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Material & Methods

'H and *C NMR spectra were recorded at 300.13 or 500.13 MHd at 75.47 or 125.77 MHz,
respectively. CDGlwas used as solvent and TMS as internal referénheegchemical shifts are expressed
in & (ppm) and the coupling constan® in Hertz (Hz).Unequivocal'H assignments were made using
2D COSY and NOESY experiments (mixing time of 806)mwhile'*C assignments were made on the
basis of 2D HSQC and HMBC experiments (delay fogloanged C/H couplings were optimized for 7
Hz). Mass spectra and HRMS were recorded usingrafolon as solvent and 3-nitrobenzyl alcohol
(NBA) as matrix. The UV-Vis spectra were recordesihg dichloromethane as solvent. Melting points
were measured using an apparatus fitted with aoséape and are uncorrected. Preparative thin-layer
chromatography was carried out on»200 cm glass plates coated with silica gel (0.5 tmick). Column
chromatography was carried in silica gel (230-4Gsm). Analytical TLC was carried out on precoated
sheets with silica gel (0.2 mm thick). Toluene wdéstilled from benzophenone and sodium metal, all
other solvents and reagents were used withoutdugbrification.
2-Nitro-5,10,15,20-tetraphenylporphyrin and 2-amib0,15,20-tetraphenylporphyrinato)nickel (11)
were prepared according to known procedifesid were characterized by comparing tHeirNMR
spectra to the previously reported data. The 2-herino-5,10,15,20-tetraphenylporphyrima is also
described and was characterized by comparing tfieirand **C NMR, MS and UV-vis spectra to the

previously reported data.

Experimental procedures
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Reaction of 2-nitro-5,10,15,20-tetraphenylporphyrinwith aniline.

Procedure i: A mixture of 2-nitro-5,10,15,20-tetraphenylporpimy¢73.5 mg, 0.112 mmol) and aniline (7
mL) was heated at 188C, under a nitrogen atmosphere, until the totalvemion of the starting
porphyrin €a. 20 hours, observed by TLC). After reaching roomperature, the reaction mixture was
acidified with aqueous saturated citric acid anttasted with dichloromethane. The organic layer was
washed with water, dried over sodium sulfatel evaporated to dryness under reduced presshee. T
residue was taken up in dichloromethane and pdrifig column chromatography using a gradient of
dichloromethane/light petroleum. The first fractitmbe collected was identified as derivatihee The
second one, containing a mixture of two major conmats, was further purified yreparativelT LC using
dichloromethane as eluent. The compound with highevas identified a®a and the one with loweR
as 3. The porphyrin derivatives were crystallized fraishloromethane/light petroleum as brown solids
in 53% (la, 41.7 mq), 6%Za, 4.96 mg) and 22%38( 17.8 mg) yield.

Procedure ii: Aniline (142 uL, 1.56 mmol, 40 equiv) was added to a solutior2efitro-5,10,15,20-
tetraphenylporphyrin(25.4 mg, 0.039 mmol) im-dichlorobenzene (2 mL). The reaction mixture was
heated at reflux under a nitrogen atmosphere thwiltotal conversion of the starting materiea.(72
hours, confirmed by TLC). The reaction mixture vedlswed to reach room temperature and the solvent
was removed by column chromatography (silica gslha light petroleum as the eluent. The reaction
products were eluted with a 1:1 mixture of dichloeihane/light petroleum. Further purification by
preparative TLC afforded compounda (5.2 mg, 19% yield)2a (7.1 mg, 26% yieldand 3 (vestigial

amounts).

Reaction of 2-nitro-5,10,15,20-tetraphenylporphyrinwith p-toluidine.

A solution of 2-nitro-5,10,15,20-tetraphenylporpiny(25.4 mg, 0.039 mmol) armHoluidine (166.5 mg,
1.55 mmol, 40 equiv) iro-dichlorobenzene (2 mL) was heated at reflux forhd8nder a nitrogen
atmosphere, as describecdbimcedure ii. CompoundLb wasobtained ir32% vyield (8.8 mg) as the major

product. Vestigial amounts @b were also detected.

Reaction of (2-amino-5,10,15,20-tetraphenylporphynato)nickel(ll) with aryl bromides. General
procedure.

