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General. Chemicals were purchased from Aldrich Chemical Co., Merck, Acros
Organics or Fluka Chemie, used as received unless indicated otherwise.

Most solvents were purchased from SDS. Dry solvents were prepared using molecular
sieves (irradiated with microwaves and dried under vacuum).

Monitoring of reactions and purification procedures was performed by TLC, employing
silica gel 60 Fjs4 plates (Merck). Isolation and purification of most products was carried
out by flash column chromatography, using silica gel Merck-60 (230-400 mesh, 0.040-
0.063 mm).

Nuclear magnetic resonance (NMR) spectra ('H and >C) were recorded with a
BRUKER AC-200 (200 MHz) or a BRUKER AC-300 (300 MHz) instrument.

Mass spectra (MS) were carried out at the SIdI, using the MALDI technique in a Bruker
REFLEX III spectrometer, using dithranol (1,8,9-anthracenetriol) or TCNQ
(tetracyanoquinodimethane) as matrix. High resolution (HR-MS) measurements were
performed in the same conditions, or using ion bombardment (LSI-MS) in a VG
AutoSpec equipment, with m-nitrobenzylic alcohol as matrix.

UV/Vis spectra were recorded in a Hewlett-Packard 8453 equipment. Solvents used
(mostly CHCI3;) were purchased from Fluka Chemie. The logarithm of the molar
absorption coefficient (€) is indicated in parenthesis.

Infrared spectra (IR) were measured on a Bruker Vector 22 spectrophotometer,

employing in all cases solid samples in KBr compacted disks.

Electrochemical measurements were performed on an Autolab PGStat 30 equipment
using a three electrode configuration system. The measurements were carried out using
THF solutions containing 0.1 M tetrabutylammonium hexafluorophosphate (TBAPFy).
A glassy carbon electrode (3 mm diameter) was used as the working electrode, and a
platinum wire and an Ag/AgNO; (in CH3CN) electrode were employed as the counter
and the reference electrodes, respectively. Ferrocene (Fc) was added as an internal
reference and all the potentials were given relative to the Fc/Fc™ couple. Both the
counter and the reference electrodes were directly immersed in the electrolyte solution.
The surface of the working electrode was polished with commercial alumina prior to
use. Solutions were stirred and deaerated by bubbling argon for a few minutes prior to

each voltametric measurement. Unless otherwise specify the scan rate was 100 mV/s.
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Femtosecond transient absorption studies were performed with 580 nm laser pulses (1
kHz, 150 fs pulse width) from an amplified Ti:Sapphire laser system (Model CPA 2101,
Clark-MXR Inc.) equipped with a NOPA-Plus.Nanosecond Laser Flash Photolysis
experiments were performed with laser pulses from a Quanta-Ray CDR Nd:YAG
system (532 nm, 6 ns pulse width) in a front face excitation geometry. Fluorescence
lifetimes were measured with a Laser Strobe Fluorescence Lifetime Spectrometer
(Photon Technology International) with 337 nm laser pulses from a nitrogen laser fiber-
coupled to a lens-based T-formal sample compartment equipped with a stroboscopic
detector. Details of the Laser Strobe systems are described on the manufacture’s web
site, http://www.pti-nj.com. Emission spectra were recorded with a SLM 8100
Spectrofluorometer. The experiments were performed at room temperature. Each
spectrum represents an average of at least 5 individual scans, and appropriate
corrections were applied whenever necessary. Pulse radiolysis experiments were
performed by utilizing 50-ns pulses of 8 MeV electrons from a Model TB-8 / 16-1S
Electron Linear Accelerator. Details on such equipment, in general, and the data
analysis have been described elsewhere [G. L. Hug, Y. Wang, C. Schoneich, P.-Y.
Jiang, R. W. Fessenden, Radiat. Phys. Chem. 1999, 54, 559.]
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2-(4-diphenylaminophenyl)-4,4,5,5-tetramethyl-1,3,2-dioxaborolane 2

