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Figure S1. Green trace: dilution of a dry, concentrated (2.6 mM,) methylene chloride solution of
2-Zn (100 µL) in n-heptane (1.5 mL) with a pathlength of 0.5 cm. The solution was
strongly scattering light. Blue trace: the same solution after addition of methanol (50
µL) with a pathlength of 0.1 cm. Magenta trace: the same solution after addition of
more methanol (30 µL) and methylene chloride (50 µL) with a pathlength of 0.1 cm.
Numbers indicate absorption maxima in nm.
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 Figure S2. Green trace: dilution of a dry, concentrated methylene chloride solution of 5-Zn
(cca. 50 µL) in n-heptane (3 mL) with a pathlength of 1 cm. Magenta trace: the
same solution after addition of methanol (cca. 150 µL) and more (cca. 150 µL)
methylene chloride in order to avoid that a methanolic phase separates, followed
by a three times dilution with n-heptane in order to avoid saturation of the
detector. The numbers indicate band maxima in nm. The red-shifts from 423 to
433 nm of the Soret band as well as for the two Q bands from 545 and 586 to 560
and 605 nm, respectively, arise from the formation of the zinc-methanol adduct
of the porphyrin. The bands typical for the self-assembled species are at 478
(broadened Soret band) and 635 nm (red-shifted Q band). These bands disappear
upon methanol addition which leads to disassembly.
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Figure S3. Dilution of a dry, concentrated methylene chloride solution of 2-Zn. The spectra
were recorded with 1 mm pathlength and the solutions had the following
concentrations from the top trace to the bottom trace: 0.383, 0.273, 0.137, 0.068
and 0.034 mM. Note that the Soret band has only a three fold decrease over a ten-
fold dilution and that the broad bands disappear.
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Figure S4. Dilution of a dry, concentrated methylene chloride solution of 5-Zn. The
spectra have been scaled vertically at the Soret band by multiplying with the
indicated scaling factors. The path length was 1 mm and the most dilute
solution had a concentration of  0.9 µmolar. Note the decrease of the broad
band at about 475 nm and the red-shifted Q band at 635 nm as the concentration
is decreased.
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Figure S5. Fluorescence spectra at various excitation wavelengths. Thin traces are from 5-
Zn self-assembled in n-heptane. Thick traces are from the same sample after
disassembly by addition of methanol.
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Figure S6. Fluorescence (red trace) and absorption (green trace) spectra of a film cast on a
quartz cuvette from self-assembled 5-Zn. The excitation wavelength was 450
nm. A similar film prepared on a quartz slide had a thickness of 60±5 nm as
determined by AFM.



8

Scheme of synthetic transformations
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Reagents and conditions: a : M = Cu, POCl3 / DMF, ClCH2CH2Cl, 60°C,  14h, 43%; a': M = Cu, POCl3 /
DMF, ClCH2CH2Cl, 40°C,  45 min, 83%; b : TFA/H2SO4 (1/1 v/v),[29] M = H, > 85%; c : NaBH4 /MeOH,
CHCl3 M = H, 90 %; d : M = Cu, Ac2O, SnCl4 / CS2, 0°C, 30 min. ~35%; d': M= H, as d but only 3 min, 79%
(after two steps); e: M = 2H, NBS / CHCl3,

[30]; f : M = 2H, (iPr) 3Si-C ≡ CH, AsPh3, Pd(OAc)2, 70 °C, 16 h, R'
= (iPr) 3Si-, 48%; g : M = 2H, TBAF/THF, 30 min, R' = H, 95%; h : M = 2H, Hg(OAc)2, AcOH, 110 °C, 4h,
41%. Final step for 1-5: M = 2H → M = Zn, Zn(OAc)2, MeOH/CHCl3 > 90 %.
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Experimental Section

General Remarks: Solvents were dried and freshly distilled before use as follows:
dichloromethane from calcium hydride; toluene and n-heptane from sodium metal;
chloroform-d from phosphorous pentaoxide. NMR Spectra were recorded at 300 MHz (1H)
with a Bruker DPX 300 Avance spectrometer. Chemical shifts are given in ppm relative to
the signal of CHCl3 which was taken as δ = 7.26 (for 1H) and 77.00 (for 13C). Preparative
HPLC was performed on a Varian ProStar machine equipped with a normal phase column
(250 x 25 mm). Details of the chiral separations can be learned from the CHIRBASE®

database. UV/Vis spectra were measured with a Varian Cary 500 instrument. FT-IR spectra
were obtained on a Perkin-Elmer Spectrum GX spectrometer as KBr pellets. MALDI-
TOFF mass spectra were obtained on a Voyager Instrument from Applied Biosystems
either with anhydrous glycerol, HABA [2'-(4-hydroxyphenylazo)benzoic acid], or 1,8,9-
anthracenetriol matrices. HR-FAB-MS were recorded using 3-nitro-benzylalcohol (NBA)
as the matrix on a Finnigan MAT 90 machine. CD Spectra were measured on an Aviv
(Lakewood, N. J., USA) CD Spectrometer, model 62 A DS. Fluorescence Spectra were
measured on a Jobin Yvon SPEX Fluorolog spectrofluorimeter. Confocal fluorescence
microscopy was performed with a Leica TCS SP2-x1 Microscope. Elemental Analyses
were performed with a CE Flash 400 Instrument. The metallated porphyrins gave
consistently lower values for their carbon content (1-2%) than the theoretical values while
the nitrogen and hydrogen contents were, within the usual experimental error, correctly
reproduced. Retention factors are given for silica gel TLC plates (Macherey-Nagel) which
were eluted with dichloromethane stabilized with 0.2 % ethanol unless otherwise stated.
Column chromatography was performed with Merck silica gel 40-63 µm.

