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EXPERIMENTAL SECTION

Melting points are uncorrected. NMR spectra were recorded using a 400 or 500 MHz NMR
spectrometer and were run at 300 K unless otherwise indicated. *H NMR values are reported as
chemical shifts 9, relative integral, multiplicity (s, singlet; d, doublet; t, triplet; q, quartet; p, pentet;
m, multiplet; br, broad peak) and coupling constant (J). Chemical shifts are reported in parts per
million (ppm) relative to CDCls (*H residual CHCI3 § 7.26, *3C CDCls triplet & 77.23) or ds-DMSO
(*H ds-DMSO pentet at § 2.49, 13C ds-DMSO septet at & 39.7) and coupling constants were taken
directly from the spectra. NMR assignments were made with the aid of *H-'H COSY, HSQC,
DEPT-135 and nOe difference proton NMR spectroscopy. 2D experiments were performed by
using standard software. High-resolution mass spectra (HRMS) were carried out by using a double

focusing magnetic sector instrument.

14-Oxa-15-carbabenzo[g]tripyrrin (8b). Dihydrofulvene 6 (1.704 g, 8.7 mmol) and freshly
distilled furan-2-carbaldehyde (0.86 g, 9.0 mmol) were taken up in a solution of potassium
hydroxide (0.388 g) in ethanol (18.6 mL). The resulting mixture was refluxed with stirring under
nitrogen for 10 min. Upon cooling, the resulting precipitate was collected by suction filtration,
washed with ethanol and dried in vacuo to give the tripyrrin analogue (1.860 g, 6.8 mmol, 78%)
as a light brown solid, mp 178-180 °C, dec. *H NMR (500 MHz, CDCls): & 3.88 (2H, t, J = 2.3
Hz, 16-CH>), 6.38-6.40 (1H, m, 13-H), 6.44 (1H, d, J = 3.3 Hz, 12-H), 6.49-6.51 (1H, m, 3-H),
6.52 (1H, dd, J = 1.8, 3.3 Hz, 2-H), 6.88 (2H, t, J = 2.3 Hz, 5,10-H), 6.90-6.92 (1H, m, 14-H),
7.22-7.28 (2H, m, 72,8%-H), 7.54 (1H, d, J = 1.7 Hz, 1-H), 7.57-7.61 (2H, m, 71,8'-H), 8.32 (1H,
br, NH). C NMR (125 MHz, CDCI3): & 37.3 (16-CH>), 107.4 (5- or 10-CH), 109.2 (12-CH),
109.4 (5- or 10-CH), 109.7 (3-CH), 110.8 (14-CH), 112.0 (2-CH), 118.9 (14-CH), 120.1 (7*- or
81-CH), 120.6 (7*- or 8!-CH), 127.9 (7- or 8%-CH), 128.6 (7% or 8*-CH), 131.3, 135.0, 138.1,
142.3, 142.6, 143.9, 154.2. HR-MS (EI) calcd for C19H1sNO 273.11537, found 273.11499.



14-Thia-15-carbabenzo[g]tripyrrin (8c). Dihydrofulvene 6 (0.927 g, 4.75mmol) and thiophene-
2-carbaldehyde (0.556 g, 4.96 mmol) were taken up in a solution of potassium hydroxide (0.198
g) in ethanol (10 mL). The resulting mixture was refluxed with stirring under nitrogen for 30 min.
Upon cooling, the resulting precipitate was collected by suction filtration, washed with ethanol (3
mL) and dried in vacuo to give the tripyrrin analogue (1.333 g, 4.61 mmol, 97%) as a light yellow-
brown solid, mp 189.5-190.5 °C. *H NMR (500 MHz, CDClz): § 3.81 (2H, t, J = 1.8 Hz, 16-CH>),
6.40-6.42 (1H, m, 13-H), 6.56 (1H, br s, 12-H), 6.89-6.92 (2H, m, 10,14-H), 7.12-7.14 (1H, m, 2-
H), 7.17-7.19 (1H, m, 3-H), 7.23-7.28 (2H, m, 72,8%-H), 7.30 (1H, br s, 5-H), 7.40 (1H, d, J = 4.9
Hz, (1-H), 7.58-7.60 (1H, m, 8%-H), 7.63-7.65 (1H, m, 7*-H), 8.32 (1H, br s, NH). 3C NMR (125
MHz, CDCI3): 6 37.6 (16-CH>), 109.5 (10-CH), 109.7 (12-CH), 110.9 (13-CH), 112.8 (5-CH),
118.9 (14-CH), 120.1 (81-CH), 120.6 (7*-CH), 125.7 (1-CH), 127.1 (3-CH), 127.6 (2-CH), 128.0
(72- or 82-CH), 128.6 (72- or 82-CH), 131.2, 134.7, 138.0, 142.4, 142.7, 143.9. HR-MS (EI) calcd
for C19H15NS 289.09252, found 289.09266.