n-BuLi (0.48 ml (2.5 M in Hexane),1.2 mmol) was added dropwise to a solution of 4-
bromotriphenylamine (259 mg, 0.8 mmol) in freshly dried and degassed THF (1 mL) at
-78 °C under Ar. After 30 min at -78°C, 2-Isopropoxy-4.,4,5,5-tetramethyl-1,3,2-
dioxaborolane (0.25 mL, 1.19 mmol) was added over 20 minutes to this solution with a
syringe. After 90 minutes at -78°C the temperature was raised to room temperature and
the mixture was stirred for an additional 4 hours. Then, the solvent was evaporated and
the reaction mixture was purified by column chromatography on silica gel using hexane
/ ethyl acetate (5:1) as eluent. Pinacol boronate 2 was obtained as a colourless oil: 200
mg (67%). '"H NMR (300 MHz, CDCls): 8= 7.67 (d, 2H, H-6), 7.24 (t, 4H, H-11), 7.10
(d, 4H, H-10), 7.03 (d, 2H, H-12), 7.02 (d, 2H, H-7), 1.22 (s, 12H, H-1) ppm. *C NMR
(75.5 MHz, CDCl3): 6= 150.8 (C-5), 147.3 (C-8, C-9), 135.8 (C-6), 129.3 (C-11), 125.4
(C-10), 123.7 (C-12), 122.1 (C-7), 83.8 (C-2), 20.0 (C-1) ppm. MS (FAB, m-NBA):
m/z = 371.3 [M]". HRMS caled for Cp4HasNO,: 371.2057; found, 371.2070. FT-IR
(KBr): v=2973, 2928, 1593, 1495, 1390, 1328, 1162, 1092, 964, 698 cm™. Anal. Calcd

for Co4H,BNO»: C, 77.64; H, 7.06; N, 3.77, Found: C, 77.55; H, 7.14; N, 3.62.
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"H-NMR (CDCl;, 300 MHz)

— e ————————— b o -

7;5 70 65 60 55 50 45 40 35 3.0 25 20 15 ppm

Figure S1
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BC-NMR (CDCl;, 75.5 MHz)
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FAB-MS (m-NBA) and inset: FAB-HRMS (m-NBA)
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4’-Diphenylamine-[1,1’-biphenyl]-4-ol 3.

4’-Diphenylamine-[1,1’-biphenyl]-4-ol 3. A solution of 4-iodophenol (150 mg, 0.68
mmol), pinacol boronate 2 (278 mg, 0.75 mmol), Pd(PPhs)s (24 mg, 0.02 mmol) and
CsF (311 mg, 2.05 mmol) in freshly dried and degassed THF (7 mL) was heated at 70
°C for 2 hour. The reaction was cooled down to room temperature and extracted with
CH,Cl,. The organic layer was washed with three portions of water and dried over
NaSO4. The brown oil obtained was purified by column chromatography on silica gel
using hexane/ ethyl acetate (5:1) as eluent. Phenol 3 was obtained as a yellowish oil:
124 mg (54%). '"H NMR (300 MHz, CDCls): 8= 7.45 (d, 2H, J, = 9 Hz, H-3), 7.42 (d,
2H, J, =9 Hz, H-6), 7.26 (t, 4H, J, =9 Hz, H-11), 7.12 (d, 2H, J, =9 Hz, H-7), 7.11 (d,
4H, J, = 9 Hz, H-10), 7.02 (d, 2H, J, = 9 Hz, H-12), 6.83 (d, 2H, J, = 9 Hz, H-2) ppm.
PC NMR (75.5 MHz, CDCl3): 8= 155.3 (C-1), 146.7 (C-9), 138.6 (C-8), 135.5 (C-5),
133.4 (C-4), 129.4 (C-11), 128.1 (C-10), 127.5 (C-6), 124.7 (C7, C-12), 123.1 (C-3),
116.3 (C-2) ppm. MS (FAB, m-NBA): m/z = 337.2 [M]". HRMS calcd for Cp4H;oNO:
337,1467; found, 337.1483. UV-vis (CHCls): Amax (log€) =317 nm (4.4). FT-IR (KBr):
v = 3441 (OH), 2923, 2851, 1594, 1494, 1326 (C-N), 583 cm™.  Anal. Caled for
C24H9NO: C, 85.43; H, 5.68; N, 4.15, Found: C, 85.32; H, 5.81; N, 4.03.
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"H-NMR (CDCl;, 300 MHz)
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BC-NMR (CDCl;, 75.5 MHz)
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FAB-MS (m-NBA) and inset: FAB-HRMS (m-NBA)
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4’-diphenylamine-[1,1’-biphenyl]-4-oxy-[1,2,3,4,8,9,10, 11,15,16,17,18-

