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Synthesis
a. General Procedures

Known compounds [5-[10-(1,8-bis(2,4,6-trimethylpkiery)anthracene)]-10,20-bis-(3,5-thrt-
butylphenyl)-porphyrinato]zinc(if) and methyl 4-iodobenzodtevere synthesized according to
literature procedures.

The handling of all air/ water sensitive materialas carried out using standard high vacuum
techniques. Freeze-thaw degassing was affectetebyihg under nitrogen, pumping under vacuum,
thawing in the absence of gases then re-freezimgpamping under vacuum. This process was
repeated at least three times and, on the findecyhe flask was saturated with nitrogen. Dried
DCM, toluene and THF were obtained by passing tinoalumina under nitrogen in the solvent
purification systems and then further dried ovetivated molecular sieves (é, 8-12 mesh);
diisopropylamine, was distilled from CaHJnless specified otherwise all other solventsengsed

as commercially supplied. Where mentioned, ‘PETén®to 40:60 petroleum ether. Where mixtures
of solvents were used, ratios are reported by velUftash chromatography was carried out on silica
gel 60 under positive pressure. Size exclusionmhatography was carried out under gravity using
cross-linked polystyrene Bio-BedtsSX-1 (200 — 400 mesh) in THF. Analytical thin laye
chromatography was carried out on aluminum backerh gel 60 F254 plates. Visualization was
achieved using UV light when necessary. All UV-\ggectra were recorded in solution using a
Perkin-Elmer Lambda 20 spectrometer (1 cm pathtleggartz cell). UV-vis-NIR spectra were
recorded using a Perkin-Elmer Lambda 9 photospeeter. NMR spectra were recorded at room
temperature using Bruker AV400 (400/100 MHz), Bnuke/C500 (500/125 MHz) and Bruker
AV(700/175 MHz) instrumentstH and**C NMR spectra are reported in parts per millionngpp
relative to tetramethylsilanéy{ 0.00); coupling constantd)(are given in Hertz and are quoted to the
nearest 0.1 Hz and are accurate to 0.4 Hz. MALDFTmass spectrometry was carried out using a
Micromass MALDI micro MX spectrometer with dithrdnmatrix. Only molecular ions and major
peaks are reported.



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012

b. Synthesis

[5-Bromo-15-[10-(1,8-bis(2,4,6-trimethylphenyoxy)anthr acene)]-10,20-bis-(3,5-di-tert-
butylphenyl)-por phyrinato]zinc(l1) (2)

To a solution of [5-[10-(1,8-bis(2,4,6-
trimethylphenyoxy)anthracene)]-10,20-bis-(3,5tdi-butylphenyl)-
porphyrinato]zinc(ll)1 (0.200 g, 0.167 mmol) in CHgL% pyridine
(150 mL) was added drop-wise whilst stirring, ausioh of N-
bromosuccinimide (0.033 g, 0.185 mmol) in CHCY% pyridine (50

mL). The extent of the reaction was monitored byCTLAt

completion (30 min), acetone (100 mL) was added thedreaction
mixture was stirred for a further 10 min. The solgewere then removed and the product was
precipitated from DCM/methanol to yield bromoporghy2 (0.203 g, 95%)H NMR (400 MHz,
CDCly/ pyridineds) 6H 10.23 (s, 1H, B), 9.72 (d, 2HJ = 4.7 Hz, H), 8.95 (d, 2H,J = 4.7 Hz, H),
8.71 (d, 2HJ = 4.7 Hz, H), 8.33 (d, 2H,) = 4.7 Hz, H), 8.00 (d, 4HJ = 1.9 Hz, H), 7.74 (t, 2HJ

= 1.9 Hz, H), 6.99 (s, 4H, I, 6.62 (dd, 2H,); = 7.3 Hz,J, = 9.1 Hz, H), 6.45 (d, 2HJ = 9.1 Hz,

H;), 6.24 (d, 2HJ = 7.3 Hz, H), 2.34 (s, 6H, I}, 2.30 (s, 12H, H), 1.49 (s, 36H, k) °*C NMR (125
MHz, CDCl/ pyridineds) 6C 153.9, 151.6, 151.0, 150.4, 149.3 (x 2), 148.2.04136.7, 136.6,
134.5, 133.1, 132.9, 132.2, 131.9, 131.1, 129.8.6/2125.3, 123.3, 122.5, 121.8, 120.6, 116.6,
116.5, 104.2, 103.5, 35.0, 31.7, 20.9, 1G4« / nm (CHCIly/ 1% pyridine) (loge) 416 (4.73)
shoulder, 436 (5.69), 570 (4.28), 610 (4.QF)ALDI TOF MS+) 1273.26 (GoH790.N4ZnBr; [M]+,
requires 1273.48). Anal. calc. fodBl;00.N4ZnBr: C 75.43, H 6.25, N 4.40. Found: C 75.39, H
6.15, N 4.37.

