
 

Efficient Synthesis of Trisimidazole and Glutaric Acid-Bearing Porphyrins: 

Active-Site Models of Bacterial Nitric Oxide Reductase (NOR) 

James P. Collman,* Yi-Long Yan, Jianping Lei, and Peter H. Dinolfo  

Department of Chemistry, Stanford University, California 94305-5080 

E-mail: jpc@stanford.edu 

 

Supporting Information 

General method: 

All reactions were performed in oven-dried flasks. Air and moisture-sensitive 

compounds were introduced via syringes through a rubber septum under N2 

atmosphere. All reagents were used as supplied commercially unless otherwise noted. 

THF were distilled from sodium metal-benzophenone before use. Dichloromethane 

was distilled over calcium hydride. Flash column chromatography was performed on 

E. Merck silica gel 60 (230−400 mesh ASTM). Nuclear magnetic resonance spectra 

were recorded in deuteriochloroform (CDCl3) unless otherwise indicated, with 

tetramethylsilane (TMS) as internal standard at ambient temperature on a Varian XL-

400 or XL-500 Spectrometer.  

 

Preparation of Imidazolecarboxylic Acid Chlorides 2: 

Scheme S1:  
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Reaction conditions: (i) (CH3O)3CR, xylene, 130oC, 83−88%; (ii) R=H: (CH3O)2SO2, 

NaHCO3; R=Pr: (CH3O)3CCH3, 84−90%; (iii) (a) 2.0 N NaOH, (b) HCl, 75−90%; (iv) 

(a) Ac2O, 95−100 oC; (b) SOCl2, reflux, then CH3OH, 60−69%; (v) HCl, reflux, 

80−93%; (vi) Oxalyl Chloride, CH3CN, 72−85%. 

 

5-imidazolecarboxylic acid chlorides 2 were prepared following Scheme S1. 

Synthesis of 5-imidazolecarboxylic acid methyl esters 7 followed a literature 

procedure with modification as shown in the reaction conditions of Scheme S1.1 

General procedure for transformation of 5-imidazolecarboxylic acid methyl 

esters 7 to acids 8: To 5-imidazolecarboxylic acid methyl esters 7b (1.60 g, 8.8 mmol) 

was added concentrated hydrochloride acid (40 mL). The mixture was stirred and 

refluxed for 3 h. After removal of hydrochloride acid under vacuum, the solid was 

washed with CH3CN/Et2O (v/v 1/1) to give product 5-imidazolecarboxylic acid 8b 

(1.67 g, 93%). 1H NMR (500 MHz, DMSO-d6): the carboxylic acid proton was not 

assigned, δ 8.23 (s, 1H), 3.91 (s, 3H), 2.98 (t, J = 7.5 Hz, 2H), 1.71 (m, 2 H), 0.91 (t, J 

= 7.5 Hz, 3H); 13C NMR (DMSO-d6): 159.56, 150.76, 124.90, 124.50, 33.25, 25.92, 

19.74, 13.27; MS (ESI): m/e = 169.8 [M+H]+ for C8H12N2O2; HRMS (ESI) for 

C8H13N2O2 [M+H]+: calcd. 169.0977, found 169.0981. 

Characterization of 5-imidazolecarboxylic acid 8a (prepared similarly to 8b): 1H 

NMR (500 MHz, DMSO-d6): the carboxylic acid proton was not assigned, δ 7.87 (s, 

1H), 7.58 (s, 1H), 3.82 (s, 3H); 13C NMR (DMSO-d6): 161.94, 143.81, 137.20, 

124.11, 34.30; MS (ESI): m/e = 126.4 [M]+ for C5H6N2O2; HRMS (ESI) for 

C5H7N2O2 [M+H]+: calcd. 127.0508, found 127.0502. 

