and is
an interesting property that could be explored in the prepa-
ration of thin films.

As far as the cathodic part of 1b is concerned, the wave
at ~—1V (E} J2rea)s coTTEsponding to one electron, was as-
signed to Cg. The wave at ~—1.5V (E} J2rea)s @ tWO-electron
process, seems to involve the first reduction of SubPc and
the second reduction of Cy. The third reduction wave at ap-
proximately —2.1 V (one electron) could not definitely be
assigned to one or the other of the electroactive species. Fol-
lowing this third reduction process, the observation of the
multielectronic (=3e) irreversible reduction of the SubPc at
—2.7V precluded further assignments from the cyclic vol-
tammograms. However, Osteryoung square-wave voltamme-
try (OSWYV; see Figure S3) reveals the close spatial proximi-
ty between forming the tetra- and penta-anionic species in
these molecules. Adding a third electron to Cg, and a second
electron to SubPc ring appears to happen nearly simultane-
ously. The order that these events follow is not clearly estab-
lished nor is the reversibility of the processes, due to the im-
minent presence of the irreversible multielectronic reduction
of the SubPc fragment at around —2.7 V.

Comparing the redox potentials of the ortho-, meta-, and
para- isomeric 1a and 1b revealed that, in both series, a
meta-configured spacer induces easier reduction and oxida-
tion of the two electroactive subunits. This is also reflected
in the corresponding HOMO/LUMO energy gaps. As
shown in Table 1, the lowest values in both series were seen
for the meta-substituted m-1a and m-1b, indicating the
weakest interactions between the donor and acceptor
groups in each series. Therefore, the electronic effects that
influence these ground-state redox processes seem to take
place by means of through-bond rather than through-space
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interactions, since they follow the expected (and similar) be-
havior for the ortho and para, and the weakest electronic
coupling for the meta isomer.

Excited states—steady-state and time-resolved fluorescence
spectroscopy: First insight into excited-state interactions be-
tween the photo- and redox-active constituents came from
steady-state and time-resolved fluorescence experiments, in
which SubPc was excited either at 570 (i.e., 1a) or 615 nm
(i.e., 1b). A strong decrease in the SubPc fluorescence in-
tensity is noted when contrasting the results for the dyads
(i.e., 1a and 1b, quantum yields on the order of 10~) with
those of the references (i.e., 3a and 3b, quantum yields on
the order of 107"). Both the fluorescence quantum yields
and the fluorescence lifetimes were typically two orders of
magnitude lower in the dyads (see Table 2).*

250000 -~

200000

150000 [
Emission

lau. [
100000

50000 [

550 600 650 700
Wavelength / nm

1

750 800

Figure 3. Steady-state fluorescence spectra of o-1a (dotted spectrum), m-
1a (dashed spectrum), and p-1a (solid spectrum) in toluene exhibiting
the same absorption of 0.15 at the 530 nm excitation wavelength.

discloses features that match

Table 2. Selected photophysical parameters of SubPc-Cy, dyads 1a and 1b as a function of solvent and isomer-

ic connection between the two chromophores.

the ground state absorption of

Feature Solvent o-1a m-la p-la

b m1b  pib SubPc and Cg,. This provides

fluorescence maximum [nm] toluene 596 592 591

fluorescence quantum yield (SubPc) toluene 7.3x107* 7.7x107* 1.0x1073
THF 1.1x107% 1.2x107° 1.3x1073
toluene 6.6x107™* 4.7x107* 6.0x107*
5.4x107*

fluorescence quantum yield (Cg)

THF  6x10™* 3.610™
singlet lifetime (Cy) [ns] toluene 1.2 1.0 1.1
THF 1.0 0.9 1.0
singlet lifetime (SubPc) [ps] toluene 4.2 10.9 13.9
THF 44 @) el
energy transfer quantum yield toluene 1.0 0.8 0.85
radical ion pair lifetime [ps] toluene ™ o] (v}
THF [b] [b] [b]
bzen [b] [b] [b]

unambiguous evidence for the
origin of the Cg, fluorescence.
Tests in solvents, which are

654 655 658

37x1072 21x107% 5.1x107°
[a] [a] [a]

<10* <10* <10 more polar than toluene, for
51074 [fl(ﬁ [fmﬂ example, THF, o-dichloroben-
fal ol al zene or benzonitrile, led to the
151 98 117 same intensity of the Cg, fluo-
1.0 1.7 2.9 rescence in the la series. The
L [CJ « only differences that were de-
4055 4350 > 3000 rived correspond to the quan-
133 192 319 .

73 11 235 tum yields of energy transfer:

[a] Not measured. [b] No charge separation was found. [c] No energy transfer was found.

We have previously demonstrated that the SubPc singlet
excited states in m-1a and m-1b give rise to different reac-
tivity patters in their excited states, namely, energy- versus
charge-transfer deactivation."’”” The most notable results
came from solvent dependence. Solvents of different polari-
ty led in m-1a to marginal changes in the quantum yields.
This suggests a nearly activationless fluorescence deactiva-
tion. For m-1b, on the other hand, using a more polar envi-
ronment amplified the nonradiative deactivation pathway.

