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I - General remarks

'H and °C solution NMR spectra were recorded on Bruker Avance 300 (300.13 and
75.47 MHz, respectively) and 500 (500.13 and 125.76 MHz, respectively)
spectrometers. CDCI; was used as solvent and tetramethylsilane (TMS) as internal
reference; the chemical shifts are expressed in & (ppm) and the coupling constants (J) in
Hertz (Hz).

Unequivocal 'H assignments were made using 2D COSY ('H/'H), while "°C
assignments were made on the basis of 2D HSQC (‘H/"’C) and HMBC (delay for long-
range J C/H couplings were optimized for 7 Hz) experiments. Mass spectra were
recorded using MALDI TOF/TOF 4800 Analyzer, Applied Biosystems MDS Sciex,
with CHCI; as solvent and without matrix. Mass spectra HRMS were recorded on
APEXQe FT-ICR (Bruker Daltonics, Billerica, MA) mass spectrometer using CHClj; as
solvent; in m/z (rel. %). The UV-Vis spectra were recorded on an UV-2501 PC
Shimatzu spectrophotometer using CHCIl; as solvent. Preparative thin-layer
chromatography was carried out on 20x20 cm glass plates coated with silica gel (0.5
mm thick). Column chromatography was carried out using silica gel (Merck, 35-70
mesh). Analytical TLC was carried out on precoated sheets with silica gel (Merck 60,
0.2 mm thick).

All the chemicals were used as supplied. Solvents were purified or dried according to
the literature procedures.' The 2-formyl-5,10,15,20-tetraphenylporphyrin 1 was
prepared from 5,10,15,20-tetraphenylporphyrinate copper(Il), N,N’-dimethylformamide
(DMF) and phosphorus oxychloride (POCl3), according to literature procedure.’
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II — Probable mechanism of benzoporphyrin derivatives formation
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IIT - Experimental procedures and characterisations

1 - General procedure using ammonium acetate as base.
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To a solution of the appropriate aryl methyl ketone (3.0 equiv.) in dry toluene (1 mL)
was added ammonium acetate (4.0 equiv.) and the mixture was stirred for 30 min. at
room temperature. After this time 2-formyl-5,10,15,20-tetraphenylporphyrin 1 and
La(OTf); (20 mol%) were added to the mixture and it was heated at reflux for 24 h.
After cooling, the reaction mixture was washed with water and extracted with
chloroform. The organic phase was dried (Na;SO4) and the solvent was evaporated
under reduced pressure. The crude mixture was submitted to column chromatography
(silica gel) using toluene/light petroleum (1:1) and toluene as eluent. The fractions

obtained were full characterized by NMR, mass and UV-Vis techniques.

2 - Experimental procedure for the preparation of compound 3d from 5.

NH,OAc

Toluene, A
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A solution of compound 5 (4.0 mg, 4.2 pumol) and NH4OAc (1.0 mg, 12.6 umol, 3.0
equiv) in dry toluene (1 mL) was stirred at refluxing temperature for 24 hours. After this
time no starting material 5 was detected by TLC. After cooling, the reaction mixture
was washed with water and extracted with chloroform. The organic phase was dried
(Na;SOy4) and evaporated under reduced pressure. The mixture was submitted to column
chromatography (silica gel) using toluene/ light petroleum (1:1) and toluene as the
eluents. Two fractions were isolated: one corresponding to porphyrin-pyridine
derivative 3d (3.2 mg, 82% yield) and the other corresponding to unchanged compound
5 (8% recovered).

Compound 2a

'H NMR (300 MHz, CDCls): & 8.93 (1H, d, J= 5.1 Hz, H-
B), 8.91 (1H, d, J = 5.1 Hz, H-B), 8.85 (1H, d, J = 4.8 Hz,
H-B), 8.83 (1H, d, /= 4.8 Hz, H-B), 8.72 (2H, AB, J= 4.8
Hz, H-B), 8.24-8.20 (8H, m, H-0-Ph), 7.92-7.73 (16H, m,
H-m,p-Ph, H-1", H-3", H-2"",6"", H-3"",5"" and H-4""), 7.42-7.40 (3H, m, H-m,p-Ph),
7.26 (1H, d, H-4", J = 8.5 Hz), -2.65 (2H, s, N-H) ppm. °C NMR (125 MHz, CDCl;): &
154.3 (C-0), 143.1, 142.3, 142.0, 141.9, 139.1 (C-a), 138.6 (C-ar), 138.0 (C-01), 134.5
(C-0-Ph), 134.1 (C-B), 133.9, 133.8, 133.6, 133.4, 132.6, 132.3 (C-4"), 129.0, 128.9,
128.6, 128.3, 128.2, 127.9, 127.80, 127.75, 127.6, 127.4, 127.05, 126.98, 126.8, 126.7
(C-o,m-Ph, C-1", C-2"°6"", C-3"",5"" and C-4""), 125.3, 121.1 (C-meso), 121.0 (C-
meso), 117.8 (C-meso), 117.5 (C-meso), 116.7 (C-3") ppm. UV-Vis (CHCl3) Amax (log €)
427.0 (5.27), 519.0 (3.99), 593.5 (3.53) nm. MS (MALDI): 741.3 [M+H]". HRMS-ESI
m/z Cs4H37N4 for [MJrH]+ calcd 741.3019, found 741.3003.