To a stirred solution of (2-amino-5,10,15,20-tetrapylporphyrinato)nickel(l1¥ (21.9 mg, 0.032 mmol)

in dry toluene (5 mL) was added the appropriaté ngmide (2.8 equiv), palladium acetate (2.1 mgo0
equiv), rac-BINAP (5 mg, 0.25 equiv) and KBu (7.6 mg, 2.13 equiv). The mixture was heatedioft

°C, under nitrogen atmosphere, until the total ession of the starting porphyrin (observed by T@;
hours for bromobenzene and-dibromobenzene, 2 hours forp-bromotoluene and p-
bromochlorobenzene). The crude reaction mixture alfsved to reach room temperature and then
filtered through a short column of Cefit845, washed with water, extracted with dichlordmagie and
dried over sodium sulfate. The organic layer wasceatrated under vacuum and the residue purified by

preparative TLC using a 3.5: 6.5 mixture of lighetqeleum and dichloromethane as eluent.
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Arylaminoporphyrin derivative$a-d were crystallized from dichloromethane/light péton and were
obtained in 69% (16.9 mg), 78% (19.3 mg), 68% (¥6gJ and 43% (10.9 mg) yields, respectively.

Demetallation of compounds 5

Concentrated sulfuric acid (0.3 mL) was added dispuwo a stirred solution of porphyrin derivatives
(ca. 16 mg) in dichloromethane (3 mL) at room tempeamatéfter 10 minutes the reaction mixture was
neutralized with diluted aqueous sodium carbonaikition, washed with water, extracted with
dichloromethane and dried over sodium sulfate. Sdteent was removed and the residue was submitted
to column chromatography (silica gel) using dicbloethane as the eluent. All compounds were
crystallized from dichloromethane/light petroleuifine demetallation da-d afforded the corresponding
free basesla-d with 70% (10.3 mg), 72% (11.8 mg), 75% (12.0 mgH &9% (11.0 mg) yields,

respectively.

Spectroscopic data for 1a-d

5
Ph HN 6
3
Ph Ph la, R = H
1b, R= Me
lc, R=Cl
1d, R=Br
Ph

2-phenylamino-5,10,15,20-tetraphenylporphyrin 1a. Mp. 283-284 °C!H NMR (500 MHz, CDC},
TMS): 8 -2.57 (s, 2H, M), 6.61 (s, 1H, N-Ph), 6.94 (tJ = 7.4 Hz, 1H, H-4"), 7.02 (d] = 8.1 Hz, 2H,
H-2',6"), 7.29 (dd,J = 7.4 and 8.1 Hz, 2H, H-3',5"), 7.70-7.78 (m, 94m,pPh-5,10,15), 7.84-7.87 (m,
2H, Hm-Ph-20), 7.89-7.93 (m, 1H, gPh-20), 8.18-8.21 (m, 8H, BPh-5,10,15,20), 8.29 (s, 1H, H-3),
8.56 (d,J = 4.7 Hz, 1H, HB), 8.73 (d,J = 4.8 Hz, 1H, HB), 8.77 (d,J = 4.7 Hz, 1H, H3), 8.74 and 8.75
(AB, J = 4.8 Hz, 2H, H-12,13), 8.81 (d,= 4.8 Hz, 1H, HB). *C NMR (125 MHz, CDGCJ, TMS): &
109.1 (C-3); 113.3, 116.3; 116.8 (C-2',6"); 11711,7.5, 119.8; 121.1 (C-4’); 121.5, 122.3; 126.6.12
126.8, 127.6 and 127.7 (@p-Ph-5,10,15); 128.5 (@+Ph-20); 129.1 (G-Ph-20); 129.3 (C-3',5Y);
129.6, 130.1, 130.4, 130.6 and 131.63)C133.1 (Ce-Ph-20); 134.2, 134.4 and 134.5 ¢=h-5,10,15);
140.8, 1412.0, 142.27, 142.31, 142.8. UV-Vis (CH) Ay« (l0g &) 408 (5.3), 527 (4.2), 569 (4.0), 599
(3.9), 656 (3.7). MS (FAB)N/z706 (M+H)'.