[5-(Triisopropylsilylacetylene)-15-[10-(1,8-bis(2,4,6-trimethylphenyoxy)anthracene)]-10,20-bis-
(3,5-di-tert-butylphenyl)-por phyrinato]zinc(l1) (3)
A 2-necked flask was dried under vacuum and charged

with [5-bromo-15-[10-(1,8-bis(2,4,6-!
trimethylphenyoxy)anthracene)]-10,20-bis-(3, Statit- .

butylphenyl)-porphyrinato]zinc(ll) 2 (0.200 g, 0.157
mmol), Cul (0.006 g, 0.032 mmol), PP{0.033 g, 0.126 o
mmol) and Pgdba)l (0.029 g, 0.032 mmol). These Qf

compounds were dried for a further 3 h under vacthan

purged with nitrogen. To this was added dry tolugh® mL) and freshly distilled diisopropylamine
(3.0 mL). The reaction mixture was freeze-thaw degd and the TIPS-acetylene (0.88 mL, 3.92

4



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012

mmol) was added by syringe. The reaction mixture @ated to 80 °C and the extent of the reaction
was monitored by TLC. At completion (3 h), the t&@t mixture was allowed to cool and the
solvents were removed. The residue was purifiediliiga gel chromatography (1:1 DCM:PET) and
precipitated (DCM/methanol) to yield porphy8ras a purple powder (0.177 g, 82%).NMR (400
MHz, CDCk) 6H 10.28 (s, 1H, B), 9.85 (d, 2HJ = 4.5 Hz, H), 9.05 (d, 2HJ = 4.5 Hz, H), 8.78

(d, 2H,J=4.5Hz, H), 8.45 (d, 2HJ=4.5 Hz, H), 8.05 (d, 4HJ=1.9 Hz, H). 7.76 (t, 2HJ= 1.9

Hz, Hy), 7.01 (s, 4H, B, 6.75 (dd, 2H,; = 7.3 Hz,J, = 8.9 Hz, H), 6.63 (d, 2HJ = 8.9 Hz, H),
6.29 (d, 2H,J = 7.3 Hz, H), 2.36 (s, 6H, 1, 2.34 (s, 12H, H), 1.51 (s, 36H, H), 1.49-1.46 (m,
21H, Hyp) °C NMR (125 MHz, CDGJ) 8C 154.0, 152.5, 151.2, 150.6, 150.4, 149.3, 14814,3,
136.6, 135.8, 134.5, 133.2, 132.8, 132.1, 131.0,93129.6, 129.4, 125.7, 123.5, 123.2, 121.8,
120.9, 118.4, 116.9, 109.5, 103.7, 100.5, 97.6),38L.7, 20.9, 19.2, 16.4, 11 Rmax/ nm (CHCI3)
(log ¢) 416 (4.71) shoulder, 435 (5.66), 564 (4.26), §84.6). (MALDI TOF MS+) 1375.73
(Co1H10002N4ZNSi; [M]+, requires 1375.70). Anal. calc. folE1000:N4ZnSi: C 79.47, H 7.33, N
4.07. Found: C 79.57, H 7.45, N 3.98.

[5-(M ethyl-4-ethynylbenzoate)-15-[10-(1,8-bis(2,4,6-trimethylphenyoxy)anthr acene)]-10,20-bis-
(3,5-di-tert-butylphenyl)-por phyrinato]zinc(l1) (4)

A 2-necked flask was dried under vacuum and charged
with [5-(triisopropylsilylacetylene)-15-[10-(1,8-bis(264
trimethylphenyoxy)anthracene)]-10,20-bis-(3, Stait- 0337
butylphenyl)-porphyrinato]zinc(ll) 3 (0.050 g, 0.036
mmol), methyl 4-iodobenzoate (0.048 g, 0.183 mmol),

Cul (0.001 g, 0.007 mmol), PP0.008 g, 0.029 mmol) gj’
and Pd(dba} (0.007 g, 0.007 mmol). These compounds "
were dried for a further 3 h under vacuum then edrgith nitrogen. To this was added dry THF

(3.0 mL) and freshly distilled diisopropylamine 2mL). The reaction mixture was freeze-thaw
degassed three times and purged with nitrogenhiostas added TBAF (1.0 M in THF, 0.037 mL,
0.037 mmol) by syringe and the reaction mixture wasmed to 50 °C and stirred. The extent of the
reaction was monitored by TLC. At completion (3 thg mixture was allowed to cool and the
solvents were removed. The solid residue was disddh DCM and passed over a short silica plug
(DCM). The solvents were again removed and thedsmsidue was dissolved in toluene/ 1%
pyridine and passed through a short size exclusitumn to remove excess iodo-benzoic ester. The
solvents were removed and the residue was pre@giteom DCM/methanol to yield porphyrihas

a green powder (0.036 g, 74%M) NMR (500 MHz, CDCY pyridineds) 8H 10.22 (s, 1H, &), 9.78
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(d, 2H,J = 4.6 Hz, H), 8.98 (d, 2H, = 4.6 Hz, H), 8.68 (d, 2H, = 4.6 Hz, H), 8.31 (d, 2HJ =

