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meso-Arylamino- and alkylamino-substituted porphyrins were efficiently synthesized by reactions
of meso-halogenated porphyrins with amines via palladium-catalyzed amination. The combination
of palladium acetate and the commercially available phosphine ligand bis(2-diphenylphosphinophen-
yl) ether (DPEphos) is effective for catalyzing the couplings of both [5-bromo-10,20-diphenyl
porphyrino]zinc(II) and [5,15-dibromo-10,20-diphenylporphyrino]zinc(II) with amines to give the
corresponding monoamino- and diamino-substituted porphyrins in high yields under mild conditions.
The corresponding halogenated free-base porphyrins also underwent the cross-coupling reactions
efficiently under similar catalytic conditions.

Introduction

Porphyrins and related tetrapyrrolic macrocycles play
a number of essential roles in biological system such as
energy migration, electron transfer, light harvesting,
dioxygen transport, and substrate transformation.1 The
significance of these processes has stimulated intense
efforts in the synthesis of new porphyrins and their metal
complexes, with the aim of developing model systems for
carrying out similar functions. As a result, synthetic
porphyrins and metalloporphyrins have found many
important applications in various fields, including ho-
mogeneous catalysis, controlled polymer synthesis, novel
functional materials, and cancer photodynamic therapy.2
Porphyrins are generally prepared by tetramerization of
monopyrroles or condensation of dipyrrolic intermedi-
ates.3 The standard syntheses of porphyrins often require
tedious purification and typically give low yields, re-
straining efficient preparation of porphyrin derivatives
with a variety of different substituents. Recently, new
synthetic strategies have been actively pursued. Most
notable are the applications of transition metal-mediated
carbon-carbon bond formation reactions4 including the
Suzuki5 and Stille6 cross-couplings, allowing efficient
synthesis of a large number of derivatives from a single
â- or meso-halogenated porphyrin precursor.

The palladium-catalyzed amination of aryl halides and
triflates has been emerging as a powerful tool for the

formation of carbon-nitrogen bonds.7 The versatility of
this method has been demonstrated in many applications,
including synthesis of natural products, biologically and
pharmaceutically important compounds, new ligands,
and interesting materials.7 In light of the results from
halogenated porphyrins in transition metal-mediated
carbon-carbon bond formation reactions,4-6 we became
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interested in exploring the application of palladium-
catalyzed amination in porphyrin synthesis. This would
give access to substituted porphyrins with directly ap-
pended arylamino or alkylamino groups. During the
course of our recent studies, a communication was pub-
lished on this type of application for the synthesis of
â-substituted aminoporphyrins.8 Applying the palladium-
catalyzed amination reaction to meso-halogenated por-
phyrin precursors, we report herein an efficient approach
for the synthesis of a family of new porphyrins that con-
tain meso-arylamino or alkylamino substituents.9 The
syntheses can be carried out under mild conditions, typ-
ically give high yields, and are suitable to a variety of
amines.

Results and Discussion

Both meso- and â-halogenated porphyrins can be easily
accessed via selective halogenation of porphyrins.5,6 We
focused our efforts on the amination of meso-halogenated
porphyrins, which is expected to be more challenging
than the case of â-halogenated porphyrins,6b as meso-
substitution allows better electronic and steric tuning of
the physicochemical properties of porphyrins and met-
alloporphyrins. The meso-brominated 10,20-diphenylpor-
phyrins (1b and 2b) and their respective zinc complexes
(1a and 2a)6c,f,g were adopted as representative haloge-
nated porphyrin precursors for the establishment of the
catalytic conditions (Scheme 1). We first evaluated the
catalytic activities of a number of commercially available
phosphine ligands (Figure 1) in combination with Pd-
(OAc)2 or Pd2(dba)3 in the presence of either Cs2CO3 or
NaOt-Bu for the amination reaction of 1a with aniline
in THF or toluene at various temperatures. Both the
chelating ligands, DPEphos and BINAP, and the biphen-
yl-based electron-rich bulky monophosphine ligands, L1,
L2, and L3, can catalyze the reaction. But DPEphos was
selected as the ligand of choice for further investigation
because of its high catalytic activity and low cost. There
was no obvious difference in reactivity between the uses
of Pd(OAc)2 and Pd2(dba)3. Although both THF and

toluene can be used as a reaction medium, THF gave a
more homogeneous system due to better solubility of
porphyrins. The weak base Cs2CO3 is preferred for the
reaction as side products were observed in certain reac-
tions with the use of the strong base NaOt-Bu.10 An
elevated temperature is normally required for high-yield
synthesis because of slower reaction rates at room tem-
perature. On the basis of these initial evaluations, sub-
sequent reactions (Scheme 1) were typically carried out
in THF at 68 °C under a nitrogen atmosphere with excess
amine with use of 5 mol % of Pd(OAc)2 in combination
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SCHEME 1. Palladium-Catalyzed Amination Reactions of meso-Monobromo- and meso-Dibromoporphyrins

FIGURE 1. Structures of chelating ligands and biphenyl-
based electron-rich bulky monophosphine ligands.

TABLE 1. Palladium-Catalyzed Amination of
meso-Bromoporphyrins with Aminesa

entry reactantb amine time (h)c productd yield (%)e

1 1a PhNH2 13 3a 95
2 1b PhNH2 19 3b 98
3 1a Ph(Me)NH 13 4a 99
4 1b Ph(Me)NH 16 4b 94
5 1a Ph2CdNH 22 5a 94
6 1b Ph2CdNH 24 5b 84
7 1a Ph2NH 25 6a 61f

