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Abstract

A series of soluble epoxide hydrolase (sEH) inhibitors containing halogenated pyrazoles was 

developed. Inhibition potency of the obtained compounds ranges from 0.8 to 27.5 nM. 1-

Adamantyl-3-[(4,5-dichloro-1-methyl-1Н-pyrazol-3-yl)methyl]urea (3f, IC50 = 0.8 nM) and 1-

[(Adamantan-1-yl)methyl]-3-[(4,5-dichloro-1-methyl-1Н-pyrazol-3-yl)methyl]urea (4f, IC50 = 1.2 

nM) were found to be the most potent sEH inhibitors within the described series.
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1. Introduction

Pyrazole is one of the most used rings in bioactive compounds, including drugs and 

agrochemicals [1, 2]. It is known that the incorporation of fluoroalkyl groups into organic 

molecules helps to change their physicochemical properties: changing, among others, 

pKa values of functional groups, increasing metabolic stability, affecting lipophilicity, and 

enhancing potency and/or selectivity [3–5]. Therefore, fluorinated pyrazole fragments have 

recently been increasingly used to produce biologically active compounds, such as, for 

example, well-known anti-inflammatory drug Celecoxib [6], new HIV drug Lenacapavir 

[7], veterinary drug Deracoxib [8], and fungicide Penflufen [9]. It should be noted that 
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pyrazoles containing halogen atoms also exhibit a wide range of biological activity [10, 11]. 

Consequently, the development of methods for the synthesis of new halogenated pyrazoles 

using a variety of functional groups or structural fragments in order to improve their 

physicochemical or pharmacological properties is timely and relevant to modern medicinal 

chemistry.

Soluble epoxide hydrolase (sEH) is an enzyme involved in the metabolism of 

epoxyeicosatrienoic acids to the corresponding diols [12]. Epoxyeicosatrienoic acids (EETs) 

are short-lived tissue hormones that regulate many important bodily functions. They have 

vasodilating and de-aggregation effects, improving microcirculation and promoting tissue 

repair after myocardial infarction and ischemic stroke. EETs reduce systemic arterial 

pressure and increase diuresis due to the inhibition of tubular reabsorption of sodium and 

water in the kidneys. After interacting with PPARα and PPARγ receptors, these substances 

realize a clear anti-inflammatory effect [13–16]. Some of the best inhibitors of sEH are 

compounds containing a ureide fragment in their structure, which mimics the epoxide 

transition state at the active site of the enzyme (Figure 1). One of the most used moieties in 

the construction of sEH inhibitors is adamantyl [17, 18]. Although this fragment yields good 

potency for the sEH inhibition, it also usually results in poor physicochemical properties for 

the resulting inhibitors, thus limiting their in vivo application. Herein, we are testing whether 

the creation of new inhibitors of sEH, containing both an adamantane and a halogenated 

pyrazole fragment in their structure, will make it possible to obtain active inhibitors with 

favorable physicochemical properties.

2. Results and discussion

Adamantylisocyanate (1, Scheme 1) and adamantylmethylisocyanate (1′, Scheme 1) have 

been used in the reaction with various halogenated aminopyrazoles.

Structures of the obtained chemicals were assessed by NMR, while purity was confirmed 

by GC-MS, LC-MS, and elemental analysis (see Supplemental materials for details). 

The structures of compounds 3 and 4 were fully characterized by 1H NMR, 13C NMR, 
19F NMR, IR spectroscopy, HRMS, and elemental analyses. The assignment of pyrazole 

ring signals was based on well-known trends in the pyrazole series [19–22]. According 

to these rules the chemical shifts of 1H NMR signal for N-unsubstituted pyrazoles or 

their derivatives containing electron-withdrawing N-substituents are usually arranged in the 

following sequence: δ(H-5) > δ(H-3) > δ(H-4), while the 13C NMR signal of the C-5 atom 

is always up-field from the signal of the C-3 atom. In the spectra of compounds 3a-f 1H 

NMR signals of ureide group lay within the range of 5.62–5.68 ppm (Ad-NH) and 5.91–6.06 

ppm (Ad-CH2-Pyr). The number of fluorine atoms in compounds 3a-c has almost no effect 

on NH chemical shifts (5.62–5.64 ppm and 5.91–5.95 ppm). The chemical shifts of 13C 