12,13-Dimethyl-22-oxa-21-carbabenzo[b]porphyrin (15a). Oxacarbatripyrrin 8b (50.6 mg,
0.0185 mmol) and 3,4-dimethyl-2,5-pyrroledicarbaldehydeS (28.0 mg, 0.0185 mmol) were
dissolved in dichloromethane (19 mL). This solution was added dropwise over 15 min to TFA (1
mL) in dichloromethane (1 mL). The mixture was left to stir for an additional 30 min and washed

sequentially with water and saturated aqueous sodium bicarbonate. The solvent was dried over



sodium sulfate, filtered, and evaporated. The crude material was purified by a grade 3 alumina
column eluting with dichloromethane. A brown band was collected and the resulting material
recrystallized from chloroform-hexanes to give the porphyrin (6.0 mg, 15.4 umol, 8%) as a dark
solid, mp >300 °C. UV-Vis (1% EtsN-CH2Cl2): Amax (l0g €) 370 (sh, 4.52), 429 (4.94), 514 (4.16),
547 (3.96), 618 (3.64), 688 nm (2.76). UV-Vis (50 equiv TFA-CH:Cl2): Amax (log €) 393 (4.76),
431 (4.80), 533 (4.04), 568 (sh, 3.61), 614 (3.71), 674 nm (2.98). UV-Vis (50% TFA-CH,Cly):
Amax (10g €) 398 (4.88), 425 (4.72), 536 (4.09), 611 nm (3.82). *H NMR (500 MHz, CDCls, 50 °C):
§ -5.41 (1H, s, 21-H), -2.72 (2H, v br, 2 x NH), 3.55 (3H, s, 13-Me), 3.56 (3H, s, 12-Me), 7.67-
7.73 (2H, m, 22,32-H), 8.71-8.73 (1H, m, 3'-H), 8.78-8.80 (1H, m, 21-H), 9.10 (1H, d, J = 4.2 Hz,
17-H), 9.18 (1H, d, J = 4.2 Hz, 18-H), 9.48 (1H, d, J = 4.5 Hz, 8-H), 9.55 (1H, d, J = 4.5 Hz, 7-
H), 9.81 (1H, s, 10-H), 9.82 (1H, s, 15-H), 10.09 (1H, s, 5-H), 10.23 (1H, s, 20-H). 3C NMR (125
MHz, CDCls): & 11.8, 11.9, 91.1 (10-CH), 101.6 (5-CH), 101.8 (15-CH), 111.5 (20-CH), 120.5
(3!-CH), 120.7 (2'-CH), 123.1 (8-CH), 125.0 (7-CH), 127.1 (2% or 32-CH), 127.4 (22- or 3%-CH),
131.2 (17-CH), 133.7 (18-CH). 3C NMR (125 MHz, d-DMSO): 5 11.0, 11.2, 62.9, 91.3, 101.4,
101.7, 110.9, 120.4, 120.5, 124.5, 126.0, 126.2, 126.3, 126.8, 126.9, 127.7, 131.1, 133.3, 134.0,
134.5, 135.3, 136.3, 140.1, 150.8, 152.8. *H NMR (500 MHz, TFA-de-DMSO): § -8.69 (1H, br s,
21-H), 3.56 (3H, s, 12-Me), 3.59 (3H, s, 13-Me), 7.71-7.74 (2H, m, 22,3%-H), 8.56-8.59 (1H, m,
3%-H), 8.62-8.65 (1H, m, 21-H), 9.25 (1H, d, J = 4.3 Hz, 18-H), 9.34 (1H, d, J = 4.3 Hz, 17-H),
9.82 (1H, brd, 7-H), 9.86 (1H, br d, J = 4.4 Hz, 8-H), 10.00 (1H, br s, 5-H), 10.18 (1H, s, 20-H),
10.24 (1H, s, 10-H), 10.35 (1H, s, 15-H). *C NMR (125 MHz, TFA-de-DMSO0): & 11.3, 11.5,
94.1,101.5,104.1,109.9, 119.8 (21-CH), 126.6, 127.6, 127.8, 128.07, 128.15, 128.3, 128.4, 129.7,
135.9, 136.3, 137.8, 138.1, 138.2, 138.8, 140.1, 142.0, 142.1, 142.9, 152.9, 153.5. HR-MS (ESI)
calcd for C27H20N20 + H 389.1654, found 389.1647.



