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General and Materials UV-vis absorption spectra were measured on a Hitachi U-3300 

spectrometer and Perkin Elmer λ-25 at room temperature. High resolution ESI mass spectra 

were recorded on a Mariner spectrometer. MALDI-TOF-MS were measured using a Bruker 

Autoflex II, with dithranol as the matrix. 
1
H and 

13
C NMR spectra were recorded at RT on 

Bruker 400 or 500 and Varian 500 MHz instruments with TMS as an internal standard. 

Elemental analyses were obtained from the Service Center of Elementary Analysis of 

Organic Compounds at Kyushu University and from the Institute of Organic Chemistry PAS. 

DCVC (dry column vacuum chromatography) was performed using Merck Silica Gel (200-

300 mesh). Thin layer chromatography (TLC) was performed using Merck Silica Gel GF254, 

0.20 mm thickness. 

All solvents and chemicals used in the syntheses were of reagent grade and were used 

without further purification. Tested compounds were greater than 95% chemical purity as 

measured by HPLC analysis.  HPLC analyses were carried out on a Hitachi High-Tech 

Fielding Co., Ltd., HPLC EZChrom Elite combined with an L-2455 DAD attachment, using 

three connected columns, Shodex KD-805, 804 and 802; DMF containing 5 mM LiBr was 

used as the eluent. Samples were treated with KCN (to effect dicyanation of the cobalt center 

of the vitamin B12 derivative in question) before HPLC analyses. Axial ligand exchange 

reactions involving the vitamin B12 derivatives of this study were monitored by UV-vis 

absorption spectroscopy. 
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Compound 2  

N N

N N

HO2C

HO2C

HO2C
Co

CN

CO2H

CO2H

CO2H

HO2C

H2O

+
ClO4

-

 

Compound 2 was prepared from heptamethylcobyrinate by hydrolysis, followed by treatment 

with the perchloric acid.
1
   

 

Compound 3  

 

N N

N N

MeO2C

MeO2C

MeO2C
Co

CN

CO2Me

CO2Me

CO2Me

MeO2C

CN

 

Compound 3 was prepared from cyanocobalamin using a method similar to that reported 

previously.
2
 Anal. Calcd. for C54H73CoN6O14•H2O: C, 58.58; H, 6.83; N, 7.59 %. Found: C, 

58.46; H, 6.74; N, 7.58 %.   
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Compound 4 

 

N N

N N

MeO2C

MeO2C

MeO2C
Co

CN

CO2Me

CO2Me

CO2Me

MeO2C

H2O

+
ClO4

-

 

Compound 4 was prepared from derivative 3 using a method reported previously.
20

 Anal. 

Calcd. for C53H75ClCoN5O19: C, 53.92; H, 6.40; N, 5.93 %.  Found: C, 53.75; H, 6.40; N, 

6.03 %. 

 

Compound 5 

N N

N N

MeO2C

MeO2C

MeO2C
Co

CO2Me

CO2Me

CO2Me

MeO2C

+
ClO4

-

 

Compound 5 was prepared from 4 using a method reported previously.
3
 Anal. Calcd. for 

C52H73ClCoN4O18: C, 54.95; H, 6.47; N, 4.93 %.  Found: C, 54.68; H, 6.41; N, 5.00 %.   

 

 

 

 

 

 

 



S7 

 

Preparation of compound 7   

 

N

O

HN

CO2Me

CO2Me

 

 

c-Acid (6)
 4,5

 (15 mg, 0.014 mmol) was dissolved in dimethylformamide (DMF; 1 mL) and 

cooled to 0 
o
C using an ice-bath under a nitrogen atmosphere. DEPC (9 µL, 0.06 mmol) was 

added to the solution, followed by Gly-OMe (4.0 mg, 0.04 mmol) and triethylamine (8 µL, 

0.12 mmol). The reaction mixture was stirred for 6 h at 0 
o
C, and then 17 h at room 

temperature under a nitrogen atmosphere. The mixture was then diluted with 

dichloromethane (DCM) and washed with water. The organic layer was separated and dried 

over anhydrous Na2SO4, and evaporated to dryness. The product was purified using DCVC, 

2.5% EtOH in DCM. After recrystallization from hexanes/AcOEt, compound 7 was isolated 

as a purple solid (14 mg, 86%). Rf 0.50, 5% EtOH in dichloromethane (DCM). Anal. calcd. 

for C56H76CoN7O15 + H2O: C 57.77, H 6.75, N 8.42; found: C 57.64, H 7.08, N 8.17. LRMS 

ESI (m/z) calcd. for C55H76CoN6O15 [M-CN]
+
 1120.1; found 1120.1. UV/Vis CH2Cl2, λmax, ε 

(L·mol
-1
·cm

-1
): 588 (1.05x10

4
), 5.49 (8.62x10

3
), 422 (2.72x10

3
), 371 (2.78x10

4
), 317 

(9.52x10
3
), 279 (1.09x10

4
). 

1
H NMR (500 MHz, CD2Cl2) δ (ppm); 7.45 (t, J = 5.8 Hz, 1H), 

5.55 (s, 1H), 3.91 (dd, J = 5.1 and 11.8 Hz, 1H), 3.74 (s, 4H), 3.69 (s, 4H), 3.67 (s, 4H), 3.65 

(s, 3H), 3.61 (s, 7H), 3.04 (dd,  J = 3.0 and 3.5 Hz, 1H), 2.81 (m, 1H), 2.69 (q, J = 7.0 Hz, 

1H), 2.63-2.53 (m, 5H), 2.48-2.37 (m, 4H), 2.36-2.30 (m, 2H), 2.26-2.29 (m, 6H), 2.19-2.10 

(m, 4H), 2.05 (s, 3H), 1.82-1.76 (m, 1H), 1.75 (s, 3H), 1.71-1.65 (m, 2H), 1.48 (s, 3H), 1.39 