4.6 Hz, H), 8.22 (d, 2H,) = 8.5 Hz, H), 8.08 (d, 2H, = 8.5 Hz, H), 8.01 (d, 4H, = 1.8 Hz, H),
7.74 (t, 2HJ = 1.8 Hz, H), 6.98 (s, 4H, H), 6.63 (dd, 2HJ; = 7.3 HzJ, = 9.0 Hz, H), 6.47 (d, 2H,
J=9.0 Hz, H), 6.24 (d, 2HJ = 7.3 Hz, H), 3.99 (s, 3H, i, 2.33 (s, 6H, K, 2.30 (s, 12H, b),
1.49 (s, 36H, ). °C NMR (125 MHz, CDGJ pyridineds) 8C 166.7, 154.0, 152.1, 151.3, 150.8,
150.4, 149.3, 148.7, 141.2, 136.5, 135.7, 134.3,313132.9, 132.3, 131.3, 131.1, 130.5, 129.8,
129.7 (x2), 129.2, 129.1, 125.7, 123.6, 123.5, 1,2121.0, 118.9, 117.0, 103.7, 99.4, 96.1, 95.5,
52.2, 35.0, 31.7, 20.9, 16 4nax/ Nm (CHCL) (log &) 445 (5.89), 568 (4.53), 615 (4.74). (MALDI
TOF MS+) 1353.46 (6sHseN4OsZn; [M]+, requires 1353.60). Anal. calc. forgdElgsN4sOsZn: C
79.89, H 6.41, N 4.14. Found: C 79.95, H 6.48, Al 4.

[5-(4-Ethynylbenzoic acid)-15-[10-(1,8-bis(2,4,6-trimethylphenyoxy)anthracene)]-10,20-bis-
(3,5-di-tert-butylphenyl)-por phyrinato]zinc(l1) (P2)

To a solution of [5-(methyl-4-ethynylbenzoate)-1%{
(1,8-bis(2,4,6-trimethylphenyoxy)anthracene)]-16t2¢ "
(3,5-ditert-butylphenyl)-porphyrinato]zinc(lig (0.020 g, o
0.015 mmol) in THF (5.0 mL) was added methanol (3.0
mL) and sodium hydroxide solution (ag) (8.0 M, mnQ, §\j§7

8.00 mmol). The reaction mixture was stirred atmoo

Ly

temperature and the extent of the reaction was torei
by TLC. At completion (5 h) water (10.0 mL) was addo the mixture together with acetic acid (1.0
mL). The organic layer was extracted with DCM anasthed with water (3 x 10 mL). The solvent
was then removed and solid residue was dissolvéaldM and precipitated from DCM/pentane to
yield porphyrinP2 as a green solid (0.016 g, 819 NMR (400 MHz, CDCY methanold,) 5H
10.25 (s, 1H, B, 9.81 (d, 2HJ = 4.6 Hz, H), 9.02 (d, 2HJ = 4.6 Hz, H), 8.71 (d, 2H,) = 4.6 Hz,
Hq), 8.37 (d, 2H, = 4.6 Hz, H), 8.25 (d, 2H,J = 8.2 Hz, H), 8.11 (d, 2H,) = 8.2 Hz, H), 8.05 (d,
4H,J=1.8 Hz, H), 7.75 (t, 2HJ = 1.8 Hz, H), 6.99 (s, 4H, H), 6.73 (dd, 2HJ; = 7.3 Hz,J, = 8.9
Hz, H), 6.63 (d, 2HJ = 8.9 Hz, H), 6.27 (d, 2H,) = 7.3 Hz, H), 2.34 (s, 6H, k), 2.32 (s, 12H, k),
1.50 (s, 36H, ). °C NMR (125 MHz, CDGYmethanold,) 168.5, 157.2, 153.7, 150.0, 149.9, 148.9
(x 2), 145.2, 141.7, 135.1, 134.7, 133.3, 131.@.9,3130.1, 129.9, 129.6 (x 2), 129.5, 129.4, 128.8
127.7, 125.6, 124.9, 123.7, 122.8, 120.8, 120.8,9,1111.6, 107.6, 97.4, 96.7, 94.8, 35.1, 31.8,
20.9, 16.4Amax/ nm (CHCH1% pyridine) (loge) 453 (5.69), 584 (4.18), 639 (4.6TL.p. > 300 °C.
(MALDI TOF MS+) 1339.58 (GoHs404N4Zn; [M]+, requires 1339.59).
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[5-(Triisopropylsilylacetylene)-13,15,17-[4,5,10-(1,8-bis(2,4,6-trimethylphenyoxy)anthr acene)] -
10,20-bis-(3,5-di-tert-butylphenyl)-por phyrinato]zinc(l1) (5)
This novel compound was prepared by modification of
literature fusion conditions. To a solution of [5- i
(triisopropylsilylacetylene)-15-[10-(1,8-bis(2,4,6- 3?7
trimethylphenyoxy)anthracene)]-10,20-bis-(3, Statit- °
butylphenyl)-porphyrinato]zinc(ll) 3 (0.010 g, 0.007 o O
mmol) and zinc(ll) chloride (0.050 g, 0.370 mmat)dry %j%—
DCM (3.0 mL) was added Fef0.012 g, 0.074 mmol) in i

dry nitromethane (1.0 mL) and the reaction mixtwaes stirred under nitrogen. After 30 min 1,8-