10,20-Bis-(3,5-di-t-butylphenyl)-21,23H-porphine (6). This known free base
porphyrin[16b] was prepared in 10-15 g batches (after purification by column
chromatography) by optimizing known literature methods. We report here for the first time
the 13C-NMR spectrum: (CDCl3) δ = 31.8 (C(CH3)3), 35.1 (C(CH3)3), 105.1 (10, 20-C),
120.4 (5,15-C), 121.1 (4'-C), 130.2 (2',6'-C), 131.1 (3,7,13,17-C), 131.5 (2,8,12,18-C),
140.3 (1'-C), 145.0 (6 or 9-C), 147.4 (9 or 6-C), 149.1 (3',5'-C).

10,20-Bis-(3,5-di-t-butylphenyl)-porphinato copper[16a] (6-Cu): The previous free base
porphyrin[16b] (4 g, 5.82 mmol) dissolved in chloroform (130 mL) to which 100 mL
methanol and 10 drops of water were added was metallated with anhydrous copper acetate
(5.28 g, 29.1 mmol) by stirring at room temperature for 12 hrs under nitrogen atmosphere.
Yields were 85-95% after purification by column chromatography on silica gel eluted with
dichloromethane/methanol (99/1, v/v). Rf = 0.90. UV (CHCl3)  λmax = 405, 528. MALDI-
TOFF-MS (Glycerol matrix): m/z = 749.53 (100) [M+H+]. Calc. for C48H52N4Cu = 747.35
(for the main isotopomer).
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5,15-Bis-formyl-10,20-bis-(3,5-di-t-butylphenyl)-porphinato copper (7-Cu)
In a 4 L three-necked flask equipped with a reflux condenser and dropping funnel, to
anhydrous DMF (200 mL) were added slowly, dropwise, POCl3  (240 mL) at 0-2 °C under
nitrogen atmosphere. After some time the POCl3-DMF complex solidified. After removal
of the ice-bath, 1,2-dichloroethane (400 mL) was added and the solution was heated gently
to 50 °C. From the dropping funnel which was protected from light with aluminum foil, a
solution of the copper porphyrin (2.0 g) in 1 L 1,2-dichloroethane was added slowly at 50
°C. After completion of addition the mixture was heated overnight under reflux. After
cooling in an ice-bath, to the mixture were carefully added 1 L of saturated aqueous sodium
acetate solution and then the mixture was heated to 80 °C for 3 hrs for completing the
hydrolysis. Extraction into dichloromethane (3x), followed by washing once with water,
twice with aqueous sodium hydrogen carbonate, and then finally twice with brine was
followed by drying over anhydrous sodium sulfate and evaporation of the solvents in
vacuum. After column chromatography on silica gel (H = 35 cm, Φ = 8 cm), a fraction
containing pure product (0.915 g) 42.8 % yield, was obtained. Rf = 0.72. MALDI-MS
(Glycerol matrix): m/z = 804.08 (100) [M+H]+. HR-FAB-MS: 804.3452 [M+H]+. Calc. for
C50H53N4O2Cu = 804.3464 (for the main isotopomer).

5,15-Bis-formyl-10,20-bis-(3,5-di-t-butylphenyl)-21,23H-porphine (7)
Demetallation of the above copper porphyrin (800 mg, 0.99 mmol) was effected using a
120 mL mixture of trifluoroacetic and sulfuric acids (1.1 v/v) as described in ref.[29]  After
the same work-up procedure 740 mg of product were obtained (99 % yield). In order to be
sure that no contamination from green coloured chlorines occured, a portion of the product
was dissolved in chloroform and heated to reflux in the presence of 2,3-dichloro-5,6-
dicyano-p-benzoquinone (DDQ). After work-up and column chromatography the same
spectral data were obtained for this pure product. Convenient recrystallization can be
effected from boiling chloroform and n-hexane. Rf = 0.82. 1H-NMR (CDCl3), δ =  12.58 (s,
2H, CHO),  10.02 (broad d, 3J = 5.1 Hz, 4H, 3,7,13,17-H), 9.02 (sharp d, 3J = 5.1 Hz, 4H,
2,8,12,18-H), 8.04 (d, 4J = 1.8 Hz, 4H, 2',6'-H), 7.87 (t, 4J = 1.8 Hz, 2H, 4'-H), 1.57 (s, 36H,
C(CH3)3), −2.27 (s, 2H, NH). HR-FAB-MS: 741.4189 [M+H]+. Calc. for C50H53N4O2 =
741.4168.

5-Formyl-10,20-bis-(3,5-di-t-butylphenyl)-porphinato copper (8-Cu)
In a three necked 100 mL reaction flask equipped with a reflux condenser, the Vilsmeier
complex is prepared by adding dropwise POCl3 (5.12 g, 3.06 mL, 33.4 mmol) to DMF
(2.54 g, 2.70 mL, 34.7 mmol) at 0-10 °C within 20 min under argon. When the complex
solidified, small portions of 1,2-dichloroethane were added. A solution of the copper
porphyrin (500 mg, 0.67 mmol) in 1,2-dichloroethane (70 mL total volume) was added
dropwise at 5-10 °C within 5 min and then the mixture was heated under reflux for 45 min.
The typical work-up consisted in cooling the reaction mixture in an ice bath, carefully
adding a saturated solution of sodium acetate (8 ml) diluted with water (5 mL) and stirring
overnight. Extraction into dichloromethane and washing first with brine, then with



11

saturated aqueous sodium hydrogen carbonate and then finally again with brine produced
after evaporation of the solvents a crude dark coloured solid. Column chromatography on
silica gel eluted with dichloromethane gave the pure product as a second fraction (428 mg)
in 82.6 % yield. Rf = 0.70. MALDI-MS (1,8,9-anthracenetriol matrix) m/z = 774.94 (100)
[M+H+], Calc. for C49H52N4OCu = 775.34 (for the main isotopomer). HR-FAB-MS:
776.3527 [M+H]+. Calc. for C49H53N4OCu = 776.3515.