General procedure for transformation of 5-imidazolecarboxylic acids 8 to acid 

chlorides 2: 5-imidazolecarboxylic acid hydrochloride 8b (1.2 g, 5.9 mmol) was 

stirred in dry CH3CN (10 mL). Oxalyl chloride (4.0 mL) was added followed by 2 

drops of DMF. The reaction was stirred at room temperature for 4 h. After removal of 

most solvent CH3CN, dry Et2O (5 mL) was added. The mixture was stirred for further 

10 min. Product 5-imidazolecarboxylic acid chloride hydrochloride 2b (0.95 g, 72%) 

was collected by filtration. The product was used for next reaction without further 

purification. 
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Preparation of Compound 9: Trityl bromide (185 mg, 0.57 mmol) was added to a 

solution of αααα-TAPP (350 mg, 0.52 mmol) in dry CH2Cl2 (100 mL) at 0oC 

followed by triethylamine (0.2 mL, 1.56 mmol). The mixture was stirred at 0 oC for 2 

h then concentrated under vacuum. The residue was purified by chromatography on 

silica gel with eluent EtOAc/CH2Cl2=5/95 to give compound 9 (298 mg, 63%) as a 

solid. The compound is capable of atropisomerization at room temperature thus 

should be stored in a freezer. 1H NMR (500 MHz, CDCl3): δ 9.05 (s, 4H), 8.98-9.01 

(m, 3H), 8.01 (dd, J = 1.5, 7.5 Hz, 2H), 7.92 (dd, J = 1.5, 7.5 Hz, 1H), 7.64−7.71 (m, 

4H), 7.31 (t,  J = 8 Hz, 1H), 7.22−7.29 (m, 6H), 7.13−7.20 (m, 7H), 6.96−7.04(m, 

10H), 6.77 (d, J = 8.5 Hz, 1H), 5.28 (s, 1H), 3.61 (s, br, 6H), −2.59 (s, 2H); 13C NMR 

(CDCl3): δ 146.88, 145.46, 145.13, 135.41, 134.94, 134.81, 129.79, 128.68, 128.26, 

127.91, 127.77, 126.90, 126.47, 117.68, 117.62, 116.55, 116.26, 116.00, 115.93, 

115.75, 115.35, 115.30, 71.59; MS (ESI): m/e = 917.3 [M+H]+for C63H49N8. HRMS 

(ESI) for C63H49N8 [M+H]+: calcd.917.4056, found 917.4061. 
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10 (10a: R=H; 10b: R=Pr)  
Preparation of Compound 10a: 

1-methyl-5-imidazolecarboxylic acid hydrochloride 8a (790 mg, 4.86 mmol) was 

stirred in dry acetonitrile (20 mL). Oxalyl chloride (3 mL) was added followed by 2 

drops of DMF. The suspension was stirred at room temperature for 4 h. After removal 

of one half of the solvent under vacuum, dry diethyl ether (20 mL) was added. The 
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suspension was stirred for further 10 min.  1-methyl-5-imidazolecarboxylic acid 

chloride hydrochloride 2a (~ 790 mg) was collected by filtration. The product was 

used without further purification. 

The above 1-methyl-5-imidazolecarboxylic acid chloride hydrochloride 2a (~ 790 mg) 

was stirred in dry acetonitrile (20 mL) at room temperature. N, N-Diethylaniline (1.1 

mL) was added. A solution of compound 9 (430 mg, 0.47 mmol) in dry THF (20 mL) 

was added dropwise over a period of 1 h followed by further stirring for 30 min. 

Trace amount of mono- and bisimidazole-substituted porphyrins remained. The 

mixture was concentrated and washed with saturated NaHCO3 water solution. After 

drying over Na2SO4 and concentrated. The residue was purified by chromatography 

on silica gel with eluent CH3OH/CH2Cl2 (40% saturated with NH3 gas) = 5/95 to give 

compound 10a (520 mg, 90%) as a solid. 1H NMR (500 MHz, CDCl3): δ 8.87−8.98 

(m, 8H), 8.46−8.49 (m, 3H), 8.31 (s, 1H), 8.10 (d, J = 7.5 Hz, 1H), 8.06−8.07 (d, J = 

7.5 Hz, 3H), 7.84−7.89 (m, 3H), 7.58−7.62 (m, 3H), 7.36 (d, J = 7.5 Hz, 1H), 7.21 (t, 

J = 7.5 Hz, 1H), 7.05−7.09 (m, 8H), 6.84−6.90 (m, 12H), 67.00 (d, J = 8.5 Hz, 1H), 

5.87 (s, 2H), 5.60 (s, 1H), 5.21 (s, 1H), 3.57 (s, 3H), 3.27 (s, 6H), −2.58 (s, 2H); 13C 

