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In vitro enzyme assays and metabolite identification section 

 

Incubation mixtures were analyzed by ultra-high performance liquid chromatography/high 

resolution quadrupole time-of-flight mass spectrometry (UHPLC-QTOF-MS) as described 

previously.1 MSMS spectra of (13) were recorded at m/z 481.20 using a collision energy ramp 

from 15-35eV on a Synapt G2 Q-TOF (Waters).  

 
Figure S1 UPLC-MS analysis of (1) incubated with HLM in the absence (A) and presence 

(B) of NADPH. Chromatograms C, D, E are synthetic standards of (13), (12) and (1) 

respectively. A-D are extracted ion chromatograms at m/z 481.20. Chromatogram E is an 

extracted ion chromatogram at m/z 463.19 (M+H+, 1). Peak at 5.07 mins in B is the 2-13C 

isotope of the N-oxide metabolite of (1) at m/z 481.19. F) MSMS spectrum and assigned 

fragmentation pattern of 13.   
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Computational Section 

 

 
Figure S2 Homology model of human microsomal epoxide hydrolase (mEH) with backbone 

structure represented as thick ribbon with both shape and color indicating secondary structure 

elements (red: alfa-helix, yellow: beta-sheet: blue: turn). The three crystal structures are 

superposed based on sequence alignment and 3D structure overlap and are shown as thin wire 

representations of the backbone structure. The template structure (PDB ID 4QLA) in purple, 

PDB id 4I19 in turquoise, and PDB ID 3G0I in grey. The ligand represented by an atom 

colored shaded molecular surface represents the superposed enzyme inhibitor valpromide (2-

propylpentanamide) from the Asperillus niger structure complex (3G0I). The largest structural 

difference between the crystal structures is indicated in the picture by thicker representations 

for the template (purple) and the structure 4I19 (turquoise). This part of the structure defines 

the entrance in to the substrate binding site (this sequence stretch corresponds to the 

alignment positions 358-372 in Figure S3a). Sequence similarity and identity matrices are 

shown in Figure S3b. All similarity measures strongly indicate the improvement of the 

homology model of the human mEH using the silkworm Bombyx mori X-ray crystal structure 

(PDB ID: 4QLA) compared to the templates used in earlier models in the literature. Authors 

will release the atomic coordinates upon article publication 
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Figure S3 a) sequence alignment between the homology model of human mEH and the three 

crystal structures identified with their corresponding PDB ID. Residues are color coded 

according to amino acid similarity in each alignment position. Binding site residues (indicated 

in black rectangles) are defined as all residues with one atom within 4.5 Å from any atom in 

valpromide (3G0I) in all 4 superposed structures in Fig S2, extended to the corresponding 

residues in all proteins for each such alignment position. b) sequence similarity and identity 

matrices for the full sequence and for the binding site are shown. 
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Figure S4 Docking poses in the active site of the mEH protein structure model of 2. The 

accessible surface of the protein, represented by how close a oxygen atom in a water molecule 

could be without any steric repulsion, is shown for the parts of the protein that is in close 

proximity to the ligand. Green color: hydrophobic areas and purple: hydrophilic areas. The 

two tyrosines in the active site coordinating with the ring oxygen in the ligand (Y299 & Y374, 

OH distances in Å) and the catalytic Aspartic acid (D226) are shown. Yellow dashed lines 

with discs indicate moderate sterical clashes (1.2 kcal/mol). 
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Figure S5 Overlaid docking poses of 29 (green), 31 (purple) and 33 (orange) in the active site 

of the mEH protein structure model. The accessible surface of the protein, represented by how 

close an oxygen atom in a water molecule could be without any steric repulsion, is shown for 

the parts of the protein that is in close proximity to the ligand. Green color: hydrophobic areas 

and purple: hydrophilic areas. The two tyrosines in the active site coordinating with the ring 

oxygen in the ligand (Y299 & Y374) and the catalytic Aspartic acid (D226) are shown. The 

viewpoint is chosen for best view of the difference in binding pose between the analogues. 
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Purity analysis 
 