dodecafluorosubphthalocyaninato] boron(Ill) 1.

F
F.
F
F
diphenylamine-[1,1’-biphenyl]-4-0xy-[1,2,3,4,8,9,10, 11,15,16,17,18-

dodecafluorosubphthalocyaninato] boron(IIl) 1. To a solution of phenol 3 (62 mg,
0.19 mmol) and subphthalocyanine 4 (119 mg, 0.19 mmol) in dry toluene (1 mL) under
Ar was added through a syringe NEt; (26 uL, 0.19 mmol). The reaction was kept at
reflux for 1 hour and cooled down to room temperature. Dichloromethane (50 mL) was
added to the reaction mixture and the resulting pink solution was washed with water (15
mL), aqueous HCI (15 mL, 1 M) and finally again with water (15 mL). The organic
layer was dried over Na,SO, and evaporated under vacuum. The resulting dark
magenta solid was purified by column chromatography on silica gel using hexane /
toluene (1:1) as eluent. Subphthalocyanine 1 was isolated as a purple solid 72.5 mg
(45%). Mp > 250 °C. 'H NMR (500 MHz, CDCls): §=7.15 (t, 4H, H-11), 7.14 (d, 2H,
H-12), 6.99 (d, 2H, H-6), 6.98 (d, 2H, H-7), 6.95 (d, 2H, H-3), 6.93 (d, 2H, H-10), 5.32
(d, 2H, H-2) ppm. °C NMR (126 MHz, CDCls): 8= 154.9 (C-1), 147.8 (C-15, C-16),
146.7 (C-13), 138.4 (C-9), 135.0 (C-8), 133.4 (C-5), 129.9 (C-4), 129.3 (C-11), 127.9

(C-10), 127.4 (C-12), 124.3 (C-7), 124.2 (C-6), 122.8 (C-3), 117.9 (C-14), 115.7 (C-2)
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ppm. ’F NMR (470.5 MHz, CDCls): 8= -147.38 (m, 6F), -136.65 (m, 6F) ppm. ''B
NMR (160.5 MHz, CDCl;): 8= -15.1 (s) ppm. MS (FAB, m-NBA): m/z = 947.2 [M]’,
611.1 [M-axial group]+. HRMS calcd for C4gH;3BF1,N-7O: 947,1474; found, 947.1454.
UV-vis (CHCl3): Amax (loge) =571 (4.6), 552 (sh), 531 (sh), 310 nm (4,4). FT-IR (KBr):
v = 3031, 2925, 1534, 1485, 1318, 1032, 881, 680 cm”. Anal. Calcd for

C4sH1sBF12N;O: C, 60.85; H, 1.91; N, 10.35, Found: C, 60.71; H, 2.00; N, 10.26.
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'"H NMR (CDCl;, 500 MHz)
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3C NMR (CDCl;, 126 MHz)
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F NMR (CDCl;, 470.5 MHz)

LD
L o0

F
FoN
F /N
N-E
F LN
£ N
F F
F

N

s LB 0 e e e i s s e A s L R SRR s s s
-156.5 -158.0 1305 410 425 -144.D 1455 -147 D

Figure S12

S19



Supplementary Material (ESI) for Chemical Communications
This journal is (c) The Royal Society of Chemistry 2008