12,13-Diethyl-22-oxa-21-carbabenzo[b]porphyrin (15b). Oxacarbatripyrrin 8b (50.3 mg,
0.0185 mmol) and 3,4-diethyl-2,5-pyrroledicarbaldehydeS! (32.8 mg, 0.0183 mmol) were reacted
under the foregoing conditions. The crude material was purified as described above to yield the
oxacarbaporphyrin (10.5 mg, 25.2 umol, 14%) as a dark solid, mp >300 °C. UV-Vis (1% Et3N-
CH2Cl2): Amax (log €) 372 (4.57), 430 (5.01), 515 (4.21), 547 (4.00), 618 (3.66), 679 nm (2.59).
UV-Vis (50 equiv TFA-CH2Cl2): Amax (log €) 393 (4.82), 432 (4.90), 532 (4.10), 567 (sh, 3.61),
615 nm (3.73). UV-Vis (50% TFA-CH2Cl2): Amax (log €) 301 (4.52), 398 (4.94), 426 (4.80), 536
(4.13), 611 nm (3.82). *H NMR (500 MHz, CDCls): § -5.79 (1H, s, 21-H), -3.26 (2H, br, 2 x NH),
1.83 (3H, t, J = 7.7 Hz, 13-CH,CHa), 1.86 (3H, t, J = 7.7 Hz, 12-CH2CH3), 3.92-4.01 (4H, 2
overlapping quartets, 2 x CH.CHs), 7.68-7.75 (2H, m, 22,3%-H), 8.65-8.68 (1H, m, 3-H), 8.77-
8.80 (1H, m, 2'-H), 9.10 (1H, d, J = 4.3 Hz, 17-H), 9.17 (1H, d, J = 4.3 Hz, 18-H), 9.30 (1H, d, J
= 4.6 Hz, 8-H), 9.37 (1H, d, J = 4.6 Hz, 7-H), 9.63 (1H, s, 10-H), 9.78 (1H, s, 15-H), 9.90 (1H, s,
5-H), 10.18 (1H, s, 20-H). *3C NMR (125 MHz, CDCls): § 18.1, 18.3, 19.73, 19.75, 90.8 (10-CH),
101.2 (5-CH), 101.8 (15-CH), 111.3 (20-CH), 120.4 (3!-CH), 120.6 (2!-CH), 120.9 (21-CH), 123.1
(8-CH), 124.9 (7-CH), 127.0 (2%- or 32-CH), 127.2 (22- or 32-CH), 131.3 (17-CH), 133.6 (18-CH),
134.9, 136.3, 137.4, 139.6, 139.8, 141.0, 143.7, 144.3, 150.8, 151.7, 152.5, 152.9. *H NMR (500
MHz, TFA-CDCls): 8 -7.18 (1H, br s, 21-H), -5.18 (1H, br), -4.53 (1H, br) (2 x NH), 1.88-1.94
(6H, 2 overlapping triplets, 2 x CH2CHs), 4.15-4.23 (4H, m, 2 x CH2CHj3), 7.69-7.73 (2H, m, 22,32-
H), 8.56-8.61 (2H, m, 2%,31-H), 9.45 (1H, d, J = 4.5 Hz, 18-H), 9.49 (1H, d, J = 4.5 Hz, 17-H),
9.99 (2H, s, 7,8-H), 10.33 (1H, s, 5-H), 10.39 (1H, s, 20-H), 10.43 (1H, s, 10-H), 10.47 (1H, s, 15-
H). C NMR (125 MHz, TFA-CDCl3): & 17.7, 17.8, 19.9, 20.1, 94.8 (10-CH), 100.4 (15-CH),
105.2 (5-CH), 109.8 (20-CH), 119.2 (21-CH), 121.5, 121.8, 128.4, 128.6, 129.3, 130.4, 137.6,
137.9, 139.1, 140.3, 142.0, 142.2, 142.7, 143.2, 145.3, 153.7, 155.1. HR-MS (ESI) calcd for
C29H24N20 + H 417.1967, found 417.1964.