(s, 3H), 1.35 (s, 3H), 1.24 (s, 3H), 1.19 (s, 3H). 
13

C NMR (125 MHz, CD2Cl2) δ (ppm); 

176.3, 176.1, 176.0, 173.9, 173.7, 173.1, 172.9, 172.1, 171.9, 171.6, 170.4, 170.2, 163.7, 

161.2, 107.2, 102.6, 91.5, 83.1, 74.9, 58.9, 58.7, 57.3, 52.6, 52.1, 52.0, 51.9, 51.89, 51.83, 

51.4, 47.0, 46.3, 41.9, 41.1, 39.6, 33.9, 32.6, 32.0, 31.7, 31.2, 31.1, 29.9, 26.2, 25.9, 25.1, 

22.3, 19.8, 19.5, 18.3, 17.1, 15.7, 15.6. 
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Preparation of compound 8 

N

O

HN

CO2Me

CO2Me

OH

 

 

Following the procedure for compound 7, c-acid 6 (90 mg, 0.084 mmol) was coupled with 

Ser-OMe (37 mg, 0.24 mmol).  The product was purified using DCVC, 2.5% EtOH in DCM. 

After recrystallization from hexanes/ethyl acetate (AcOEt), compound 8 was isolated as a 

purple solid (51 mg, 54%). Rf 0.50, 5% EtOH in DCM. Anal. calcd. for C57H78CoN7O16 + 

2H2O: C 56.48, H 6.82, N 8.09; found: C 56.13, H 6.55, N 7.93. LRMS ESI (m/z) calcd. for 

C56H78CoN6O16 [M-CN]
+
 1149.5; found 1149.9. UV/Vis CH2Cl2, λmax, ε (L·mol

-1
·cm

-1
): 589 

(9.791x10
3
), 550 (7.64x10

3
), 424 (2.55x10

3
), 371 (2.65x10

4
), 317 (8.99x10

3
), 279 

(1.00x10
4
).

1
H NMR (500 MHz, CDCl3) δ (ppm); 7.36 (m, 1H), 7.07 (d, J = 10.4 Hz, 1H), 

5.58 (s, 1H), 4.31 (m, 1H), 4.08 (dd, J = 8.2 and 3.9 Hz, 1H), 3.82 (m, 1H), 3.77 (s, 3H), 3.71 

(s, s, 6H), 3.69 (s, s, 6H), 3.63 (s, 3H), 3.58 (m, 1H), 3.05 (dd, J = 3.9 and 2.3 Hz, 1H), 2.80 

(m, 1H), 2.60-2.51 (m, 5H), 2.49-2.40 (m, 6H), 2.35-2.26 (m, 3H), 2.28 (s, 3H), 2.17-2.11 

(m, 4H), 2.08 (s, 3H), 2.04-1.99 (m, 1H), 1.80 (s, 4H), 1.74-1.69 (m, 1H), 1.63 (s, 3H), 1.51 

(s, 3H), 1.37 (s, s, 6H), 1.25 (s, 3H), 1.22 (s, 3H). 
13

C NMR (125 MHz, CDCl3) δ (ppm); 

176.1, 176.0, 173.7, 173.6, 172.8, 172.5, 171.6, 171.4, 170.3, 169.7, 163.5, 161.0, 128.3, 

106.8, 102.4, 91.6, 82.6, 74.4, 61.7, 59.5, 58.4, 56.2, 55.8, 53.4, 52.4, 52.2, 52.0, 51.9, 51.8, 

51.7, 51.6, 46.8, 46.1, 41.7, 39.2, 33.6, 32.1, 31.8, 31.5, 30.6, 29.5, 25.6, 25.3, 24.9, 22.0, 

19.6, 18.9, 18.1, 17.1, 15.4, 15.2. 
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Preparation of compound 9  

N

O

HN

CO2Me

N

 

 

Following the procedure for compound 7, c-acid 6 (410 mg, 0.38 mmol) was coupled with 4-

(aminomethyl)pyridine (48 µL, 0.35 mmol).  The product was purified by the columun 

chlomatography over silica gel 60N (spherical: 60–210 µm, neutral), using 5% MeOH in 

DCM. After recrystallization from hexanes/benzene compound 9 was isolated as a purple 

solid (190 mg, 45%.). Anal. calcd. for C59H77CoN8O13+2H2O: C, 58.99; H, 6.80; N, 9.33 %.  

Found: C, 59.12; H, 6.56; N, 9.28 %. MALDI-TOF-MS (m/z): [M-2CN]
+
, 1112. Selected IR 

features (�/cm
-1

): 1734 (ester C=O, str.), 1664 (amide C=O, str.). UV/Vis CH2Cl2: 278, 312, 

370, 421, 510(sh), 547 and 587. 
1
H NMR (500 MHz, CDCl3) δ (ppm); 8.39 (d, 2H), 7.67 (t, 

1H), 7.06 (d, 2H), 5.53 (s, 1H), 3.82 (t, 1H) , 3.78 (d, 1H), 3.61-3.75 (m, 20H) , 3.58 (t, 1H), 

3.02 (t, 1H) , 2.81 (t, 1H), 2.22 (s, 3H), 2.11 (s, 3H), 2.69-1.72 (m, 22H) 1.65 (s, 3H), 1.50 (s, 

3H), 1.37 (s, 3H), 1.33 (s, 3H), 1.21 (s, 3H), 1.19 (s, 3H).  
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Preparation of compound 10 

N

O

HN

CO2Me

O

O O

O

O O

 

 

Following the procedure for compound 7, c-acid 6 (119 mg, 0.086 mmol) was coupled with 

4’-aminobenzo 18-crown-6 ether (109 mg, 0.34 mmol).  The product was purified by 

columun chlomatography over silica gel 60N (spherical: 60–210 µm, neutral), using 10% 

MeOH in DCM. After recrystallization from hexanes/benzene compound 9 was isolated as a 

purple solid (74 mg, 48%). Anal. calcd. for C69H94CoN7O19 and K and 2H2O: C, 56.78; H, 