NMR signal for C=O in ureide group of compounds 3a-f were in the range of 156.5–156.9 

ppm. Introduction of methylene group between adamantane fragment and the urea group in 

compounds 4a-f moves NH signals downfield to 5.84–5.93 ppm (Ad-NH) and 6.07–6.22 

ppm (Ad-CH2-Pyr) as well as 13C NMR signal for C=O to 157.9–158.3 ppm due to the 

decline in electron-donating influence of adamantane fragment.
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We also succeeded in obtaining single crystals of 1-[(adamantan-1-yl)methyl]-3-[(1-metyl-5-

trifluoromethyl-1H-pyrazol-3-yl)methyl]urea 4e suitable for the X-ray diffraction study. The 

single crystals were obtained by slow crystallization from a DMSO solution. Compound 4e 
crystallizes in the orthorhombic space group Pna21 with one molecule in the asymmetric 

cell. Notably, the substituted pyrazole fragment appeared to be conformationally disordered 

into two components with an occupancy of 0.839(3) for the major component. The 

molecular structure of the main component is shown in Figure 2. The crystal-forming motif 

in the crystal is a one-dimensional chain formed due to intermolecular hydrogen bonds 

N1–H1∙∙∙O1′ {N1–H1 0.86(2) Å, H1∙∙∙O1′ 2.19(2) Å, N1∙∙∙O1′ 2.971(2) Å, N1–H1∙∙∙O1′ 
151(2)°; symmetry code x+0.5, 0.5–y, z} and N2–H2∙∙∙O1′ {N2–H2 0.865(19) Å, H2∙∙∙O1′ 
2.07(2) Å, N2∙∙∙O1′ 2.869(2) Å, N2–H2∙∙∙O1′ 154(2)°; symmetry code x+0.5, 0.5–y, z} 

involving only the amide functional groups; this chain is realized along the shortest axis 0a 
of the unit cell. This supramolecular motif is characteristic of individual ureas that do not 

contain hydrogen bond donors in side substituents [23].

The physicochemical properties of the synthesized compounds (Table 1) show that the 

introduction of hydrocarbon spacers between the adamantane fragment and the urea group 

leads to a decrease in melting points. It should also be noted that an increase in the number 

of fluorine atoms leads to an increase in the melting point. However, in compounds 4b and 

4c, the melting point decreases, which is quite likely, due to the greater mobility of the 

molecule due to the presence of a spacer between the rigid structure of adamantane and 

the ureide fragment. Compared to previously published adamantyl-urea inhibitors of sEH, 

the halogenated pyrazoles yield compounds with lower melting point and higher solubility, 

which will facilitate their formulation. We do not know yet if the compounds will perform 

better in vivo, but in a general manner, introduction of halogens is likely to increase half-life 

in vivo [24].

The calculated lipophilicity coefficient (LogP) for most of the synthesized compounds 

appears within the Lipinsky rule’s limits [25] The presence of a methylene bridge between 

the adamantyl radical and the ureide group practically does not change the calculated LogP. 

The solubility of ureas 3a-f and 4a-f are characterized by values in a wide range, from 120 

to 750 μM. Compound 4f has the lowest water solubility (120–130 μM). The presence of a 

methylene bridge between the adamantyl radical and the ureide group has no clear effect on 

water solubility of the synthesized compounds.

The potency of the compounds was then measured against the human sEH. Surprisingly, 

the presence of a methylene bridge between the ureide group and the adamantyl fragment 

reduced the activity of the synthesized ureas, although, in earlier works, the presence of a 

spacer was one of the key factors in increasing activity [26]. It is also worth noting the high 

activity of compounds in which chlorine atoms are in the pyrazole ring (3f, IC50 = 0.8 nM 

and 4f, IC50 = 1.2 nM). This is likely due to the electronegativity of chlorine atoms and their 

effect on the pyrazole ring. Apparently, due to the redistribution of the electron density in the 

conjugated system, the total charge in pyrazole as a whole also changes.

In compounds 3a and 3b, an increase in the number of fluorine atoms reduces the activity 

(10.2 nM for 3a and 12.0 nM for 3b), but already in compound 3c, which contains a 
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trifluoromethyl substituent, the activity is higher than that of compound 3a (9.6 nM for 3c). 