8 1b Ph2NH 40 6b 66
9 1a n-HexNH2 50 7a 80

10 2a PhNH2 13 8a 82
11 2b PhNH2 20 8b 65
12 2a Ph(Me)NH 17 9a 82
13 2b Ph(Me)NH 15 9b 71
14 2a Ph2CdNH 16 10a 84
15 2b Ph2CdNH 15 10b 95
16 2a Ph2NH 50 11a 30
17 2a (4-CF3Ph)NH2 17 12a 90
18 2a (4-CH3 OPh)NH2 16 13a 94
19 2a (3,5-di-t-BuPh)NH2 62 14a 95

a Reactions were carried out at 68 °C in THF under N2 with
1.0 equiv of bromoporphyrin, 3.6 equiv of amine for 1b and 2b or
4.8 equiv of amine for 1a and 2a, 5 mol % of Pd(OAc)2, and 7.5
mol % of DPEphos in the presence of 1.4 equiv of Cs2CO3 per Br.
Concentration: 0.05 mmol of bromoporphyrin/5 mL of THF.
b Structures of bromoporphyrins are shown in Scheme 1. c Reaction
times have not been optimized. d Structures of aminoporphyrins
are given in Figure 2. e Yields represent isolated yields of >95%
purity as determined by 1H NMR. f The reaction was conducted
with 10 mol % of Pd(OAc)2 and 15 mol % of DPEphos in the
presence of 2.8 equiv of NaOt-Bu.
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with DPEphos (L/Pd ) 1.5) in the presence of 1.4 equiv
of Cs2CO3 per halide. When this procedure was used,
most of the reactions proceed to completion within 24 h.

A variety of different amines can be efficiently coupled
with the meso-brominated 10,20-dipenylporphyrins 1b
and 2b as well as their respective zinc complexes 1a and
2a. The results are summarized in Table 1 with the
structures of the resulting meso-arylamino- and alkyl-
amino-sustituted porphyrins shown in Figure 2. For
example, both the primary aniline (Table 1, entry 1) and
the secondary N-methylaniline (Table 1, entry 3) were
effectively coupled with 1a to give monoamino-substi-
tuted porphyrins 3a (yield 95%) and 4a (yield 99%),
respectively. When 2a was used, the corresponding
diamino-substituted porphyrins 8a (Table 1, entry 10;
yield 82%) and 9a (Table 1, entry 12; yield 82%) were
synthesized via double amination reactions. The substi-
tuted aniline derivatives such as 4-trifluoromethylaniline
(Table 1, entry 17), p-anisidine (Table 1, entry 18), and
3,5-di-tert-butylaniline (Table 1, entry 19) gave similarly
excellent yields (90%, 94% and 95%, respectively) of
double amination products when reacted with 2a. Pri-
mary aliphatic amines can also be well coupled as
demonstrated in the case of n-hexylamine with 1a (Table
1, entry 9). But the uses of secondary aliphatic and
cycloaliphatic amines such as dibutylamine, piperidine,
and morpholine resulted in no reactions or a mixture of
products in addition to the starting material. For aro-
matic amines, even the sterically hindered diphenyl-
amine was able to couple with 1a and 2a to afford the
corresponding monoamino- and diamino-substituted por-
phyrins 6a and 11a although the yields were much lower.
In addition to primary and secondary amines, imines are

also suitable coupling partners under similar reaction
conditions. When benzophenone imine was employed,
monoimino-substituted porphyrin 5a (Table 1, entry 5;
yield 94%) and diimino-substituted porphyrin 10a (Table
1, entry 14; yield 84%) were obtained from its reactions
with 1a and 2a, respectively. The potential utility of this
methodology is further enhanced with our later discovery
that the use of a zinc ion as an “inorganic protective
group” for the central -NH units is not necessary when
the weak base Cs2CO3 is utilized. For example, similar
yields were achieved when reactions were carried out for
the free base porphyrins 1b (Table 1, entries 2, 4, 6, and
8) and 2b (Table 1, entries 11, 13, and 15). Although most
of the reactions were carried out in 0.05-mmol scale (see
Experimental Section), the reactions can be scaled up if
needed. As an example, when the reaction of porphyrin
2b and benzophenone imine was carried in 0.5-mmol
scale, the same desired product 10b was obtained in a
403-mg quantity and in 98% yield. The dissymmetric
diamino-substituted porphyrins 8a,b, 9a,b, 10a,b, 12a,
13a, and 14a (Figure 2) are expected to exist as a mixture
of R,R- and R,â-atropisomers with respect to the porphyr-
in plane. The observation of only one set of resonances
in both 1H and 13C NMR spectra of these porphyrins
suggests that there is a free rotation around the bond
between the amino nitrogen atom and the porphyrin
meso-carbon atom at ambient temperature.

Conclusions

In summary, a facile and efficient synthesis of amino-
substituted porphyrins from the halogenated precursors
via palladium-catalyzed amination has been developed.

FIGURE 2. Structures of meso-arylamino- and alkylamino-substituted porphyrins.
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Considering the vast availability of different amines, this
methodology will allow quick access to a variety of novel
porphyrins with meso-substituted arylamino and alkyl-
amino groups. The physicochemical properties of the
resulting porphyrins should be able to be fine-tuned or
dramatically altered through the judicious use of amines
with different electronic and steric properties. These new
amino-substituted porphyrins could be useful for applica-
tions in many important areas such as catalysis, materi-
als, biomimics, and medicine.

Experimental Section
General Considerations. All reactions were carried out

under a nitrogen atmosphere in oven-dried glassware following
standard Schlenk techniques. Tetrahydrofuran was distilled
under nitrogen from sodium benzophenone ketyl. 5-Bromo-
10,20-diphenylporphyrine and 5,15-dibromo-10,20-diphenylpor-
phyrine as well as their corresponding zinc complexes [5-bromo-
10,20-diphenylporphyrino]zinc(II) and [5,15-dibromo-10,20-
diphenylporphyrino]zinc(II) were synthesized by literature
methods.6c,f,g Bis(2-diphenylphosphinophenyl)ether (DPEphos)
was purchased from Strem Chemical Co. Infrared spectra were
obtained by using a Bomen B100 Series FT-IR spectrometer.
Samples were prepared as films on a NaCl plate by evaporat-
ing THF solutions. UV-vis spectra were obtained with a
Hewlett-Packard 8452A diode array spectrophotometer. Thin-
layer chromatography was carried out on E. Merck Silica Gel
60 F-254 TLC plates.