6.77; N, 6.72 %.Found: C, 56.94; H, 6.77; N, 6.63 %. MALDI-TOF-MS (m/z): [M-CN]
+
, 

1344.  UV/Vis CH2Cl2: 371, 421, 510(sh), 547 and 587. 
1
H NMR (500 MHz, CDCl3) δ 

(ppm); 8.80 (s, 1H), 7.34 (d, 1H), 7.09 (dd, 1H), 6.62 (dd, 1H), 5.74 (s, 1H), 4.21 (m, 4H), 

4.05 (m, 4H), 3.87-3.80 (m, 6H), 3.75-3.62 (m, 24H), 3.46 (t, 1H), 3.05 (t, 1H), 2.77 (t, 1H), 

2.30 (s, 3H), 2.22 (s, 3H), 1.68-2.64 (m, 22H), 1.62 (s, 3H), 1.44 (s, 3H), 1.36 (s, 3H), 1.32 (s, 

3H), 1.27 (s, 3H), 1.20 (s, 3H). 
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N CO2Me

O
NH

OH

R1

O

OH

N3

O
N3

N

O
NH

OH

O

HN

O

O
OH

OH

OH

O
OH

OH

Monoamides Diamides

R1
= R1

 and R2
=

12b

12d

12h

12k

12e

12f

13c

13b

13f

12g

12i

12a

13i

13a

13e

CO2Me
N

CO2Me

NN

MeO2C

C

R

CN

N

CO2MeCO2Me

O

O

MeO2C

Amine

o

11

13d

12c

OH

12j

OH
13h

3

R1

R2

 

 

Figure 1 Full list of synthesized mono and di-amides from c-lactone.
6 
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Table 1. Full list of Vitamin B12 derivatives with sGC-stimulating properties 

Entry Derivative EC50 IC50 Activity ratio 

relative to 

compound 1 

1 1 34.2 n/a
a
 1 

2 2 20.5 547 0.48 

3 3 9.3 n/a 0.92 

4 4 14.1 39.8 1.34 

5 5 4.5 12.6 0.96 

6 7 17.4 n/a 0.71 

7 8 20.5 547.6 0.74 

8 9 5.3 n/a 0.53 

9 10 10.1 n/a 0.42 

10 12a 25.1 158.5 0.77 

11 12b 12.6 316 0.84 

12 12c 16.4 204.9 0.91 

13 12d 3.8 n/a 0.57 

14 12e 25 251 0.8 

15 12f 34.7 316.2 0.88 

16 12g 11.9 n/a 1.13 

17 12h 12.7 n/a 0.71 

18 12i 9.8 13.04 0.28 

19 12j 32.5 40.7 0.23 

20 12k 4.7 n/a 0.33 

21 13d 101 n/a 2.5 

22 13h n/a 392 0.125 

23 14 9 n/a 1.31 

24 15 7.5 n/a 1.37 
a not applicable 
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Preparation of compound 12a  

N

O

HN

CO2Me

OH

OH

 

 

Following the reported procedure
6
 for mono amide synthesis, c-lactone (15 mg, 13.9 µmol) 

and 5-aminopetanol (14 mg, 0.14 mmol) were stirred for 18 h. Compound 12a was purified 

using DCVC, 5% EtOH in DCM. After recrystallization from hexanes/AcOEt compound 12a 

was isolated as a purple solid (14 mg, 87%). Rf 0.37, 5% EtOH in DCM. Anal. calcd. for 

C58H82CoN7O15 + H2O: C 58.33, H 7.09, N 8.21; found: C 58.42, H 7.26, N 7.76. HRMS ESI 

(m/z) calcd. for C57H82CoN6O15 [M-CN]
+
 1149.5164; found 1149.5177. UV/Vis CH2Cl2, 

λmax, ε (L·mol
-1
·cm

-1
): 281 (9.50 x 10

3
), 319 (9.45 x 10

3
), 372 (2.68 x 10

4
), 426 (2.68 x 10

3
), 

553 (8.29 x 10
3
), 591 (1.01 x 10

4
). 

1
H NMR (500 MHz, CD2Cl2) δ (ppm); 7.26 (t, J = 5.4 Hz, 

1H), 6.20 (s(br), 1H), 5.75 (s, 1H), 3.78 (d, J = 10.8 Hz, 1H), 3.74 (m, 4H), 3.68 (s, 6H), 3.67 

(s, 3H), 3.65 (s, 3H), 3.61 (s, 3H), 3.45 (dt, J = 1.5 and 6.0 Hz, 2H), 3.26 (m, 1H), 3.05 (dd, J 

= 4.3 and 2.5 Hz, 1H), 2.91-2.85 (m, 1H), 2.81-2.77 (m, 1H), 2.73-2.66 (m, 2H), 2.64-2.52 

(m, 4H), 2.47-2.41 (m, 5H), 2.36-2.31 (m, 3H), 2.24 (s, 3H), 2.21-2.13 (m, 5H), 2.11 (s, 3H), 

2.09-2.02 (m, 4H), 1.85-1.66 (m, 6H), 1.63 (s, 3H), 1.47 (s, 3H), 1.36 (s, 6H), 1.26 (s, 3H), 

1.18 (s, 3H). 
13

C NMR (125 MHz, CD2Cl2) δ (ppm); 176.7, 176.3, 175.8, 175.7, 174.0, 173.1, 

172.8, 172.7, 172.2, 172.1, 171.9, 163.5, 160.1, 106.1, 102.9, 90.1, 85.3, 83.1, 75.0, 62.2, 

58.9, 56.9, 56.2, 52.5, 52.0, 52.1, 52.0, 51.9, 51.8, 47.1, 46.5, 42.6, 42.2, 40.3, 39.7, 33.9, 

32.7, 32.6, 32.4, 31.9, 31.6, 31.0, 30.0, 29.8, 25.9, 25.3, 23.4, 22.2, 19.7, 18.2, 17.2, 16.8, 