bis(dimethylamino)naphthalene (proton sponge) wted (0.016 g, 0.074 mmol) and the mixture
was stirred for another 30 min. After this time F£(0.012 g, 0.074 mmol) in nitromethane (1.0 mL)
was added and the mixture was stirred for a furtl@& min after which time 1,8-
bis(dimethylamino)naphthalene (0.016 g, 0.074 mmuolds again added. This Fell8-
bis(dimethylamino)naphthalene cycle was repeated fihird time, with a 30 min interval between
addition of the two different reagents. SaturatedHSQ; (aq, 10 mL) was then added to quench the
reaction. The organic layer was separated and wasitle water (3 x 10 mL). The organic layer was
collected and the solvents removed. The solid veswdas purified by silica gel chromatography (2:1
PET:DCM) and precipitated from DCM/methanol to giigdorphyrin5 as a dark solid (0.006 g,
63%). 'H NMR (400 MHz, CDCY pyridineds) 8H 10.27 (s, 1H, &), 9.43 (d, 2H,) = 4.5 Hz, H),
9.13 (s, 2H, ), 8.77 (d, 2HJ = 8.0 Hz, H), 8.71 (d, 2HJ = 4.8 Hz, H), 8.08 (d, 4HJ = 1.9 Hz,
Hn), 7.80 (t, 2HJ = 1.9 Hz, H), 7.06 (s, 4H, K}, 6.80 (d, 2HJ = 8.0 Hz, H), 2.41 (s, 6H, k), 2.32

(s, 12H, H), 1.57 (s, 36H, B, 1.41-1.45 (m, 21H, k). *C NMR (125 MHz, CDGJ pyridine-ds)
156.9, 154.0, 150.1, 149.9, 149.0, 148.6, 145.2,114135.0, 134.6, 133.0, 131.0, 129.8, 129.7,
129.4, 128.9, 128.3, 125.2, 124.9, 123.8, 123.0,71219.4, 119.0, 111.0, 110.9, 107.5, 98.1, 95.6,
35.0, 31.8, 20.9, 19.2, 16.4, 12iQax/ nm (CHCl) (log &) 886 (4.99), 798 (4.76), 598 (4.87), 548
(4.90), 508 (4.73), 473 (5.06), 448 (4.92), 41474, 395 (4.79), 343 (4.98), 330 (4.88). (MALDI
TOF MS+) 1371.69 (63HosO2N4ZnSi; [M]+, requires 1371.67).
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[5-(M ethyl-4-ethynylbenzoate)-13,15,17-[4,5,10-(1,8-bis(2,4,6-trimethylphenyoxy)anthr acene)]-
10,20-bis-(3,5-di-tert-butylphenyl)-por phyrinato]zinc(l1) (6)

A 2-necked flask was dried under vacuum and chargéd
[5-(triisopropylsilylacetylene)-13,15,17-[4,5,10;81bis(2,4,6-
trimethylphenyoxy)anthracene)]-10,20-bis-(3, Statit-
butylphenyl)-porphyrinato]zinc(l1)5 (0.032 g, 0.023 mmol),
methyl 4-iodobenzoate (0.033 g, 0.125 mmol), Cudqa g,
0.005 mmol), PPh(0.005 g, 0.019 mmol) and #dba) (0.005
g, 0.005 mmol). These compounds were dried forrthén 3 h under vacuum then purged with
nitrogen. To this was added dry THF (3.0 mL) aresifly distilled diisopropylamine (1.5 mL). The
reaction mixture was freeze-thaw degassed threestand purged with nitrogen. To this was added

TBAF (1.0 M in THF, 0.026 mL, 0.026 mmol) by syrm@nd the reaction mixture was warmed to
50 °C and stirred. The extent of the reaction wasitored by TLC. At completion (3 h) the mixture
was allowed to cool and the solvents were removée. solid residue was dissolved in DCM and
passed over a short silica plug (DCM). The solvevese again removed and the solid residue was
dissolved in toluene/ 1% pyridine and passed thHroaigshort size exclusion column (toluene/1%
pyridine) to remove excess benzoic ester. The mtdvavere removed and the residue was
precipitated from DCM/methanol to yield porphygnas a black powder (0.026 g, 83%i).NMR
(400 MHz, CDCl/pyridineds) 6H 10.33 (s, 1H, B), 9.48 (d, 2HJ = 4.5 Hz, H), 9.19 (s, 2H, ),
8.82 (d, 2HJ = 8.1 Hz, H), 8.79 (d, 2H,) = 4.5 Hz, H), 8.20 (d, 2H,) = 8.6 Hz, H), 8.13 (d, 4H,J
=1.7 Hz, H), 8.03 (d, 2HJ) = 8.6 Hz, H), 7.83 (t, 2HJ = 1.7 Hz, H), 7.07 (s, 4H, B, 6.83 (d, 2H,
J=8.1Hz, H), 4.00 (s, 3H, |, 2.42 (s, 6H, I, 2.33 (s, 12H, H), 1.60 (s, 36H, K. °C NMR
(125 MHz, CDCypyridine-ds) 5C 166.8, 157.1, 153.7, 150.1, 150.0, 149.0, 148.8,314142.0,
135.1,134.7,133.2, 131.0, 129.9, 129.8, 1292)(429.3, 129.2, 128.6, 128.1, 125.7, 124.9, 123.8
123.2, 123.0, 120.7, 119.9, 119.0, 111.5, 107.6),9%.5, 94.7, 52.2, 35.1, 31.8, 20.9, 1G4« /