The aforementioned trends are reestablished in the two
remaining isomers. Noticeable is the impact that the change
in distance and electronic coupling exerts on the deactiva-
tion rates: ortho-substitution in o-la, which imposes un-
equivocally the shortest distance between SubPc and C,
leads to the strongest quenching within the 1a series, where-
as the weakest SubPc fluorescence quenching was seen in
the para-isomer p-la (Figure 3). Such a trend parallels the
red-shifts registered in the ground state absorption (see Fig-
ure S1 in the Supporting Information).

Mechanistically, upon SubPc excitation in toluene a fluo-
rescence pattern evolves that bears close resemblance with
that known for C (i.e., 5), that is, a maximum at 720 nm.
Furthermore, the excitation spectra of the C, fluorescence

7674 —
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when employing 5§ as a stan-
dard with matching absorption
at the excitation wavelength
the following trend emerges: o-la>m-la>p-la (see
Table 2). Implicit is a distance-dependent singlet-singlet
energy transfer from the SubPc singlet excited state in 1a
(ie., 2.1eV) to C4 (ie., 1.76 eV) that thermodynamically
outperforms any charge transfer (i.e., ca. 1.85eV).

Quite different is the outcome of the fluorescence experi-
ments with o-1b, m-1b and p-1b. Although the strongest
quenching is still seen in o-1b (Figure 4), a considerable de-
crease of the fluorescence in the more polar media attests to
a different mechanism. In 1b the charge-transfer products
are energetically situated around 1.4 eV, which, in turn,
would favor the charge-transfer pathway evolving from the
SubPc singlet excited state (i.e., 1.9 eV) rather than the
energy-transfer scenario.®!

Excited states—transient absorption spectroscopy: Time-re-
solved transient absorption measurements provided further
details about the deactivation mechanism. Upon 500 nm ex-
citation of 3a/la and 3b/1b, we observe the singlet excited-
state characteristics of the SubPc constituents. In all cases a
bleach of the ground state is accompanied by a new transi-
tion that develops in the red. For the 3a/la series maxima
and minima evolve around 640 and 574 nm, respectively,

Chem. Eur. J. 2008, 14, 7670-7679
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Figure 4. Steady-state fluorescence spectra of o-1b (dotted spectrum), m-

1b (dashed spectrum), and p-1b (solid spectrum) in toluene exhibiting
the same absorption of 0.24 at the 582 nm excitation wavelength.

while the corresponding features for the 3b/1b series are
seen at 756 and 615 nm. The intersystem-crossing dynamics
are rather slow (=10®s7!) in the two references (i.e., 3a and
3b). This is in sharp contrast to the ultrafast decays of the
SubPc singlet-singlet absorption in 1a and 1b with rates
~10°s7h

In the 1a series, instead of detecting the transient changes
that are associated with the SubPc triplet excited state, we
note spectral characteristics that match those seen for 5,
namely, the C, singlet excited state (Figure 5). The most
prominent feature is a maximum at 880 nm. Since these Cy,
singlet features develop concomitantly with the decay of the
SubPc singlet excited state, we conclude a transduction of
singlet-excited-state energy. Appreciable kinetic differences
emerge for the different isomers in toluene and THF with
energy-transfer rate constants that are larger in o-1a than in
m-1a and p-l1a (Figure 6). In other words, the underlying
distance-dependence resembles that seen in the fluorescence
experiments.

0.008 -~
0.004 -

AOD ol
/a.u.

-0.004

-0.008-".'---I---|...|
400 600 800 1000 1200

Wavelength / nm

Figure 5. Differential absorption spectra (visible and near-infrared) ob-
tained upon femtosecond flash photolysis (500 nm, 200 nJ) of m-1a in
argon-saturated toluene with time delays of 1.1 ps (solid spectrum), 44 ps
(dashed spectrum) and 2472 ps (dotted spectrum) at room temperature,
illustrating the sequence of singlet-singlet energy transfer, intersystem
crossing, and triplet-triplet energy transfer.
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Figure 6. Time-absorption profiles at 560 nm of the differential absorp-
tion measurements with o-la (open circles), m-la (crosses; see also
Figure 5), and p-1a (full circles) in toluene, monitoring the energy-trans-
fer processes.

The Cy, singlet excited state intersystem crosses to the
corresponding triplet manifold with dynamics that are virtu-
ally identical to that in 5. Despite this close kinetic agree-
ment, spectroscopically the differential absorption changes
are no match to that of the Cy, triplet excited state (i.e.,
maxima at 360 and 700 nm). Maxima at 460 and 620 nm and
a minimum at 570 nm suggest that the Cg, singlet decay af-
fords the SubPc triplet excited state. Likewise, the only com-
ponent detected in the nanosecond experiments was that of
the SubPc triplet excited state. Implicit is that the fullerene
triplet (1.5 eV), once formed by intersystem crossing, under-
goes a thermodynamically allowed, but kinetically not re-
solvable, transfer of triplet energy to generate the SubPc
triplet excited state (&1.45 eV). The underlying kinetics are
affected by the isomeric form and tend to be faster for m-1a
than for p-1a and o-1a. Such a trend contrasts the reactivity
of singlet-singlet energy transfer.