General Procedures for Amination of Bromoporphyr-
in. The bromoporphyrin, palladium precursor, phosphine
ligand, and base were placed in an oven-dried, resealable
Schlenk tube. The tube was capped with a Teflon screwcap,
evacuated, and backfilled with nitrogen. The screwcap was
replaced with a rubber septum, and amine was added via
syringe, followed by solvent. The tube was purged with
nitrogen for 2 min, and then the septum was replaced with
the Teflon screwcap. The tube was sealed, and its contents
were heated with stirring until the starting bromoporphyrin
had been completely consumed as indicated by TLC analysis.
The resulting mixture was cooled to room temperature, taken
up in ethyl acetate (60 mL), and transferred to a separatory
funnel. The mixture was washed with water (×2), dried over
anhydrous sodium sulfate, filtered, and concentrated in vacuo.
The crude product was then purified.

[5-(N-Phenylamino)-10,20-diphenylporphyrino]zinc-
(II) (3a). The general procedure was used to couple [5-bromo-
10,20-diphenylporphyrino]zinc(II) (30 mg, 0.050 mmol) with
aniline (17 µL, 0.18 mmol), using palladium acetate (0.55 mg,
0.0025 mmol) as the palladium precursor, DPEphos (2.0 mg,
0.0038 mmol) as the phosphine ligand, and cesium carbonate
(22.8 mg, 0.070 mmol) as the base. The reaction was conducted
in THF (5 mL) at 68 °C for 13 h. The title compound was
isolated by flash column chromatography (silica gel, ethyl
acetate:hexanes (v/v) 1:4) as purple solids (29 mg, 95%). 1H
NMR (300 MHz, THF-d8): δ 10.08 (s, 1H), 9.48 (d, J ) 4.8
Hz, 2H), 9.31 (s, 1H), 9.29 (d, J ) 4.8 Hz, 2H), 8.92 (d, J ) 4.8
Hz, 2H), 8.81 (d, J ) 4.8 Hz, 2H), 8.22 (m, 4H), 7.75 (m, 6H),
7.04 (t, J ) 7.2 Hz, 2H), 6.87 (d, J ) 7.5 Hz, 2H), 6.65 (t, J )
7.2 Hz, 1H). 13C NMR (75 MHz, THF-d8): δ 164.8, 161.0, 160.8,
160.4, 160.2, 154.0, 145.1, 142.4, 141.7, 139.4, 139.2, 137.6,
136.8, 130.3, 130.2, 127.9, 124.6, 115.4. IR (film, cm-1): 3383,
3050, 2953, 1599, 1493, 1307, 1061, 996, 793, 748. UV-vis
(THF, λmax, nm): 422, 554, 602. HRMS-EI ([M]+): calcd for
C38H25N5Zn 615.1401, found 615.1382, with an isotope distri-
bution pattern that is the same as the calculated one.

5-(N-Phenylamino)-10,20-diphenylporphyrin (3b). The
general procedure was used to couple 5-bromo-10,20-diphen-
ylporphyrin (27 mg, 0.05 mmol) with aniline (17 µL, 0.18
mmol), using palladium acetate (0.55 mg, 0.0025 mmol) as the
palledium precursor, DPEphos (2.0 mg, 0.0038 mmol) as the
phosphine ligand, and cesium carbonate (22.8 mg, 0.070 mmol)

as the base. The reaction was conducted in THF (5 mL) at 68
°C for 19 h. The title compound was isolated by flash chro-
matography (silica gel, ethyl acetate:hexanes (v/v) 1:4) as red
solids (27 mg, 98%). 1H NMR (300 MHz, THF-d8): δ 10.14 (s,
1H), 9.44 (d, J ) 4.8 Hz, 2H), 9.42 (s, 1H), 9.30 (d, J ) 4.8 Hz,
2H), 8.90 (d, J ) 4.8 Hz, 2H), 8.77 (d, J ) 4.8 Hz, 2H), 8.21
(m, 4H), 7.78 (m, 6H), 7.06 (t, J ) 7.4, 2H), 6.86 (d, J ) 7.4
Hz, 2H), 6.69 (J ) 7.4 Hz, 1H), -2.54 (s, 2H). 13C NMR (75
MHz, THF-d8): δ 154.8, 147.7, 142.7, 135.5, 132.1, 131.9,
131.1, 129.7, 128.5, 127.7, 120.6, 120.1, 119.0, 115.5, 105.1.
IR (film, cm-1): 3302, 3043, 1599, 1495, 1476, 1338, 1309,
1255, 1064, 973, 958, 797, 748. UV-vis (THF, λmax, nm): 412,
512, 582, 660. HRMS-EI ([M]+): calcd for C38H27N5 553.2266,
found 553.2274, with an isotope distribution pattern that is
the same as the calculated one.

[5-(N-Methyl-N-phenylamino)-10,20-diphenylporphyr-
ino]zinc(II) (4a). The general procedure was used to couple
[5-bromo-10,20-diphenylporphyrino]zinc(II) (30 mg, 0.050 mmol)
with N-methylaniline (20 µL, 0.18 mmol), using palladium
acetate (0.55 mg, 0.0025 mmol) as the palladium precursor,
DPEphos (2.0 mg, 0.0038 mmol) as the phosphine ligand, and
cesium carbonate (22.8 mg, 0.070 mmol) as the base. The
reaction was conducted in THF (5 mL) at 68 °C for 13 h. The
title compound was isolated by flash column chromatography
(silica gel, THF:hexanes (v/v) 1:8) as purple solids (31 mg,
99%). 1H NMR (300 MHz, THF-d8): δ 10.20 (s, 1H), 9.36 (d, J
) 4.8 Hz, 2H), 9.19 (d, J ) 4.8 Hz, 2H), 8.97 (d, J ) 4.8 Hz,
2H), 8.87 (d, J ) 4.8 Hz, 2H), 8.23 (m, 4H), 7.77 (m, 6H), 7.05
(br, 2H), 6.69 (br, 2H), 6.61 (t, J ) 7.2 Hz, 1H), 4.28 (s, 3H).
13C NMR (75 MHz, THF-d8): δ 156.0, 152.0, 151.2, 150.9,
150.7, 144.2, 135.5, 133.0, 132.8, 132.4, 130.0, 129.3, 128.1,
127.2, 125.3, 120.8, 116.7, 114.1, 106.9, 45.7. IR (film, cm-1):
3054, 3023, 2978, 2876, 2807, 1596, 1498, 1341, 1120, 994, 793,
747. UV-vis (THF, λmax, nm): 416, 552, 598. HRMS-EI ([M]+):
calcd for C39H27N5Zn 629.1558, found 629.1549, with an isotope
distribution pattern that is the same as the calculated one.