Compound 2b

'"H NMR (300 MHz, CDCl;): 8.91 (1H, d, J = 5.0 Hz, H-
B), 8.89 (1H, d, J = 5.0 Hz, H-B), 8.83 (1H, d, J = 5.0 Hz,
H-B), 8.81 (1H, d, J = 5.0 Hz, H-B), 8.72 (2H, AB, J = 5.1
Hz, H-B), 8.24-8.19 (8H, m, H-0-Ph), 8.09 (1H, d, J = 8.2
Hz, H-3"), 7.91-7.73 (12H, m, H-m,p-Ph and H-1") 7.72 (1H, AB, J = 8.2 Hz, H-
27,6"),7.30 (1H, d, J = 8.2 Hz, H-4"), 7.21 (2H, AB, J= 8.2 Hz, H-3"",5""), 2.42 (3H,
s, CHs), -2.66 (2H, s, N-H) ppm. >C NMR (75 MHz, CDCl3): & 157.3, 154.4 (C-a),
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149.8 (C-27), 143.2, 142.3, 142.0, 141.9, 138.9 (C-0), 138.8 (C-at), 137.9 (C-a) 137.0,
136.4, 134.5, 134.1, 133.9, 133.8 (C-B), 133.6, 133.2, 132.2, 129.8, 129.4, 129.3, 129.0,
128.5, 1282 (C-1), 127.9 (C-P), 127.8 (C-B), 127.7, 127.6 (C-B), 127.3 (C-p-Ph),
127.0, 126.9 (C-B), 126.8 (C-m-Ph), 126.7 (C-m-Ph), 121.1 (C-meso), 121.0 (C-meso),
117.8 (C-meso), 117.5 (C-meso), 116.4 (C-3"), 116.3 (C-3"",5""), 21.3 (CHs) ppm. UV-
Vis (CHCL) Amax (log €) 427.5 (5.28), 519.0 (4.35), 590.0 (3.88) nm. MS (MALDI):
755.2 [M+H]". HRMS-ESI m/z CssHsoNy for [M+H]" caled 755.3122, found 755.3104.

Compound 2¢

'H NMR (500 MHz, CDCly): 8.91 (1H, d, J = 5.1 Hz, H-
B), 8.91 (1H, d, J = 5.1 Hz, H-B), 8.82 (1H, d, J = 4.9 Hz,
H-B), 8.81 (1H, d, J = 4.9 Hz, H-B), 8.72 (2H, AB, J =
' 5.1Hz, H-B), 8.25- 8.19 (8H, m, H-o0-Ph), 7.91-7.71 (16H,
m, H-m,p-Ph, H-1", H-3" and H-2"",6""), 7.20 (1H, d, J = 8.6 Hz, H-4"), 6.93 (2H, d, J =
8.9 Hz, H-3"",5""), 3.91 (3H, s, OCH3), -2.65 (2H, s, N-H) ppm. °C NMR (75 MHz,
CDCl3): 8 160.5, 154.1 (C-a), 152.3 (C-2"), 143.2, 142.3, 142.0, 141.9, 134.5 (C-0-Ph),
134.1 (C-B), 133.9, 133.8, 133.6, 132.8, 132.3, 131.9 (C-4"), 128.8 (C-1"), 128.5 (C-B),
1282 (C-B), 128.2 (C-2"",6"") 127.9 (C-m-Ph), 127.8(C-B), 127.7 (C-p-Ph), 127.5,
126.9 (C-m-Ph), 126.8 (C-m-Ph), 126.7 (C-m-Ph), 121.1 (C-meso), 121.0 (C-meso),
117.7 (C-meso), 117.4 (C-meso), 116.0 (C-3"), 113.6 (C-3",5""), 55.4 (OCH3) ppm. UV-
Vis (CHCl3) Amax (log €) 427.0 (5.46), 519.0 (4.32), 593.5 (3.85) nm. MS (MALDI):
770.2 [M]". HRMS-ESI m/z CssH3sN40 for [M] " caled 770.2901, found 770.2901.