Different are the results with o-1b, m-1b, and p-1b (see
Figure 7 and 8). The SubPc singlet-excited-state features
change rapidly into a broadly absorbing species. In the visi-
ble region the one-electron-oxidized radical cation of the
SubPc donor evolves with maxima at 750 nm, while in the
near-infrared region the signature (1000 nm) of the one-
electron-reduced radical anion of the Cy, acceptor. Taken
these attributes into concert, there is no doubt about the
successful formation of SubPc't-C,~. As already men-
tioned, better donating abilities in the 1b series enables the
highly efficient (>90 %) separation of charges, which is ther-
modynamically prohibited in the 1a series. Figure 8 corrobo-
rates that in toluene the o-1b, m-1b, and p-1b isomers give
rise to appreciable differences in charge-transfer kinetics:
m-1b > p-1b > 0-1b. Inductive effects are responsible for the
diverse rate constants. In fact, these values agree well with
the thermodynamic driving force (i.e., HOMO-LUMO
gaps), which were derived from the electrochemical experi-
ments. In THF, in which the thermodynamic driving forces
for the charge-transfer kinetics (i.e., around 0.5eV) are
brought closer to the top of the Marcus parabola (i.e., on
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Figure 7. Differential absorption spectra (visible and near-infrared) ob-
tained upon femtosecond flash photolysis (500 nm, 200 nJ) of m-1b in
argon-saturated toluene with time delays of 1.1 ps (solid spectrum) and
24 ps (dashed spectrum) at room temperature, illustrating the charge
transfer.
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Figure 8. Time-absorption profiles at 750 nm of the differential absorp-
tion measurements with o-1b (open circles), m-1b (crosses; see also
Figure 7), and p-1b (full circles) in toluene, monitoring the charge-trans-
fer processes.

the order of 0.6 eV as in phthalocyanine—Cg, and porphryin—
Cq),[+% the rate constants increase relative to those mea-
sured in toluene.

Charge recombination leads to the recovery of the ground
state for o-1b, m-1b, and p-1b, since the SubPc+-Cgy~
energy levels (i.e., 1.4-1.2eV) are presumably situated
below those of both triplets (i.e., SubPc and Cg,). The kinet-
ics of charge recombination are strongly dependent on the
solvent polarity and on the isomeric form. Determining the
SubPc't-Cq, lifetimes in the different solvents for o-1b, m-
1b, and p-1b (Table 2) brought the following trends to light:
Firstly, increasing the solvent polarity decreases the SubPc'*
—Cq,~ lifetime despite a better solvation of the radical ions:
several thousands of picoseconds in toluene and several
hundreds of picoseconds in THF, and about hundred pico-
seconds in benzonitrile. This is a clear attribute of the in-
verted region of the Marcus parabola, the thermodynamic
maximum of which is located between 0.5 and 0.6 eV.*?"!
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Please note the rather large driving force for the charge re-
combination, which is on the order of 1.4 eV. Secondly, de-
creasing the distance between donor and acceptor decreases
the SubPct-C4,~ lifetime despite the opposite effects in the
charge separation—exceeding a factor of two when contrast-
ing o-1b and p-1b.

Conclusion

The current work demonstrates the impact that a partially
conjugated spacer exerts on the ground- and excited-state
communication between electron/energy donor and acceptor
units in two complementary sets of SubPc—C, systems.

Perturbations of the electronic transitions, caused by the
proximity of the two m-conjugated units, dominate the
ground state. Additional electrochemical experiments reveal
that the HOMO-LUMO gaps tend to be smaller in the
meta-isomers when compared to those in the corresponding
ortho- and para-isomers. In summary, through-bond interac-
tions play an important role in the electronic communica-
tion between the donor and the acceptor in the ground
state.

In the excited state, the underlying mechanism, energy
(i.e., iodine substituents: 1a) versus electron transfer (i.e.,
diphenylamino substituents: 1b), determines the interac-
tions. Distance matters when dipole—dipole interactions are
operative. These govern the transduction of singlet-excited-
state energy in la. As a consequence, o-la reacts much
faster than any of the remaining isomers (i.e., p-la and m-
1a). Triplet-triplet energy-transfer reactions, on the other
hand, follow a double electron-transfer mechanism, in which
inductive effects exert a stronger impact: m-1a reacts seem-
ingly faster than o-la or p-la. This conclusion finds inde-
pendent support in the electrochemical experiments, in
which the SubPc oxidation potentials reveal isomer-depen-
dent shifts that suggest through-bond electronic effects.

In the 1b series, for the initial charge separation a resem-
bling trends evolves, namely, m-1b undergoes faster charge
transfer than o-1b or p-1b. It is only for the strongly exo-
thermic charge recombination, again for which distance ef-
fects seem to dominate, and the rate constants exhibit the
following order: ortho > meta > para.*!

The reason why this trend differs from previous stud-
ies,"'*l in which meta isomers showed the slowest charge re-
combination rates, probably resides in the nature of the
phenoxy spacer. This spacer offers more flexibility and
poorer electronic coupling than fully m-conjugated spacers.