22,23-Dioxa-21-carbabenzo[b]porphyrin chloroform solvate (12b-CHCI3). Oxacarbatripyrrin
8b (49.8 mg, 0.0182 mmol) and 2,5-furandicarboxaldehyde®? (23.0 mg, 0.0162 mmol) were treated
under the foregoing conditions. Column chromatography on grade 3 basic alumina eluting with
2% methanol-chloroform gave the product as a dark brown band. Recrystallization from
chloroform-hexanes gave the heteroporphyrin (22.0 mg, 60.6 umol, 37%) as a dark, flaky solid,
mp >300 °C. UV-Vis (1% EtsN-CH2Cl2): Amax (log €) 369 (sh, 4.08), 414 (sh, 4.26), 427 (4.29),
505 (3.71), 538 (3.38), 636 nm (3.22). UV-Vis (1% TFA-CHCl2): Amax (log €) 379 (sh, 3.86), 399
(4.27), 432 (3.85), 451 (sh, 3.76), 548 (3.23), 608 nm (3.10). *H NMR (500 MHz, de-DMSO, 70
°C): & -4.24 (1H, s, 21-H), 7.65-7.69 (2H, m, 22,3%-H), 8.23 (1H, s, CHClIs), 8.78-8.82 (2H, m,
21,31-H), 9.07-9.09 (2H, collapsed AB quartet, J = 4.4 Hz, 17,18-H), 9.86 (1H, d, J = 4.5 Hz, 12-
H), 9.91 (1H, d, J = 1.9 Hz, 8-H), 9.92 (1H, d, J = 1.9 Hz, 7-H), 10.01 (1H, d, J = 4.5 Hz, 13-H),
10.15 (1H, s, 15-H), 10.27 (1H, s, 20-H), 10.33 (1H, s, 10-H), 10.39 (1H, s, 5-H). *C (500 MHz,
de-DMSO, 70 °C): 6 78.9 (CHCI3), 91.5 (10-CH), 103.2 (5-CH), 104.7 (15-CH), 114.7 (20-CH),
120.38, 120.45 (2%,3'-CH), 125.1, 125.4 (21-CH), 126.4 (7- or 8-CH), 127.0 (7- or 8-CH), 127.1,
127.2 (22,32-CH), 129.4 (13-CH), 134.3 (17- or 18-CH), 134.9 (17- or 18-CH), 135.8, 139.2, 143 4,
143.7,150.0, 151.4, 153.0, 153.3, 158.2. *H NMR (500 MHz, TFA-dg-DMSO): § -9.40 (1H, s, 21-
H), -5.19 (1H, s, NH), 7.60-7.65 (2H, m, 22,32-H), 8.33-8.35 (1H, m, 3!-H), 8.39-8.41 (1H, m, 2!-
H), 9.35 (1H, d, J = 4.4 Hz, 18-H), 9.47 (1H, d, J = 4.4 Hz, 17-H), 9.90 (1H, d, J = 4.5 Hz, 7-H),
9.98 (1H, s, 5-H), 10.06 (1H, d, J = 4.5 Hz, 8-H), 10.08 (1H, s, 20-H), 10.30 (1H, d, J = 4.6 Hz,
12-H), 10.33 (1H, d, J = 4.6 Hz, 13-H), 10.60 (1H, s, 15-H), 10.67 (1H, s). 13C (500 MHz, TFA-
de-DMSO0): 6 79.5 (CHCI3), 95.7 (10-CH), 100.9 (15-CH), 106.4 (5-CH), 111.1 (20-CH), 121.8
(31-CH), 121.9 (2!-CH), 129.07 (17-CH), 129.16, 129.19 (22,3%-CH), 130.2 (8-CH), 131.0 (18-
CH), 131.1 (7-CH), 132.4 (12- or 13-CH), 132.6 (12- or 13-CH), 138.2, 138.5, 139.2, 141.49,
141.52,142.0,150.9, 152.1, 154.2, 154.7. HR-MS (ESI) calcd for C2sH1sNO2 + H 362.1181, found
362.1175.



10,15-Diphenyl-22,23-dioxa-21-carbabenzo[b]porphyrin (16a). Oxacarbatripyrrin 8b (51.6
mg, 0.0184 mmol) and furan dicarbinol 13a% (51.6 mg, 0.0184 mmol) were dissolved in
dichloromethane (300 mL) under nitrogen and stirred for several minutes. A 10% BF3-Et20 in
dichloromethane (125 puL) was added dropwise over 5 minutes. The mixture was then stirred under
nitrogen for two hours. DDQ (83 mg) was added and the mixture stirred for an additional 30
minutes. The solution was then washed with water, dried over sodium sulfate, and the solvent
evaporated. Column chromatography using grade 3 basic alumina eluting with 2% methanol-
chloroform gave a dark brown band. Recrystallization from chloroform-hexanes gave the title
compound (9.0 mg, 17.5 pumol, 9.5%) as a dark solid, mp >300 °C. UV-Vis (1% EtsN-CH2Cl.):
Amax (log €) 302 (4.47), 358 (sh, 4.46), 429 (4.95), 517 (4.25), 546 (sh, 3.71), 602 (3.08), 649
(3.59), 717 nm (3.15). UV-Vis (1% TFA-CH2CI2): Amax (log €) 303 (4.39), 415 (4.97), 434 (sh,
4.80), 494 (sh, 4.08), 557 (4.04), 623 (3.86), 684 nm (3.57). *H NMR (500 MHz, CDCls): § -3.75
(1H, s), 7.65-7.70 (2H, m, 22,3%-H), 7.72-7.85 (6H, m, m- and p-H), 8.10-8.12 (2H, m, 10-0-Ph),
8.14-8.16 (2H, m, 15-0-Ph), 8.47 (1H, d, J = 4.4 Hz, 17-H), 8.62-8.66 (1H, m, 3'-H), 8.68-8.71
(1H, m, 21-H), 8.81 (1H, d, J = 4.8 Hz, 12-H), 8.85 (1H, d, J = 4.6 Hz, 8-H), 8.92 (1H, d, J = 4.4
Hz, 18-H), 9.02 (1H, d, J = 4.8 Hz, 13-H), 9.41 (1H, d, J = 4.6 Hz, 7-H), 10.00 (1H, s, 5-H), 10.16
(1H, s, 20-H). *C (500 MHz, CDCls): § 103.8 (5-CH), 107.4, 116.1 (20-CH), 120.5 (3'-CH), 120.8
(21-CH), 120.9, 125.6 (8-CH), 126.2 (21-CH), 126.3 (12-CH), 127.3, 127.5, 127.7, 128.1, 128.4,
128.9 (13-CH), 129.0, 134.0 (10-0-Ph), 134.2 (15-0-Ph), 134.7 (17-CH), 135.0 (18-CH), 137.6,
141.01,141.02,142.0, 144.1, 144.6, 151.5, 153.3, 154.6, 154.8. *H NMR (500 MHz, TFA-CDCls):
5 -6.51 (1H, s), -4.46 (1H, br s, NH), 7.75-7.78 (2H, m, 22,32-H), 7.90-7.94 (4H, m, 4 x m-H),
7.96-8.01 (2H, m, 2 x p-H), 8.21-8.25 (4H, m, 4 x 0-H), 8.65-8.71 (2H, m, 2,3-H), 9.17 (1H, dd,
obscured by tfa, 17-H), 9.49 (1H, d, J = 4.9 Hz, 13-H), 9.62 (1H, d, J = 4.9 Hz, 12-H), 9.67 (1H,
dd,J=1.9, 4.8 Hz, 18-H), 10.04 (1H, d, J = 4.7 Hz, 7-H), 10.58 (1H, s, 5-H), 10.64 (1H, s, 20-H).
13C (500 MHz, TFA-CDCls): § 107.8 (5-CH), 110.9 (20-CH), 112.6, 117.1, 121.4 (21-H), 122.3,