The same trend is observed for compounds 4a-c (13.8 nM for 4a and 27.5 nM for 4b), 

however, the activity of compound 4c (7.3 nM for 4c) is almost two times higher than that of 

compound 4a.

3. Conclusions

A series of soluble epoxide hydrolase (sEH) inhibitors containing various halogenated 

pyrazole fragments was developed. The inhibition potency of the described compounds 

ranges from 0.8 to 27.5 nM. The solubility of synthesized ureas lies in a range from 

120 to 750 μM. 1-Adamantyl-3-[(4,5-dichloro-1-methyl-1H-pyrazol-3-yl)methyl]urea (3f, 
IC50 = 0.8 nM) and 1-[(Adamantan-1-yl)methyl]-3-[(4,5-dichloro-1-methyl-1H-pyrazol-3-

yl)methyl]urea (4f, IC50 = 1.2 nM) were found to be the most potent sEH inhibitors within 

the described series.

4. Experimental

4.1 General methods

Unless otherwise indicated, all common reagents and solvents were used as obtained from 

commercial suppliers and without further purification. Starting amines 1a-f were supplied by 

the Crea-Chim company (http://www.crea-chim.com). 1H, 13C, and 19F NMR spectra were 

acquired in Bruker AM 300, Bruker DRX 500, and Bruker AV 600 in DMSO-d6 at 298 K. 

The chemical shift values (δ, pmm) of 1H and 13C nuclei were reported relative to TMS, 

for 19F nuclei they are relative to CFCl3. The following abbreviations were used to explain 

multiplicities: s, singlet; br.s, broadened singlet; d, doublet; t, triplet; dt, doublet of triplets; 

tt, triplet of triplets. Infrared spectra were recorded on a Bruker ALPHA instrument in KBr 

pellets. The absorptions are given in wavenumbers (cm−1). Melting points were determined 

by the Kofler method on a Boetius bench (heating rate 4°C min−1) and were not corrected. 

High-resolution mass spectra (HRMS) with electrospray ionization were recorded on a 

Bruker MicroOTOF II instrument. Elemental analyses were performed by using a CHNS/O 

Analyzer 2400 (Perkin–Elmer instruments Series II). Analytical TLC was performed using 

commercially pre-coated silica gel plates (Merck Silicagel 60 F254), and visualization was 

effected with short-wavelength UV light.

X-ray diffraction study of 4e was performed on a Bruker D8 QUEST diffractometer. Data 

collected were processed using the APEX4 software. The structure was solved by the 

direct method using the SHELXT program [29] and refined by the full-matrix least-squares 

method on F2 using the SHELXL program [30]. Non-hydrogen atoms were refined in the 

anisotropic approximation. The positions of hydrogen atoms H1 and H2 were determined 

using difference Fourier maps, and these atoms were refined isotropically. The other 

hydrogen atoms were inserted in geometrically calculated positions and included in the 

refinement as riding atoms. Deposition number CCDC 2218618 contains the supplementary 

crystallographic data for this paper. These data are provided free of charge by the joint 

Cambridge Crystallographic Data Centre and Fachinformationszentrum Karlsruhe Access 

Structures service www.ccdc.cam.ac.uk/structures.

Burmistrov et al. Page 4

J Fluor Chem. Author manuscript; available in PMC 2024 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

http://www.crea-chim.com/
http://www.ccdc.cam.ac.uk/structures


Crystallographic data for 4e.—C18H25F3N4O, colorless prism (0.522 × 0.206 × 0.150 

mm3), formula weight 370.42 g mol−1; orthorhombic, Pna21 (No. 33), a = 9.1405(7) Å, b = 

15.3669(12) Å, c = 12.5566(10) Å, V = 1763.7(2) Å3, Z = 4, Z′ = 1, T = 162(2) K, dcalc 

= 1.395 g cm−3, μ(Mo Kα) = 0.111 mm−1, F(000) = 784; Tmax/min = 0.9568/0.8239; 33346 

reflections were collected (2.094° ≤ θ ≤ 27.491°, index ranges: –11 ≤ h ≤ 11, –19 ≤ k ≤ 19, 

and –16 ≤ l ≤ 16), 4036 of which were unique, Rint = 0.0400, Rσ = 0.0228; completeness to 

θ of 27.491° 100.0 %. The refinement of 336 parameters with 515 restraints converged to R1 

= 0.0335 and wR2 = 0.0795 for 3640 reflections with I > 2σ(I) and R1 = 0.0396 and wR2 

= 0.0842 for all data with goodness-of-fit S = 1.062 and residual electron density ρmax/min = 

0.167 and –0.136 e Å−3, rms 0.035; max shift/e.s.d. in the last cycle 0.000.