15.7, 15.6. 
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Preparation of compound 13e  

N

O

HN

OH

OH

H
N

O

OH

 

 

Following the reported procedure
6
 used to prepare the mono amide derivatives, c-lactone (15 

mg, 13.9 µmol) and 5-aminopetanol (0.1 mg, 0.9 mmol) were stirred for 18 h. Compound 13e 

was purified using DCVC, 5-10% EtOH in DCM. After recrystallization from 

hexanes/AcOEt compound 13e was isolated as a purple solid (14 mg, 82%). Rf 0.36, 10% 

EtOH in DCM. Anal. calcd. for C62H91CoN8O15 + H2O: C 58.85, H 7.41, N 8.86; found: C 

58.52, H 7.69, N 8.66. HRMS ESI (m/z) calcd. for C61H91CoN7O15 [M-CN]
+
 1220.5882; 

found 1220.5899.UV/Vis CH2Cl2, λmax, ε (L·mol
-1
·cm

-1
): 281 (8.60 x 10

3
), 319 (8.67 x 10

3
), 

372 (2.47 x 10
4
), 425 (2.80 x 10

3
), 553 (7.65 x 10

3
), 591 (9.01 x 10

3
).  

1
H NMR (500 MHz, 

CD2Cl2) δ (ppm); 7.08 (s(br), 1H), 6.93 (t, J = 4.8 Hz, 1H), 6.82 (s(br), 1H), 5.78 (s,1H), 3.81 

(d, J = 10.3 Hz, 1H), 3.74 (s, 4H), 3.69-3.67 (m, 12H), 3.59 (s, 3H), 3.52 (t, J = 6.2 Hz, 2H), 

3.46 (t, J = 5.7 Hz, 2H), 3.30-3.26 (m, 1H), 3.18-3.13 (m, 1H), 3.07-3.05 (m, 2H), 2.85-2.76 

(m, 2H), 2.73-2.66 (m, 2H), 2.63-2.50 (m, 4H), 2.48-2.44 (m, 4H), 2.41-2.31 (m, 3H), 2.26 

(s, 4H), 2.23-2.10 (m, 6H), 2.08 (s, 4H), 2.05-1.99 (m, 3H), 1.85-1.72 (m, 6H), 1.64 (s, 3H), 

1.60-1.55 (m, 3H), 1.50-1.47 (m, 3H), 1.43 (s(br), 6H), 1.36 (s, 3H), 1.35 (s, 3H), 1.27 (s, 

3H). 
13

C NMR (125 MHz, CD2Cl2) δ (ppm); 176.5, 176.4, 175.7, 174.4, 174.1, 173.8, 173.1, 

173.0, 172.2, 172.0, 171.7, 163.2, 160.1, 106.4, 102.7, 96.4, 90.3, 85.8, 83.0, 74.9, 62.4, 62.1, 

58.8, 56.9, 56.4, 52.6, 52.2, 52.1, 52.0, 51.9, 46.9, 46.4, 42.7, 42.1, 40.0, 39.7, 39.6, 34.0, 

33.9, 32.6, 32.5, 32.4, 32.3, 30.8, 30.0, 29.0, 28.7, 25.6, 25.0, 23.3, 22.1, 19.5, 18.3, 17.1, 

15.6, 15.5. 
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Preparation of compound 12b  

N

O

HN

CO2Me

O

OH

 

 

Following the reported procedure
6
 used to prepare the mono amides, c-lactone (15 mg, 13.9 

µmol) and 3-methoxy-propylamine (15 µL, 0.14 mmol) were stirred for 18 h. Compound 12b 

was purified using DCVC, 2.5% EtOH in DCM. After recrystallization from hexanes/AcOEt 

compound 12b was isolated as a purple solid (12 mg, 75%). Rf 0.36, 5% EtOH in DCM. 

Anal. calcd. for C57H80CoN7O15 + H2O: C 58.01, H 7.00, N 8.31; found: C 58.07, H 7.15, N 

8.08. HRMS ESI (m/z) calcd. for C56H80CoN6O15 [M-CN]
+
 1135.5028; found 1135.5008. 

UV/Vis CH2Cl2, λmax, ε (L·mol
-1
·cm

-1
): 281 (9.73 x 10

3
), 319 (9.57 x 10

3
), 372 (2.77 x 10

4
), 

426 (2.93 x 10
3
), 554 (8.50 x 10

3
), 593 (1.06 x 10

4
).  

1
H NMR (500 MHz, CD2Cl2) δ (ppm); 

7.27 (t, J = 5.8 Hz, 1H), 6.21, (s(br), 1H), 5.75 (s, 1H), 3.79 (d, J = 10.7 Hz, 1H), 3.74 (s, 

3H), 3.68 (s(br), 6H), 3.67 (s, 3H), 3.65 (s, 3H), 3.61 (s, 3H), 2.31 (t, J = 6.4 Hz, 2H), 3.22 (s, 

3H), 3.06-2.98 (m, 2H), 2.81-2.77 (m, 1H), 2.67-2.65 (m, 2H), 2.60-2.52 (m, 3H), 2.50-2.41 

(m, 5H), 2.37-2.31 (m, 2H), 2.24 (s, 3H), 2.21-2.14 (m, 4H), 2.11 (s, 3H), 2.09-2.00 (m, 2H), 

1.87-1.70 (m, 3H), 1.69-1.66 (m, 3H), 1.64 (s, 3H), 1.60 (t, J = 7.2 Hz, 2H), 2.90 (s, 3H), 

1.36 (2 x s, 6H), 1.26 (s, 3H), 1.18 (s, 3H). 
13

C NMR (125 MHz, CD2Cl2) δ (ppm); 176.7, 

176.2, 175.9, 175.7, 174.0, 173.1, 172.8, 172.7, 172.2, 172.0, 171.7, 163.5, 160.1, 106.0, 