128.7, 130.19, 130.22, 130.56, 130.60 (17-CH), 130.63, 131.0 (7-CH), 131.5, 131.8 (18-CH),
132.0, 132.4, 134.1, 134.6, 137.4, 138.97, 139.04, 141.8, 142.6, 142.77, 142.80, 153.3, 154.5,
156.0, 157.4. HR-MS (ESI) calcd for C37H23NO2 + H 514.1807, found 514.1802.

10,15-Diphenyl-22-oxa-23-thia-21-carbabenzo[b]porphyrin (16b). Oxacarbatripyrrin 8b (50.5
mg, 0.0184 mmol) and thiophene dicarbinol 8% (55.0 mg, 0.0186 mmol) were reacted under the
foregoing conditions. After column chromatography using grade 3 basic alumina eluting with
dichloromethane, the crude material was recrystallized from chloroform-hexanes to give the
porphyrin analogue (15.7 mg, 29.6 pmol, 16%) as a red solid, mp >300 °C. UV-Vis (1% EtsN-
CH2Cl2): Amax (log €) 308 (4.42), 386 (sh, 4.56), 436 (5.09), 523 (4.34), 552 (sh, 3.88), 651 (3.61),
717 nm (3.23). UV-Vis (1% TFA-CH2Cl2): Amax (log €) 313 (4.42), 451 (5.06), 568 (4.08), 637
(3.86), 700 nm (3.93). *H NMR (500 MHz, CDCls): § -4.00 (1H, s, 21-H), 7.69-7.74 (2H, m, 22,3?-
H), 7.77-7.85 (6H, m, m- and p-H), 8.18-8.23 (4H, m, 4 x 0-Ph), 8.65 (1H, d, J = 4.3 Hz, 17-H),
8.71-8.74 (1H, m, 3'-H), 8.76-8.78 (1H, m, 21-H), 8.99 (1H, d, J = 4.3 Hz, 18-H), 9.11 (1H, d, J =
4.6 Hz, 8-H), 9.36 (1H, d, J =5.0 Hz, 12- or 13-H), 9.49 (1H, d, J = 4.6 Hz, 7-H), 9.59 (1H, d, J =
5.0 Hz, 12- or 13-H), 10.13 (1H, s, 5-H), 10.25 (1H, s, 20-H). *C (500 MHz, CDCl3): 5 103.1 (5-
CH), 115.9 (20-CH), 120.5 (3!-CH), 120.8 (2!-CH), 122.9 (21-CH), 124.4 (8-CH), 126.4 (7-CH),
127.5, 127.8, 127.9, 128.2, 128.4, 128.6, 128.9, 132.2 (12- or 13-CH), 132.9 (17-CH), 133.0,
133.7, 134.2, 135.4 (12-, 13- or 18-CH), 135.5 (12-, 13- or 18-CH), 139.7, 140.0, 140.9, 142.3,
144.3, 144.7, 146.0, 153.1, 153.4. *H NMR (500 MHz, TFA-CDCls): § -5.90 (1H, s, 21-H), -3.85
(1H, br s, NH), 7.74-7.77 (2H, m, 22,3%-H), 7.96-8.02 (6H, m, m- and p-H), 8.28-8.30 (2H, m),
8.38-8.41 (2H, m) (4 x 0-Ph), 8.64-8.67 (2H, m, 2%,3'-H), 9.10 (1H, dd, J = 1,3, 4.6 Hz, 17-H),
9.41 (1H, br d, J = 4.6 Hz, 18-H), 9.68 (1H, d, J = 4.7 Hz, 8-H), 9.83 (1H, d, J = 5.0 Hz, 12- or
13-H), 9.98 (1H, d, J = 5.0 Hz, 12- or 13-H), 10.01 (1H, d, J = 4.7 Hz, 7-H), 10.50 (1H, s, 5-H),
10.55 (1H, s, 20-H). 13C (500 MHz, CDCls): § 106.7 (5-CH), 111.3 (20-CH), 118.8 (21-CH), 122.1