NMR (CDCl3): δ 159.06, 159.00, 144.97, 141.35, 141.21, 138.60, 138.13, 135.58, 

135.47, 133.27, 132.90, 132.18, 131.93, 129.75, 128.52, 128.35, 127.78, 127.41, 

126.60, 125.75, 125.67, 124.05, 123.55, 117.02, 116.69, 116.54, 115.35, 114.95, 

71.55, 33.71, 33.36; MS (ESI): m/e for C78H61N14O3 [M+H]+ calcd. 1241.5, found 

1241.5. HRMS (ESI) for C78H61N14O3 [M+H]+: calcd. 1241.5051, found 1241.5081. 

Characterization of 10b (prepared similarly to 10a): A solid; 1H NMR (500 MHz, 

CDCl3): δ 8.83-8.98 (m, 8H), 8.48 (d, J = 7.0 Hz, 1H), 8.35 (d, J = 8.0 Hz, 2H), 

8.20−8.34 (m, 2H), 8.13 (d, J = 7.5 Hz, 1H), 7.99 (d, J = 7.5 Hz, 2H), 7.82−7.85 (m, 

3H), 7.53−7.61 (m, 3H), 7.35 (d, J = 7.0 Hz, 1H), 7.18 (t, J = 7.5 Hz, 1H), 6.85−7.00 

(m, 17H), 6.64 (d, J = 8.5 Hz, 1H), 6.13 (s, 2H), 5.27 (s, 1H), 5.15 (s, 1H), 3.67 (s, 

3H), 3.34 (s, 6H), 2.41 (t, J = 7.0 Hz, 2H), 1.95−1.99 (m, 4H), 1.47−1.51 (m, 2H), 

1.16−1.28 (m, 4H), 0.79 (t, J = 7.5 Hz, 3H), 0.61(t, J = 7.5 Hz, 6H), −2.61 (s, 2H); 13C 

NMR (CDCl3): δ 159.77, 159.45, 152.52, 145.17, 138.82, 138.14, 135.88, 135.76, 

135.23, 129.54, 128.56, 128.29, 127.82, 127.55, 126.57, 125.48, 124.06, 116.75, 

116.59, 116.38, 115.23, 71.53, 53.50, 31.69, 28.43, 20.83, 20.26, 13.85, 13.70; MS 

(ESI): m/e for C87H79N14O3 [M+H]+ 1367.8; HRMS (ESI) for C87H79N14O3 [M+H]+: 

calcd. 1367.6460, found 1364.6467. 
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11 (11a: R=H; 11b: R=Pr)10 (10a: R=H; 10b: R=Pr)  
Preparation of Compound 11a: To a solution of compound 10a (100 mg, 0.08 mmol) 

in dichloromethane (50 mL) was added trifluoroacetic acid (100 µL). The solution 

was stirred at room temperature for 30 min. After washed with saturated NaHCO3 

water solution and dried over Na2SO4, the dichloromethane solution was concentrated. 

The residue was purified by chromatography on silica gel with eluent CH3OH/CH2Cl2 

(40% saturated with NH3 gas) = 5/95 to give compound 11a (75 mg, 94%) as a solid. 
1H NMR (500 MHz, CDCl3): δ 8.86−8.94 (m, 8H), 8.56 (d, J = 7.5 Hz, 2H), 8.44 (d, J 

= 7.5 Hz, 1H), 8.12−8.15 (m, 3H), 8.07 (s, 1H), 7.95 (s, 2H), 7.82−7.86 (m, 4H), 

7.55−7.60 (m, 4H), 7.12 (t, J = 7.0 Hz, 1H), 7.07 (d, J = 8.0 Hz, 1H), 6.95 (s, 2H), 

6.91 (s, 1H), 5.50 (s, 1H), 5.39 (s, 2H), 3.57 (s, 3H), 3.49 (s, 6H), 3.29 (s, br, 2H, 

NH2), -2.56 (s, 2H); 13C NMR (CDCl3): δ 158.99, 158.41, 147.44, 141.24, 138.37, 

138.27, 135.45, 135.24, 134.43, 133.07, 132.18, 132.00, 131.09, 129.97, 129.84, 

129.71, 125.97, 125.82, 125.63, 124.03, 123.78, 123.60, 122.20, 117.82, 117.15, 

115.37, 114.81, 114.59, 33.74, 33.60; MS (ESI): m/e for C59H47N14O3 [M+H]+ 999.4; 

HRMS (ESI) for C59H47N14O3 [M+H]+: calcd. 999.3956, found 999.3908. 