2-p-methylphenylamino-5,10,15,20-tetraphenylporphyrin 1b. Mp. >300 °C.*H NMR (500 MHz,
CDCl;, TMS): 8 -2.57 (s, 2H, M), 2.32 (s, 3H, 6), 6.53 (s, 1H, M-Ar), 6.95 (d,J = 8.3 Hz, 2H, H-
2',6), 7.11 (d,J = 8.3 Hz, 2H, H-3',5"), 7.72-7.90 (m, 12H, Mp-Ph-5,10,15,20), 8.16-8.22 (m, 9H, H-3
and He-Ph 5,10,15,20), 8.54 (d,= 5.0 Hz, 1H, HB), 8.70-8.80 (m, 5H, HB). *C NMR (125 MHz,
CDCl;, TMS): 6 20.7 CHg); 108.2 (C-3); 116.3; 117.1 (C-2',6"); 119.6, 121126.6, 126.71, 126.74,
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127.6, 127.7, 128.5 and 129.0 (Qp-Ph-5,10,15,20); 129.8 (C-3,5"); 130.7, 130.8, T8and 131.2 (C-
B); 133.1, 134.2, 134.3 and 134.5 ¢d*h-5,10,15,20); 139.8, 140.8, 142.0, 142.3, 14RIg:Vis
(CH,Cl,) Amax (I0g &) 409 (5.2), 527 (4.1), 602 (3.8), 658 (3.7). HRMS(Ecalcd for GHaNs (M+H)*
720.3077, found 720.3092.

2-p-chlorophenylamino-5,10,15,20-tetraphenylporphyrin 1c. Mp. 287-288 °CH NMR (300 MHz,
CDClz, TMS): 0 -2.61 (s, 2H, M), 6.52 (s, 1H, M-Ar), 6.93 (d,J = 8.8 Hz, 2H, H-2',6"), 7.23 (d] =
8.8 Hz, 2H, H-3'5), 7.70-7.91 (m, 12H, hkpPh-5,10,15,20), 8.16-8.22 (m, 9H, H-3 andoiPh-
5,10,15,20), 8.57 (d} = 4.8 Hz, 1H, HB), 8.74-8.83 (m, 5H, HB). **C NMR (75 MHz, CDC}, TMS): &
109.8 (C-3); 116.3; 117.7 (C-2',6"); 121.5; 126186.7, 126.8, 127.65, 127.71, 128.6 and 129.1 @AxC-
and Cm,p-Ph-5,10,15,20); 129.3 (C-3',5"); 129.8, 130.1, B30131.2 and 131.9 (@) 133.1, 134.2,
134.4 and 134.5 (6-Ph-5,10,15,20); 140.8, 141.0, 141.9, 142.2, 14Q¥-Vis (CH,Cl,) Ana (l0g &)
409 (5.4), 433 (4.9), 526 (4.3), 568 (4.0), 5994655 (3.6). HRMS (ESI) calcd forsgE3sCINs (M+H)*
740.2576, found 740.2561.

2-p-bromophenylamino-5,10,15,20-tetraphenylporphyrin 1d. Mp. 293-294 °C’H NMR (300 MHz,
CDCl;, TMS): & -2.61 (s, 2H, M), 6.51 (s, 1H, M-Ar), 6.87 (d,J = 8.7 Hz, 2H, H-2',6"), 7.37 (d] =

8.7 Hz, 2H, H-3')5"), 7.69-7.90 (m, 12H, KxpPh-5,10,15,20), 8.16-8.23 (m, 9H, H-3 andoiPh-
5,10,15,20), 8.57 (d] = 4.8 Hz, 1H, HB), 8.74-8.83 (m, 5H, HB). **C NMR (75 MHz, CDCJ, TMS): &
110.1 (C-3); 112.7, 116.3; 117.7 (C-2',6"); 118111,9.9, 121.5; 126.6, 126.7, 126.8, 127.66, 127.73,
128.6 and 129.1 (@p-Ph-5,10,15,20); 128.3, 129.7, 130.0, 130.5, 12h& 132.3 (P); 132.2 (C-
3,5); 133.1, 134.2, 134.4 and 134.5 (RPh-5,10,15,20); 140.8, 141.5, 141.9, 142.2, 140N-Vis
(CH,Cly) Aax (log &) 409 (5.3), 433 (4.9) 526 (4.4), 568 (4.0), 5994655 (3.6)HRMS (ESI) calcd for
CsoH3sBINs (M+H)* 786.2050, found 786.2048.