Compound 2d

'H NMR (300 MHz, CDCl;): & 8.94 (1H, d, J= 5.1 Hz,
H-B), 8.92 (1H, d, J= 5.1 Hz, H-B), 8.85 (1H, d, H-B, J
= 5.0 Hz), 8.82 (1H, d, H-B, J = 5.0 Hz), 8.73 (2H, AB,
J = 4.6 Hz, H-B), 8.26-8.19 (10H, m, H-o-Ph and H-
37,5, 7.96-7.73 (16H, m, H-m,p-Ph, H-2"",6"", H-1" and H-3"), 7.29 (1H, d, J = 8.5
Hz, H-4"), -2.67 (2H, s, N-H) ppm. >C NMR (75 MHz, CDCls): & 159.9, 154.9 (C-0),
151.4 (C-2%), 1479 (C-4"), 147.6 (C-a), 146.1 (C-a), 145.2 (C-17"), 143.1, 142.1,
141.8, 141.7, 140.2 (C-a), 138.8 (C-a), 138.1 (C-a), 134.5 (C-0-Ph), 134.2 (C-B), 134.1,
133.5, 132.6 (C-4"), 128.7 (C-1"), 128.4 (C-B), 128.2 (C-P), 128.1 (C-3"",5""), 128.0 (C-
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m-Ph), 127.9 (C-m-Ph), 127.8 (C-B), 127.2 (C-p-Ph), 127.0, 126.80 (C-m-Ph), 126.77
(C-m-Ph), 123.6 (C-2",6""), 121.34 (C-meso), 121.30 (C-meso), 117.8 (C-meso), 117.7
(C-meso), 117.4 (C-3") ppm. UV-Vis (CHCls) Amayx (log €) 430.0 (5.24), 521.0 (4.22),
595.0 (3.76) nm. MS (MALDI): 786.2 [M+H]". HRMS-ESI m/ for Cs;HsNsO;
[M+H]" calcd 786.2816, found 786.2799.

Compound 2e

'H NMR (500 MHz, CDCl;): & 8.92 (1H, d, J = 5.0 Hz, H-
B), 8.90 (1H, d, J = 5.0 Hz, H-B), 8.87 (1H, d, J= 4.9 Hz,
H-PB), 8.82 (1H, d, J = 4.9 Hz, H-B), 8.73 (2H, AB, J = 4.9,
H-PB), 8.65-8.64 (1H, ddd, J = 1.6 and 4.7 Hz, H-6""), 8.48
(1H, d, J = 8.4 Hz, H-3""), 8.26-8.20 (8H, m, H-0-Ph), 7.91-7.72 (15H, m, H-m,p-Ph, H-
1’, H-3" and H-4""), 7.29-7.26 (2H, m, H-4" and H-5""), -2.65 (2H, s, N-H) ppm. “C
NMR (125 MHz, CDCls): & 159.5, 156.7, 153.7, 148.8, 143.3, 142.1, 141.98, 141.87,
140.2, 138.9, 137.9, 136.3, 134.8, 134.5, 134.2, 133.9, 133.6, 132.6, 129.0, 128.6,
128.22, 128.17, 127.9, 127.85-127.71 (C-B), 127.80, 127.75, 126.94, 126.92, 126.8,
126.7, 125.3, 123.5, 122.2, 121.2, 117.84, 117.75, 117.6 ppm. UV-Vis (CHCl3) Amax
(log €) 427.5 (5.51), 519.5 (4.30), 594.0 (3.83) nm. MS (MALDI): 742.2 [M+H]".
HRMS-ESI m/z Cs3sH3¢Ns for [M+H]" calcd 742.2918, found 742.2906.

Compound 3a

'H NMR (300 MHz, CDCl3): § 8.87-8.79 (7H, m, H-B),
8.26-8.20 (6H, m, H-0-Ph), 8.13-8.09 (4H, m, H-2"",6""),
8.00-7.97 (2H, m, H-o-Ph), 7.77-7.71 (9H, m, H-m,p-
Ph), 7.63 (2H, s, H-3"), 7.52-7.42 (6H, m, H-3"",5"" and
H-4""), 7.14-7.11 (3H, m, H-m,p-Ph), -2.61 (2H, s, N-H)
ppm. C NMR (75 MHz, CDCls): 8 155.6, 148.6, 142.2,
142.1, 141.8, 140.3, 139.6, 135.6, 134.6, 134.5, 132.3-130.2 (C-p), 128.7, 128.6, 128.0,
127.9, 127.8, 127.1, 126.8, 126.7, 126.1, 121.0, 120.6, 120.5, 120.2 ppm. UV-Vis
(CHCl3) Amax (log €) 422.5 (5.33), 518.5 (4.01), 554.0 (3.59), 593.5 (3.50), 650.0 (3.33)
nm. MS (MALDI): 843.3 [M]". HRMS-ESI m/z C¢;H4:Ns for [M+H]" calcd 844.3435,
found 844.3411.
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Compound 3b