102.9, 90.1, 85.4, 83.1, 74.9, 70.8, 58.8, 58.6, 56.9, 56.0, 52.6, 52.2, 52.1, 52.0, 51.9, 51.8, 

47.1, 46.5, 42.6, 42.1, 39.7, 37.8, 33.9, 32.7, 32.6, 31.9, 31.6, 31.0, 30.0, 29.8, 29.6, 25.9, 

25.3, 22.2, 19.7, 18.2, 17.2, 15.7, 15.6. 
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Preparation of compound 13b  

N

O

HN

O

OH

H
N

O

O

 

 

Following the reported procedure
6
 used to prepare the mono amides, c-lactone (15 mg, 13.9 

µmol) and 3-methoxy-propylamine (0.1 mL, 1.3 mmol) were stirred for 18 h. Compound 13b 

was purified using DCVC, 2.5% EtOH in DCM. After recrystallization from hexanes/AcOEt 

compound 13b was isolated as a purple solid (9 mg, 52%). Rf 0.13, 5% EtOH in DCM. Anal. 

calcd. for C60H87CoN8O15 + H2O: C 58.24, H 7.25, N 9.06; found: C 58.24, H 7.44, N 8.74. 

HRMS ESI (m/z) calcd. for C59H87CoN7O15 [M-CN]
+
 1192.5572; found 1192.5586. UV/Vis 

CH2Cl2, λmax, ε (L·mol
-1
·cm

-1
): 281 (9.61 x 10

3
), 319 (9.46 x 10

3
), 372 (2.65 x 10

4
), 425 (3.15 

x 10
3
), 553 (8.40 x 10

3
), 591 (9.82 x 10

3
). 

1
H NMR (500 MHz, CD2Cl2) δ (ppm); 7.14 (t, J = 

5.7 Hz, 1H), 6.99 (s(br), 1H), 6.83 (t, J = 5.6 Hz, 1H), 5.77 (s, 1H), 3.81 (d, J = 11.0 Hz, 1H), 

3.74 (s, 3H), 3.68-3.67 (m, 9H), 3.60 (s, 3H), 3.34 (t, J = 6.6 Hz, 2H), 3.26 (s, 4H), 3.25-3.24 

(m, 2H), 3.21 (s, 3H), 3.17-3.11 (m, 2H), 3.06 (t, J = 4.4 Hz, 1H), 2.96-2.90 (m, 1H), 2.81-

2.76 (m, 1H), 2.68-2.66 (m, 2H), 2.63-2.52 (m, 3H), 2.50-2.30 (m, 8H), 2.25 (s, 3H), 2.21-

2.11 (m, 4H), 2.09 (s, 3H), 2.06-1.97 (m, 2H), 1.85-1.74 (m, 5H), 1.67-1.65 (m, 5H), 1.60-

1.55 (m, 3H), 1.43 (s, 3H), 1.37 (s, 3H), 1.34 (s, 3H), 1.27 (s, 3H), 1.19 (s, 3H). 
13

C NMR 

(125 MHz, CD2Cl2) δ (ppm); 176.5, 176.3, 175.7, 174.6, 174.1, 173.1, 172.9, 172.2, 172.0, 

171.6, 163.3, 160.1, 106.4, 102.7, 90.3, 85.7, 83.1, 74.9, 70.8, 70.7, 58.9, 58.7, 58.6, 57.0, 

56.4, 54.1, 52.6, 52.2, 51.1, 51.99, 51.92, 46.9, 46.5, 42.7, 42.1, 39.7, 37.6, 37.5, 33.9, 33.6, 

32.7, 32.4, 31.6, 30.9, 30.0, 29.7, 25.7, 25.1, 22.1, 19.5, 18.3, 17.0, 16.6, 15.6, 15.5. 
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Preparation of compound 12f  

N

O

HN

CO2Me

OH

N3

 

 

Following the reported procedure
6
 used to prepare the mono amides, c-lactone (16 mg, 9.8 

µmol) and 6-azido-hexylamine (20 mg, 0.14 mmol) were stirred for 24 h. Compound 12f was 

purified using DCVC, 2.5% EtOH in DCM. After recrystallization from hexanes/AcOEt 

compound 12f was isolated as a purple solid (22 mg, 72%). Rf 0.32, 5% EtOH in DCM. Anal. 

calcd. for C59H83CoN10O14 + H2O: C 57.46, H 6.95, N 11.36; found: C 57.48, H 7.02, N 

11.36. HRMS ESI (m/z) calcd. for C54H76CoN6O15 [M-CN]
+
 1188.5389; found 1188.5386. 

UV/Vis CH2Cl2, λmax, ε (L·mol
-1
·cm

-1
): 281 (8.85 x 10

3
), 319 (9.11 x 10

3
), 372 (2.26 x 10

4
), 

427.5 (3.12 x 10
3
), 556 (7.15 x 10

3
), 592 (8.62 x 10

3
). 

1
H NMR (500 MHz, toluene-d8) δ 

(ppm); 8.11 (s(br), 0.5H), 8.02 (s(br), 0.5H), 6.09 (s, 0.6H), 6.01 (s, 0.1H), 5.96 (s, 0.2H), 

4.04 (d, J = 9.4 Hz, 0.3H), 3.96 (s, J = 10.0 Hz, 0.7H), 3.91 (s, J = 8.5 Hz, 0.7H), 3.86 (d, J = 

8.8 Hz, 0.3H), 3.52-3.51 (m, 3H), 3.46 (s, 3H), 3.45-3.44 (m, 1H), 3.40-3.36 (m, 9H), 3.33, 

(s, 5H), 3.32-3.31 (m, 2H), 3.14-3.05 (m, 1H), 2.86-2.81 (m, 3H), 2.77-2.75 (m, 2H), 2.73-

2.69 (m, 4H), 2.68-2.59 (m, 3H), 2.56-2.50 (m, 5H), 2.47-2.32 (m 9H), 2.30 (s, 3H), 2.25-

2.20 (m, 3H), 2.27 (s, 2H), 2.16 (s, 2H), 2.11 (s, 2H), 1.99-1.91 (m, 3H), 1.75-1.69 (m, 6H). 