Spectroscopic data for 3

trans-2-hydroxy-3-phenylamino-2,3-dihydro-5,10,15,20-teaphenylporphyrin, 3. Mp. 197-198 °C.
'H NMR (500 MHz, CDC}, TMS): 5 -1.88 (s, 2H, M), 2.46 (br s, 1H, €), 3.90 (d,J = 4.8 Hz, 1HB-
NH), 5.90 (d,J = 4.8 Hz, 1H, H-2), 6.21 (s, 1H, H-3), 6.49 &+ 7.9 Hz, 2H, H-2',6"), 6.68 (1 = 7.5
Hz, 1H, H-4"), 7.05 (ddJ = 7.5 and 7.9 Hz, 2H, H-3',5"), 7.45-7.47, 7.583§ and 7.66-7.75 (3m, 12H,
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H-mp-Ph-5,10,15,20); 7.77-7.79, 7.93-7.94, 8.03-8.07,08.12 and 8.21-8.22 (5m, 8H, d+Ph-
5,10,15,20); 8.29 (dl = 5.0 Hz, 1H, HB), 8.37 (d,J = 5.0 Hz, 1H, HB), 8.51 and 8.52 (AB] = 4.5 Hz,
2H, H-12,13), 8.67-8.68 (2m, 2H, B *C NMR (125 MHz, CDG}, TMS): & 67.1 (C-3); 79.9 (C-2);
113.0 (C-2',6)); 113.3, 113.4; 117.7 (C-4); 122ahd 123.4 (@); 124.2, 124.7; 126.7 (-Ph-
5,10,15,20); 127.1; 127.4 (@Ph-5,10,15,20); 127.6, 127.65, 127.74; 127.9 a@8.al (CmPh-
5,10,15,20); 128.2 (@); 128.5, 128.88; 128.93 (C-3'5); 129.0; 132.8dah32.9 (C-12,13); 132.0,
132.5, 133.1, 133.2 and 133.96 ¢&h-5,10,15,20); 134.0; 135.6, 135.8, 140.6 and8L4D-6,9,16,19);
141.0, 141.80, 141.82; 147.1 (Q:1153.1 and 153.4 (C-11,14); 1615 and 162.2 @3-1UV-Vis
(CH,CL) Amax (I0g € 415 (5.3), 516 (4.2), 544 (4.2), 590 (3.9), 6424). HRMS (ESI) calcd for
CsoHasNsO (M+H)* 724.3071, found. 724.3040

Spectroscopic data for 5a-d

Ph Ph 53, R=H

Ph

(2-phenylamino-5,10,15,20-tetraphenylporphyrinato)ickel(ll), 5a Mp. 290-291 °C!H NMR (300
MHz, CDCk, TMS): 5 6.37 (s, 1H, M-Ph); 6.90 (tJ = 7.4 Hz, 1H, H-4"), 6.91 (dJ = 8.1 Hz, 2H, H-
2',6), 7.24 (dd,J = 7.4 and 8.1 Hz, 2H, H-3',5’), 7.63-7.79 (m, 12Hym,p-Ph-5,10,15,20), 7.94-7.99
(m, 8H, Ho-Ph-5,10,15,20), 8.25 (s, 1H, H-3), 8.54-8.72 (H, &1). *C NMR (75 MHz, CDC},
TMS): 6 110.7 (C-3); 115.6, 115.8; 116.3 (C-2',6"); 1181£20.1; 120.9 (C-4’); 126.87, 126.89, 127.0,
127.6, 127.7 and 128.5 (8p-Ph-5,10,15,20); 128.9; 129.3 (C-3',5"); 130.6, 1B1131.4, 131.7, 132.0
and 132.9 ((); 133.2; 132.5, 133.45, 133.54 and 133.60(Eh-5,10,15,20); 139.5, 140.69, 140.72,
140.9, 141.1, 141.4, 142.0, 142.2, 142.7, 143.8,214143.5. UV-Vis (ChCl,) Amax (109 &) 414 (5.2),
541 (4.1), 580 (4.2). HRMS (ESI) calcd fogg834NsNi (M+H)* 762.2162, found 762.2175.