(21-CH), 122.4 (3L-CH), 124.5, 129.1 (18-CH), 129.3, 130.2 (22- or 32-CH), 130.35 (22 or 32-CH),
130.41 (8-CH), 130.7, 130.95, 131.00 (17-CH), 131.7, 132.0 (7-CH), 134.2 (0-Ph), 135.8 (0-Ph),
137.0 (12- or 13-CH), 138.2, 138.9 (12- or 13-CH), 141.6, 142.49, 142.55, 142.61, 143.4, 143.7,
143.9, 145.1, 155.2, 156.2. HR-MS (ESI) calcd for Ca7H2sNOS + H 530.1579, found 530.1566.

10,15-Diphenyl-22-oxa-23-seleno-21-carbabenzo[b]porphyrin (16¢). Oxacarbatripyrrin 8b
(49.9 mg, 0.0183 mmol) and selenophene dicarbinol 13¢5 (61.9 mg, 0.0180 mmol) were reacted
under the foregoing conditions using chloroform as a solvent. The crude product was purified on
a grade 3 alumina column eluting with dichloromethane and recrystallized from chloroform-
hexanes to give the oxaselenaporphyrin (10.0 mg, 17.3 umol, 9.6%) as a dark solid, mp >300 °C.
UV-Vis (1% EtsN-CH:2Cl2): Amax (log €) 310 (4.26), 439 (4.92), 528 (4.17), 562 (3.76), 652 (3.50),
717 nm (3.08). UV-Vis (1% TFA-CH2CI2): Amax (log €) 320 (4.27), 465 (4.89), 581 (3.88), 649
(3.77), 714 nm (3.77). *H NMR (500 MHz, CDCls): 6 -3.86 (1H, s, 21-H), 7.67-7.73 (2H, m, 22,3%
H), 7.75-7.85 (6H, m, m- and p-H), 8.16-8.19 (2H, m) 8.23-8.25 (2H, m) (4 x 0-Ph), 8.67-8.69
(2H, m, 2%- and 17-H), 8.73-8.75 (1H, m, 21-H), 9.01 (1H, d, J = 4.3 Hz, 18-H), 9.09 (1H, d, J =
4.4 Hz, 8-H), 9.44 (1H, d, J = 4.4 Hz, 7-H), 9.65 (1H, d, J = 5.5 Hz, 12- or 13-H), 9.87 (1H, d, J =
5.5 Hz, 12- or 13-H), 10.15 (1H, s, 5-H), 10.24 (1H, s, 20-H). 3C (500 MHz, CDCl3): & 104.0 (5-
CH), 116.2 (20-CH), 120.6 (3'-CH), 120.8 (2!-CH), 122.9 (21-CH), 123.6 (8-CH), 124.4, 126.0
(7-CH), 127.4, 127.9, 128.08, 128.15, 128.5, 128.8, 132.0 (17-CH), 133.6, 134.25, 134.34 (12- or
13-CH), 134.9, 136.0 (18-CH), 136.5, 137.0 (12- or 13-CH), 138.7, 139.6, 140.6, 144.0, 144.7,
145.3, 150.8, 152.7, 154.2, 155.2, 157.3. *H NMR (500 MHz, TFA-CDCls): § -5.23 (1H, s, 21-H),
-3.62 (1H, br s, NH), 7.64-7.69 (2H, m, 22,32-H), 7.97-8.06 (6H, m, m- and p-H), 8.28-8.31 (2H,
m, 10-0-Ph), 8.44-8.47 (2H, m, 15-0-Ph), 8.53-8.56 (2H, m, 2',3!-H), 9.07 (1H, dd, J = 4.6 Hz,
17-H), 9.33 (1H, d, J = 4.6 Hz, 18-H), 9.66 (1H, d, J = 4.7 Hz, 8-H), 9.88 (1H, d, J =5.2 Hz, 12-
H), 9.97 (1H, d, J = 4.7 Hz, 7-H), 10.08 (1H, d, J = 5.2 Hz, 13-H), 10.39 (1H, s, 5-H), 10.47 (1H,
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s, 20-H). 13C (500 MHz, CDCls): 5 106.5 (5-CH), 111.9 (20-CH), 118.0 (21-CH), 121.9 (2'- or 31-
CH), 122.4 (2L or 3-CH), 125.5, 128.8 (18-CH), 129.5, 129.6, 129.8 (8-CH), 130.0, 130.2, 130.5
(17-CH), 130.7, 131.2, 132.2 (7-CH), 134.5 (10-0-Ph), 135.5, 136.6 (15-0-Ph), 137.1, 138.6 (12-
CH), 140.5 (13-CH), 141.4, 142.2, 142.5, 142.7, 143.68, 143.76, 149.9, 150.3. HR-MS (ESI) calcd
for Ca7H2sNOSe + H 578.1023, found 578.1038.
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Figure S1. UV-vis spectrum of dimethyl 22-oxa-21-carbaporphyrin 15a in 1% EtsN-CH2Clo.
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Figure S2. UV-vis spectrum of dimethyl 22-oxa-21-carbaporphyrin cation 15aH" in 1% TFA-
CHCl..
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Figure S3. UV-vis spectra of dimethyl 22-oxa-21-carbaporphyrin with 0 equiv (red), 10 equiv