'H NMR (300 MHz, CDCl5): § 8.87-8.79 (7H, m, H-B),
8.25-8.20 (6H, m, H- H-0-Ph), 8.01 (4H, AB, J = 8.2 Hz,
H-2",6"") 9.99-7.96 (2H, m, H-o-Ph), 7.78-7.71 (9H, m,
H-m,p-Ph), 7.57 (2H, s, H-3"), 7.29 (4H, AB, J= 8.2 Hz,
H-3",5""), 7.14-7.12 (3H, m, H-m,p-Ph), 2.42 (6H, s,
CHs), -2.64 (2H, s, N-H) ppm. “C NMR (75 MHz,
CDCl3): & 155.5, 148.3, 142.2, 142.1, 141.8, 140.2, 138. 6, 137.0, 135.5, 134.6, 134.5,
132.2-130.2 (C-B), 129.3, 129.0, 128.2, 128.0, 127.85, 127.77, 127.0, 126.8, 126.7,
126.1, 121.0, 120.5, 120.2, 120.0, 21.3 (CH3) ppm. UV-Vis (CHCl3) Amax (log €) 426.0
(4.99), 518.0 (4.29), 554.0 (3.86), 593.5 (3.76), 649.5 (3.58) nm. MS (MALDI): 872.3
[M+H]+. HRMS-ESI m/z Ce3HasN5s for [M+H]+ calcd 872.3748, found 872.3736.

Compound 3¢

'H NMR (300 MHz, CDCl3): & 8.89-8.79 (7H, m, H-
B), 8.26-8.21 (6H, m, H-0-Ph), 8.06 (4H, AB, J = 8.9
Hz, H-2"',6"), 7.99-7.96 (2H, m, H-o-Ph), 7.78-7.70
(9H, m, H-m,p-Ph), 7.51 (2H, s, H-3"), 7.16-7.12 (3H,
m, H-m-Ph), 7.02 (4H, AB, J=8.9 Hz, H-3"",5""), 3.88
(6H, s, OCH3), -2.63 (2H, s, N-H) ppm. °C NMR (75
MHz, CDCls): & 160.2, 155.1, 148.2, 142.2, 142.1, 141.8, 140.3, 135.5, 134.6, 134.5,
132.5, 132.1-130.2 (C-p), 129.0, 128.3, 128.2, 128.0, 127.85, 127.78, 126.8, 126.7,
126.6, 126.1, 121.0, 120.5, 120.2, 119.3, 113.9, 55.4 (OCH3). UV-Vis (CHCl3) Amax (log
g) 422.0 (5.38), 518.5 (4.15), 553.5 (3.75), 592.5 (3.64), 648.5 (3.45) nm. MS
(MALDI): 904.3 [M+H]". HRMS-ESI m/z Cg3HiNsO, for [M+H]" caled 904.3646,
found 904.3626.

Compound 3d

'H NMR (300 MHz, CDCl;): & 8.84-8.77 (7H, m, H-
B), 8.38 and 8.28 (8H, AB, J = 8.9 Hz, H-2"",6"" and
H-37",5""), 8.33-8.20 (6H, m, H-o-Ph), 8.00-7.97 (2H,
m, H-0-Ar), 7.80-7.73 (11H, m, H-3" and H-m,p-Ph),
7.11-7.09 (3H, m, H-m-Ph), -2.64 (2H, s, N-H) ppm.
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BC NMR (75 MHz, CDCls) & 153.5, 148.2, 144.9, 142.1, 141.60, 140.58, 135.7, 134.6,
134.5, 132.4-130.2 (C-B), 129.3, 129.0, 128.2, 128.05, 127.98, 127.9, 127.8, 126.9,
126.8, 126.1, 124.0, 123.9, 122.8, 122.4, 120.8, 120.5, 120.38, 120.35. UV-Vis (CHCls)
Amax (log €) 423.0 (5.32), 519.0 (4.05), 554.0 (3.61), 594.0 (3.52), 650.0 (3.40) nm. MS
(MALDI): 934.3 [M+H]". HRMS-ESI m/z CH4N;04 for [M+H]" calcd 934.3136,
found 934.3114.