Analytical ultra high-performance liquid chromatography/mass spectrometry (UPLC/MS) was 
conducted on a QTOF mass spectrometer using a UV detector monitoring either at (a) 210 
nm with a BEH C18 column (2.1 × 100 mm, 1.7 μm, 0.7 mL/min flow rate) or XBridge C18 
column (3.0x50mm, 5 μm, 1.0ml/min flow rate) using a gradient of 2% v/v CH3CN in H2O 
(ammonium carbonate buffer pH 11) to 98% v/v CH3CN in H2O, or at (b) 230 nm with an HSS 
C18 column (2.1 × 100 mm, 1.8 μm, 0.7 mL/min flow rate), using a gradient of 2% v/v CH3CN 
in H2O (ammonium formate buffer pH 3) to 98% v/v CH3CN in H2O. All compounds (1-36) 
studied were determined to be ≥95% pure except 5, 7, 10, 17 and 20 which were ≥91% using 
the analytical method (a) or (b) described above based on the peak area percentage. 
Compound 32 contained ca 9% of a diol impurity but was not a substrate for mEH. Diol 28 
(83%) proved difficult to purify and was used only as a chromatographic standard.  
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Compound 9 
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Compound 10  
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Compound 11  
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Compound 12  
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Compound 13  
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Compound 14  
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Compound 15  
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Compound 16  
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Compound 17  
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Compound 19  
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Compound 20   
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Compound 21  
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Compound 22   
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Compound 23  
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Compound 24  
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Compound 25  
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Compound 26  
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Compound 27  
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Compound 28  
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Compound 29  
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Compound 30  
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Compound 31  
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Compound 32 (contains ca.9% of +18Da impurity) 
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Compound 33  
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Compound 34  
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Compound 35  
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Compound 36  
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4-(1-(5-(4-(difluoromethyl)phenyl)-1,3,4-oxadiazole-2-carbonyl)azetidin-3-yloxy)-2-methoxybenzaldehyde 
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4-(1-(5-(4-(difluoromethyl)phenyl)-1,3,4-oxadiazole-2-carbonyl)azetidin-3-yloxy)-3-methoxybenzaldehyde 

S71



-1.0-0.50.00.51.01.52.02.53.03.54.04.55.05.56.06.57.07.58.08.59.0
f1 (ppm)

2
.3

4

2
.0

5

2
.2

2

3
.0

0

1
.9

9

1
.0

7
2
.0

8

1
.1

1
1
.0

2
2
.0

7

2
.1

1

3
.2

5

0
.9

9

2
.1

6

2
.1

0

1
.6

9
1
.7

1

1
.7

2
1
.7

4
1
.7

6
2
.2

0
2
.2

2

2
.2

4
2
.5

9
2
.6

1

2
.6

2
2
.6

3
3
.8

9

3
.9

0
3
.9

3

3
.9

5
3
.9

7
3
.9

9
4
.4

2
4
.4

3
4
.4

5
4
.4

6
4
.5

7
4
.5

9

4
.6

1
4
.6

2

4
.6

2
4
.6

4
4
.6

5
4
.6

6

4
.6

7
4
.8

2
4
.8

4
4
.8

5
4
.8

6
4
.8

7
4
.8

7
4
.8

7
4
.9

0
4
.9

2
5
.0

6
5
.0

7

5
.0

8
5
.0

9
5
.0

9

5
.1

0
5
.1

1
5
.1

2
5
.1

3
5
.1

4
5
.1

4
6
.5

9
6
.6

3
6
.6

5
6
.8

7
6
.8

7

6
.8

8
6
.8

9
6
.9

0
6
.9

6
7.

2
7

7.
6
9

7.
7
1

8
.2

6

8
.2

8

1

2

3

4

5

6

7

F
8

F
9

10

N
11

N
12

13

O
14

15

O
16

N
1718

19

20

O
21

22

23
24

25

26
27

28

N
29

30

31

O
32

33
34

35

36

O
37

CH3
38

1H NMR (400 MHz, CDCl3) 

(3-(4-(2-oxa-5-azaspiro[3.4]octan-5-ylmethyl)-2-

methoxyphenoxy)azetidin-1-yl)(5-(4-(difluoromethyl)phenyl)-1,3,4-

oxadiazol-2-yl)methanone 

CDCl3 TMS
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