(2-p-methylphenylamino-5,10,15,20-tetraphenylporphyringo)nickel(ll), 5b. Mp. 248-249 °C.'H
NMR (300 MHz, CDC}, TMS): 6 2.30 (s, 3H, €l3), 6.30 (s, 1H, M-Ar), 6.85 (d,J = 8.3 Hz, 2H, H-
2',6"), 7.07 (d,J = 8.3 Hz, 2H, H-3',5"), 7.61-7.78 (m, 12H, i;p-Ph-5,10,15,20), 7.93-7.99 (m, 8H, H-
0-Ph-5,10,15,20), 8.17 (s, 1H, H-3), 8.55 Jd; 4.8 Hz, 1H, HB), 8.58 (d,J = 4.8 Hz, 1H, HB), 8.63-
8.69 (m, 4H, HB). **C NMR (75 MHz, CDC}, TMS): 8 20.7 CH5); 109.7 (C-3); 115.6; 116.6 (C-2",6");
118.3; 126.85, 126.88, 127.0, 127.57, 127.63, 12I28.5 and 128.9 (@yp-Ph-5,10,15,20); 129.8 (C-
3',5"); 130.4, 130.5, 131.2, 131.3, 131.7 and 13C$P); 132.5, 132.8, 133.4, 133.5 and 133.60(Eh-
5,10,15,20); 140.8, 141.1, 141.3, 143.0, 143.2,843V-Vis (CHCl,) Amax (log &) 413 (4.0), 583 (5.0).
HRMS (ESI) calcd for GH3gNsNi (M+H)* 776.2318, found 776.2317.
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(2-p-chlorophenylamino-5,10,15,20-tetraphenylporphyrinap)nickel(ll), 5¢c. Mp. >300 °C.*H NMR
(500 MHz, CDC}, TMS):  6.28 (s 1H, M-Ar), 6.83 (d,J = 8.5 Hz, 2H, H-2',6"), 7.19 (dJ = 8.5 Hz,
2H, H-3',5"), 7.64-7.80 (m, 12H, Hd,pPh-5,10,15,20), 7.95-7.99 (m, 8H,d+h-5,10,15,20), 8.20 (s,
1H, H-3), 8.56-8.69 (m, 6H, 1B). °C NMR (125 MHz, CDGJ, TMS): 5 111.4 (C-3); 115.6, 116.0; 117.2
(C-2',6"); 118.5, 120.1, 125.2; 126.9, 127.0, 127128.5 and 128.9 (@pPh-5,10,15,20); 129.2 (C-
3',5%); 130.7, 131.47, 131.53, 131.9, 132.0 and.Q3E€P); 132.4, 132.9, 133.4, 133.5 and 133.60(C-
Ph-5,10,15,20); 139.5, 140.6, 140.7, 140.9, 1414Q,1, 141.5, 142.1, 142.8, 142.9, 142.0, 143.3,34
143.41, 145.7. UV-Vis (CKCly) Amax (log &) 416 (5.2), 541 (4.2), 579 (4.2). HRMS (ESI) calcd
CsoH33CINsNi (M+H)* 796.1773, found 796.1777.

(2-p-bromophenylamino-5,10,15,20-tetraphenylporphyrinatynickel(ll) , 5d. Mp. >300 °C.*H NMR
(300 MHz, CDC}, TMS): 8 6.27 (s, 1H, M-Ar), 6.78 (d,J = 8.7 Hz, 2H, H-2',6"), 7.32 (d] = 8.7 Hz,
2H, H-3',5"), 7.64-7.79 (m, 12H, H,p-Ph-5,10,15,20), 7.94-8.00 (m, 8H,d¥h-5,10,15,20), 8.21 (s,
1H, H-3), 8.55-8.69 (m, 6H, IB). °C NMR (75 MHz, CDCJ, TMS): § 111.7 (C-3); 116.1; 117.6 (C-
2',6"); 120.1, 125.3; 126.9, 127.0, 127.7, 128.21 428.5 (Cm,p-Ph-5,10,15,20); 128.9, 129.0; 130.7,
131.5, 131.6, 131.9, 132.0 and 132.9p)C4132.1 (C-2',5"); 132.4, 133.4, 133.5 and 133®oPh-
5,10,15,20); 139.5, 140.6, 140.9, 141.4, 141.5,84P42.9, 143.0, 143.1, 145.5. UV-Vis (&) Anax
(log & 416 (5.2), 542 (4.1), 579 (4.1). HRMS (ESI) cafcdl CsoHBrNsNi (M)™ 841.1169, found
841.1160.