(orange), 20 equiv (yellow), 50 equiv (green), 100 equiv (light blue), 200 equiv
(dark blue) and 500 equiv of TFA (purple) in dichloromethane.
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Figure S4. UV-vis spectrum of diethyl 22-oxa-21-carbaporphyrin 15b in 1% EtsN-CHCl..
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Figure S5. UV-vis spectrum of diethyl 22-oxa-21-carbaporphyrin cation 15bH" in 1% TFA-
CHCl..
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Figure S6. UV-vis spectra of diethyl 22-oxa-21-carbaporphyrin 15b with 0 equiv (red), 10
equiv (orange), 20 equiv (yellow), 50 equiv (green), 100 equiv (light blue), 200
equiv (dark blue) and 500 equiv of TFA (purple).

12 -

10 +

oo

X 104 M1lcm1
()]

300 400 500 600 700
Wavelength (nm)

Figure S7. UV-vis spectra of diethyl 22-oxa-21-carbaporphyrin 15b in CH.Cl, with 1% Et:N
(red), 1% TFA (green), 5% TFA (blue) and 10% TFA (purple).
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Figure S8. UV-vis spectrum of 22,23-dioxa-21-carbaporphyrin 12b in 1% EtzN-CH2Clo.
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Figure S9. UV-vis spectrum of 22,23-dioxa-21-carbaporphyrin monocation 12bH" in 1% TFA-
CHCl..
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Figure S10. UV-Vis spectrum of diphenyldioxacarbaporphyrin 16a in 1% EtsN-CHCl..
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Figure S11. UV-Vis spectrum of diphenyldioxacarbaporphyrin 16a in 1% TFA-CHCl..
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UV-Vis spectrum of diphenyloxathiacarbaporphyrin 16b in 1% EtsN-CH2Clo.
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UV-Vis spectra of diphenyloxathiacarbaporphyrin monocation 16b in 1% TFA-
CHCla.
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Figure S14. UV-Vis spectra of diphenyloxathiacarbaporphyrin 16b in dichloromethane with 0-3
equivalents of TFA.
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Figure S15. UV-Vis spectrum of diphenyloxaselenacarbaporphyrin 16c in 1% EtsN-CH2Cl».
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Figure S16. UV-Vis spectra of diphenyloxaselenacarbaporphyrin monocation 16cH* in 1%
TFA-CHCl..
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Figure S18. 500 MHz proton NMR spectrum of oxacarbatripyrrin 8b in CDCls.
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Figure S19. 'H-'H COSY NMR spectrum of oxacarbatripyrrin 8b in CDCls.
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Figure S20. HSQC NMR spectrum of oxacarbatripyrrin 8b in CDCls.
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Figure S21. Selected nOe difference proton NMR spectra of oxacarbatripyrrin 8b in CDCla.
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Figure S22. DEPT-135 NMR spectrum of oxacarbatripyrrin 8b in CDCls.
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Figure S23. 125 MHz carbon-13 NMR spectrum of oxacarbatripyrrin 8b in CDCls.
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Figure S24. 500 MHz proton NMR spectrum of thiacarbatripyrrin 8c in CDCls.
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Figure S25. 'H-'H COSY NMR spectrum of thiacarbatripyrrin 8c in CDCls.
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Figure S26. HSQC NMR spectrum of thiacarbatripyrrin 8c in CDCls.
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Figure S27. Selected nOe difference proton NMR spectra of thiacarbatripyrrin 8c in CDCls.
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Figure S28. DEPT-135 NMR spectrum of thiacarbatripyrrin 8c in CDCla.
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Figure S29. 125 MHz carbon-13 NMR spectrum of thiacarbatripyrrin 8c in CDCla.



29

7.8 ppm

Me
Me
86 84 8.2 8.0

8.8

9.0

9.2

9.4

9.6

9.3

10.0

10.2

WJWWW»\JWJU

ar's-—

oUT |} —
LUy'E—

Leg'e
186°¢ >

09Z°L
LoL'L
soL'L
oLL'd
€LL'lL
20L’6
OLL's
L8L'6
06L°6
Ziv'e
rg.mv
155’6
095°6
908'6
ole's
880°0}
oze ol

B o

Vo
ppm

ppm

T
3.55
]

T

°C.