13
C NMR (125 MHz, toluene-d8) δ (ppm); 176.6, 175.3, 173.7, 173.1, 172.7, 172.5, 172.3, 

172.2, 172.0, 171.9, 163.4, 102.6, 85.6, 83.0, 75.1, 58.8, 58.7, 56.6, 54.1, 52.4, 51.6, 51.3, 

51.2, 51.1, 51.0, 50.9, 46.9, 46.8, 46.7, 46.5, 42.4, 40.1, 39.9, 33.7, 33.6, 32.9, 31.7, 31.1, 

30.5, 30.4, 30.3, 29.8, 26.8, 26.7, 26.6, 26.5, 25.9, 25.8, 25.0, 22.4, 20.9, 19.4, 19.3, 18.0, 

17.3, 17.2, 16.9, 15.9, 15.5, 15.2. 
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Preparation of compound 12h  

N

O

HN

CO2Me

O

O

OH

O

N3

 

 

Following the reported procedure
6
 used to prepare the mono amides, c-lactone (61 mg, 56.8 

µmol) and 2-{2-[2-(2-azido-ethoxy)-ethoxy]-ethoxy}-ethylamine (120 mg, 0.55 mmol) were 

stirred for 16 h. Compound 12h was purified using DCVC, 2.5% EtOH in DCM. After 

recrystallization from hexanes/AcOEt compound 12h was isolated as a purple solid (33 mg, 

45%). Rf 0.48, 5% EtOH in DCM. Anal. calcd. for C61H87CoN10O17: C 57.74, H 6.79, N 

10.85; found: C 56.70, H 7.02, N 10.58. HRMS ESI (m/z) calcd. for C60H87CoN9O17 [M-

CN]
+
 1264.5512; found 1264.5546. UV/Vis CH2Cl2, λmax, ε (L·mol

-1
·cm

-1
): 281 (9.42 x 10

3
), 

319 (9.09 x 10
3
), 372 (2.57 x 10

4
), 426 (2.92 x 10

3
), 554 (7.84 x 10

3
), 593 (9.96 x 10

3
).  

1
H 

NMR (500 MHz, toluene-d8) δ (ppm); 8.11 (s(br), 1H), 6.08 (s, 1H), 3.92 (d, J = 10.8Hz, 

1H), 3.82 (d, J = 8.6 Hz, 1H), 3.65-3.62 (m, 1H), 3.58 (s, 3H), 3.48 (s, 3H), 3.46 (t, J = 6.2 

Hz, 1H), 3.42 (s, 3H), 3.40 (s, 4H), 3.39-3.38 (m, 5H), 3.35 (s, 4H), 3.34 (s, 4H), 3.28 (t, J = 

5.0 Hz, 3H), 2.90 (t, J = 5.2 Hz, 2H), 2.85-2.77 (m, 4H), 2.75-2.61 (m, 3H), 2.57-2.48 (m, 

5H), 2.45-2.32 (m, 7H), 2.29 (s, 3H), 2.25-2.20 (s, 2H), 2.18 (s, 3H), 2.01-1.95 (m, 2H), 1.79-

1.71 (m, 6H), 1.43 (s, 3H), 1.20 (s, 3H), 1.14 (s, 3H), 1.05 (s, 3H), 0.96 (s, 3H). 
13

C NMR 

(125 MHz, toluene-d8) δ (ppm); 176.5, 175.8, 175.3, 174.7, 173.7, 172.7, 172.5, 172.3, 172.2, 

171.1, 163.4, 161.0, 102.5, 96.5, 90.8, 85.6, 83.0, 75.1, 71.0, 70.9, 70.8, 70.5, 70.2, 69.6, 

58.7, 56.8, 56.3, 54.1, 51.8, 51.7, 51.3, 51.2, 51.1, 50.9, 50.8, 46.7, 46.3, 42.7, 42.2, 40.0, 

39.9, 33.7, 33.2, 32.9, 31.8, 31.1, 30.3, 29.8, 29.7, 25.8, 25.0, 22.3, 19.3, 18.0, 17.1, 16.9, 

15.8, 15.5. 
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Preparation of compound 12j  

N

O

HN

CO2Me

OH

OH

 

 

Following the reported procedure
6
 used to prepare the mono amides, c-lactone (20 mg, 18.6 

µmol) and 1-Amino-propan-2-ol (14 µL, 0.18 mmol) were stirred for 18 h. Compound 12j 

was purified using DCVC, 2.5-5.0% EtOH in DCM. After recrystallization from 

hexanes/AcOEt compound 12j was isolated as a purple solid (13 mg, 64%). Rf 0.36, 5% 

EtOH in DCM. Anal. calcd. for C56H78CoN7O15 + H2O: C 57.67, H 6.91, N 8.41; found: C 

57.67, H 6.84, N 8.25. HRMS ESI (m/z) calcd. for C56H78CoN7O15 [M-CN]
+
 1121.486; found 

1121.486. UV/Vis CH2Cl2, λmax, ε (L·mol
-1
·cm

-1
): 282 (9.07 x 10

3
), 318 (9.29 x 10

3
), 372 

(2.85 x 10
4
), 427 (2.93 x 10

3
), 553 (8.16 x 10

3
), 592 (1.05 x 10

4
).  