5-(N-Methyl-N-phenylamino)-10,20-diphenylporphyr-
in (4b). The general procedure was used to couple 5-bromo-
10,20-diphenylporphyrin (54 mg, 0.10 mmol) with N-methyl-
aniline (40 µL, 0.36 mmol), using palladium acetate (1.1 mg,
0.005 mmol) as the palladium precursor, DPEphos (4.0 mg,
0.0075 mmol) as the phosphine ligand, and cesium carbonate
(45.6 mg, 0.014 mmol) as the base. The reaction was conducted
in THF (5 mL) at 68 °C for 16 h. The title compound was iso-
lated by flash column chromatography (silica gel, ethyl acetate:
hexanes (v/v) 1:4) as purple solids (53 mg, 94%). 1H NMR (300
MHz, CDCl3): δ 10.18(s, 1H), 9.30(d, J ) 4.8 Hz, 2H), 9.19 (d,
J ) 4.8 Hz, 2H), 9.00(d, J ) 4.8 Hz, 2H), 8.90 (d, J ) 4.8 Hz,
2H), 8.23 (m, 4H), 7.78 (m, 6H), 7.19 (br, 2H), 6.73 (br, 3H),
4.26 (s, 3H), -2.82 (s, 2H). 13C NMR (75 MHz, CDCl3): δ 154.9,
141.6, 134.9, 131.9, 131.7, 131.6, 129.6, 129.1, 128.0, 127.2,
124.2, 119.8, 116.9, 113.9, 105.8, 45.5. IR (film, cm-1): 3303,
3055, 3026, 2875, 2810, 1596, 1498, 1351, 1113, 971, 796, 731.
UV-vis (CHCl3, λmax, nm): 410, 512, 548, 592. HRMS-EI ([M]+):
calcd for C39H29N5 567.2423, found 567.2419, with an isotope

distribution pattern that is the same as the calculated one.
[5-Benzophenoneimino-10,20-diphenylporphyrino]zinc-

(II) (5a). The general procedure was used to couple [5-bromo-
10,20-diphenylporphyrino]zinc(II) (30 mg, 0.050 mmol) with
benzophenoneimine (31 µL, 0.18 mmol), using palladium
acetate (0.55 mg, 0.0025 mmol) as the palladium precursor,
DPEphos (2.0 mg, 0.0038 mmol) as the phosphine ligand, and
cesium carbonate (22.8 mg, 0.070 mmol) as the base. The
reaction was conducted in THF (5 mL) at 68 °C for 22 h. The
title compound was isolated by flash column chromatography
(silica gel, ethyl acetate:hexanes (v/v) 1:4) as purple solids (33
mg, 94%). 1H NMR (300 MHz, THF-d8): δ 9.80 (s, 1H), 9.23
(d, J ) 4.8 Hz, 2H), 9.13 (d, J ) 4.8 Hz, 2H), 8.79 (d, J ) 4.8
Hz, 2H), 8.71 (d, J ) 4.8 Hz, 2H), 8.19 (br, 6H), 7.73 (m, 6H),
7.66 (br, 3H), 7.36 (br, 2H), 6.65 (br, 3H). 13C NMR (75 MHz,
THF-d8): δ 170.8, 152.0, 150.3, 149.9, 144.5, 142.5, 135, 4,
133.0, 131.6, 131.1, 130.9, 130.0, 129.4, 128.8, 127.9, 127.2,
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120.6, 103.7. IR (film, cm-1): 3056, 3023, 2962, 1618, 1596,
1578, 1490, 1439, 1124, 1061, 994, 794. UV-vis (THF, λmax,
nm): 428, 562, 610. HRMS-EI ([M]+): calcd for C45H29N5Zn
703.1714, found 703.1699, with an isotope distribution pattern
that is the same as the calculated one.

5-Benzophenoneimino-10,20-diphenylporphyrin (5b).
The general procedure was used to couple 5-bromo-10,20-
diphenylporphyrin (27 mg, 0.05 mmol) with benzophenon-
eimine (31 µL, 0.18 mmol), using palladium acetace (0.55 mg,
0.0025 mmol) as the palladium precursor, DPEphos (2.0 mg,
0.0038 mmol) as the phosphine ligand, and cesium carbonate
(22.8 mg, 0.070 mmol) as the base. The reaction was conducted
in THF (5 mL) at 68 °C for 24 h. The title compound was
isolated by flash column chromatography (silica gel, ethyl
acetate:hexanes (v/v) 1:8) as purple solids (27 mg, 84%). 1H
NMR (300 MHz, CDCl3): δ 9.78 (s, 1H), 9.23 (d, J ) 4.8 Hz,
2H), 9.08 (d, J ) 4.8 Hz, 2H), 8.85 (d, J ) 4.8 Hz, 2H), 8.75 (d,
J ) 4.8 Hz, 2H), 8.26 (br, 6H), 7.76 (br, 9H), 7.18 (br, 2H),
6.61 (br, 3H), -2.34 (s, 2H). 13C NMR (75 MHz, CDCl3): δ
171.6, 146.0, 141.7, 134.6, 133.6, 131.6, 130.7, 129.8, 127.9,
127.5, 126.8, 119.4, 102.4. IR (film, cm-1): 3306, 3057, 3026,
1808, 1616, 1595, 1576, 1476, 1442, 1405, 1316, 1241, 1097,
976, 954, 845, 797, 745. UV-vis (CHCl3, λmax, nm): 424, 526,
564, 604, 658. HRMS-EI ([M]+): calcd for C45H31N5 641.2579,
found 641.2591, with an isotope distribution pattern that is
the same as the calculated one.