Compound 3e

'H NMR (500 MHz, CDCls): & 8.89 (1H, s, H-3), 8.87-
8.82 (4H, m, H-B), 8.77 and 8.76 (2H, AB, J = 4.9 Hz,
H-P), 8.67-8.63 (4H, m, H-o-Ph and H-6""), 8.38 (2H, s,
H-3"), 8.25-8.21 (6H, m, H-0-Ph), 7.97 (2H, d, J = 7.8
Hz, H-3""), 7.90 (2H, dt, J = 1.5 and 7.8 Hz, H-4"),
7.79-7.71 (9H, m, H-m,p-Ph), 7.35-7.33 (2H, ddd, J = 1.2, 4.7 and 7.8 Hz, H-5""), 7.01-
6.98 (3H, m, H-m-Ph), -2.63 (2H, s, N-H) ppm. °C NMR (125 MHz, CDCls) & 156.4,
154.1, 149.1, 142.2, 141.9, 140.5, 136.7, 135.8, 134.6, 134.5, 131.6-129.2 (C-B), 127.8,
127.7, 127.6, 126.8, 126.70, 126.66, 125.95, 123.5, 122.7, 121.3, 121.0, 120.34, 120.28,
120.1 ppm. UV-Vis (CHCls) Amax (log €) 422.5 (5.43), 519.0 (4.21), 554.5 (3.76), 594.5
(3.68), 650.5 (3.47) nm. MS (MALDI): 846.3 [M+H]". HRMS-ESI m/z CsoHsoN; for
[M+H]" calcd 846.3340, found 846.3323.

Compound 4c

'H NMR (300 MHz, CDCls): § 9.05 (1H, s, H-3), 8.85-
8.76 (6H, m, H-P), 8.25-8.18 (6H, m, H-0-Ph), 8.10-
8.07 (2H, m, H-0-Ph), 7.96 (2H, AB, J = 8.9 Hz, H-
27,6), 7.81-7.65 (12H, m, H-m,p-Ph), 7.55 and 7.47
(2H, AB, J = 15.3 Hz, H-1"and H-2"), 7.00 (2H, AB, J= 8.9 Hz, H-3""5""), 3.92 (3H, s,
OCHs), -2.59 (2H, s, N-H) ppm. >C NMR (75 MHz, CDCl;): § 189.5 (C=0), 163.1,
1422, 142.0, 141.7, 141.3, 140.2, 134.6, 134.5, 134.1, 131.6, 131.2, 130.9, 130.2,
129.0, 128.7, 128.2, 128.7, 127.8, 127.1, 126.80, 126.76, 126.7, 124.3, 120.5, 120.4,
120.1, 113.7 (C-3",5""), 55.5 (OCH3) ppm. UV-Vis (CHCL3) Amax (log €) 433.5 (5.20),
524.5 (4.20), 567.5 (3.83), 601.5 (3.74), 659.0 (3.45) nm. MS (MALDI): 775.3 [M+H]".
HRMS-ESI m/z for Cs4H3sN40, [M] " caled 774.2995, found 774.2988.
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Compound 4d

'H NMR (300 MHz, CDCL): § 9.10 (1H, s, H-3),
8.85 (2H, AB, J = 5.1 Hz, H-B), 8.81-8.79 (3H, m, H-
e B), 8.73 (1H, AB, J = 4.8 Hz, H-B), 8.34 (2H, d, J =
Ph 8.8 Hz, H-3"",5""), 8.25-8.17 (6H, m, H-o-Ph), 8.08-
8.05 (2H, m, H-0-Ph), 7.96 (2H, AB, J = 8.8 Hz, H-2"",6""), 7.82-7.74 (9H, m, H-m,p-
Ph), 7.57-7.55 (3H, m, H-m-Ph), 7.45 (2H, AB, J = 15.6 Hz, H-1"and H-2"), -2.57 (2H,
s, N-H) ppm. °C NMR (75 MHz, CDCls): & 190.7 (C=0), 150.3, 149.6, 143.4, 143.3,
142.0, 141.8, 141.6, 141.5, 134.54, 134.52, 134.2, 133.1-130.0 (C-B), 129.6, 129.0,
128.6, 128.55, 128.50, 128.3, 128.2, 128.1, 127.9, 127.0, 126.84, 126.80, 126.7, 124.1,
123.6, 120.8, 120.5, 120.4, 120.1 ppm. UV-Vis (CHCl3) Amax (log €) 434.0 (5.05), 526.5
(4.08), 570.5 (3.62), 603.0 (3.60), 663.5 (3.30) nm. MS (MALDI): 790.2 [M+H]".
HRMS-ESI m/z for Cs3H3¢NsO3 [M+H]" caled 790.2813, found 790.2798.

NO,

Compound 4e

1H NMR (300 MHz, CDCl3): § 9.18 (1H, s, H-3), 8.84-
8.79 (6H, m, H-B), 8.75 (1H, d, J = 4.7 Hz, H-6""), 8.25-
8.13 (8H, m, H-0-Ph and H-3""), 7.89 (1H, dt, J = 1.6
and 7.8 Hz, H-4""), 7.79-7.69 (14H, m, H-m,p-Ph, H-1"
and H-2"), 7.49 (1H, ddd, J = 1.3, 4.7 and 7.8 H-5""), -2.56 (2H, s, N-H) ppm. “C
NMR (75 MHz, CDCls): § 189.4 (C=0), 154.6, 148.7, 142.1, 142.0, 141.7, 141.5,
141.3, 137.0, 134.6, 134.5, 134.3, 131.9-30.5 (C-B), 129.0, 128.7, 128.5, 127.9, 127.8,
127.2, 126.8, 126.7, 126.6, 123.1, 122.4, 120.7, 120.4, 120.3, 120.2 ppm. UV-Vis
(CHCl3) Amax (log €) 437.5 (5.05), 525.5 (4.15), 572.0 (3.83), 602.5 (3.74), 662.0 (3.44)
nm. MS (MALDI): 746.2 [M+H]". HRMS-ESI m/z for Cs;H3NsO [M+H]" calcd
746.2914, found 746.2906.