Characterization of 11b (prepared similarly to 11a): A solid; 1H NMR (500 MHz, 

CDCl3): δ 8.81−8.94 (m, 8H), 8.57 (d, J = 8.0 Hz, 2H), 8.39 (d, J = 8.0 Hz, 1H), 8.20 

(s, 1H), 8.09−8.14 (m, 3H), 8.05 (s, 2H), 7.81−7.85 (m, 4H), 7.55−7.60 (m, 4H), 

7.09−7.13 (m, 2H), 5.47 (s, 2H), 5.35 (s, 1H), 3.54 (s, 5H, CH3+NH2), 3.52 (s, 6H), 

2.19−2.24 (m, 6H), 1.27−1.33 (m, 6H), 0.63−0.68 (m, 9H), −2.55 (s, 2H); 13C NMR 

(CDCl3): δ 159.54, 159.02, 152.56, 152.46, 147.60, 138.63, 138.48, 135.54, 135.39, 

134.45, 133.34, 132.13, 130.94, 130.42, 129.93, 129.75, 129.58, 126.14, 125.67, 

125.38, 124.04, 123.96, 123.53, 122.10, 117.74, 117.10, 115.44, 114.98, 114.67, 

31.77, 31.64, 28.44, 20.49, 20.46, 13.68; MS (ESI): m/e for C68H65N14O3 [M+H]+ 

1125.5; HRMS (ESI) for C68H65N14O3 [M+H]+: calcd. 1125.5364, found 1125.5347. 
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Preparation of Compound 13: Pure phenylamine (200 µL, 2.2 mmol) was stirred in 

dry CH2Cl2 (30 mL). Glutaric anhydride (280 mg, 2.5 mmol) was added followed by 

NEt3 (0.9 mL). The reaction mixture was stirred at room temperature for 4 h. The 

mixture was concentrated and purified by column chromatography on silica gel with 

eluent CH3OH/CH2Cl2 = 5/95 to give compound 13 (400 mg, 88%) as a solid. 1H 

NMR (500 MHz, DMSO-d6): the carboxylic acid proton was not assigned, δ 9.89 (s, 

1H), 7.56 (d, J = 8.0 Hz, 2H), 7.26 (t, J = 8.0 Hz, 2H), 7.00 (t, J = 8.0 Hz, 1H), 2.33 (t, 

J = 7.5 Hz, 2H), 2.27 (t, J = 7.5 Hz, 2H), 1.79 (m, 2H); 13C NMR (DMSO-d6): 170.81, 

139.31, 128.71, 123.04, 119.10, 35.45, 20.56; MS (ESI): m/e = 207.9 for C11H14NO3 

[M+H]+; HRMS (ESI) for C11H13NO3Na [M+Na]+: calcd. 230.0793, found 230.0782. 

 

HN
N

NH
N

HN

NH

O

N N O
N

N

NH

N
NOMe

Me
Me

NH

O

MeO O

R R R

HN
N

NH
N

HN

NH

O

N N O
N

N

NH

N
NOMe

Me
Me

NH2

R RR

Cl OMe

O O

11 (11a: R=H; 11b: R=Pr) 14 (14a: R=H; 14b: R=Pr)  
Preparation of Compound 14a: To a stirred solution of 11a (200 mg, 0.2 mmol) in 

dry THF (30 mL), was added N, N-diethylaniline (0.16 mL, 1.0 mmol)) followed by 

methyl 5-chloro-5-oxovalerate (138 mL, 1.0 mmol). The mixture was stirred at room 

temperature for 1 h. After removal of THF solvent, the residue was re-dissolved in 

CH2Cl2 (60 mL). The solution was washed with saturated NaHCO3 water solution.  

CH2Cl2 layer was dried over Na2SO4 and then concentrated. The residue was purified 

by chromatography on silica gel with eluent CH3OH/CH2Cl2 (40% saturated with 

NH3 gas) = 8/95 to give compound 14a (195 mg, 86%) as a solid. 1H NMR (500 MHz, 

CDCl3): δ 8.85−8.91 (m, 8H), 8.54 (d, J = 8.0 Hz, 2H), 8.37 (d, J = 8.0 Hz, 1H), 8.32 

(d, J = 8.5 Hz, 1H), 8.25 (s, 1H), 8.09-8.12 (m, 3H), 7.99 (s, 1H), 7.91−7.94 (m, 3H), 
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7.83−7.86 (m, 3H), 7.78 (t, J = 7.5 Hz, 1H), 7.56−7.61 (m, 3H), 7.49 (t, J = 7.0 Hz, 