5-Formyl-10,20-bis-(3,5-di-t-butylphenyl)-21,23H-porphine (8)
The above copper porphyrine (20 mg) was demetallated with a mixture of trifluoroacetic (2
mL) and sulfuric acids (2 mL) by stirring at room temperature for 1 hr. After extraction into
dichloromethane, washing with water and then with aqueous sodium hydrogen carbonate
until neutral and then finally with brine, the solvent was removed in vacuum and the
product was purified by column cromatography on silica gel. It eluted with
dichloromethane as the first main fraction in 85% yield. Rf = 0.68. 1H-NMR (CDCl3), δ =
12.60 (s, 1H, 5-CHO), 10.24 (s, 1H, 15-H), 10.08 (broad d, 3J = 5.1 Hz, 2H, 3,7-H), 9.28
(sharp d, 3J = 4.5 Hz, 2H, 13,17-H), 9.12 (sharp d, 3J = 4.8 Hz, 2H, 2,8-H), 8.94 (sharp d, 3J
= 4.5 Hz, 2H, 12,18-H),  8.09 (d, 4J = 1.8 Hz, 4H, 2',6'-H), 7.87 (t, 4J = 1.8 Hz, 2H, 4'-H),
1.57 (s, 36H, C(CH3)3), −2.32 (s, 2H, NH). HR-FAB-MS: 715.4382 [M+H]+. Calc. for
C49H55N4O = 715.4376.

3-Acetyl-15-formyl-10,20-bis-(3,5-di-t-butylphenyl)-porphinato copper (9-Cu)
The monoformyl copper porphyrine 8 (200 mg) was dissolved in 50 mL carbon disulfide in
a three-necked flask equipped with a rubber septum and a thermometer and degassed by
passing an stream of argon. After cooling to 2 °C acetic anhydride (6.1 mL, 64 mmol) was
added via syringe. Then tin tetrachloride (3.0 mL, 6.71 g, 26 mmol) were added rapidly via
syringe and the temperature rose to 7 °C. The reaction was quenched rapidly thereafter (150
seconds after addition of SnCl4) by pouring on ice. The mixture was stirred vigorously at
room temperature for 45 min and then extracted into dichloromethane (2 x 20 mL) which
was washed with aqueous sodium hydrogen carbonate and then with brine. After drying the
organic layer on sodium sulfate, the solvents were evaporated in vacuum. Rf = 0.60.
MALDI-MS (1,8,9-anthracenetriol matrix) = 818.07 (M+H+) Calc. for C51H54N4O2Cu =
817.35 (for the main isotopomer).

3-Acetyl-15-formyl-10,20-bis-(3,5-di-t-butylphenyl)-21,23H-porphine (9)
The copper porphyrine 9-Cu was demetallated as described above with a 10 mL mixture of
sulfuric and trifluoroacetic acids (1/1 v/v). After a similar work-up and column
chromatograpy on silica gel eluted with dichloromethane, the second fraction contained the
pure product (154 mg), the yield over two steps (acetylation and demetallation) being thus
79 %. Rf = 0.57. 1H-NMR (CDCl3), δ =  12.54 (s, 1H, 15-CHO), 11.34 (s, 1H, 5-H), 10.20
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(broad d, 3J = 5.1 Hz, 1H, 13-H), 9.86 (d, 3J = 4.8 Hz, 1H, 17-H), 9.43 (d, 3J = 4.5 Hz, 1H,
7-H), 9.30 (s, 1H, 2-H), 9.14 (d, 3J = 5.1 Hz, 1H, 12-H),  9.00 (sharp d, 3J = 4.8 Hz, 1H, 18-
H), 8.95 (d, 3J = 4.5 Hz, 1H, 8-H),  8.11 and 8.05 (two d, 4J = 1.8 Hz, 4H, 2',6'- and 2”,6”-
H), 7.90 and 7.86 (two t, 4J = 1.8 Hz, 2H, 4'- and 4”-H), 3.12 (s, 3H, COCH3), 1.60 (s, 18H,
C(CH3)3), 1.57 (s, 18H, C(CH3)3), −2.05 (s, 2H, NH). 13C-NMR (CDCl3), δ = 29.8
(COCH3), 31.7 (C(CH3)3), 35.10 and 35.14 (C(CH3)3), 108.1 (10,20-C), 112.5 (5-C),
121.66 and 121.76 (4’ and 4”-C), 123.0 (15-C), 125.6, 127.1 (broad, 13-C), 129.3 (broad,
8-C), 129.7 and 130.4 (2’,6’- and 2”,6”-C), 130.5 (broad, 17-C), 131.8 (broad), 132.9
(broad, 12-C), 136.4 (broad, 18-C), 139.9 and 140.0 (1’ and 1”-C), 149.30 and 149.36
(3’,5’- and 3”,5”-C), 195.0 (15-CHO), 197.1 (3-COCH3). MALDI-MS (1,8,9-
anthracenetriol   matrix) m/z = 757.12 (100%) [M+H+]. HR-FAB-MS: 757.4498 [M+H]+.
Calc. for C51H54N4O2 = 757.4481.