Figure S30. 500 MHz proton NMR spectrum of dimethyl oxacarbaporphyrin 15a in CDClIs at 50
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Figure S31. *H-'H COSY (left) and HSQC (right) NMR spectra of dimethyl oxacarbaporphyrin
15a in CDCls.
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Figure S32. Poor quality 125 MHz carbon-13 NMR spectrum of dimethyl oxacarbaporphyrin
15a in CDClIs at 50 °C. The high signal to noise ratio is due to the very low
solubility of 15a. This carbon-13 NMR spectrum required 16 hours of instrument
time.
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Figure S33. 500 MHz proton NMR spectrum of oxacarbaporphyrin monocation 15aH* in TFA-
ds-DMSO at 70 °C.
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Figure S34. 'H-'H COSY and HSQC NMR spectra of oxacarbaporphyrin monocation 15aH" in
TFA-de-DMSO at 70 °C.
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Figure S35. DEPT-135 NMR spectrum of oxacarbaporphyrin monocation 15aH" in TFA-de-
DMSO at 70 °C.
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Figure S36. 125 MHz carbon-13 NMR spectrum of oxacarbaporphyrin monocation 15aH" in
TFA-de-DMSO at 70 °C.



34
m

910 ppm

9.20 9.15

9.25

9.30

9.35
8.8

9.0

B

S I O JL

9.4

9.6

9.8

10.0

10.2

b8LG—

ool'o
[(4%: 81
[31: 3%
el
058’
098’
6.8}
Lie'e

e

-f

ppm
o

|

1.9

ppm

41 40

J

9£6'c
gse'e
Li6°¢
066°¢
oLoy
09zZ'L
BL9'L
T89°L
L69°L
ool'L
L0L°L
eL’L
LlL
STLL
Bel'L

©

:

-7

-

|

evl'l
il
1598
199'8
1L9°8
Ll98

~

T
8

9
Qa@ooe

oMM
~—|O|O|r|—|N

viL'8

— [
o i
(=1

10

osl'e
osl's
v6L'8
§60'6
soL'e
0ll'6

=== e e
CHCl,

=]
Qe
-

-

11

12

Figure S37. 500 MHz proton NMR spectrum of oxacarbaporphyrin 15b in CDCls.
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Figure S39. DEPT-135 NMR spectrum of oxacarbaporphyrin 15b in CDCls.
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Figure S43. DEPT-135 NMR spectrum of 15bH* in TFA-CDCls.
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Figure S45. 500 MHz proton NMR spectrum of dioxacarbaporphyrin 12b in de-DMSO at 70 °C.
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Figure S68. DEPT-135 NMR spectrum of diphenyl oxathiacarbaporphyrin monocation 16bH"*
in TFA-CDCla.



58

Wﬂui

T T T
132 131 130 ppm

-
w -
w

T T T T T
145 144 143 142 141 140 139 138 137 136 135 134

=t BERIoBBI3B2IINGERAINIAIAEHI8 £§ £ 5 8§ =
o HOOONNN"TOCOMOYT "0 0000 NN oo~ 0 o« - w0
© 0 TITIIIIICOEOQOQBIRSRRINANN o T T CT e
|| IS N R N R NV A VA I E B AV
*=TFA
* *
* *
T T T e e B B
155 150 145 140 135 130 125 120 115 110 pPpm
cDCl, O
T
TFA
TFA |
L] II| J I I. e
T T T T T T T T T T T T T T T T T T T T T
200 190 180 170 160 150 140 130 120 110 100 90 80 70 60 50 40 30 20 ppm

Figure S69. 125 MHz carbon-13 NMR spectrum of diphenyl oxathiacarbaporphyrin monocation
16bH* in TFA-CDCls.



59

1

L

ppm

[INIEED

8.0

8.2

S

9.0

)

9.2

|

™
-—
™~

\‘w
212
o

o
o
-

|

|

[0
xR |
[=JNi=]

|

J

(=]
o
-

|

008'¢-— J

ppm

ot

Ph

A

_,Jd\p

Ph

CHCI,

Figure S70. 500 MHz proton NMR spectrum of diphenyl oxaselenacarbaporphyrin 16¢ in CDCls.



60

ppm

PpPm
100

oo
& '

a0 105

- 8.0
@ 8 ~110
- 8.5 R F115

° 8
] 120
(-] o - 9.0 ) []
° o ' F125
a | o5 \ 130
Q -
! ' ' 135
o o [}

-10.0
140
145

T T T T T T T T T T T T T T T T T T T T

10.0 9.5 9.0 8.5 8.0 ppm 10 9 8 7 6 5 4 3 2 1 0 1 -2 3 ppm

Figure S71. 'H-'H COSY (left) and HSQC NMR spectra of oxaselenacarbaporphyrin 16¢ in CDCls.

T T T T
134 132 130 128 126 124 122 ppm

150 140 130 120 110 100 90 80 70 60 50 40 30 20 10 ppm
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