Experimental Section

General methods: Melting points (m.p.) were determined in a Biichi
504392-S equipment and are uncorrected. UV/Vis spectra were recorded
with a Hewlett-Packard 8453 instrument. IR spectra were recorded on a
Bruker Vector 22 spectrophotometer. LSI-MS and HRMS spectra were
determined on a VG AutoSpec apparatus and MALDI-TOF-MS spectra
were obtained from a Bruker Reflex III instrument equipped with a ni-
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trogen laser operating at 337 nm. NMR spectra were recorded with a
Bruker AC-300 instrument. Elemental analyses were performed with a
Perkin-Elmer 2400 CHN equipment. Column chromatography was car-
ried out on silica gel Merck-60 (230-400 mesh, 60 A), and TLC on alumi-
num sheets precoated with silica gel 60 F,s, (E. Merck). Chemicals were
purchased from commercial suppliers and used without further
purification.

Electrochemistry: Electrochemical measurements were performed at
room temperature in a home-built one-compartment cell with a three-
electrode configuration, containing 0.1 M tetrabutylammonium hexafluor-
ophosphate (TBAPF) as the supporting electrolyte, which was recrystal-
lized twice from ethanol and dried under vacuum. A glassy carbon or
gold electrode (3 or 1.5 mm (F, respectively) was used as the working
electrode, and a platinum mesh and a silver wire, separated from the so-
lution by a vycor tip, were employed as the counter and the reference
electrodes, respectively. Prior to each voltammetric measurement the cell
was degassed and pumped to 10~ mmHg. The solvent, THF (5 mL),
which had also been degassed and pumped to the same pressure, was
then vapor-transferred into the cell, directly from Na/K. The electro-
chemical measurements were performed using a concentration of approx-
imately 0.5mm of the corresponding compound, and ferrocene was
added as an internal reference.

Phototophysics: Steady-state emission spectra were recorded on a Fluo-
roMax’ 3 Fluorometer (HORIBA). The measurements were carried out
at room temperature. Fluorescence lifetimes were measured with a Fluo-
rologoa TCSPC system (HORIBA). The samples were excited by a
NanoLED-405 LH (peak wavelength 403 nm) and the signal was detect-
ed by a Hamamatsu MCP photomultiplier (type R3809U-50). Femtosec-
ond transient absorption studies were performed with 500 nm laser
pulses (1 kHz, 150 fs pulse width, 200 nJ) from amplified Ti:Sapphire
laser system (Clark-MXR, Inc.).

Standard procedure for the synthesis of SubPcs 2a and 3a: In a 25 mL
round-bottomed flask, equipped with a condenser and a magnetic stirrer,
the corresponding phenol (2.5 mmol) and SubPc 4a (0.5 mmol; 404 mg)
were heated under reflux in toluene (2 mL) for 40 h (m-2a and p-2a) or
16 h (3a), depending on the reactivity of the starting SubPc and phenol.
In the case of 0-2a the reaction was performed in a 10 mL round-bot-
tomed flask, equipped with a magnetic stirrer and rubber seal, in which
o-hydroxybenzaldehide (1 mmol) and SubPc 4a were placed. The mix-
ture was heated to the melting point of the phenol and stirred at that
temperature for 3 h. Then, in all cases, the reaction mixture was cooled
down to room temperature, the solvent was evaporated, and the resulting
residue was washed with a 4:1 mixture of methanol/water. The dark ma-
genta solid was then subjected to column chromatography on silica gel
using toluene (3a) or mixtures of toluene/THF (50:1 for 0-2a or 30:1 for
m-2a and p-2a). The C; and C, regioisomers of 2a were not separated
and are characterized below as 3:1 mixtures. All the compounds were
further purified by recrystallization from CH,Cl,/hexane mixtures. The
characterization of SubPcs 3a and m-2a has been recently reported.!'”!

SubPc 0-2a (1:3 mixture of C; and C, isomers): Compound o-2a was ob-
tained as a pink solid: 246 mg (55%); m.p. >250°C; '"H NMR (300 MHz,
CDCl;): 6=9.20 (brs, 3H), 8.94 (s, 1H), 8.55 (d, J,=8.2 Hz, 3H), 8.22 (d,
J,=82Hz, 1H), 7.29 (dd, J,=8.1 Hz, J,=1.8 Hz, 1H), 7.03 (ddd, J,=
8.1Hz, J,=73Hz, J,=18Hz, 1H), 6.74 (dd, J,=7.3 Hz, J,,=7.6 Hz,
1H), 5.13 ppm (dd, J,.=7.6 Hz, J,,=1.8 Hz, 1H); "C NMR (75.5 MHz,
CDCl;): 6=188.9, 155.4, 151.5, 152.4, 151.2, 150.4, 150.2, 150.0, 139.0,
135.2, 132.2, 129.8, 131.6, 127.9, 123.7, 123.6, 122.1, 119.3, 96.6 ppm; MS
(FAB, m-NBA): m/z: 894 [M]*, 773 [M—axial group]*; HRMS: m/z
caled for CyH;,N,O,BIL;: 893.8405; found: 893.8517; UV/Vis (CHCL,):
Amax (log €)=572 (4.5), 532 (sh), 325 (3.9), 273 nm (4.2); FT-IR (KBr):
7=1684 (C=0), 1593, 1546, 1433, 1383, 1291, 1260, 1229, 1143, 1041 (B—
0), 817, 752, 702 cm™!; elemental analysis caled (%) for CyH,N,O,Bl;:
C 41.65, H 1.58, N 9.40; found: C 41.24, H 1.67, N 9.36.