nm (CHCl) (log ¢) 418 (4.55), 490 (5.00), 565 (4.60), 609 (4.635 74.16), 829 (4.56), 925 (4.80).
m/z (MALDI TOF MS+) 1349.55 (GoHsgoN4O4Zn; [M]+, requires 1349.57). Anal. calc. for
CooHs2N4O4Zn: C 80.13, H 6.13, N 4.15. Found: C 80.22, H 6N@&.06.
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[5-(4-Ethynylbenzoic acid)-13,15,17-[4,5,10-(1,8-bis(2,4,6-trimethylphenyoxy)anthracene)] -
10,20-bis-(3,5-di-tert-butylphenyl)-por phyrinato]zinc(l1) (P3)
To a solution of [5-(methyl-4-ethynylbenzoate)-13117-
[4,5,10-(1,8-bis(2,4,6-trimethylphenyoxy)anthracg®,20-
bis-(3,5-ditert-butylphenyl)-porphyrinato]zinc(ll)6 (0.018 g, 3}
0.013 mmol) in THF (5.0 mL) was added methanol (310 a
and sodium hydroxide solution (ag, 8 M, 1.0 mL,08tAmol). ay,
The reaction mixture was stirred at room tempeeaand the Qf

m [o)

extent of the reaction was monitored by TLC. At gpbetion (5

h) water (10 mL) was added to the mixture togettidr acetic acid (1.0 mL). The organic layer was
extracted with DCM and washed with water (3 x 10)mlhe solvent was then removed and solid
residue was dissolved in DCM and precipitated fyfmmtane to yield porphyriR3 as a black solid
(0.015 g, 86%)."H NMR (400 MHz, CDCY methanold,) 5H 10.36 (s, 1H, &), 9.49 (d, 2H,) = 4.6
Hz, Hy), 9.21 (s, 2H, &), 8.85 (d, 2H,) = 8.0 Hz, H), 8.80 (d, 2HJ = 4.6 Hz, H), 8.21 (d, 2HJ =

8.3 Hz, H), 8.15 (d, 4H,) = 1.8 Hz, H), 8.03 (d, 2H,J = 8.3 Hz, H), 7.84 (t, 2HJ = 1.8 Hz, H),
7.06 (s, 4H, K, 6.85 (d, 2HJ = 8.0 Hz, H), 2.41 (s, 6H, ), 2.33 (s, 12H, H), 1.59 (s, 36 H,
Hn).*C NMR (125 MHz, CDGJ methanold,) 5C 168.5, 157.2, 153.7, 150.0, 149.8, 148.9 (x 2),
145.1, 141.7, 135.1, 134.6, 133.3, 131.0, 130.9.113129.8, 129.6, 129.5, 129.4, 129.0, 127.7,
125.6, 124.8, 123.7, 122.7, 120.8, 120.3, 118.9,51107.6, 97.3, 96.6, 94.8, 35.0, 31.7, 20.93 16.
(1 aromatic signal missing; probably overlappingthwiother signals, unidentifiable by
HSQC/DEPT)Amax/ nm (CHCY1% pyridine) (loge) 418 (4.55), 488 (5.00), 565 (4.60), 609 (4.63)] 7
(4.16), 829 (4.56), 924 (4.8QMALDI TOF MS+) 1335.57 (@oHgoOsN4Zn; [M]+, requires 1335.56).

<)

=——Si(Hex);

P10 - - P11
Scheme S1: Synthesis oP1 from known compound. a)N-Bromosuccinimide (1.05 eq.), CHCI

pyridine, r.t, 15 min. b) Trihexylsilylacetylenegfdba}, Cul, PPk, THF, toluene, Nkt 40 °C, 17
h, 40% (over 2 steps). c) 4-lodobenzoic acid, TBR&(dba), Cul, PPB, THF, NE&, 50 °C, 2 h,
60%.
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[5-(Trihexylsilylethynyl)-10,20-bis(3,5-di-tert-butylphenyl)-por phyrinato] zinc(l1) (8)
10,20-Bis(3,5-di-tert-butylphenyl)-porphyrinato] ne(ll) 7 (500 mg,
0.67 mmol) was dissolved in chloroform (36 mL) gogtidine (0.25
mL). N-Bromosuccinimide (130 mg, 0.73 mmol) was dissolved "

g

chloroform (36 mL) and pyridine (0.25 mL). Tibromosuccinimide o
solution was added drop-wise to the porphyrin sotuénd the mixture: —
stirred for 15 min. Acetone was added to quench éReessN-
bromosuccinimide. The solution was concentratedpassed through a
short silica plug, eluting with dichloromethane. eTlsolvents were
removed and the crude mix of mono- and bis-broreth@roducts used without further purification.
The mix of products (560 mg), Kdba} (79 mg, 0.087 mmol), PRI§170 mg, 0.63 mmol) and Cul
(63 mg, 0.33 mmol) were dried under vacuum in preedglassware. The vessel was pump degassed
and purged 3 times withNTetrahydrofuran (18 mL), dry triethylamine (18 Jrdnd dry toluene (18
mL) were added via syringe and the mixture degassedessively. Trihexylsilylacetylene (340 mg,
1.1 mmol) was added via syringe and the mixturgestiat 40 °C for 17 h. The solution was
concentrated then the residue passed through & shoa plug eluting with tetrahydrofuran. The
solvent was removed, the residue redissolved imall srolume of tetrahydrofuran (< 4.0 mL), and
passed through a SEC column eluting with tetrahydam. The collected fractions containing a
mixture of products were columned a second times d@asired fractions were concentrated then
precipitation from dichloromethane/methanol yieldeatphyrin8 as a green solid (279 mg, 40%
over two steps).