Compound 5

'H NMR (300 MHz, CDCl3):  8.84-8.81 (3H, m, H-p),
8.75-8.8.69 (3H, m, H-P), 8.46 (1H, d, J = 4.9 Hz, H-
B), 8.22-8.09 (6H, m, H-0-Ph), 8.11 (4H, AB, J = 8.9
Hz, H-3"",5""), 7.96-7.93 (2H, m, H-o0-Ph), 7.90 (4H,
AB, J=8.9 Hz, H-2",6""), 7.78-7.65 (10H, m, H-m,p-

S10



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

Ph), 7.42 2H, t, J = 7.7 Hz, H-m-Ph), 4.48-4.38 (1H, m, H-3"), 3.63 (4H, dq, J = 6.8
and 17.1 Hz, H-2"), -2.80 (2H, s, N-H) ppm. “C NMR (75 MHz, CDCl3) & 196.9
(C=0), 150.1, 142.4, 142.0, 141.5, 141.1, 134.6, 134.5, 133.3, 131.8-130.5 (C-B), 129.0,
128.4, 128.2, 127.8, 127.0, 126.8, 126.65, 126.59, 125.3, 123.7, 120.6, 120.4, 119.3,
119.2, 46.1 (C-3"), 30.9 (C-2") ppm. UV-Vis (CHCl3) Amax (log €) 421.0 (5.39), 517.5
(4.28), 551.5 (3.87), 591.5 (3.75), 647.5 (3.46) nm. MS (MALDI): 955.3 [M+H]".
HRMS-ESI m/z C1H43NOg for [M+H]" caled 955.3239, found 955.3224.

IV - 1H and 13C NMR spectra

» Compounds 2a-f:
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Figure S1 — "H NMR spectrum of compound 2a.
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Figure S11 - HMBC spectrum of compound 2d.
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» Compounds 3a-e
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» Compound 5
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Figure S36 - HMBC NMR spectrum of compound 5.
V - Single-Crystal X-ray Diffraction Studies

Single-crystals of compounds 3b and 3e were manually harvested from the crystallization
vials and mounted on either Hampton Research CryoLoops (using FOMBLIN Y
perfluoropolyether vacuum oil (LVAC 140/13) purchased from Sigma-Aldrich),’ with the help
of a Stemi 2000 stereomicroscope equipped with Carl Zeiss lenses, or on glass fibres. Data were
collected at 150(2) K on a Bruker X8 Kappa APEX II charge-coupled device (CCD) area-
detector diffractometer (Mo K, graphite-monochromated radiation, A =0.71073 A) controlled
by the APEX2 software package,' and equipped with an Oxford Cryosystems Series 700
cryostream monitored remotely using the software interface Cryopad.’ Images were processed
using the software package SAINT+,° and data were corrected for absorption by the multi-scan

semi-empirical method implemented in SADABS.’

The crystal structures were solved by employing the direct methods algorithm
implemented in the software package SHELXS-97.% ° This approach allowed the immediate
location of the majority of the non-hydrogen atoms composing the molecular units of 3b and 3e.
All remaining non-hydrogen atoms were directly located from difference Fourier maps
calculated from successive full-matrix least squares refinement cycles on F~ using SHELXL-
97. " In general, non-hydrogen atoms have been successfully refined using anisotropic

displacement parameters (the exceptions for 3e are detailed below).
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In compound 3e, the two peripheral pyridine aromatic rings belonging to the terpyridine
substituent were found to be severely affected by a combination of thermal and positional
disorder. The molecular unit of this compound was ultimately modelled by assuming that the
central pyridine ring is common to the various possible structural conformations and by fixing
two distinct locations for each peripheral pyridine ring with a rate of occupancy of 0.50 each
(please note: this value was approximately derived from unrestrained refinement for the
respective site occupancies). Due to the considerable smeared-out electron density associated
with this moiety, the geometry of these peripheral aromatic rings had to be significantly
restrained to provide an overall stable refinement, by employing the AFIX 66 instruction to
standardise the bond lengths of the aromatic rings. In addition, for each pyridine ring, all atoms
were refined while assuming a common (and refineable) isotropic displacement parameter (one
for each pyridine ring). The location of the nitrogen atoms belonging to the peripheral pyridine
aromatic rings was unequivocally derived from geometrical reasons concerned with the various
possible supramolecular contacts which may indeed exist in the crystal structure which involve
these moieties. In fact, we believe that the considerable structural disorder observed for this
molecule arises exactly from the similar orientation of all nitrogen atoms towards to inner space
of the terpyridine moiety, creating a considerable steric hindrance associated with the non-
bonding electron pairs of these atoms and, consequently, promoting the rotation of the aromatic

rings so to minimize repulsion.