[5-(N-Diphenylamino)-10,20-diphenylporphyrino]zinc-
(II) (6a). The general procedure was used to couple [5-bromo-
10,20-diphenylporphyrino]zinc(II) (30 mg, 0.05 mmol) with
diphenylamine (0.031 g, 0.18 mmol), using palladium acetate
(1.1 mg, 0.005 mmol) as the palladium precursor, DPEphos
(4.0 mg, 0.0075 mmol) as the phosphine ligand, and sodium
tert-butoxide (13.5 mg, 0.14 mmol) as the base. The reaction
was conducted in THF (5 mL) at 68 °C for 25 h. The title com-
pound was isolated by flash column chromatography (silica
gel, THF:hexanes (v/v) 1:6) as purple solids (21 mg, 61%). 1H
NMR (300 MHz, THF-d8): δ 10.17 (s, 1H), 9.33 (m, 4H), 8.93
(d, J ) 4.8 Hz, 2H), 8.80 (d, J ) 4.8 Hz, 2H), 8.20 (m, 4H),
7.75 (m, 6H), 7.33 (m, 8H), 7.12 (t, J ) 7.8 Hz, 8H), 6.80 (t, J
) 7.2 Hz, 4H). 13C NMR (75 MHz, CDCl3): δ 153.7, 153.0,
151.3, 151.0, 150.1, 144.1, 135.4, 133.3, 132.8, 132.4, 130.9,
129.8, 129.6, 128.1, 127.2, 122.9, 121.1, 120.9, 107.0. IR (film,
cm-1): 3055, 2961, 2361, 1598, 1587, 1490, 1293, 1273, 1062,
1003, 994, 794, 752. UV-vis (THF, λmax, nm): 412, 558, 604.
HRMS-EI ([M]+): calcd for C44H29N5Zn 691.1714, found
691.1712, with an isotope distribution pattern that is the same
as the calculated one.

5-(N-Diphenylamino)-10,20-diphenylporphyrin (6b).
The general procedure was used to couple 5-bromo-10,20-di-
phenylporphyrin (54 mg, 0.1 mmol) with diphenylamine (0.061
g, 0.36 mmol), using palladium acetate (1.1 mg, 0.005 mmol)
as the palladium precursor, DPEphos (4.0 mg, 0.0075 mmol)
as the phosphine ligand, and cesium carbonate (45.6 mg, 0.014
mmol) as the base. The reaction was conducted in THF (5 mL)
at 68 °C for 40 h. The title compound was isolated by flash
column chromatography (silica gel, THF:hexanes (v/v) ) 1:8)
as purple solids (41 mg, 66%). 1H NMR (300 MHz, CDCl3): δ
10.13 (s, 1H), 9.33 (d, J ) 4.8 Hz, 2H), 9.26 (d, J ) 4.8 Hz,
2H), 8.96 (d, J ) 4.8 Hz, 2H), 8.83 (d, J ) 4.8 Hz, 2H), 8.20
(m, 4H), 7.76 (m, 6H), 7.35 (m, 4H), 7.20 (t, J ) 7.2 Hz, 4H),
6.89 (t, J ) 7.2 Hz, 2H), -2.69 (s, 2H). 13C NMR (75 MHz,
CDCl3): δ 152.5, 141.3, 134.8, 134.6, 132.0, 131.4, 130.1, 129.1,
127.8, 126.8, 122.3, 120.8, 119.6, 105.6. IR (film, cm-1): 3307,
3055, 3029, 1591, 1491, 1342, 1184, 973, 796, 750, 731, 695.
UV-vis (CHCl3, λmax, nm): 407, 523, 577, 656. HRMS-EI ([M]+):
calcd for C44H31N5 629.2579, found 629.2576, with an isotope

distribution pattern that is the same as the calculated one.
[5-(N-Hexylamino)-10,20-diphenylporphyrino]zinc-

(II) (7a). The general procedure was used to couple [5-bromo-
10,20-diphenylporphyrino]zinc(II) (30 mg, 0.05 mmol) with
hexylamine (0.024 mL, 0.18 mmol), using palladium acetate
(0.55 mg, 0.0025 mmol) as the palladium precursor, DPEphos

(2.0 mg, 0.0038 mmol) as the phosphine ligand, and cesium
carbonate (22.8 mg, 0.070 mmol) as the base. The reaction was
conducted in THF (5 mL) at 68 °C for 50 h. The title compound
was isolated by flash column chromatography (silica gel, THF:
hexanes (v/v) 1:8) as purple solids (25 mg, 80%). 1H NMR (300
MHz, THF-d8): δ 9.63 (s, 1H), 9.43 (d, J ) 4.8 Hz, 2H), 9.05
(d, J ) 4.8 Hz, 2H), 8.76 (d, J ) 4.8 Hz, 2H), 8.65 (d, J ) 4.8
Hz, 2H), 8.18 (m, 4H), 7.75(m, 6H), 7.33 (m, 8H), 6.78(s, 1H),
4.38(m, 2H), 2.04(m, 2H), 1.58(m, 2H), 1.37 (m, 4H), 0.87 (t, J
) 7.2 Hz, 3H). 13C NMR (75 MHz, THF-d8): δ 152.7, 149.9,
149.5, 147.0, 144.7, 135.3, 133.0, 131.4, 130.2, 127.8, 127.2,
126.9, 120.5, 102.4, 60.2, 32.8, 32.5, 28.0, 23.5, 14.4. IR (film,
cm-1): 3330, 3053, 2954, 2925, 2854, 1584, 1542, 1489, 1440,
1213, 1062, 1010, 1002, 992, 836, 789, 780, 750. UV-vis (THF,
λmax, nm): 428, 606. HRMS-EI ([M]+): calcd for C38H33N5Zn
623.2027, found 623.2009, with an isotope distribution pattern
that is the same as the calculated one.