SubPc p-2a (1:3 mixture of C; and C, isomers): Compound p-2a was ob-
tained as a pink solid: 299 mg (67 %); m.p. >250°C; '"H NMR (300 MHz,
CDCly): 6=9.61 (s, 1H), 9.15 (m, 3H), 8.50 (m, 3H), 8.18 (m, 3H), 7.31
(AA'XX' system, 2H), 544ppm (AA'XX' system, 2H); “CNMR
(75.5 MHz, CDCly): 60=190.6, 158.1, 151.6, 151.4, 151.2, 150.3, 150.1,
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139.0, 132.1, 129.7, 131.6, 131.5, 131.4, 130.3, 123.6, 123.5, 118.8,
96.5 ppm; MS (FAB, m-NBA): m/z: 894 [M]*, 773 [M—axial group]*;
HRMS: m/z caled for C;H,NO,BI;: 893.8405; found: 893.8438; UV/Vis
(CHCL): Apx (loge)=572 (4.5), 531 (sh), 326 (3.9), 274 nm (4.2); FT-IR
(KBr): 7=1687 (C=0), 1597, 1508, 1459, 1429, 1266, 1176, 1039 (B—O),
818, 779, 755, 701 cm™'; elemental analysis caled (%) for CyH;4,N;O,Bl;:
C 41.65, H 1.58, N 9.40; found: C 42.07, H 1.50, N 9.40.

Standard procedure for the synthesis of SubPcs 2b and 3b: An oven-
dried 25mL flask was charged with finely ground Cs,CO; (294 mg,
0.9 mmol), [Pd,(dba),] (8 mg, 0.009 mmol), BINAP (5.6 mg, 0.009 mmol),
diphenylamine (152 mg, 0.9 mmol) and the corresponding SubPc (2a or
3a (1:3 mixture of Cy/C, regioisomers; 0.1 mmol). The flask was then
purged with argon and dry toluene (10 mL) was added through a syringe.
The mixture was heated to reflux under argon atmosphere with continu-
ous stirring for 8 h in both cases. The solution was cooled to room tem-
perature, diluted with toluene (20 mL), filtered, and concentrated to
about 2-3 mL. The crude product was then purified by flash chromatog-
raphy on silica gel by using a mixture of hexane/THF (4:1 for 3b and 3:1
for 2b) as eluent. The C; and C, regioisomers of 2b were not separated
and are characterized below as 3:1 mixtures. The resulting deep green
solids could be further purified by precipitation from cold hexane. The
characterization of SubPcs 3b and m-2b has been recently reported.l'”!

SubPc 0-2b (1:3 mixture of C; and C; isomers): Compound 0-2b was ob-
tained as a green solid: 70 mg (69 % ); m.p. >250°C; "H NMR (300 MHz,
CDClLy): 6=9.07 (s, 1H), 8.55 (m, 3H), 8.35 (m, 3H), 7.53 (m, 3H), 7.4-
7.0 (m, 32H), 6.69 (dd, J,=J,=7.6 Hz, 1H), 5.18 ppm (d, J,,=7.6 Hz,
1H); B*CNMR (75.5 MHz, CDCl;): 6=189.7, 156.5, 152.3, 151.5, 150.5,
150.32, 150.27, 150.0, 147.3, 147.2, 135.8, 135.2, 129.7, 129.6, 127.3, 125.5,
125.41, 125.36, 125.2, 124.4, 124.3, 124.2, 123.0, 122.9, 122.8, 121.2, 118.9,
114.4, 114.3, 114.2, 114.1 ppm; MS (FAB, m-NBA): m/z: 1018 [M+H]*;
HRMS: m/z caled for Ci;HyyNo,O,B: 1017.3711; found: 1017.3745; UV/
Vis (CHCL): Ap. (loge) =623 (4.5), 577 (sh), 426 (4.2), 303 (4.6), 255 nm
(4.5); FT-IR (KBr): #=1670 (C=0), 1609 (C=N), 1487, 1260, 1195, 1154,
1044 (B—0O), 750, 697 cm™'; eclemental analysis caled (%) for
Ce;HuuNyO,B: C 79.05, H 4.36, N 12.38; found: C 78.47, H 4.69, N 12.22.