1H), 7.02 (s, 2H), 6.94 (s, 1H), 5.61 (s, 1H), 5.16 (s, 2H), 3.66 (s, 6H), 3.58 (s, 3H), 

2.79 (s, 3H), 1.49−1.55 (m, 4H), 1.20 (t, J = 7.5 Hz, 2H), −2.55 (s, 2H); 13C NMR 

(CDCl3): δ 173.03, 171.80, 159.09, 158.51, 141.35, 141.22, 138.46, 138.20, 135.42, 

135.20, 135.02, 133.45, 133.38, 132.18, 131.79, 131.61, 129.86, 129.71, 129.55, 

125.78, 125.68, 124.79, 124.22, 124.12, 123.83, 122.47, 116.31, 115.22, 115.00, 

50.83, 34.90, 33.76, 32.18, 23.89, 20.23; MS (ESI): m/e 1127.5 for C65H55N14O6 

[M+H]+; HRMS (ESI) for C65H55N14O6 [M+H]+ calcd. 1127.4429, found 1127.4425. 

Characterization of 14b (prepared similarly to 14a): A solid; 1H NMR (500 MHz, 

CDCl3): δ 8.85−8.91 (m, 8H), 8.57−8.59 (d, J = 8.0 Hz, 2H), 8.45 (s, 1H), 8.37 (s, 

1H), 8.33 (d, J = 8.5 Hz, 1H), 8.18 (d, J = 8.5 Hz, 1H), 8.00−8.08 (m, 4H), 7.99 (d, 

7.5 Hz, 2H), 7.77−7.85 (m, 4H), 7.50−7.59 (m, 4H), 5.50 (s, 1H), 5.01 (s, 2H), 3.66 (s, 

6H), 3.57 (s, 3H), 2.37 (s, 3H), 2.29 (t, J = 8.0 Hz, 4H), 2.19 (t, J = 7.5 Hz, 2H), 1.57 

(t, J = 6.5 Hz, 2H), 1.34−1.38 (m, 4H), 1.26 (t, J = 7.5 Hz, 2H), 1.15 (t, J = 7.5 Hz, 

2H), 0.92 (t, J = 7.5 Hz, 2H), 0.73 (t, J = 7.5 Hz, 6H), 0.65 (t, J = 7.5 Hz, 3H), −2.50 

(s, 2H); 13C NMR (CDCl3): δ 172.49, 171.89, 159.67, 159.06, 152.68, 152.43, 138.69, 

138.59, 138.33, 135.35, 134.77, 134.66, 133.88, 132.19, 130.84, 129.65, 129.45, 

125.71, 125.54, 125.37, 124.73, 124.17, 123.62, 122.62, 116.39, 115.26, 115.09, 

50.40, 34.79, 31.77, 28.51, 28.45, 20.58, 20.38, 20.05, 13.70, 13.63; MS (ESI): m/e 

1253.6 for C74H73N14O6 [M+H]+; HRMS (ESI) for C74H73N14O6 [M+H]+ calcd. 

1253.5838, found 1253.5844. 
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1 (1a: R=H; 1b: R=Pr)  
Preparation of Compound 1: Compound 14a (85 mg, 0.075 mmol) was dissolved in 

a mixed solvent of CH3OH/THF (20 mL, v/v=1/1). Potassium hydroxide (1.0 g) water 

solution (10 mL) was added. The mixture was stirred at room temperature for 2 h. 

After removal of organic solvent under vacuum, the mixture was extracted with 
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CH2Cl2 and washed with saturated NaHCO3 solution. The organic extract was dried 

over Na2SO4 and concentrated. The residue was purified by chromatography on silica 

with eluent CH3OH/CH2Cl2 (saturated with NH3 gas)=20/80 to give compound 1a (73 

mg, 87%) as a solid. 1H NMR (500 MHz, CDCl3): the carboxylic acid proton is not 

assigned, δ 8.77−8.94 (m, 8H), 8.71 (d, J = 8.0 Hz, 1H), 8.38 (d, J = 5.5 Hz, 2H), 8.23 

(d, J = 7.0 Hz, 1H), 8.14 (d, J = 8.0 Hz, 1H), 8.07 (s, 1H), 8.03 (d, J = 7.0 Hz, 1H), 