4.2 General procedure for the synthesis of ureas 3a-f and 4a-f.

To 1 equiv. of corresponding amine 2a-f in 40 equiv. of DMF was added 1 equiv. of 

adamantylisocyanate 1 or adamantylmethylisocyanate 1′ and 1 equiv. of Et3N (2 equiv. if 

amine was used in form of hydrochloride) at 0 °C. The reaction mixture was stirred at room 

temperature for 8 h. After adding 1N HCl and water, the resulting white precipitates were 

collected by suction filtration.

4.2.1. 1-Adamantyl-3-{[1-(2-fluoroethyl)-1H-pyrazol-3-yl]methyl}urea (3a)—
White solid, Yield 82 mg (23%), mp 155–156 °C. IR (KBr, cm−1): 3345 (m), 2908 (m), 

2850 (w), 1628 (vs), 1562 (s), 1522 (w), 1360 (w), 1295 (w), 1280 (w), 1238 (w), 1054 (w), 

1034 (w), 852 (w), 758 (w), 620 (w) cm−1. 1H NMR (300 MHz, DMSO-d6) δ: 7.64 (1H, c, 

H-5 Pz); 6.09 (1H, c, H-4 Pz); 5.91 (1H, t, J = 5.4 Hz, NHCH2); 5.64 (1H, s, NH); 4.73 (2H, 

dt, 2JHF = 47.3 Hz, 3JHH = 4.7 Hz, CH2CH2F); 4.35 (2H, dt, 3JHF = 27.7 Hz, 3JHH = 4.7 Hz, 

CH2CH2F); 4.07 (2H, d, J = 5.5 Hz, NHCH2); 1.99 (3H, br.s, CH Ad); 1.86 (6H, br.s, CH2 

Ad); 1.60 (6H, br.s, CH2 Ad). 19F NMR (282 MHz, DMSO-d6) δ: –222.39 (tt, 2JHF = 47.3 

Hz, 3JHF = 27.6 Hz, CH2CH2F). 13C NMR (75 MHz, DMSO-d6) δ: 156.9 (C=O); 151.0 

(C-3 Pz); 131.3 ((C-5)H Pz); 103.7 ((C-4)H Pz); 80.6 (d, 1JCF = 167.8 Hz, CH2F); 51.5 (d, 
2JCF = 19.9 Hz, CH2CH2F); 49.5 (CH2); 42.0 (CH2 Ad); 36.9 (C Ad); 36.1 (CH2 Ad); 28.9 

(CH Ad). HRMS (ESI) m/z: calcd. for C17H26FN4O [M+H]+: 321.2085; found 321.2087.

4.2.2 1-Adamantyl-3-{[1-(2,2-difluoroethyl)-1H-pyrazol-3-yl]methyl}urea (3b)—
White solid, Yield 159 mg (42%), mp 148–149 °C. IR (KBr, cm−1): 3341 (m), 2905 (s), 

2850 (m), 1628 (vs, CO), 1563 (s), 1527 (w), 1360 (w), 1295 (w), 1280 (w), 1240 (w), 1199 

(w), 1128 (w), 1074 (m), 1046 (w), 907 (w), 780 (w), 768 (w), 621 (w). 1H NMR (300 MHz, 

DMSO-d6) δ: 7.67 (1H, d, J = 1.8 Hz, H-5 Pz); 6.27 (1H, tt, 2JHF = 55.0 Hz, 3JHH = 3.8 

Hz, CH2CHF2); 6.14 (1H, d, J = 1.8 Hz, H-4 Pz); 5.93 (1H, t, J = 5.6 Hz, NHCH2); 5.62 

(1H, s, NH); 4.24 (2H, dt, 3JHF = 15.1 Hz, 3JHH = 3.8 Hz, CH2CHF2); 4.08 (2H, d, J = 5.5 