5,15-Bis-(triisopropylsilylethinyl)-10,20-bis-(3,5-di-t-butylphenyl)-21,23H-porphine
(11, R' = Si(iPr)3). The corresponding 5,15-dibromoporphyrine[30] 10 (100 mg, 0.12 mmol)
together with  triisopropylsilyl acetylene (4 eq., 0.47 mmol, 0.05 mL), triphenylarsine (14.4
mg, 0.4 eq. 0.047 mmol), palladium acetate (2.6 mg, 0.1 eq. 0.012 mmol) were heated to 70
°C in 30 mL freshly distilled and degassed triethylamine for 16 h. After cooling the mixture
was poured onto 2N HCl and ice and extracted with dichloromethane. Recrystallization
from hot toluene to which methanol was added produced after standing in the refrigerator (-
15 °C)  60 mg of violet solid (48% yield). RF = 0.76 (TLC eluted with dichloromethane – n-
hexane (3:7 v/v). 1H-NMR (CDCl3), δ =  9.67 (d, 3J = 4.8 Hz, 4H, 3,7,13,17-H), 8.88 (d, 3J
= 4.8 Hz, 4H, 2,8,12,18-H), 8.03 (d, 4J = 1.8 Hz, 4H, 2',6'-H), 7.83 (t, 4J = 1.8 Hz, 2H, 4'-
H), 1.58 (s, 72H, C(CH3)3 and isochronous SiCH(CH3)2), 1.56 (s, 2H, SiCH(CH3)2), −2.08
(s, 2H, NH). MALDI-MS: 1047.39, FAB-MS (NBA matrix):1047.3. Calc. for C70H94N4Si2
= 1047.71.

5,15-Bis-ethinyl-10,20-bis-(3,5-di-t-butylphenyl)-21,23H-porphine (11, R' = H)
The above bisacetylene (30 mg, 0.029 mmol) dissolved in 10 mL dichloromethane was
deprotected by adding tetrabutylammonium fluoride  (TBAF) (15 eq., 0.43 mmol) as a 1M
solution in THF (0.43 mL) and stirring for 30 min. at room temperature. After extraction in
dichloromethane, washing with brine, drying and evaporation of the solvents, a violet solid
is obtained which was washed with hexane and dried in vacuum (10-1 Torr). It weighed 20
mg (95% yield). RF = 0.57 (TLC eluted with dichloromethane – n-hexane (3:7 v/v). 1H-
NMR (CDCl3), δ = 9.68 (d, 3J = 4.8 Hz, 4H, 3,7,13,17-H), 8.92 (d, 3J = 4.8 Hz, 4H,
2,8,12,18-H), 8.07 (d, 4J = 1.8 Hz, 4H, 2',6'-H), 7.85 (t, 4J = 1.8 Hz, 2H, 4'-H), 4.21 (s, 2H,
C ≡ CH) 1.58 (s, 36 H, C(CH3)3), −2.08 (s, 2H, NH). MALDI-MS: 735.26 [M+H]+. Calc.
for C52H55N4 = 735.44.

5,15-Bis-acetyl-10,20-bis-(3,5-di-t-butylphenyl)-21,23H-porphine (12)
The above bisethinyl free base porphyrine 11 (70 mg, 0.1 mmol) was dissolved in glacial
acetic acid to which mercury acetate (170 mg, 12 eq. 1.2 mmol) were added and then
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heated to 110 °C for 4 h. After cooling the mixture and addition of dichloromethane, it was
washed subsequently with brine, aqueous sodium hydrogen carbonate and again with brine.
After evaporation of the solvents and column chromatography on silica gel eluted with
dichloromethane /n-hexane (3/7, v/v) one obtains finally 30 mg violet solid (41% yield). RF
= 0.48 (TLC eluted with dichloromethane – n-hexane (1:1 v/v). 1H-NMR (CDCl3), δ = 9.22
(d, 3J = 4.8 Hz, 4H, 3,7,13,17-H), 9.04 (d, 3J = 4.8 Hz, 4H, 2,8,12,18-H), 8.08 (d, 4J = 1.8
Hz, 4H, 2',6'-H), 7.87 (t, 4J = 1.8 Hz, 2H, 4'-H), 3.56 (s, 6H, COCH3), 1.58 (s, 36 H,
C(CH3)3), −2.91 (s, 2H, NH). MALDI-MS: 771.4. HR-FAB-MS: 771.4625 [M+H]+. Calc.
for C52H59N4O2 = 771.4638.

3,17-Bis-acetyl-10,20-bis-(3,5-di-t-butylphenyl)-porphinato copper and 7,17-Bis-
acetyl-10,20-bis-(3,5-di-t-butylphenyl)-porphinato copper (13-Cu and 14-Cu)
Diacetylation of the copper porphyrin 6-Cu (400 mg, 0.53 mmol) was performed by
dissolving it in carbon disulfide (160 mL) in a 1 L three-necked flask equipped with a
rubber septum, a reflux condenser and thermometer under argon and then adding at 0-3 °C
acetic anhydride (141 mL, 1.5 mol) followed by addition of tin tetrachloride via syringe
(34.8 g, 15.6 mL, 134 mmol). After stirring at 0-2 °C for 30 min. the reaction mixture is
diluted with 300 mL CS2 and ice cold water (100 mL) was added dropwise within 35 min
and stirred afterwards for another 40 min. After extraction into dichloromethane and
washing with brine twice, the mixture was washed with aqueous sodium hydrogen
carbonate and then again with brine. The organic layers were dried on sodium sulfate and
after removal of the solvents in vacuum the mixture was cromatographed on silica gel
eluted with dichloromethane. The fraction containing an almost equimolar mixture of the
two isomeric diacetylated copper porphyrins weighed 154.8 mg (35 % yield). Over
different runs yields over 27% were consistently obtained.