'H NMR (400 MHz, CDCY/ds pyridine) 10.09 (s, 1 H, )l 9.75 (d, 2 H,) = 4.4 Hz, H), 9.27 (d, 2
H,J=4.4Hz, H), 899 (d,4HJ=4.6Hz, Hy), 8.06 (d,4H,) =1.7Hz, H),7.80 (1, 2HJ=1.9

Hz, Hy), 0.57 - 1.83 (m, 147 H, iHhexyl).'*C NMR (126 MHz, CDGJds pyridine) 152.2, 150.7,
150.0, 149.2, 142.0, 132.7, 132.3, 131.4, 130.9,9,2122.4, 120.6, 110.0, 107.1, 98.9, 98.2, 35.0,
33.4,31.8, 31.7, 24.4, 22.7, 14.2, 14.0. (MALDIH®IS+) 1056.12 (6sHooN4SiZn; [M]+, requires
1055.63).

[15-(4-Car boxyphenylethynyl)-10,20-bis(3,5-di-tert-butylphenyl)-por phyrinato] zinc(l1) (P1)
[5-(Trihexylsilylethynyl)-10,20-bis(3,5-diert-butylphenyl)-
porphyrinato] zinc(I1)8 (60 mg, 0.057 mmol), 4-iodobenzoic acid (17 O
mg, 0.068 mmol), Pddba} (2.6 mg, 0.0028 mmol), PRi2.9 mg,
0.011 mmol) and Cul (1.1 mg, 0.0057 mmol) were diricnder

vacuum in a pre-dried flask. The vessel was pumgasked and

10
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purged 3 times with N Tetrahydrofuran (2.0 mL) and dry triethylamine2(2nL) were added via
syringe and the mixture frozen. TBAF (1.0 M in THE28 mL, 0.28 mmol) was added via syringe
and frozen. After successive freeze-thaw degassythe mixture was heated to 50 °C and stirred
under N. The reaction was removed from heat after 2 hthadsolution concentrated. The residue
was purified on silica eluting with chloroform caiting 0-5% acetic acid. Fractions containing
acetic acid were washed with 1.0 M aqueoy€®; until TLC (dichloromethane: 5% methanol)
showed removal of unreacted 4-iodobenzoic acidcipitation from dichloromethane/heptane gave
the title compound as a green solid (31 mg, 60%).

'H NMR (400 MHz, ¢ dimethylsulfoxide)sH 10.28 (s, 1 H, k), 9.84 (d, 2 HJ = 4.6 Hz, H), 9.44
(d,2H,J=4.4Hz, H), 8.95 (d, 2 HJ) = 4.6 Hz, H), 8.89 (d, 2 HJ) = 4.4 Hz, H), 8.07 (d, 4 HJ =

1.5 Hz, H), 8.05 (d, 2 HJ) = 8.3 Hz, H), 8.01 (d, 2 HJ) = 8.2 Hz, H), 7.88 (t, 2 HJ = 1.6 Hz, H),
1.56 (s, 40 H, B. *C NMR (126 MHz, d dimethylsulfoxide) 168.0, 150.9, 150.0, 149.2, 149.
148.4, 141.5, 141.4, 132.5, 132.4, 131.9, 130.6,2329.7, 129.5, 123.2, 121.9, 120.6, 107.8,,98.7
96.1, 93.6, 34.8, 31.6 (suspect missing carborremwvient overlapping withsgyridine, 148.4)4imax

/ nm (CHCH1% pyridine) (loge) 445 (5.33), 577 (3.87), 629 (4.19MALDI TOF MS+) 893.21
(Cs7Hs5602N4ZnN; [M]+, requires 893.38).

11
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Characterization
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Figure SL. 'H NMR spectrum of porphyri@ (400 MHz, CDCI3/ pyridine-d5, 298 K).

<
S
&
© 8-
P ]
| -
o
Qo
By 99 @
-8 IF 5 .o 8o -
s T i 3 8o = oSy g 5
- B I el SRR ® {RTE @ 3
3 ' o - g © 8 a% g -2 g 3
o ] | a® ARy P a | |& 8§ o <2
2 2 = 3 S T2 T 3 g
© > ; ]
| < %J ‘ JL Be 3
I < © T
‘ h\' m Jl J ol ‘.” J ‘ }’
:

T T T T LA LRI LR LA RS A L LALR LALA) LAAAS LAAAN LAAA LA AL
154 152 150 148 146 144 142 140 138 136 134 132 130 128 126 124 122 120 118 116 114 112 110 108 106 104
Chemical Shift (ppm)

<
~
o
E o~ %
8 .
e
n
]
©
<
g _gd 8
o Q -ou o < ~
335375 29588850 508838, % i 3
BegT| ¥ 8388857 QUUSRGe 38
378 T 8380Be ) HETRHee 3
O TR LT ] | .
T T L RALES | T T T T T T T T T T T T T T T T T T T T
152 144 136 128 120 12 104 96 88 80 72 64 56 48 40 32 24 16 8

Chemical Shift (ppm)

Figure S2. °C NMR spectrum of porphyri (125 MHz, CDCI3/pyridine-d5, 298 K).
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Figure S3. MALDI spectra for porphyrir2 (upper traces:
spectra).
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Figure S5. *C NMR spectrum of porphyril (125 MHz, CDC}, 298 K).
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Figure S6. MALDI spectra for porphyrir8 (upper traces: theoretical spectra; lower trackserved
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Figure S7. *H NMR spectrum of porphyrid (400 MHz, CDCY pyridine-ds, 298 K). * denotes

pyridine signals.
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Figure S8. *C NMR spectrum of porphyria (125 MHz, CDCY pyridine-ds, 298 K).