7.95 (d, J = 5.5 Hz, 2H), 7.78-7.88 (m, 5H), 7.61 (t, J = 7.5 Hz, 1H), 7.52−7.57 (m, 

3H), 7.30 (s, 1H), 6.96 (s, 2H), 6.75 (s, 1H), 5.58 (s, 2H), 4.21 (s, 1H), 3.64 (s, 6H), 

3.53 (s, 3H), 1.61 (t, J = 6.5 Hz, 2H), 1.12 (t, J = 6.5 Hz, 2H), 0.84−0.87 (m, 4H), 

−2.59 (s, 2H); 13C NMR (CDCl3): δ 174.68, 172.15, 159.27, 157.35, 140.83, 140.27, 

138.71, 138.59, 138.23, 136.14, 134.91, 134.34, 132.15, 131.40, 130.34, 130.12, 

129.63, 129.50, 128.41, 126.25, 125.98, 125.43, 124.43, 123.96, 123.58, 120.27, 

116.81, 113.22, 35.33, 33.73, 33.62, 32.32, 29.75, 20.29; MS (ESI): m/e 1113.4 for 

C64H53N14O6 [M+H]+; HRMS (ESI) for C64H53N14O6 [M+H]+ calcd. 1113.4273, found 

1113.4279. 

Characterization of 1b (prepared similarly to 1a): A solid; 1H NMR (500 MHz, 

CDCl3): the carboxylic acid proton is not assigned, δ 8.79−8.95 (m, 9H), 8.44 (s, 2H), 

8.40 (s, 2H), 8.14 (d, J = 7.0 Hz, 1H), 8.07 (d, J = 7.5 Hz, 1H), 8.03 (d, J = 8.5 Hz, 

1H), 7.95 (s, 2H), 7.79−7.88 (m, 5H), 7.55−7.59 (m, 3H), 7.51 (t, J = 7.5 Hz, 2H), 

5.60 (s, 2H), 4.51 (s, 1H), 3.69 (s, 6H), 3.54 (s, 3H), 2.31−2.38 (m, 4H), 2.16 (t, J = 

7.5 Hz, 2H), 1.60 (t, J = 6.5 Hz, 2H), 1.43−1.45 (m, 4H), 1.12−1.17 (m, 2H), 

0.78−0.81 (m, 8H), 0.56 (t, J = 7.5 Hz, 3H), 0.46 (t, J = 6.0 Hz, 2H), −2.56 (s, 2H); 

13C NMR (CDCl3): δ 174.67, 172.38, 159.88, 157.94, 152.41, 151.91, 138.81, 138.59, 

138.41, 136.14, 135.00, 134.50, 131.33, 131.14, 129.95, 129.47, 127.52, 127.02, 

125.91, 125.27, 124.70, 123.74, 123.38, 120.26, 116.99, 113.23, 35.65, 32.41, 31.86, 

31.64, 28.58, 28.05, 20.74, 20.27, 20.11, 13.77, 13.52; MS (ESI): m/e 1239.6 for 

C73H71N14O6 [M+H]+; HRMS (ESI) for C73H71N14O6 [M+H]+ calcd. 1239.5681, found 

1239.5709. 
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Preparation of Compound 15: Freshly prepared imidazole acid chloride 

hydrochloride 2a (165 mg, 1.0 mmol) was stirred in dry CH3CN (10 mL). Aniline 

(180 µL, 2.0 mmol) was added via a syringe followed by pyridine (240 µL. 3.0 mmol). 

The reaction was stirred for further 3 h under N2 atmosphere at room temperature. 

After removal of solvent, the residue was dissolved in CH2Cl2 and washed with 

NaHCO3 solution. The organic extract was concentrated and purified by 

chromatography on silica gel with eluent CH3OH/CH2Cl2 =3/97 to give compound 15 

(122 mg, 61%) as a solid. 1H NMR (500 MHz, CDCl3): δ 8.18 (s, 1H), 7.60 (s, 1H), 

7.54 (d, J = 7.0 Hz, 2H), 7.52 (s, 1H), 7.33 (t, J = 7.0 Hz, 2H), 7.12 (t, J = 7.0 Hz, 1H), 

3.93 (s, 3H); 13C NMR (CDCl3): δ 158.60, 142.22, 137.54, 132.14, 129.16, 124.69, 

120.44, 34.30; MS (ESI): m/e 201.9 for C11H12N3O [M+H]+; HRMS (ESI) for 

C11H12N3O [M+H]+ calcd. 202.0980, found 202.0987. 