[5,15-Bis(N-phenylamino)-10,20-diphenylporphyrino]-
zinc(II) (8a). The general procedure was used to couple [5,-
15-dibromo-10,20-diphenylporphyrino]zinc(II) (34 mg, 0.050
mmol) with aniline (22 µL, 0.24 mmol), using palladium
acetate (1.1 mg, 0.0050 mmol) as the palladium precursor,
DPEphos (4.0 mg, 0.0075 mmol) as the phosphine ligand, and
cesium carbonate (45.6 mg, 0.14 mmol) as the base. The
reaction was conducted in THF (5 mL) at 68 °C for 13 h. The
title compound was isolated by flash column chromatography
(silica gel, THF:hexanes (v/v) 1:4) as purple solids (29 mg,
82%). 1H NMR (300 MHz, THF-d8): δ 9.36 (d, J ) 4.8 Hz, 4H),
9.17 (s, 2H), 8.69 (d, J ) 4.8 Hz, 4H), 8.16 (m, 4H), 7.72 (m,
6H), 7.03 (t, J ) 6.9, 7.2 Hz, 4H), 6.84 (d, J ) 8.4 Hz, 4H),
6.64 (t, J ) 7.2 Hz, 2H). 13C NMR (75 MHz, THF-d8): δ 155.1,
152.0, 150.5, 144.4, 135.3, 132.2, 129.7, 129.6, 128.0, 127.2,
121.0, 119.9, 118.2, 115.0. IR (film, cm-1): 3380, 3047, 3020,
2953, 1599, 1492, 1339, 1308, 1063, 1003, 795, 747. UV-vis
(THF, λmax, nm): 440, 564, 620. HRMS-EI ([M]+): calcd for
C44H30N6Zn 706.1823, found 706.1840, with an isotope distri-
bution pattern that is the same as the calculated one.

5,15-Bis(N-phenylamino)-10,20-diphenylporphyrin (8b).
The general procedure was used to couple 5,15-dibromo-10,-
20-diphenylporphyrin (31 mg, 0.05 mmol) with aniline (22 µL,
0.24 mmol), using palladium acetate (1.1 mg, 0.0050 mmol)
as the palladium precursor, DPEphos (4.0 mg, 0.0075 mmol)
as the phosphine ligand, and cesium carbonate (45.6 mg, 0.14
mmol) as the base. The reaction was conducted in THF (5 mL)
at 68 °C for 20 h. The title compound was isolated by flash
column chromatography (silica gel, ethyl acetate:hexanes (v/
v) 1:4) as purple solids (21 mg, 65%). 1H NMR (300 MHz, THF-
d8): δ 9.32 (d, J ) 4.8 Hz, 4H), 9.29 (s, 2H), 8.65 (d, J ) 4.8
Hz, 4H), 8.17 (m, 4H), 7.75 (m, 6H), 7.07 (t, J ) 8.1 Hz, 4H),
6.86 (d, J ) 8.1 Hz, 4H), 6.69 (t, J ) 7.4 Hz, 2H), -2.03 (s,
2H). 13C NMR (75 MHz, THF-d8): δ 154.5, 142.9, 137.1, 135.3,
129.7, 128.5, 127.6, 120.5, 119.7, 118.9, 115.4. IR (film, cm-1):
3307, 1599, 1496, 1474, 1340, 1306, 1258, 1071, 974, 797, 732.
UV-vis (THF, λmax, nm): 438, 526, 592, 680. HRMS-EI ([M]+):
calcd for C44H32N6 644.2688, found 644.2704, with an isotope

distribution pattern that is the same as the calculated one.
[5,15-Bis(N-methyl-N-phenylamino)-10,20-diphenylpor-

phyrino]zinc(II) (9a). The general procedure was used to
couple [5,15-dibromo-10,20-diphenylporphyrino]zinc(II) (34
mg, 0.050 mmol) with N-methylaniline (26 µL, 0.24 mmol),
using palladium acetate (1.1 mg, 0.0050 mmol) as the pal-
ladium precursor, DPEphos (4.0 mg, 0.0075 mmol) as the
phosphine ligand, and cesium carbonate (45.6 mg, 0.14 mmol)
as the base. The reaction was conducted in THF (5 mL) at 68
°C for 17 h. The title compound was isolated by flash column
chromatography (silica gel, THF:hexanes (v/v) 1:8) as purple
solids (30 mg, 82%). 1H NMR (300 MHz, THF-d8): δ 9.10 (d,
J ) 4.8 Hz, 4H), 8.75 (d, J ) 4.8 Hz, 4H), 8.15 (m, 4H), 7.73
(m, 6H), 7.04 (br, 4H), 6.69 (br, 4H), 6.59 (t, J ) 7.2 Hz, 2H),
4.25 (s, 6H). 13C NMR (75 MHz, THF-d8): δ 155.8, 152.4, 150.9,
144.0, 135.2, 133.1, 130.1, 129.3, 128.2, 127.2, 125.7, 121.2,
116.8, 114.2, 45.6. IR (film, cm-1): 3054, 2985, 2883, 2807,
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1597, 1496, 1346, 1118, 1000, 796, 747. UV-vis (THF, λmax,
nm): 422, 562, 608. HRMS-EI ([M]+): calcd for C46H34N6Zn
734.2136, found 734.2128, with an isotope distribution pattern
that is the same as the calculated one.