3,17-Bis-acetyl-10,20-bis-(3,5-di-t-butylphenyl)-21,23H-porphine (13)
The above mixture of copper porphyrins (53 mg) was demetallated using a 10 mL degassed
mixture of trifluoroacetic and sulfuric acids (1:1 v/v) by stirring for 1.5 h at room
temperature. The usual work-up consists in pouring on ice and extraction into
dichloromethane, washing with brine, neutralization with aqueous sodium hydrogen
carbonate and again washing with brine. After drying on sodium sulfate and evaporation to
dryness a reddish-purple solid 47.2 mg (96.2% yield) was obtained. Demetallation yields
over different runs and scales (up to 1.5 g) gave consistently yields above 86%. Subsequent
careful column chromatography on silicagel eluted first with dichloromethane gives the
title porphyrine as the firstly eluted fraction. Interestingly, in the preparative HPLC runs
using 3% isopropanol in dichloromethane, the reverse elution order was encountered. Rf =
0.54.[31] 1H-NMR (CDCl3), δ = 11, 30 (s, 2H, 5,15-H), 9.54 (s, 2H, 2,18-H), 9.40 (d, 3J =
4.8 Hz, 2H, 7,13-H), 9.02 (d, 3J = 4.8 Hz, 2H, 8,12-H), 8.19 and 8.09 ( two d, 4J = 1.8 Hz,
2H each, 2',6'- and 2",6"-H), 7.93 and 7.85 (two t, 4J = 1.8 Hz, 1H each, 4'- and 4"-H), 3.20
(s, 6H, COCH3), 1.63 and 1.57 (two s, 18 H each, C(CH3)3), −2.32 (s, 2H, NH). 13C-NMR
(CDCl3), δ = 29.9 (COCH3), 31.7 (C(CH3)3), 35.09 & 35.18 (C(CH3)3), 107.1 (5,15-C),
120.4, 121.4, 121.6 (10,20-C), 124.4, 130.0 (2’,6’-C), 131.1, 132.0, 134.2, 136.8, 139.67,
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139.70, 149.4, 149.6, 196.8 (COCH3). MALDI-MS: 771.4. HR-FAB-MS: 771.4650
[M+H]+.  Calc. for C52H59N4O2 = 771.4638.

3,13-Bis-acetyl-10,20-bis-(3,5-di-t-butylphenyl)-21,23H-porphine (14)
Careful column chromatography on silicagel of the above mixture after eluting with
dichloromethane until the above reddish isomer is separated was followed by a second
greenish fraction of the title compound. Interestingly, in the preparative HPLC runs using
3% isopropanol in dichloromethane, the reverse elution order was encountered. Rf =
0.52.[31]  1H-NMR (CDCl3), δ = 11,42 (s, 2H, 5,15-H), 9.56 (s, 2H, 2,12-H), 9.56 (d, 3J =
4.8 Hz, 2H, 7,17-H), 9.21 (d, 3J = 4.8 Hz, 2H, 8,18-H), 8.17 (d, 4J = 1.8 Hz, 4H, 2',6'-H),
7.92 (t, 4J = 1.8 Hz, 2H, 4'-H), 3.20 (s, 6H, COCH3), 1.64 (s, 36H, C(CH3)3), -2.72 (s, 2H,
NH). 13C-NMR (CDCl3), δ = 29.9 (COCH3), 31.8 (C(CH3)3), 35.16 (C(CH3)3), 107.7 (5,15-
C), 121.5 (10,20-C), 122.11 (4’-C), 129.1 (8,18-C), 130.7 (2’,6’-C), 138.9, 139.7, 140.2,
140.9,  149.5, 150.1 (2,12-C), 151.4, 197.4 (COCH3). MALDI-MS: 771.4. HR-FAB-MS:
771.4617 [M+H]+.  Calc. for C52H59N4O2 = 771.4638.

5-Formyl-15-hydroxymethyl-10,20-bis-(3,5-di-t-butylphenyl)-21,23H-porphine (1)
The corresponding 5,15-bis-formyl free base porphyrin  7 (317 mg, 0.427 mmol) dissolved
in 50 mL dichloromethane to which 5 mL methanol were added, was monoreduced with
sodium borohydride (32.2 mg, 0.8 mmol). Yields varied between 28 and 35% over different
runs. The reaction was stopped when by TLC the dihydroxymethyl compound with the
lowest Rf value (0.2) starts to be formed (2-3 min). The reaction was quenched with brine,
the organic layer was dried over sodium sulfate and after evaporation in vacuum purified by
column chromatography. The first fraction consists of recovered starting material (45-40%)
while the desired product elutes as the second band. Rf = 0.41 or 0.15 (TLC eluted with
dichloromethane – n-hexane (1:1 v/v). 1H-NMR (CDCl3), δ =  12.49 (s, 1H, CHO),  10.02
(broad d, 3J = 4.8 Hz, 2H, 3,7-H), 9.56 (sharp d, 3J = 4.8 Hz, 2H, 13,17-H) 9.01 (sharp d, 3J
= 4.8 Hz, 2H, 12,18-H)  8.90 (sharp d, 3J = 4.8 Hz, 4H, 2,8-H), 8.03 (d, 4J = 1.8 Hz, 4H,
2',6'-H), 7.85 (t, 4J = 1.8 Hz, 2H, 4'-H), 6.91 (m, 2H, CH2OH), 2.68 (broad s, 1H, CH2OH),
1.56 (s, 36H, C(CH3)3), -2.15 (s, 2H, NH).