Besides the molecular units of 3e, the actual crystal structure contains several inner voids
(total volume of about 299 A’ as estimated by PLATON),'" ' distributed among four cavities
with the largest being centred at (0 0 0) and (0 0.5 0), which most likely contain highly
disordered solvent molecules. From difference Fourier maps it was possible to discern the
presence of a considerable smeared-out electron density in these locations. Nevertheless, a
number of attempts to locate and model solvent molecules proved to be unproductive. The
original data set was treated using the SQUEEZE" subroutines implemented in PLATON'" % in
order to remove the contribution of these highly disordered molecules. It was estimated that the
aforementioned cavities would contain a total of ca. 82 electrons. The calculated solvent-free
reflection list was used for subsequent structural refinements which converged to the solvent-
free structure reported in this manuscript and having the reliability factors summarised in the

main manuscript.

Despite the location of most of the hydrogen atoms bound to carbon and nitrogen could be
discerned from difference Fourier maps at the later stages of the refinement procedure, these
were instead placed at idealised positions using the HFIX 43 or 137 instructions in SHELXL

(for the aromatic and terminal —CH; moieties, respectively), and included in subsequent
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refinement cycles in riding-motion approximation with Ui, fixed at 1.2 or 1.5xU,, of the carbon

atom to which they are attached, respectively.

The last difference Fourier map synthesis showed: for 3b, the highest peak (0.255 eA™)
and deepest hole (-0.300 eA™) located at 0.88 A and 1.07 A from N3 and C62, respectively; for
3e (using the SQUEEZE data), the highest peak (0.793 eA™) and deepest hole (-0.377 eA™)
located at 0.92 A and 0.43 A from H60> and N61, respectively.

Crystallographic data (including structure factors) for the structures reported in this paper
have been deposited with the Cambridge Crystallographic Data Centre as supplementary
publication nos. CCDC-859837 (for 3b) and -859838 (for 3e). Copies of the data can be
obtained free of charge on application to CCDC, 12 Union Road, Cambridge CB2 2EZ, U .K.
FAX: (+44) 1223 336033. E-mail: deposit@ccdc.cam.ac.uk.
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Crystallographic Tables

Compound 3b

Table S1. Supramolecular contacts present in compound 3b. Distances are
given in A and interaction angles in degrees.”’

D-H-A d(D---A) <(DHA)
C38-H38:-Cg,' 3.338(4) 122
C40-H40--Cg,' 3.761(4) 150
C42-H42---Cgs' 3.562(4) 129
7i-t Contacts Inter-centroid distance
Cg4+CYs 3.693(2)

CgsCge" 3.978(2)

? Symmetry transformations used to generate equivalent atoms:
(i) 1-x, 1-y, 2-z; (ii) 1-x, 2-y, 1-z; (iii) 1-x, 1-y, 1-z.

® Centres of gravity (Cg) (see Figure S1):
Cg,=N2,C6, C7,C8 and C9;

Cg, =C27,C28, C29, C30, C31 and C32;
Cg; = C57, C58, C59, C60, C61 and C62;
Cg, = N5, C45, C46, C47, C49 and C50;

Cgs = C39, C40, C41, C42, C43 and C44;

Cge = C51, C52, C53, €54, C55 and C56.
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Compound 3e

Table S2. Supramolecular contacts present in compound 3e. Distances are
given in A and interaction angles in degrees.””

D-H-A d(D---A) <(DHA)
C29-H29---Cg,' 3.713(7) 143
C31-H31--Cg," 3.465(7) 132
C37-H37--Cg5" 3.865(8) 157
C43-H43---Cg," 3.716(7) 138
-t Contacts Inter-centroid distance
Cgs-+-Cgs 3.521(3)

% Symmetry transformations used to generate equivalent atoms:
(i) 2-x, 1-y, 1-z; (ii) 3-x, 1-y, 1-z; (iii) 3-x, 2-y, 1-z; (iv) 2-x, 2-y, 1-z.