1
H NMR (500 MHz, 

CD2Cl2) δ (ppm); 7.04 (dd. J = 4.0 and 6.0 Hz, 0.6H), 6.92 (dd, J = 4.0 and 6.0 Hz, 0.4H), 

5.86 (s(br), 1H), 5.72 (d, J = 4.5 Hz, 1H), 3.80-3.78 (m, 2H), 3.75 and 3.74 (2 x s, 1H), 3.70 

and 3.69 (2 x s, 3H), 3.67 (m, 8H), 3.64 (s, 3H), 3.61 (s, 3H), 3.38 (ddd, J = 2.5, 7.0 and 14 

Hz, 0.6H), 3.20 (ddd, J = 2.0, 6.0 and 14 Hz, 0.4H), 3.07 (m, 1H), 2.76-2.88 (m, 2H), 2.74-

2.66 (m, 1H), 2.65 and 2.63 (2 x s, 3H), 2.62-2.38 (m, 5H), 2.31 and 2.29 (2 x d, J = 3.5 Hz, 

1H), 2.25 and 2.24 (2 x s, 3H), 2.20-1.88 (m, 4H), 2.12 (s, 3H), 2.11 and 2.10 (2 x s, 3H), 

1.88-1.80 (m, 1H), 1.73 (s, 3H), 1.67 and 1.66 (2 x s, 3H), 1.47 (s, 3H), 1.36 (s, 6H), 1.26 and 

1.25 (2 x s, 4H), 1.20 (s, 3H), 0.99 and 0.97 (2 x d, J = 6.5 Hz, 3H). 
13

C NMR (125 MHz, 

CD2Cl2) δ (ppm); 176.8, 176.7, 175.9, 174.0, 173.1, 173.0, 172.9, 172.7, 172.2, 172.1, 172.0, 

171.9, 171.8, 163.5, 162.6, 159.5, 159.4, 112.6, 106.9, 106.8, 103.1, 103.0, 90.0, 85.6, 85.5, 

83.1, 74.9, 67.4, 66.6, 66.4, 58.8, 56.8, 56.6, 56.4, 52.6, 52.4, 52.3, 52.2, 52.1, 51.9, 51.8, 

48.6, 48.3, 47.2, 47.2, 46.5, 46.4, 42.9, 42.7, 41.9, 41.8, 39.7, 36.5, 34.0, 31.6, 32.2, 32.2, 

32.0, 31.8, 31.7, 31.6, 31.4, 31.0, 30.9, 30.0, 25.9, 25.3, 22.3, 20.9, 20.6, 19.7, 18.2, 18.1, 

17.3, 17.2, 17.0, 15.7, 15.65, 15.60. 
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Preparation of compound 13g  

N

O

HN

OH

OH

H
N

O

OH

 

 

Following the reported procedure
6
 used to prepare the mono amides, c-lactone (22 mg, 20.5 

µmol) and 1-amino-propan-2-ol (0.1 mL, 1.2 mmol) were stirred for 18 h. Compound 13g 

was purified using DCVC, 5.0% EtOH in DCM. After recrystallization from hexanes/AcOEt 

compound 13g was isolated as a purple solid (12 mg, 57%). Rf 0.27, 5% EtOH in DCM. 

Anal. calcd. for C58H83CoN8O15 + H2O: C 57.61, H 7.08, N 9.27; found: C 57.58, H 7.13, N 

9.05. UV/Vis CH2Cl2, λmax, ε (L·mol
-1
·cm

-1
): 282 (9.07 x 10

3
), 318 (9.29 x 10

3
), 372 (2.85 x 

10
4
), 427 (2.93 x 10

3
), 553 (8.16 x 10

3
), 592 (1.05 x 10

4
). 

1
H NMR (500 MHz, CD2Cl2) δ 

(ppm); 7.12 (s(br), 0.5H), 7.01-6.97 (m, 1.5H), 6.68 (d, J = 14.5Hz, 0.5H), 6.47 (d, J = 18.9 

Hz, 0.5H), 5.81 (s, 0.5H), 5.80 (s, 0.5H), 3.83-3.76 (m, 3H), 3.74 (s,s, 3H), 3.68 (s, 5H), 3.67 

(s, 6H), 3.58 (s, 1.5H), 3.57 (s, 1.5H), 3.51-3.46 (m, 1H), 3.34 (dd, J = 2.6 and 6.2 Hz, 0.5H), 

3.28 (dd, J = 2.4 and 7.0 Hz, 0.5H), 3.23-3.15 (m, 1H), 3.09 (s (br), 1H), 2.94-2.86 (m, 1H), 

2.83-2.75 (m, 2H), 2.72-2.58 (m, 4H), 2.54-2.39 (m, 7H), 2.34-2.31 (m, 2H), 2.26 (s, 3H), 

2.21-2.14 (m, 4H), 2.12 (s, 3H), 2.11 (s(br), 3H), 2.08-1.98 (m, 1H), 1.90-1.85 (m, 3H), 1.79-

1.72 (m, 1H), 1.63 (2 x s, 3H), 1.54-1.47 (m, 2H), 1.42 (s (br), 4H), 1.36-1.35 (m, 6H), 1.27 

(s, 3H), 1.19 (s, 3H). 
13

C NMR (125 MHz, CD2Cl2) δ (ppm); 176.7, 176.1, 176.09, 176.04, 

176.03, 174.8, 174.76, 174.74, 174.71, 174.1, 174.0, 173.9, 173.1, 173.08, 173.01, 172.96, 

172.92, 172.44, 172.42, 172.3, 172.29, 172.21, 172.1, 172.0, 163.2, 163.17, 163.15, 159.9, 

106.5, 106.4, 106.39, 106.35, 103.0, 90.6, 86.1, 86.02, 86.00, 83.3, 83.2, 75.1, 75.0, 67.0, 

66.7, 66.5, 66.4, 58.9, 56.9, 56.8, 56.6, 56.3, 54.1, 52.63, 52.60, 52.2, 52.13, 52.11, 52.0, 

51.9, 48.6, 48.4, 48.1, 48.0, 47.03, 47.01, 46.9, 46.5, 46.5, 46.37, 46.35, 42.9, 42.8, 41.9, 

41.8, 39.7, 35.0, 33.9, 32.8, 32.77, 32.71, 31.9, 31.8, 31.7, 31.6, 30.7, 30.6, 30.0, 27.3, 25.5, 

25.2, 25.1, 22.3, 20.9, 20.6, 20.54, 20.51, 19.5, 18.3, 18.2, 17.2, 15.7, 15.6, 15.5.  
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Purification of recombinant human sGC enzyme. This enzyme was purified from a culture 

of Sf9 cells infected with baculoviruses expressing α1 and β1 subunits of sGC as described 

previously.
7
 Purified enzyme was aliquoted and stored at -80 

o
C in 50 mM TEA pH 7.4 

containing 1 mM DTT, 1 mM EDTA and 1 mM EGTA. The quality of sGC preparations was 

assessed by measuring enzymatic activity in the presence of 10 µM DEA-NO donor using the 

α[
32

P]GTP �cGMP conversion assay (see below). Only preparations with a specific activity 

higher than 5 µmole/min/mg were used for the studies reported herein.  