5-Formyl-15-hydroxymethyl-10,20-bis-(3,5-di-t-butylphenyl)-porphinato zinc (1-Zn)
Zinc metallation of the above free base 1 (12 mg) with excess zinc acetate in a 28 mL
chloroform/methanol mixture (2:1, v/v) after stirring for 3 hrs at room temperature the
reaction was driven to completion (monitoring by UV-Vis). Washing with aqueous sodium
hydrogen carbonate followed by washing with brine, drying over anhydrous sodium sulfate
and evaporation of the solvent produced in quantitative yield the desired product. After
column chromatography on silica gel with 3% methanol in dichloromethane, the eluent was
washed twice with brine in order to remove the residual methanol. Recrystallization from
dichloromethane and n-hexane followed by centrifugation and drying overnight in vacuum
(10-3 Torr) produced samples which self-assembled in nonpolar solvents. 1H-NMR (CDCl3/
CD3OD, 9/1 v/v), δ = 12.50 (s, 1H, 5-CHO), 9.98 (d, 3J = 4.8 Hz, 2H, 13,17-H), 9.56 (d, 3J
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= 4.8 Hz, 2H, 3,7-H), 8.99 (d, 3J = 4.8 Hz, 2H, 12,18-H), 8.87 (d, 3J = 4.8 Hz, 2H, 2,8-H),
7.98 (d, 3J = 1.8 Hz, 4H, 2’,6’-H), 7.80 (t, 3J = 1.8 Hz, 2H, 4’-H), 6.91 (s, 2H, CH2OH),
2.02 (broad s, CH2OH), 1.53 (s, 36H, C(CH3)3). HR-FAB-MS: 807.3633 [M+H]+. Calc. for
C52H55N4O2Zn = 807.3616.

5-Acetyl-15-(1-hydroxyethyl)-10,20-bis-(3,5-di-t-butylphenyl)-21,23H-porphine (2)
The corresponding 5,15-diacetyl free base porphyrine 12 (45 mg, 0.06 mmol) dissolved in
20 mL chloroform to which 6 mL of methanol were added was reduced with sodium
borohydride (3 eq., 6.6 mg, 0.18 mmol) by heating to 45 °C for 4 h. Washing with water,
extraction into dichloromethane, subsequent evaporation and column chromatography on
silica gel eluted with  dichloromethane /n-hexane (3/7, v/v) provided a second fraction of
20 mg of violet solid monoreduced product (50% yield). A firstly eluted fraction consists of
unreacted diacetyl compound (15 mg, 33% recovery) which can be monoreduced in a
separate run. RF = 0.55 (TLC eluted with dichloromethane – methanol (95:5 v/v). 1H-NMR
(CDCl3), δ =  9.85 (d, 3J = 4.8 Hz, 2H, 3,7-H ), 9.17 (d, 3J = 4.8 Hz, 2H, 13,17-H), 8.96 (d,
3J = 4.8 Hz, 4H, 2,8,12,18-H), 8.05 (m, 4H, 2',6',2",6"-H), 7.84 (m, 2H, 4', 4"-H), 7.68 (q, 3J
~ 7 Hz, 1H, CH3CHOH), 3.52 (s, 3H, COCH3), 2.57 (d, 3J = 6.6 Hz, CH3CHOH), 1.56 (s,
36 H, C(CH3)3), -2.84 (s, 2H, NH). MALDI-MS: 771.4. HR-FAB-MS : 773.4811 [M+H]+

Calc. for C52H61N4O2 = 773.4794.

5-Acetyl-15-(1-hydroxyethyl)-10,20-bis-(3,5-di-t-butylphenyl)-porphinato zinc (2-Zn)
The above free base 2 (13 mg, 0.017 mmol) was metallated with zinc acetate (2. eq., 6.3
mg, 0.034 mmol) by stirring at room temperature in a mixture of chloroform (15 mL) and
methanol (3 mL) for 30 min. After washing with brine, sodium hydrogen carbonate and
again with brine, one obtains in quantitative yield (15 mg) a pink solid.  1H-NMR (CDCl3/
CD3OD, 9/1 v/v), δ =  9.86 (d, 3J = 4.8 Hz, 2H, 3,7-H ), 9.12 (d, 3J = 4.8 Hz, 2H, 13,17-H),
8.94 and 8.93 (two d, 3J = 4.8 Hz, 4H, 2,8,12,18-H), 7.98 (m, 4H, 2',6',2",6"-H), 7.76 (m,
2H, 4', 4"-H), 7.68 (m, 3J ~ 7 Hz, 1H, CH3CHOH), 3.55 (s, 3H, COCH3), 2.54 (d, 3J = 6.6
Hz, CH3CHOH), 1.50 (s, 36 H, C(CH3)3. MALDI-MS: 836.40. HR-FAB-MS : 834.3841
[M]+. Calc. for C52H58N4O2Zn = 834.3851.