16



Electronic Supplementary Material (ESI) for RSC Advances

This journal is © The Royal Society of Chemistry 2012

NKSD_unfused ester MALDI 10-Feb-2011 10:07:38
NKSD_unfused ester (0.032) Is (1.00,1.00) C90H86N404Zn TOF LD+
100+ 1353.60 1.92e12
1352.61.
1354.60
1356.60
ES
11357.61
1358.61
0 T T T T T T T T T T T T T T T T
NKSD_unfused ester 8 (0.266) Sb (5,15.00 ); Sm (SG, 5x5.00); Cm (2:18) TOF LD+
100- 1352.47 961
1351.4;135‘-47
1356.45
LIS
11357.47
1358.46
669.51 1250.33 136083
0 T 1 1 T T T T T 1 Y U U T U T m/z
600 800 1000 1200 1400 1600 1800 2000 2400
NKSD_unfused ester MALDI 10-Feb-2011 10:07:38
NKSD_unfused ester (0.032) Is (1.00,1.00) CO0H86N404Zn TOF LD+
100- 1353.60 1.92e12
1351.60 1352.61
1354.60 1355.60
2 1356.60
1357.61
1358.61
e T | T T T T T T T T ] T T | T T T T T T T T T L] T T T
NKSD_unfused ester 8 (0.266) Sb (5,15.00 ); Sm (SG, 5x5.00); Cm (2:18) TOF LD+
1352.47 _1353.46 961
100
1351.45)| |[1354.47 1355.46
"2 11356.45
1357.47
1358.46
1341.48 L\J 1359.53 1369.52
oL NN N Nnd DN

spectra).

T T T U T T T U T T T U L U T T T "Vz
11338 1340 1342 1344 1346 1348 1350 1352 1354 1356 1358 1360 1362 1364 1366 1368 1370 1372 1374

Figure S9. MALDI spectra for porphyrir (upper traces: theoretical spectra; lower trackeserved
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Figure S11. **C NMR spectrum oP2 (125 MHz, CDCY/ methanold,, 298 K).

18



Electronic Supplementary Material (ESI) for RSC Advances

This journal is © The Royal Society of Chemistry 2012

NKSD_unfused acid MALDI 10-Feb-2011 10:13:13
NKSD_unfused acid (0.031) Is (1.00,1.00) C89H84N404Zn TOF LD+
100- 1339.59 1.92e12
1338.50.
1340.59
1342.50
3
1343.59
1344.50
T T T T T T T T T T T T T T T T T T T
VKSD_unfused acid 9 (0.298) Sm (SG, 5x5.00); Sb (5,15.00 ); Cm (2:26) TOF LD+
100+ 1339.58 3.30e3
1338.57.
340.59
1337.59 _1341.58
1342.59
13®
1343.58
1344.50
1345.60
0 T T T T m/z
NKSD_unfused acid MALDI 10-Feb-2011 10:13:13
NKSD_unfused acid (0.031) Is (1.00,1.00) C89H84N404Zn TOF LD+
100- 1339.59 1.92e12
1338.59._
1340.59
| 1342.59
&
1343.59
1344.59
NKSD_unfused acid 9 (0.298) Sm (SG, 5x5.00); Sb (5,15.00 ); Cm (2:26) TOF LD+
100, 1339.58 3.30e3
1338.57._
1340.59
1337.59 1341.58
1342.59
LIS
1343.58
134459
mes [oeien
0 T ¥ Y T T T T v Y = m/z
1320 1325 1330 1335 1340 1345 1350 1355 1360 1365

Figure S12. MALDI spectra forP2 (upper traces: theoretical spectra; lower tracksered
spectra).
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Figure S14. 13C NMR spectrum of porphyris (125 MHz, CDC}/ pyridineds, 298 K).
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Figure S15. MALDI spectra for porphyrirb (uppe
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r traces: theoretical spectra; lower traces:

21



Electronic Supplementary Material (ESI) for RSC Advances
This journal is © The Royal Society of Chemistry 2012

d
b c
a e
0.98 216 2.30 227232 2.254.58 2.26 231 425 220
| L =L = od | U |
N —————— T — N ———— U N R N
10.5 10.0 9.5 9.0 8.5 8.0 7.5 7.0
Chemical Shift (ppm)
m n
I
d p
a b ec
0.98 216 230227232 225458226231 425220 3.10 6461253 36.84
| ] ]
I I I I ——————
10.0 95 9.0 85 8.0 75 7.0 6.5 6.0 55 5.0 45 4.0 35 3.0 25 20 15 10 05
Chemical Shift (ppm)
Fi S16. 'H NMR f hyrié (400 MHz, CDC idineds, 298 K
igure S16. spectrum of porphyri6 ( z, Y pyridine-ds, ).
2
8
T 8
g
| &
I 8
8
3 o
o & ~ © hY
g ° 3 = L B 2 g
7 g a8 8 o ‘ ! | 2 8 =
‘ T8 g 8 3 |
| IMs T :
\ | | || P T
" | MJH ] | [ )
‘V\IWLVJ\M‘NWW)"/“»AN«"Mﬁ v I\ A i ol w1 ey \J\mwmwww LA IR A APy A A NAMWVJMWWW/»,, g Sl b N, W o A Nnisdor
L bt Wbty i Sty et ) Rl et i stsnghtiad et 4 ol st ey Mool i
135 134 133 132 131 130 129 128 127 126 125 124 123 122 121 120 119
Chemical Shift (ppm)
5
o
-
8 P
e |
© g 5
o Qg 8 8
0 ©- 0 -q o
4 VT T T e-8 &= &2 - 5 288 q “V
8 A s B TR IR sl TS T < i &
e - T - e = 583 i
| | - {
| [ | | Ll |
e s
160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 0
Chemical Shift (ppm)