5,15-Bis(N-methyl-N-phenylamino)-10,20-diphenylpor-
phyrin (9b). The general procedure was used to couple 5,15-
dibromo-10,20-diphenylporphyrin (31 mg, 0.05 mmol) with
N-methylaniline (26 µL, 0.24 mmol), using palladium acetate
(1.1 mg, 0.0050 mmol) as the palladium precursor, DPEphos
(4.0 mg, 0.0075 mmol) as the phosphine ligand, and the cesium
carbonate (45.6 mg, 0.14 mmol) as the base. The reaction was
conducted in THF (5 mL) at 68 °C for 15 h. The title compound
was isolated by flash column chromatography (silica gel, ethyl
acetate:hexanes (v/v) 1:4) as red solids (24 mg, 71%). 1H NMR
(300 MHz, CDCl3): δ 9.08 (d, J ) 4.8 Hz, 4H), 8.77 (d, J ) 4.8
Hz, 4H), 8.16 (m, 4H), 7.72 (m, 6H), 7.14 (m, 4H), 6.72 (m,
6H), 4.23 (s, 6H), -2.54 (s, 2H). 13C NMR (75 MHz, CDCl3):
δ 154.4, 141.3, 134.5, 131.9, 128.9, 128, 127.8, 126.8, 124.3,
119.9, 116.7, 113.8, 45.1. IR (film, cm-1): 3315, 3026, 2359,
1596, 1498, 1475, 1354, 1114, 972, 798. UV-vis (CHCl3, λmax,
nm): 412, 522, 562, 596, 608. HRMS-EI ([M]+): calcd for
C46H36N6 672.3001, found 672.3003, with an isotope distribu-
tion pattern that is the same as the calculated one.

[5,15-Bis(benzophenoneimino)-10,20-diphenylporphyr-
ino]zinc(II) (10a). The general procedure was used to couple
[5,15-dibromo-10,20-diphenylporphyrino]zinc(II) (34 mg, 0.050
mmol) with benzophenoneimine (41 µL, 0.24 mmol), using
palladium acetate (1.1 mg, 0.0050 mmol) as the palladium
precursor, DPEphos (4.0 mg, 0.0075 mmol) as the phosphine
ligand, and cesium carbonate (45.6 mg, 0.14 mmol) as the base.
The reaction was conducted in THF (5 mL) at 68 °C for 16 h.
The title compound was isolated by flash column chromatog-
raphy (silica gel, ethyl acetate:hexanes (v/v) 1:4) as purple
solids (37 mg, 84%). 1H NMR (300 MHz, CDCl3): δ 9.06 (d, J
) 4.8 Hz, 4H), 8.57 (d, J ) 4.8 Hz, 4H), 8.19 (m, 4H), 8.07 (m,
4H), 7.68 (m, 6H), 7.61 (m, 6H), 7.33 (m, 4H), 6.62 (m, 6H).
13C NMR (75 MHz, CDCl3): δ 170.8, 149.4, 144.7, 143.8, 135.4,
135.2, 132.7, 131.9, 131.5, 130.8, 129.9, 129.3, 128.4, 128.0,
127.7, 127.2, 127.1, 126.9, 120.9. IR (film, cm-1): 3054, 3027,
2976, 1618, 1597, 1485, 1442, 1338, 1212, 1118, 1004, 793, 753.
UV-vis (THF, λmax, nm): 438, 652. HRMS-EI ([M]+): calcd
for C58H38N6Zn, 882.2449, found, 882.2464, with an isotope
distribution pattern that is the same as the calculated one.

5,15-Bis(benzophenoneimino)-10,20-diphenylporphyr-
in (10b). The general procedure was used to couple 5,15-
dibromo-10,20-diphenylporphyrin (31 mg, 0.05 mmol) with
benzophenoneimine (41 µL, 0.24 mmol), using palladium
acetate (1.1 mg, 0.0050 mmol) as the palladium precursor,
DPEphos (4.0 mg, 0.0075 mmol) as the phosphine ligand, and
cesium carbonate (45.6 mg, 0.14 mmol) as the base. The
reaction was conducted in THF (5 mL) at 68 °C for 15 h. The
title compound was isolated by flash column chromatography
(silica gel, ethyl acetate:hexanes (v/v) 1:4) as purple solids (39
mg, 95%). 1H NMR(300 MHz, THF-d8): δ 9.09 (d, J ) 4.8 Hz,
4H), 8.57 (d, J ) 4.8 Hz, 4H), 8.10 (m, 8H), 7.64 (m, 12H),
7.23 (br, 4H), 6.62 (br, 6H), -1.87(s, 2H). 13C NMR (75 MHz,
THF-d8): δ 172.3, 143.2, 140.8, 137.9, 135.4, 135.1, 132.1,
131.0, 129.3, 128.9, 128.3, 128.2, 127.5, 120.3, 108.4. IR (film,
cm-1) 3316, 3056, 3022, 1614, 1596, 1575, 1465, 1443, 1351,
1316, 1278, 1244, 1105, 1066, 976, 950, 798, 725. UV-vis
(THF, λmax, nm): 434, 592, 700. HRMS-EI ([M]+): calcd for
C58H40N6 820.3314, found 820.3308, with an isotope distribu-
tion pattern that is the same as the calculated one.

[5,15-Bis(N-diphenylamino)-10,20-diphenylporphyrino]-
zinc(II) (11a). The general procedure was used to couple [5,-
15-dibromo-10,20-diphenylporphyrino]zinc(II) (34 mg, 0.05
mmol) with diphenylamine (0.041 g, 0.24 mmol), using pal-
ladium acetate (1.1 mg, 0.0050 mmol) as the palladium
precursor, DPEphos (4.0 mg, 0.0075 mmol) as the phosphine
ligand, and sodium tert-butoxide (13.5 mg, 0.14 mmol) as the
base. The reaction was conducted in THF (5 mL) at 68 °C for

50 h. The title compound was isolated by flash column
chromatography (silica gel, THF:hexanes (v/v) 1:6) as purple
solids (13 mg, 30%). 1H NMR (300 MHz, CDCl3): δ 9.25 (d, J
) 4.8 Hz, 4H), 8.75 (d, J ) 4.8 Hz, 4H), 8.09 (m, 4H), 7.66 (m,
6H), 7.29 (m, 8H), 7.15 (t, J ) 7.8 Hz, 8H), 6.85 (t, J ) 7.4 Hz,
4H). 13C NMR (75 MHz, CDCl3): δ 152.6, 152.3, 149.7, 142.1,
134.3, 133.3, 130.5, 129.1, 127.6, 126.5, 122.8, 122.1, 121.0,
120.7. IR (film, cm-1): 3056, 2360, 1595, 1590, 1490, 1341,
1294, 1249, 1002, 794, 750. UV-vis (CHCl3, λmax, nm): 406,
460, 572, 628. HRMS-EI ([M]+): calcd for C56H38N6Zn 858.2449,
found 858.2436, with an isotope distribution pattern that is
the same as the calculated one.