® Centres of gravity (Cg) (see Figure S4):

Cg:1=N1,C1,C2,C3 and C4;

Cg, = N4, C16, C17, C18 and C19;

Cg; = C39, C40, C41, C42, C43 and C44;
Cg,=N3, C11, C12, C13 and C14;

Cgs = N5, C45, C46, C47, C48 and C49;

Cge = C21, C22, C23, C24, C25 and C26.
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Additional Structural Drawings

Compound 3b

Figure S41. Schematic representation of the molecular unit composing the asymmetric unit
of compound 3b. Non-hydrogen atoms are represented as thermal ellipsoids drawn at the
50% probability level and hydrogen atoms as small spheres with arbitrary radius. The
atomic labelling is provided for all non-hydrogen atoms.
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?:]%?g?tﬁi’g‘:rz 3:: z_eap;rsa;?d by ¢ }\ Centrosymmetric dimer with

: average inter-plane distance
the unit cell of ca. 3.79 A

Inclined columnar arrangement of _— &
individual molecules of 3b parallel ! 0
to the a-axis of the unit cell

Figure S42. Arrangement of individual molecular units of 3b forming a supramolecular
column parallel to the a-axis of the unit cell. The closest inter-planar distance between
adjacent molecular units is of ca. 3.79 A, forming centrosymmetric pseudo-dimers which
are, in turn, separated by ca. 3.97 A along the same direction.
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Figure S43. Crystal packing of compound 3b viewed in perspective along the [100]
direction of the unit cell. For clarity, two of the supramolecular columnar arrangements of
molecular units of 3b (as shown in Figure S2) are depicted at the centre of the image in
different colour. Hydrogen atoms have been omitted for clarity.
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Compound 3e
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Figure S44. Schematic representation of the molecular unit composing the asymmetric unit
of compound 3e. Non-hydrogen atoms belonging to the non-disordered portions of the
molecule are represented as thermal ellipsoids drawn at the 50% probability level, while
those composing the two peripheral and disordered pyridine moieties are represented in
ball-and-stick. Hydrogen atoms are depicted as small spheres with arbitrary radius. The two
locations of each disordered pyridine moiety (belonging to the substituent terpyridine) are
represented with bonds having different colour (50% rate of occupancy for each location).
The atomic labeling is provided for all non-hydrogen atoms.
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Side View
The closest inter-planar distance
between adjacent molecules of 3e
along the direction of the column
is of ca. 4.33 A

Zigzag distribution
of molecules of 3e
forming a columnar
arrangement
parallel to the
a-axis

Figure S45. Close packing of adjacent molecular units of compound 3e leading to the
formation of a supramolecular column parallel to the a-axis of the unit cell. The distribution
of molecular units is mostly driven by the need to effectively fill the available space
because the closest inter-planar distance of ca. 4.33 A.

S38



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

Figure S46. (a) Crystal packing of compound 3e viewed in perspective along the [100]
direction of the unit cell. For clarity, three of the supramolecular columnar arrangements of
molecular units (as shown in Figure S5) are depicted at the center of the image in different
colour. The packing of adjacent columns promotes the formation of voids which account
for ca. 299 A® of the unit cell volume. (b) Side view of the three central supramolecular
columns, emphasising that the crystal packing is essentially mediated by the need to
effectively fill the available space. Hydrogen atoms have been omitted in this last
representation for clarity purposes.

S39



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

References

l.

10.

11.

12.

13.

Armarego, W. L. F.; Perrin, D. D. Purification of Laboratory Chemicals, 4th
Edt.; Butterworth-Heinemann: Oxford, 1996.

Moura, N. M. M.; Faustino, A. F.; Neves, M. G. M. P. S.; Costa, A. D
Cavaleiro, J. A. S. J. Porphyrins Phthalocyanines 2011, 15, 652-658.

T. Kottke and D. Stalke, J. Appl. Crystallogr., 1993, 26, 615-619.

APEX2, Data Collection Software Version 2.1-RCI13, Bruker AXS, Delft, The
Netherlands, 2006.

Cryopad, Remote monitoring and control, Version 1.451, Oxford Cryosystems,
Oxford, United Kingdom, 2006.

SAINT+, Data Integration Engine v. 7.23a ©, 1997-2005, Bruker AXS,
Madison, Wisconsin, USA.

G. M. Sheldrick, SADABS v.2.01, Bruker/Siemens Area Detector Absorption
Correction Program, 1998, Bruker AXS, Madison, Wisconsin, USA.

G. M. Sheldrick, SHELXS-97, Program for Crystal Structure Solution,
University of Gottingen, 1997.

G. M. Sheldrick, Acta Cryst. 4, 2008, 64, 112-122.

G. M. Sheldrick, SHELXL-97, Program for Crystal Structure Refinement,
University of Géttingen, 1997.

A. L. Spek, Acta Cryst. A, 1990, 46, C34.
A. L. Spek, J. Appl. Crystallogr., 2003, 36, 7-13.

P. van der Sluis and A. L. Spek, Acta Crys. A, 1990, 46, 194-201.

S40




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles false
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize false
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage false
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /FlateEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENG ()
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [595.276 779.528]
>> setpagedevice