Figure S17. *3C NMR spectrum of porphyrié (125 MHz, CDC}/ pyridineds, 298 K).
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Figure S18. MALDI spectra for porphyriré (upper traces: theoretical spectra; lower traces:

observed spectra).
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Figure S19. *H NMR spectrum oP3 (400 MHz, CDCYmethanold,, 298 K).
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Figure S20. *C NMR spectrum oP3 (125 MHz, CDC}/ methanold,, 298 K).
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Figure S21. MALDI spectra for P3 (upper traces: theoretical spectra; lower tracdserved
spectra).
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Figure S23. *C NMR spectrum of porphyri@ (126 MHz, CDC}/ds pyridine,298 K).
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Figure S24. MALDI spectra for porphyrir8 (upper traces: theoretical spectra; lower traces:
observed spectra).
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Figure S26. *C NMR spectrum oP1 (126 MHz, ¢ dimethylsulfoxide298 K).
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Figure S27. MALDI spectra forP1 (upper traces: theoretical spectra; lower tracksered

spectra).
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Figure S28. Square wave electrochemical experimentRar(THF, 0.1 M BuNPF;; square wave
frequency 8 Hz; glassy carbon working electrode,c8tunter electrode, Ag/AgNQOreference
electrode). The gray lines represent the tracénénabsence of internal ferrocene while the black
lines show the measurements in the presence otctane.
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Figure S29. Square wave electrochemical experimentRar(THF, 0.1 M BuNPF;; square wave
frequency 8 Hz; glassy carbon working electrode,c&unter electrode, Ag/AgNQOreference
electrode). The gray dashed lines represent tloe irathe absence of internal ferrocene while the

black lines show the measurements in the presdrfeerocene.
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Figure S30. Square wave electrochemical experimentR8r(THF, 0.1 M BuNPF;; square wave

frequency 8 Hz; glassy carbon working electrode,c&tunter electrode, Ag/AgNQreference

electrode). The grey dashed lines represent tloe irathe absence of internal ferrocene while the

black lines show the measurements in the presdrfeerocene.

Photoinduced Absor ption Spectroscopy and Transient Absor bance Spectr oscopy

Photoinduced absorption (PIA) spectra were obtainech porphyrin-loaded Ti@to identify the

absorption peak of the dye cations. The films wex@ted with a monochromatic light beam (496.5

nm) with a power density of 50 mWéhat a frequency of 23 Hz. The PIA spectra showRign S31

indicate cation absorption peaks for each of tresdy the region between 650 — 800 nm.
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Figure S31. Photoinduced absorption spec@d P2 andP3 on TiO, probed following excitation at
496.5 nm.

Transient absorbance spectra were obtained fronphgon-loaded TiQ films in an
environment of 1-methoxypropionitrile (MPN) or deetrolyte E1. Figure S31 shows the transient
absorbance decays B andP2 probed at 700 nm following excitation at 510 nrheTifetime for
both decays are significantly longer than typicatSp relaxation of a porphyrin hence we conclude
that the observed processes originate from theydetdahe cation absorbance following charge
transfer from the dye to the oxide. When the dykd is contained in an environment of MPN, i.e.
when the only pathway to recover the ground stiex aation formation is recombination with the
conduction band electrons in the oxide, the timestant for the decays &flL andP2 (derived from
fitting a monoexponential decay) are 555 ps and&f6 respectively. In contrast, when electrolyte
is present the oxidized dye is intercepted by tukde and therefore the lifetime of the cations are
approximately two orders of magnitude shorter vattime constants of 1.65 ps and 3.6 psPbr
and P2 respectively. The dye regeneration yields areutaled to be 99.7% and 99.2% fet and
P2 respectively. These regeneration yields suggestititerception of the cation by electrons in the
oxide conduction band rarely occurs because theiglyegenerated by the electrolyte on a much

shorter timescale.
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Normalized AOD
Normalized AOD

Figure S32. Normalized transient absorbance decay of the{ard (b) P2 cations on Ti@robed
at 700 nm in MPN or in electrolyte E1, followingaiation at 510 nm. Data are shown in grey and

exponential fits are in black.

I ncident Photon-to-Current Conversion Efficiency (IPCE)

The IPCE spectra were measured for devices basegoguhyrin P3 and various oxide and
electrolyte configurations at 1 mW/énmcident power density. The absolute IPCE spewteashown
in Fig. S31.
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Figure S33. Incident photon-to-current conversion efficiend?GE) for P3 with various oxide-

electrolyte configurations. The spectrum for $im@s been multiplied by 10.
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