[5,15-Bis(N-4-trifluoromethylphenylamino)-10,20-di-
phenylporphyrino]zinc(II) (12a). The general procedure
was used to couple [5,15-dibromo-10,20-diphenylporphyrino]-
zinc(II) (34 mg, 0.05 mmol) with 4-trifluoromethylaniline
(0.030 mL, 0.24 mmol), using palladium acetate (1.1 mg,
0.0050 mmol) as the palladium precursor, DPEphos (4.0 mg,
0.0075 mmol) as the phosphine ligand, and cesium carbonate
(45.6 mg, 0.14 mmol) as the base. The reaction was conducted
in THF (5 mL) at 68 °C for 17 h. The title compound was iso-
lated by flash column chromatography (silica gel, ethyl acetate:
hexanes (v/v) 1:2) as purple solids (38 mg, 90%). 1H NMR (300
MHz, THF-d8): δ 9.84 (s, 2H), 9.43 (d, J ) 4.8 Hz, 4H), 8.84
(d, J ) 4.8 Hz, 4H), 8.22 (m, 4H), 7.78 (m, 6H), 7.41 (d, J )
8.2 Hz, 4H), 6.93 (d, J ) 8.2 Hz, 4H). 13C NMR (75 MHz, THF-
d8): δ 157.5, 151.7, 151.0, 144.1, 135.4, 132.9, 129.7, 128.2,
127.3, 127.2, 127.1, 121.6, 119.3, 118.1, 114.1. IR (film, cm-1):
3376, 1614, 1522, 1322, 1110, 1065, 1003, 828, 797. UV-vis
(THF, λmax, nm): 435, 562, 612. HRMS-EI ([M]+):calcd for
C46H28N6F6Zn 842.1571, found 842.1590, with an isotope
distribution pattern that is the same as the calculated one.

[5,15-Bis(N-4-methoxyphenylamino)-10,20-diphenylpor-
phyrino]zinc(II) (13a). The general procedure was used to
couple [5,15-dibromo-10,20-diphenylporphyrino]zinc(II) (34
mg, 0.05 mmol) with p-anisidine (30 mg, 0.24 mmol), using
palladium acetate (1.1 mg, 0.0050 mmol) as the palladium
precursor, DPEphos (4.0 mg, 0.0075 mmol) as the phosphine
ligand, and cesium carbonate (45.6 mg, 0.14 mmol) as the base.
The reaction was conducted in THF (5 mL) at 68 °C for 16 h.
The title compound was isolated by flash column chromatog-
raphy (silica gel, ethyl acetate:hexanes (v/v) 1:3) as purple
solids (36 g, 94%). 1H NMR (300 MHz, THF-d8): δ 9.34 (d, J
) 4.8 Hz, 4H), 8.88 (s, 2H), 8.66 (d, J ) 4.8 Hz, 4H), 8.17 (m,
4H), 7.73 (m, 6H), 6.87 (d, J ) 9.0 Hz, 4H), 6.69 (d, J ) 9.0
Hz, 4H), 3.65 (s, 6H). 13C NMR (75 MHz, THF-d8): δ 153.5,
151.9, 150.2, 149.6, 144.6, 135.3, 131.9, 129.3, 127.8, 127.1,
121.2, 120.7, 116.6, 115.0, 55.6. IR (film, cm-1): 3372, 1597,
1507, 1489, 1339, 1234, 1036, 1002, 797. UV-vis (THF, λmax,
nm): 447, 571, 629. HRMS-EI ([M]+): calcd for C46H34N6O2Zn
766.2035, found 766.2040.

[5,15-Bis(N-3,5-di-tert-butylphenylamino)-10,20-diphen-
ylporphyrino]zinc(II) (14a). The general procedure was
used to couple [5,15-dibromo-10,20-diphenylporphyrino]zinc-
(II) (34 mg, 0.05 mmol) with 3,5-di-tert-butylaniline (0.050 g,
0.24 mmol), using palladium acetate (1.1 mg, 0.0050 mmol)
as the palladium precursor, DPEphos (4.0 mg, 0.0075 mmol)
as the phosphine ligand, and cesium carbonate (45.6 mg, 0.14
mmol) as the base. The reaction was conducted in THF (5 mL)
at 68 °C for 62 h. The title compound was isolated by flash
column chromatography (silica gel, ethyl acetate:hexanes (v/
v) 1:4) as purple solids (44 mg, 95%). 1H NMR (300 MHz,
CDCl3): δ 9.28 (d, J ) 4.8 Hz, 4H), 8.68 (d, J ) 4.8 Hz, 4H),
8.14 (m, 4H), 7.71 (m, 8H), 6.87 (m, 6H), 1.21 (s, 36H). 13C
NMR (75 MHz, CDCl3): δ 152.1, 151.5, 150.6, 149.4, 143.0,
134.8, 131.7, 128.5, 127.1, 126.4, 120.4, 118.8, 113.4, 109.6,
34.7, 31.3. IR (film, cm-1): 3383, 3055, 2961, 2902, 2867, 1595,
1488, 1436, 1340, 1064, 1004, 796. UV-vis (THF, λmax, nm):
448, 576, 634. HRMS-EI ([M]+): calcd for C60H62N6Zn 930.4327,
found 930.4354, with an isotope distribution pattern that is
the same as the calculated one.
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