 

Assay of sGC activity in vitro. Enzymatic activity was assayed by the formation of [
32

P] 

cGMP from α[
32

P]GTP at 37 °C as described previously.
8
 In short, the reaction was initiated 

by the addition of 1 mM GTP/ α[
32

P]GTP to 0.1µg sGC in 25 mM TEA, pH 7.5, 1 mg/ml 

BSA, 1 mM 3-isobutyl-1-methylxanthine (IBMX), 1 mM DTT, 1 mM cGMP, 3 mM MgCl2, 

0.05 mg/ml creatine phosphokinase and 5 mM creatine phosphate. To evaluate the effect of 

CN2-Cbi or BAY41-2272 on sGC activity, the enzyme was preincubated for 10 min at room 

temperature with the indicated concentration of the compound before initiating the reaction. 

The reaction was quenched by zinc acetate. The GTP was precipitated via the addition of Zn 

carbonate and the cGMP levels determined as described previously.
7
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



S22 

 

References: 

(1) Izumi, S.; Shimakoshi, H.; Abe, M.; Hisaeda, Y. Photo-Induced Ring-Expansion 

Reactions Mediated by B12-TiO2 Hybrid Catalyst. Dalton Trans. 2010, 39, 3302-3307. 

(2) Werthemann, L.; Keese R.; Eschenmoser, A. unpublished results; see Werthemann, L. 

Dissertation, ETH Zürich (Nr. 4097), Juris Druck and Verlag, Zürich, 1968. 

(3) Murakami, Y.; Hisaeda, Y.; Kajihara, A. Hydrophobic Vitamin B12. I. Preparation and 

Axial Ligation Behavior of Hydrophobic Vitamin B12. Bull. Chem. Soc. Jpn. 1983, 56, 3642-

3646.  

(4) Murakami, Y.; Hisaeda, Y.; Ohno, T.; Kohno, H.; Nishioka, T.; Hydrophobic vitamin B12. 

Part 12. Preparation, Characterization and Enantioselective Alkylation of Strapped 

Hydrophobic Vitamin B12.  J. Chem. Soc., Perkin Trans. 2, 1995, 1175-1183.   

(5) Shimakoshi, H.; Tokunaga, M.; Kuroiwa, K.; Kimizuka, N.; Hisaeda, Y. Preparation and 

Electrochemical Behaviour of Hydrophobic Vitamin B12 Covalently Immobilized onto 

Platinum Electrode.  Chem. Commun. 2004, 50-51.   

(6) ó Proinsias, K.; Sessler,
 
J. L.; Kurcoń, S.; Gryko, D. New Hydrophobic Vitamin B12 

Derivatives via Ring-Opening Reactions of c-Lactone. Org. Lett. 2010, 12, 4674-4677. 

(7) Martin, E.; Berka, V.; Tsai, A.L.; Murad, F. Soluble Guanylyl Cyclase: The Nitric Oxide 

Receptor. Methods Enzymol. 2005, 396PE, 478-492. 

(8) Yamada,S.; Kasai, Y.; Shioiri, T. Diethylphosphoryl Cyanide. A New Reagent for the 

Synthesis of Amides. Tetrahedron Lett. 1973, 14, 1595-1973. 

 

 

 

 

 

 

 

 

 

 

 

 

 



S23 

 

(CN)2Cob(III)C1(Gly-OMe) 7 
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(CN)2Cob(III)C1(Gly-OMe) 7 
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(CN)2Cob(III)C1(Ser-OMe)  8 
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(CN)2Cob(III)C1(Ser-OMe)  8 
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(CN)2Cob(III)C1(Pyridine)  9 
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(CN)2Cob(III)C1(Benzo-18-crown-6) 10 
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(CN)2Cob(III)C1(5-pentanolamide) 12a 
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(CN)2Cob(III)C1(5-pentanolamide) 12a 
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(CN)2Cob(III)C1bis(5-pentanolamide) 13e 
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(CN)2Cob(III)C1bis(5-pentanolamide) 13e 
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(CN)2Cob(III)C1(3-methoxypropylamide)  12b 
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(CN)2Cob(III)C1(3-methoxypropylamide)  12b 
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(CN)2Cob(III)C1bis(3-methoxypropylamide) 13b 
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(CN)2Cob(III)C1bis(3-methoxypropylamide) 13b 
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(CN)2Cob(III)C1(6-azido-hexylamide)    12f 
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S38 

 

(CN)2Cob(III)C1(2-{2-[2-(2-azido-ethoxy)-ethoxy]-ethoxy}-ethylamide)) 12h 
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S39 

 

(CN)2Cob(III)C1(2-{2-[2-(2-azido-ethoxy)-ethoxy]-ethoxy}-ethylamide)) 12h 
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(CN)2Cob(III)C1(6-azido-hexylamide)    12f 
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S41 

 

(CN)2Cob(III)C1(isopropanolamide) 12j 
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(CN)2Cob(III)C1(isopropanolamide) 12j 
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(CN)2Cob(III)C1bis(isopropanolamide) 13g 
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(CN)2Cob(III)C1bis(isopropanolamide) 13g 
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