Single-crystal X-ray diffraction studies of 2a

A suitable single-crystal of compourzh was manually harvested from the crystallizatioal \and
mounted on a Hampton Research CryoLoop using FOMBY Iperfluoropolyether vacuum oil (LVAC
25/6) purchased from Aldrichwith the help of a Stemi 2000 stereomicroscopepggal with Carl Zeiss
lenses. Data were collected at 150(2)K on a Brod&iKappa APEX Il charge-coupled device (CCD)
area-detector diffractometer (Cy I§raphite-monochromated radiationz 1.54178 A) controlled by the
APEX2 software packageand equipped with an Oxford Cryosystems Seriescr@)stream monitored
remotely using the software interface Cryopadhages were processed using the software package
SAINT+,” and data were corrected for absorption by theiracétn semi-empirical method implemented
in SADABS® The structure was solved using the direct mettimgéemented with SHELXS-97which
ultimately allowed the immediate location of thejomdy of non-hydrogen atoms, with the remaining
being directly located from difference Fourier mapdsculated from successive full-matrix least sqaar
refinement cycles orF? using SHELXL-972° Non-hydrogen atoms were successfully refined using
anisotropic displacement parameters (see Figurg S17

Hydrogen atoms attached to carbon were locatdtkatitlealized positions using th#=IX 43instruction

in SHELXL-971° and included in subsequent refinement cycles dingimotion approximation with
isotropic thermal displacements parametekg) fixed at 1.2 timedJq, of the carbon atom to which they
are attached. Hydrogen atoms associated with tteenad bases of the porphyrin ring were markedly

visible in difference Fourier maps and were ultiehatincluded in the final structural model with N-H
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distances restrained to 0.95(1) A (in order to emshemically reasonable geometries for these mg)et
and withUigso(H) = 1.5 xUc(N).

The last difference Fourier map synthesis showed Highest peak (0.272 @R and deepest hole (-
0.230 e’ located at 1.13 A from H(35) and 0.96 A from C(3Bspectively.

Information concerning crystallographic data cdilet and structure refinement details is summarised
Table S1. Additional structural drawings, createdhwthe visualization software package Crystal
Diamond!* are provided as Figures S17 and S18 (see below).

Crystallographic data (excluding structure factdi®) the structure reported in this paper have been
deposited with the Cambridge Crystallographic Daentre as supplementary publication no. CCDC-
642548. Copies of the data can be obtained freehafge on application to CCDC, 12 Union Road,
Cambridge CB2 2EZ, U.K. FAX: (+44) 1223 336033. Bilrdeposit@ccdc.cam.ac.uk
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Figure S59. Schematic representation of the molecular unic@ipound2a showing the labelling
scheme for all non-hydrogen atoms. Thermal elligsaire drawn at the 50% probability level and

hydrogen atoms are represented as small spheteanitrary radii.

Figure S60. Crystal packing of compounga viewed in perspective along the [001] crystallgdna

direction. Hydrogen atoms have been omitted forstie of clarity.



Table S1.Crystal and structure refinement data for compdmd

S39

Formula
Formula weight
Crystal system
Space group
alA

b/A

c/A

pI°

Volume/A®

Z

DJg cm?®
(Mo-Ka)/mm™*
F(000)

Crystal size/mm
Crystal type

6 range

Index ranges

Reflections collected
Independent reflections
Completeness tbh = 24.71°
Final R indices [I>25(1)]*"

Final Rindices (all datd)’

Weighting schenfe

Largest diff. peak and hole

GoHaaNs
703.81
Monoclinic

P2,/n

17.7092(7)

10.6971(3)

19.5954(7)

104.6350(10)

3591.7(2)

4

1.302

0.077

1472

0.20x0.08x0.04
Brown prisms

3.591t024.71

-20ch<20

-12<k<11

-22<1<22
77784

611R,( = 0.0819)
99.7%

RL = 0.0455

WR2 = 0.0966

R1 = 0.0867

WR2 = 0.1151
m=0.0459
n=1.6643

0.272 and -0.23G eA

"RL= 3 |R-|F)

31 wre= 3] w( B~ ) i3]

‘w=1/| 0*(F?)+(mP)’ + nP| where P = (F? +2F?)/3
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