"B NMR (CDCl;, 160.5 MHz)
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FAB-MS (m-NBA) and inset: FAB-HRMS (m-NBA)
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FT-IR (KBr)
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Figure S18: Upper part — differential absorption spectrum (visible and near-infrared)
obtained upon femtosecond pulse radiolytic reduction of SubPc 4b in a deoxygenated
solvent mixture containing toluene, 2-propanol and acetone with (CH3),"COH and
(CH3),'CO" radicals with a time delay of 200 us at room temperature. Lower part —
differential absorption spectrum (visible and near-infrared) obtained upon femtosecond
pulse radiolytic oxidation of TPA derivative 3 in oxygenated dichloromethane with
‘OOCH,C1 or 'OOCHCI, radicals with a time delay of 200 us at room temperature.
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Figure S19: Upper part — differential absorption spectrum (visible and near-infrared)
obtained upon femtosecond flash photolysis (580 nm) of SubPc 4b in nitrogen saturated
toluene with several time delays between 0 and 3000 ps at room temperature. Lower
part — time-absorption profiles of the spectra shown above at 425, 631 and 800 nm,
monitoring the formation and decay of the SubPc 4b singlet excited state.
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Figure S20: Upper part — differential absorption spectrum (visible and near-infrared)
obtained upon femtosecond flash photolysis (580 nm) of SubPc-TPA 1 in nitrogen
saturated toluene with several time delays between 0 and 5 ps at room temperature.
Lower part — differential absorption spectrum (visible and near-infrared) obtained upon
femtosecond flash photolysis (580 nm) of SubPc-TPA dyad 1 in nitrogen saturated

toluene with several time delays between 5 and 60 ps at room temperature.
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Computational Details: The structure of dyad 1 (See Table S1) has been fully
optimized using the B3LYP density functional (DFT) approach together with a 6-
31G(d) basis set expansion. The hybrid B3LYP method, combines the Becke’s three-
parameter nonlocal hybrid exchange potential with the nonlocal correlation functional
of Lee, Yang and Parr, and it has been shown to yield reliable geometries for a wide
variety of systems. For all the stationary points found, the corresponding harmonic
vibrational frequencies were calculated at the same level of theory used for the
geometry optimization in order to ensure that they corresponded to local minima of the

potential energy surface.

Using these optimized geometries the excited states and the absorption bands in the
UV-visible region were calculated by using time-dependent DFT techniques (TDDFT),
as implemented in the Gaussian-03 suite of programs and the same functional employed
to characterized the corresponding ground state. The calculations have been performed
for the spin allowed singlet excited states, and only transitions with oscillator strengths
greater than 1.0 x 10~ have been considered and therefore analyzed. Among them only
those associated with the formation of a charge-separation state are of relevance in this

study and therefore were the only ones analyzed.
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Table S1. B3LYP/6-31G(d) optimized geometry (Cartesian coordinates in A) for

SubPc-TPA 1
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Figure S21. The transitions predicted at 882 and 870 nm, with negligible oscillator
strengths, involve transitions from the HOMO to the LUMO and LUMO+1 orbitals,

respectively.
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Table S2. Redox potentials values for SubPc dyads

Compound® Elsired Eired E'ed” E*ed™ Eoxia”
1 -1.06 -1.71 -2.572 0.617

4b -1.07 -1.70 -2.451 -2.719 —
3 — — — -2.680 0.549

[a] Experimental conditions: V vs. Fc/F ¢ T Hf as solvent, GCE as working electrode, Pt as counter-electrode,
Bu,NPF, (0.1 M) as supporting electrolyte; scan rate 100 mVs™. The concentration of the sample in all the
measurements has been 0.3 mM. [b] These redox processes are irreversible and, hence, only the cathodic and
anodic peaks are given. [c] Corresponding to the axial aromatic moieties.

o ]

1 T T * T T T y y
1.0 05 0.0 -0 10 415 20 25 30 -35

E/V vs Fc/Fc'

Figure S22. Cyclic Voltammograms (THF, Ag/AgNO3 as reference electrode, glassy
carbon as working electrode, BusNPF, as supporting electrolyte, scan rate 100 mV s,

298 K) of SubPc conjugates (0.3 mM).
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