3-Acetyl-15-hydroxymethyl-10,20-bis-(3,5-di-t-butylphenyl)-21,23H-porphine (3)
The corresponding 3-acetyl-15-formyl free base porphyrine 9 (100 mg, 0.13 mmol) was
dissolved in dichloromethane (30 mL) and methanol (10 mL) under argon after which
sodium borohydride (10 mg, 2 eq.) were added. The mixture was stirred at room
temperature in the dark for 8 min after which it was washed with brine. The organic layer
was dried on sodium sulfate and evaporated in vacuum. Purification by column
cromatography on silica gel eluted with dichloromethane gave the desired product (67.6
mg) as the second eluted fraction in 67.4 % yield. Rf = 0.27. 1H-NMR (CDCl3), δ = 11.32
(s, 1H, 5-H), 9.71 (d, 3J = 5.1 Hz, 1H, 13-H), 9.60 (d, 3J = 4.8 Hz, 1H, 17-H), 9.46 (d, 3J =
4.8 Hz, 1H, 7-H), 9.45 (s, 1H, 2-H), 9.17 (d, 3J = 5.1 Hz, 1H, 12-H), 9.05 (d, 3J = 4.8 Hz,
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1H, 8-H), 9.00 (sharp d, 3J = 4.8 Hz, 1H, 18-H), 8.13 and 8.08 (two d, 4J = 1.8 Hz, 4H, 2',6'-
and 2”,6”-H), 7.89 and 7.85 (two t, 4J = 1.8 Hz, 2H, 4'- and 4”-H), 7.01 (broad d, 3J = 5.7
Hz 2H, CH2OH),  3.16 (s, 3H, COCH3), 2.66 (broad t, 3J = 5.4 Hz, CH2OH), 1.60 (s, 18H,
C(CH3)3), 1.57 (s, 18H, C(CH3)3), -2.78 (s, 2H, NH). In some spectra the hydroxymethyl
group appeared as broad singlets at 7.01 and 2.66 ppm. MALDI-MS (1,8,9-anthracenetriol
matrix) m/z = 759.13 (100%) [M+H+]. HR-FAB-MS: 759.4630 [M+H]+. Calc. for
C51H59N4O2 = 759.4638.

3-Acetyl-15-hydroxymethyl-10,20-bis-(3,5-di-t-butylphenyl)-porphinato zinc (3-Zn)
Zinc metallation of the above free base 3 (10 mg) could be effected in over 85 % isolated
yield after the typical work-up described above. 1H-NMR (CDCl3/CD3OD, 95:5 v/v),
δ = 11.27, (s, 1H, 5-H), 9.64 (dd, 3J ~ 4 Hz, 1H), 9.52 (s, 1H, 2-H), 9.44 (d, 3J = 4.5 Hz,
1H), 9.14 (d, 3J = 4.5 Hz, 1H), 9.09 (d, 3J = 5.1 Hz, 1H), 9.05 (d, 3J = 4.8 Hz, 1H), 8.12 and
8.07 (two d, 4J = 1.8 Hz, 4H, 2',6'- and 2”,6”-H), 7.86 and 7.83 (two t, 4J = 1.8 Hz, 2H, 4'-
and 4”-H), 6.72 (s, 2H, CH2OH),  3.15 (s, 3H, COCH3), 1.58 (s, 18H, C(CH3)3), 1.55 (s,
18H, C(CH3)3). The spectrum changes with different CD3OD amounts. MALDI-MS (1,8,9-
anthracenetriol matrix): 820.02 (100%) [M]+.  HR-FAB-MS: 821.3759 [M+H]+. Calc. for
C51H57N4O2Zn  = 821.3773.

3-Acetyl-17-(1-hydroxyethyl)-10,20-bis-(3,5-di-t-butylphenyl)-21,23H-porphine (4)
Monoreduction of the corrseponding 3,17-diacetyl compound 13 (55 mg, 0.07 mmol) was
effected by dissolving it in 25 mL dichloromethane and 5 mL methanol and adding rapidly
sodium borohydride (5.4 mg, 0.14 mmol). After stirring for 90 min. at room temperature
the mixture was washed with brine, and the organic layer was dried on anhydrous sodium
sulfate and chromatographed on silica gel eluted with dichloromethane. Recovered starting
material (19 % yield) is eluted as the first fraction. The second band contains the
monoreduced product (28 mg) and a final band with lower Rf consists of a mixture of the
racemic and meso-dihydroxethyl porphyrin (8 mg). The latter could be separated on a
second column. Thus yields, over several runs, in the desired monoreduced compound were
40-51% depending on the reaction time and amount of over-reduction. Rf = 0.28. 1H-NMR
(CDCl3) δ =  11.40 (s, 1H, 5-H), 10.38 (s, 1H, 15-H), 9.51 (s, 1H, 2-H), 9.51 (d, 3J = 4.8
Hz, 1H, 7-H),  9.29 (d, 3J = 4.5 Hz, 1H, 13-H), 9.11 (d, 3J = 4.8 Hz, 1H, 8-H), 9.11, (s, 1H,
18-H), 9.11 (d, 3J = 4.5 Hz, 1H, 12-H), 8.14 (d, 4J = 1.8 Hz, 2H, 2',6',-H),  8.10 (d, 4J = 1.8
Hz, 2H, 2",6",-H), 7.88 (t, 4J = 1.8 Hz, 1H, 4'-H), 7.84 (t, 4J = 1.8 Hz, 1H, 4"-H), 6.74 (q, 3J
= 6.3 Hz, 1H, CH3CHOH), 3.17 (s, 3H, COCH3), 2.64 (broad s, 1H, CH3CHOH), 2.31 (d,
3J = 6.3 Hz, 3H, CH3CHOH), 1.61 and 1.57 (two s, 18 H each, C(CH3)3), -2.63 (broad s,
1H, NH), -2.89 (broad s, 1H, NH). MALDI-MS: 772.10. HR-FAB-MS: 773.4811 [M+H]+.
Calc. for C52H60N4O2 = 773.4794.
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3-Acetyl-17-(1-hydroxyethyl)-10,20-bis-(3,5-di-t-butylphenyl)-porphinato zinc (4-Zn)
Zinc metallation of 4 occured with over 90 % yield as described above. After purification
by column chromatography the eluent was washed several times with brine in order to
remove methanol traces and subsequently dried. Self-assembly is possible only in dry
solvents, in the absence of methanol. In such conditions NMR spectra give only broad
lines. Upon addition of CD3OD these give well resolved signals. Rf = 0.09. 1H-NMR
(CDCl3/CD3OD, 9/1 v/v), δ = 11.30 (s, 1H, 5-H), 10.30 (s, 1H, 15-H), 9.58 (s, 1H, 2-H),
9.47 (d, 3J = 4.5 Hz, 1H, 7- or 13-H),  9.37 (d, 3J = 4.5 Hz, 1H, 13- or 7-H), 9.12 and 9.11
(two overlapping d, 3J ~ 4.2 Hz, 2H, 12- and 8-H), 9.01 (s, 1H, 18-H), 8.15 and 8.11 (two t,
4J = 1.8 Hz, 2H, nonequivalent 2' or 6'-H and 2" or 6"-H),  8.09 (dd, 4J = 1.8 Hz, 2H,
nonequivalent 6' or 2'-H and 6" or 2",-H), 7.87 and 7.84 (two t, 4J = 1.8 Hz, 2H, 4'- and 4"-
H), 6.54 (q, 3J ~ 6 Hz, 1H, CH3CHOH), 3.16 (s, 3H, COCH3), 2.38 (broad s, 1H,
CH3CHOH), 2.24 (d, 3J = 6.3 Hz, 3H, CH3CHOH), 1.60, 1.59, 1.57 and 1.57 (four s, 9 H
each, nonequivalent C(CH3)3). HR-FAB-MS: 834.3871. Calc. for C52H58N4O2Zn =
834.3851.