SubPc p-2b (1:3 mixture of C; and C; isomers): Compound p-2b was ob-
tained as a green solid: 80 mg (79 %); m.p. >250°C; '"H NMR (300 MHz,
CDCly): 6=9.63 (s, 1H), 8.55 (m, 3H), 8.35 (m, 3H), 7.54 (m, 3H), 7.4
7.0 (m, 32H), 548 ppm (AA’XX' system, 2H); "CNMR (75.5 MHz,
CDCly): 6=190.8, 159.1, 152.5, 151.6, 151.0, 150.6, 150.3, 150.1, 150.0,
149.2, 147.3, 147.23, 147.17, 133.2, 133.0, 132.6, 131.4, 129.74, 129.68,
125.5, 125.4, 125.3, 125.2, 124.4, 124.3, 124.2, 123.0, 122.9, 122.8, 118.7,
1144, 1143, 1142, 1141 ppm; MS (FAB, m-NBA): m/z: 1017 [M]*;
HRMS: m/z caled for Ci;HuNyO,B: 1017.3711; found: 1017.3706; UV/
Vis (CHCL): A, (loge) =626 (4.4), 484 (3.8), 436 (3.9), 298 nm (4.5); FT-
IR (KBr): 7=1696 (C=0), 1601 (C=N), 1480, 1264, 1196, 1156, 1034 (B-
0), 751, 697 cm™!; elemental analysis caled (%) for Ci;HuNy,O,B: C
79.05, H 4.36, N 12.38; found: C 78.66, H 4.52, N 11.97.

Standard procedure for the synthesis of SubPc-Cy, dyads 1a and 1b: A
solution of Cg4 fullerene (70 mg, 0.1 mmol), N-methylglycine (25 mg,
0.27 mmol), and the corresponding (formylphenoxy)SubPc 2a or 2b
(0.09 mmol) in dry toluene (50 mL) was heated to reflux under argon at-
mosphere for 20 h (for m-2a, p-2a, m-2b, and p-2b) or 30 h (for o-2a
and 0-2b). The solution was then cooled to room temperature and con-
centrated under vacuum to about 10 mL. The resulting mixture was
poured onto a silica gel column and eluted with toluene/hexane 5:1 (for
compound o-1a) or toluene (for all the rest of products), in order to sep-
arate the monoaddition products from the bisadducts and unreacted full-
erene. The C; and C, regioisomers of all the compounds 1a and 1b were
separated during chromatography and their individual characterization
data is listed below following their elution order. Further purification of
the monoadducts was achieved by thoroughly washing the solid products
with acetone, methanol and hexane. The characterization of SubPc-Cy,
dyads m-1a and m-1b has been recently reported."”!

SubPc-Cy 0-1a; C; isomer (1:1 mixture of diastereoisomers): Compound
o-1a (C;) was obtained as a dark red solid: 14 mg (9%); m.p. >250°C;
'HNMR (300 MHz, CDCIL/CS, (1:5)): 6=9.22, 9.18 (2d, J,=1.8 Hz,
3H), 8.57, 8.54 (2d, J,=82Hz, 3H), 8,21 (m, 3H), 7.40 (m, 1H), 6.72
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(m, 2H), 4.84 (m, 1H), 4.70 (m, 1H), 3.96 (d, 2/=9.7 Hz, 1H), 3.91, 3.89
(2s, 1H), 2.32 ppm (s, 3H); MS (MALDI-TOF, dithranol): m/z: 1642
[M+H]*; UV/Vis (CHCL): A, (loge)=575 (4.4), 525 (sh), 430, 320
(4.2), 262 nm (4.6); FT-IR (KBr): #=2934, 2922, 1626, 1451, 1344, 1276,
1060 cm™' (B—O); elemental analysis caled (%) for CyHN,OBI;: C
68.04, H 1.17, N 5.97; found: C 67.16, H 1.32, N 6.34.

SubPc-Cy, 0-1a; C, isomer: Compound o-1a (C;) was obtained as a dark
red solid: 50 mg (34 %). The two diastereoisomers of o-1a (C;: o and f)
could be isolated and characterized independently by '"H NMR and UV/
Vis spectroscopy. For the measuring of melting points, >C NMR and FT-
IR spectroscopy, MS, and elemental analysis, the mixture of diastereoiso-
mers was instead employed. m.p. >250°C; '"H NMR (300 MHz, CDCly/
CS, (1:5)): diastereoisomer a: 6=9.20 (m, 3H), 8.55 (m, 3H), 821 (m,
3H), 7.39 (m, 1H), 6.71 (m, 2H), 4.82 (m, 1H), 4.69 (d, */=9.3 Hz, 1H),
3.96 (d, J=9.3Hz, 1H), 391 (s, 1H), 2.31 ppm (s, 3H); 'HNMR
(300 MHz, CDCL,/CS, (1:5)): diastereoisomer : 6=9.18 (m, 3H), 8.54
(m, 3H), 8.20 (m, 3H), 7.39 (dd, J,=6.9 Hz, J,,=2.4 Hz, 1H), 6.71 (m,
2H), 4.80 (m, 1H), 4.68 (d, /=93 Hz, 1H), 3.94 (d, /=93 Hz, 1H),
3.90 (s, 1H), 2.30 ppm (s, 3H); *C NMR (75.5 MHz, CDCL,/CS, (1:5)):
0=1385, 138.4, 131.6, 131.5, 129.2, 128.6, 123.5, 123.4, 121.8, 116.9, 96.9,
96.5, 78.1, 69.8, 39.6 ppm. The low solubility of this dyad prevented the
clear detection of most of the quaternary carbon atom signals, even after
36 h. MS (MALDI-TOF, dithranol): m/z: 1642 [M+H]*; UV/Vis
(CHCL): Apay (loge)=575 (4.4), 525 (sh), 430, 320 (4.2), 262 nm (4.6);
both diastereoisomers o and [} presented the same features. FT-IR
(KBr): 7=2934, 2920, 1628, 1449, 1345, 1280, 1059 cm™' (B—O); elemen-
tal analysis caled (%) for Cy;H oN;OBI;: C 68.04, H 1.17, N 5.97; found:
C 6730, H 1.26, N 5.72.