 

Cl OCH3

O O NH2

16

12 N
H

OCH3

O O

 
Preparation of Compound 16: To a stirred solution of aniline 12 (0.30 mL, 3.25 

mmol) in dry THF (20 mL) was added methyl 5-chloro-5-oxovalerate (0.20 mL, 1.45 

mmol) via a syringe followed by pyridine (0.46 mL, 5.8 mmol). The reaction was 

stirred for further 2 h under N2 atmosphere at room temperature. After removal of 

solvent, the residue was dissolved in CH2Cl2 and washed with NaHCO3 solution. The 

organic extract was concentrated and purified by chromatography on silica gel with 

eluent CH3OH/CH2Cl2 =3/97 to give compound 16 (262 mg, 82%) as a solid. A solid; 
1H NMR (500 MHz, CDCl3): δ 7.75 (s, 1H), 7.48 (d, J = 8.0 Hz, 2H), 7.27 (t, J = 7.5 

Hz, 2H), 7.06 (t, J = 7.5 Hz, 1H), 3.64 (s, 3H), 2.37−2.41 (m, 4H), 2.01 (p, J = 7.5 Hz, 

2H); 13C NMR (CDCl3): δ 174.11, 170.94, 138.17, 129.21, 124.49, 120.12, 51.97, 

36.58, 33.22, 21.02; MS (ESI): m/e 221.9 for C12H16NO3 [M+H]+; HRMS (ESI) for 

C12H16NO3 [M+H]+ calcd. 222.1130, found 222.1124. 

 

Reference: 

1. O’Connell, J. F.; Parquette, J.; Yelle, W. E.; Wang, W.; Rapoport, H. 

Synthesis, 1988, 767. 
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Figure s1: 1H NMR spectrum of compound 14a in CDCl3 

 

Figure s2: 1H NMR chemical shifts for porphyrin compound 14a and its non-

porphyrin analogues 15, 16 in CDCl3 
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Interpretation of Figure s1 and s2: Compared to those of non-porphyrin analogues, 

the chemical shifts of substituents closer to the porphyrin ring center are strongly 

shifted upfield due to the ring current effect of the porphyrin ring.  In compound 14a, 

the diagnostic imidazole proton 4-Im H strongly shifts upfield 1.99−2.44 ppm when 

compared with its non-porphyrin analogue 15, which is much more than that of 

imidazole 1-NCH3 (0.27−0.35 ppm), suggesting that 4-Im H is close to the porphyrin 

center while 1-NMe is located at the porphyrin periphery. The upfield shift 

(0.81−0.89 ppm) of glutaric methyl ester group on compound 14a compared to its 

analogue 16 implies that this glutaric moiety is suspended over the porphyrin plane. 
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Compound 8a, Low resolution mass analysis 
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Compound 8b, Low resolution mass analysis 
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Compound 9, Low resolution mass analysis 

 

 
 
 

Compound 9, High resolution mass analysis 
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Compound 10a, Low resolution mass analysis 
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Compound 10a, High resolution mass analysis 
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Compound 10b, Low resolution mass analysis 
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Compound 10b, High resolution mass analysis 
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Compound 11a, Low resolution mass analysis 
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Compound 11a, High resolution mass analysis 
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Compound 11b, Low resolution mass analysis 
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Compound 11b, High resolution mass analysis 
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Compound 13: Low resolution mass analysis 
 
 

 
 

 
 
 

Compound 13: High resolution mass analysis 
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Compound 14a: Low resolution mass analysis 
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Compound 14a: High resolution mass analysis 
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Compound 14b, Low resolution mass analysis 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

HN
N

NH
N

HN

NH

O

N N O
N

N

NH

N
NO

Me
MeMe

NH

O

MeO O

Administrator
46



 
 
 
 
 
 

 
 
 
 
 

Compound 14b, High resolution mass analysis 
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Compound 1a, Low resolution mass analysis 
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Compound 1a, High resolution mass analysis 
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Compound 1b, Low resolution mass analysis 
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Compound 1b, High resolution mass analysis 
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Compound 15, Low resolution mass analysis 
 

 
 
 

 
 

Compound 15, High resolution mass analysis 
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Compound 16, Low resolution mass analysis 

 
 

 
 
 
 
 

Compound 16, High resolution mass analysis 
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