3-Acetyl-13-(1-hydroxyethyl)-10,20-bis-(3,5-di-t-butylphenyl)-21,23H-porphine (5)
The corresponding diacetyl free base porphyrine 14 was monoreduced using sodium
borohydride as described above and in similar yields. Rf = 0.28. 1H-NMR (CDCl3) δ =
11.40 (s, 1H, 5-H), 10.44 (s, 1H, 15-H), 9.51 (s, 1H, 2-H), 9.51 (d, 3J = 4.5 Hz, 1H, 7-H),
9.41 (d, 3J = 4.8 Hz, 1H, 17-H), 9.17 (d, 3J = 4.8 Hz, 1H, 8-H), 9.10 (d, 3J = 4.8 Hz, 1H, 18-
H), 8.88, (s, 1H, 12-H), 8.14 (d, 4J = 1.8 Hz, 2H, 2',6',-H),  8.08 (m, 2H, nonequivalent
2",6",-H), 7.88 (t, 4J = 1.8 Hz, 1H, 4'-H), 7.84 (t, 4J = 1.8 Hz, 1H, 4"-H), 6.61 (q, 3J ~ 6 Hz,
1H, CH3CHOH), 3.16 (s, 3H, COCH3), 2.54 (broad s, 1H, CH3CHOH), 2.25 (d, 3J = 6.3
Hz, 3H, CH3CHOH), 1.60, 159, 1.57 and 1.57 (four s, 9 H each, C(CH3)3), -2.78 (broad s,
1H, NH). MALDI-MS (1,8,9-anthracene triol matrix): 772.88. HR-FAB-MS: 773.4800
[M+H]+. Calc. for C52H61N4O2 = 772.4794.

3-Acetyl-13-(1-hydroxyethyl)-10,20-bis-(3,5-di-t-butylphenyl)-porphinato zinc (5-Zn)
The free base porphyrine 5 was metallated using zinc acetate as described above in over 80
% isolated yield. After column chromatography, the eluent was washed several times with
brine to remove traces of methanol, evaporated in vacuum and was then thoroughly dried
overnight (10-3 Torr) in order to perform self-assembly experiments. Rf = 0.09. 1H-NMR
(CDCl3/CD3OD, 9/1 v/v) δ =  11.35 (s, 1H, 5-H), 10.37 (s, 1H, 15-H), 9.59 (s, 1H, 2-H),
9.47 (d, 3J = 4.5 Hz, 1H, 7-H)   9.38 (d, 3J = 4.5 Hz, 1H, 17-H),  9.17 (d, 3J = 4.5 Hz, 1H, 8-
H), 9.10 (d, 3J = 4.5 Hz, 1H, 18-H), 8.90, (s, 1H, 12-H), 8.14 (d, 4J ~ 1.5 Hz, 2H, 2',6',-H),
8.05 (m, 2H, nonequivalent 2",6",-H), 7.87 (t, 4J = 1.8 Hz, 1H, 4'-H), 7.84 (t, 4J = 1.8 Hz,
1H, 4"-H), 6.63 (m, 3J ~ 6.3 Hz, 1H, CH3CHOH), 3.18 (s, 3H, COCH3), ~2.5 (broad d,
CH3CHOH), 2.23 (d, 3J = 6.6 Hz, 3H, CH3CHOH), 1.60, 1.57 and 1.53 (three s, 9, 9 and
18H respectively, nonequivalent C(CH3)3. HR-FAB-MS: 834.3842. Calc. for
C52H58N4O2Zn = 834.3851.



18

 [29] K. M. Smith, G. M. F. Bisset, H. D. Tabba, J. Chem. Soc. Perkin Trans. I, 1982, 581-
585.

 [30] a) Adapted from the method developed by Therien and coworkers for the dibromination
of 5,15-diphenylporphyrin: S. DiMagno, V. S.-Y. Lin, M. J. Therien, J. Org. Chem.
1993, 58, 5983. b) T. S. Balaban, R. Goddard, M. Linke-Schaetzel, J.-M. Lehn, J. Am.
Chem. Soc. 2003, 125, 4233-4239.
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