SubPc-Cy p-1a; C; isomer (1:1 mixture of diastereoisomers): Compound
p-1a (C;) was obtained as a dark red solid: 20 mg (14 %); m.p. >250°C;
"H NMR (300 MHz, CDCL/CS, (1:5)): 0=9.13-9.07 (2m, 3H), 8.48, 8.43
(2d, J,=8.2 Hz, 3H), 8,15 (m, 3H), 7.18 (m, 2H), 5.37 (m, 2H), 4.83 (d,
2J=9.7 Hz, 1H), 4.60 (s, 1H), 4.10 (d, 2/=9.7 Hz, 1H), 2.59 ppm (s, 3H);
MS (MALDI-TOF, dithranol): m/z: 1642 [M+H]*; UV/Vis (CHCL): A,
(loge) =572 (4.4), 522 (sh), 432, 320 (4.2), 260 nm (4.6); FT-IR (KBr): =
2974, 2919, 1625, 1453, 1345, 1276, 1061 cm ™! (B—0); elemental analysis
caled (%) for Cy3H oN,OBI;: C 68.04, H 1.17, N 5.97; found: C 67.29, H
1.19, N 5.59.

SubPc-Cy, p-1a; C; isomer (1:1 mixture of diastereoisomers): Compound
p-1a (C)) was obtained as a dark red solid: 61 mg (42%); m.p. >250°C;
'"HNMR (300 MHz, CDCL/CS, (1:5)): 6=9.09 (m, 3H), 8.46 (m, 3H),
8,15 (m, 3H), 7.18 (m, 2H), 5.38 (m, 2H), 4.82 (d, 2/=9.3 Hz, 1H), 4.59
(s, 1H), 4.09 (d, 27=9.3 Hz, 1H), 2.59 ppm (s, 3H); *C NMR (75.5 MHz,
CDCIL/CS, (1:5)): 0=1385, 131.6, 131.5, 129.6, 123.3, 119.0, 96.9, 82.4,
81.8, 68.2, 69.5, 39.5 ppm. The low solubility of this dyad prevented the
clear detection of most of the quaternary carbon atom signals, even after
36h. MS (MALDI-TOF, dithranol): m/z: 1642 [M+H]*; UV/Vis
(CHCL): Apay (loge) =572 (4.5), 520 (sh), 432, 320 (4.3), 260 nm (4.7); FT-
IR (KBr): 7#=2934, 2920, 1628, 1449, 1345, 1280, 1059 cm™' (B—O); ele-
mental analysis caled (%) for Cy;H(N,OBL;: C 68.04, H 1.17, N 5.97,
found: C 67.11, H 1.29, N 5.77.

SubPc-Cy, 0-1b; C; isomer (1:1 mixture of diastereoisomers): Compound
0-1b (C;) was obtained as a dark green solid: 15mg (9%); m.p.
>250°C; 'HNMR (300 MHz, CDCl;): §=8.52, 8.49 (2d, J,=8.6 Hz,
3H), 8.39, 8.37 (2d, J,=1.8 Hz, 3H), 7.50 (dd, J,=8.6 Hz, J,,=1.8 Hz,
3H), 7.29 (m, 13H), 7.15 (m, 18H), 6.70 (m, 2H), 5.10 (m, 1H), 4.73 (d,
2J=9.4 Hz, 1H), 4.05 (d, 2/=9.4 Hz, 1H), 3.83, 3.79 (2s, 1H), 2.40 ppm
(s, 3H); MS (MALDI-TOF, dithranol): m/z: 1766 [M+H]*; UV/Vis
(CHCLy): Aoy (loge)=629 (4.5), 452 (4.1), 434 (4.1), 312 nm (4.8); FT-IR
(KBr): 7=2932, 1596, 1480, 1453, 1279, 1185, 1050, 751, 697 cm™'; ele-
mental analysis caled (%) for C,0HN;OB: C 87.75, H 2.80, N 7.93;
found: C 86.66, H 2.89, N 7.56.

SubPc-Cy 0-1b; C, isomer (1:1 mixture of diastereoisomers): Compound
0-1b (C;) was obtained as a dark green solid: 49 mg (31%); m.p.
>250°C; '"H NMR (300 MHz, CDCl;): 6=8.52 (m, 3H), 8.38 (m, 3H),
7.57 (m, 3H), 7.4-7.0 (m, 31 H), 6.70 (m, 2H), 5.10 (m, 1H), 4.74 (d, /=
9.4 Hz, 1H), 4.07 (d, *J=9.4 Hz, 1H), 3.84, 3.80 (25, 1H), 2.41 ppm (s,
3H); B*CNMR (75.5 MHz, CDCl,): §=155.6, 155.4, 155.2, 153.1, 153.0,
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151.84, 151.77, 151.2, 151.0, 150.21, 150.16, 149.8, 149.6, 149.4, 149.3,
148.7, 148.66, 148.5, 146.5, 146.3, 146.2, 146.18, 145.8, 145.6, 145.4, 145.0,
149.7, 144.9, 144.8, 144.73, 144.69, 144.4, 144.2, 143.7, 143.6, 143.5, 143.3,
143.0, 142.6, 142.3, 142.0, 141.6, 141.34, 141.26, 141.0, 140.6, 140.5, 140.4,
139.6, 139.3, 139.0, 138.7, 136.11, 136.06, 135.2, 135.1, 147.5, 147.42,
147.37, 137.0, 133.3, 133.2, 129.7, 129.5, 129.0, 128.6, 125.7, 125.5, 125.4,
124.8, 124.7, 124.5, 124.3, 124.2, 124.1, 124.0, 123.1, 123.0, 121.8, 117.2,
114.33, 114.27, 114.2, 77.6, 69.9, 39.7 ppm; MS (MALDI-TOF, dithranol):
miz: 1766 [M+H]*; UV/Vis (CHCL): An.. (loge) =629 (4.5), 581 (sh), 436
(4.1), 401 (3.9), 306 (4.7), 259 nm (4.9); FTIR (KBr): v=2957, 1596,
1480, 1453, 1279, 1185, 1050 (B—0), 751, 697 cm™'; elemental analysis
caled (%) for C,0HyN,;OB: C 87.75, H 2.80, N 7.93; found: C 86.92, H
2.91, N 8.21.

SubPc-Cy, p-1b; C; isomer (1:1 mixture of diastereoisomers): Compound
p-1b (C;) was obtained as a dark green solid: 16 mg (11%); m.p.
>250°C; 'HNMR (300 MHz, CDCl;): 6=8.44, 8.42 (2d, J,=8.8 Hz,
3H), 8.37, 829 (2d, J,=1.8 Hz, 3H), 7.43 (m, 3H), 7.35-7.0 (m, 32H),
5.40 (m, 2H), 4.75 (d, 2J=9.4 Hz, 1H), 4.50, 4.49 (25, 1H), 4.03 (d, /=
9.4 Hz, 1H), 2.56, 2.55 ppm (2s, 3H); MS (MALDI-TOF, dithranol): m/
z: 1766 [M+H]*; UV/Vis (CHCL): Ay, (loge)=624 (4.4), 578 (sh), 433
(4.0), 308 (4.7), 260 nm (4.8); FT-IR (KBr): #=2977, 1597, 1489, 1260,
1179, 1044 (B—0), 818, 751, 697 cm™'; elemental analysis caled (%) for
Ci0HyoNOB: C 87.75, H 2.80, N 7.93; found: C 86.19, H 2.92, N 7.53.

SubPc-Cy p-1b; C, isomer (1:1 mixture of diastereoisomers): Compound
p-1b (C,) was obtained as a dark green solid: 57mg (35%); m.p.
>250°C; '"HNMR (300 MHz, CDCl;): 6=8.42 (m, 3H), 8.33, 8.26 (2m,
3H), 7.42 (m, 3H), 7.35-7.0 (m, 32H), 5.37 (m, 1H), 4.73 (d, ¥/=9.4 Hz,
1H), 4.49 (brs, 1H), 4.00 (d, 2/=9.4 Hz, 1H), 2.56, 2.54 ppm (2s, 3H);
BCNMR (75.5 MHz, CDCl;): 6=155.5, 155.2, 153.3, 153.2, 151.8, 151.7,
151.1, 151.0, 150.2, 150.1, 149.9, 149.7, 149.6, 149.4, 149.3, 148.9, 148.7,
148.5, 146.3, 146.14, 146.08, 145.61, 145.56, 145.3, 145.1, 145.0, 144.94,
144.89, 144.7, 144.5, 1444, 144.1, 143.9, 143.5, 143.0, 142.3, 142.0, 141.6,
141.31, 141.26, 141.1, 140.9, 140.6, 140.4, 139.3, 139.2, 139.1, 138.8, 136.2,
136.0, 135.0, 134.9, 147.1, 147.0, 137.5, 133.5, 133.4, 133.2, 129.8, 125.5,
125.4, 1252, 124.7, 124.6, 1244, 1242, 124.1, 123.2, 123.1, 123.0, 121.9,
114.5, 114.4, 114.2, 82.6, 69.7, 68.2, 39.6 ppm; MS (MALDI-TOF, dithra-
nol): m/z: 1766 [M+H]*; UV/Vis (CHCL): A, (loge)=624 (4.5), 578
(sh), 433 (4.1), 308 (4.8), 260 nm (4.9); FT-IR (KBr): 7=2975, 2923, 1599,
1489, 1261, 1181, 1045 (B—0), 818, 750, 699 cm™!; elemental analysis
caled (%) for Cj,0HyN,,OB: C 87.75, H 2.80, N 7.93; found: C 87.09, H
2.83, N 7.69.
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