Hz, NHCH2); 1.99 (3H, br.s, CH Ad); 1.86 (6H, br.s, CH2 Ad); 1.60 (6H, br.s, CH2 Ad). 19F 

NMR (282 MHz, DMSO-d6) δ: –123.38 (dt, 2JHF = 55.1 Hz, 3JHF = 15.0 Hz, CH2CHF2). 
13C NMR (75 MHz, DMSO-d6) δ: 156.9 (C=O); 151.7 (C-3 Pz); 132.3 ((C-5)H Pz); 114.1 

(t, 1JCF = 241.2 Hz, CHF2); 104.4 ((C-4)H Pz); 52.5 (t, 2JCF = 26.1 Hz, CH2CHF2); 49.5 

(CH2); 42.0 (CH2 Ad); 36.8 (C Ad); 36.1 (CH2 Ad); 28.9 (CH Ad). HRMS (ESI) m/z: calcd. 

for C17H25F2N4O [M+H]+: 339.1991; found 339.1984.
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4.2.3 1-Adamantyl-3-{[1-(2,2,2-trifluoroethyl)-1H-pyrazol-3-yl]methyl}urea (3c)
—White solid, Yield 241 mg (60%), mp 183–184 °C. IR (KBr, cm−1): 3340 (m), 2912 (s), 

2850 (m), 1628 (vs, CO), 1565 (s), 1532 (w), 1394 (w), 1295 (w), 1262 (m), 1248 (s), 1169 

(s), 1107 (m), 927 (w), 770 (w), 638 (w). 1H NMR (300 MHz, DMSO-d6) δ: 7.73 (1H, d, J 
= 2.0 Hz, H-5 Pz); 6.19 (1H, d, J = 2.1 Hz, H-4 Pz); 5.95 (1H, t, J = 5.6 Hz, NHCH2); 5.63 

(1H, s, NH); 5.04 (2H, q, 3JHF = 9.2 Hz, CH2CF3); 4.09 (2H, d, J = 5.6 Hz, NHCH2); 1.99 

(3H, br.s, CH Ad); 1.86 (6H, br.s, CH2 Ad); 1.60 (6H, br.s, CH2 Ad). 19F NMR (282 MHz, 

DMSO-d6) δ: –71.05 (t, 3JHF = 8.8 Hz, CH2CF3). 13C NMR (75 MHz, DMSO-d6) δ: 156.9 

(C=O); 152.4 (C-3 Pz); 132.8 ((C-5)H Pz); 123.6 (q, 1JCF = 279.9 Hz, CF3); 105.4 ((C-4)H 

Pz); 51.2 (q, 2JCF = 33.5 Hz, CH2CF3); 42.0 (CH2 Ad); 38.7 (C Ad); 36.7 (CH2 Ad); 28.9 

(CH Ad). HRMS (ESI) m/z: calcd. for C17H24F3N4O [M+H]+: 357.1897; found 357.1899.

4.2.4 1-Adamantyl-3-[(1-difluoromethyl-1H-pyrazol-3-yl)methyl]urea (3d)—
White solid, Yield 224 mg (61%), mp 122–123 °C. IR (KBr, cm−1): 3359 (m), 3307 (m), 

2909 (s), 2851 (m), 1631 (vs, CO), 1567 (vs), 1543 (m), 1454 (w), 1381 (m), 1359 (m), 

1294 (m), 1279 (m), 1241 (m), 1210 (m), 1114 (m), 1092 (w), 1060 (m), 1048 (s), 989 (w), 

823 (s), 758 (w), 624 (w). 1H NMR (300 MHz, DMSO-d6) δ: 8.10 (1H, d, J = 2.3 Hz, H-5 

Pz); 7.14 (1H, t, 2JHF = 59.2 Hz, CHF2); 6.34 (1H, d, J = 2.3 Hz, H-4 Pz); 6.06 (1H, t, J = 

5.6 Hz, NHCH2); 5.67 (1H, s, NH); 4.14 (2H, d, J = 5.7 Hz, NHCH2); 1.99 (3H, br.s, CH 

Ad); 1.86 (6H, br.s, CH2 Ad); 1.60 (6H, br.s, CH2 Ad). 19F NMR (282 MHz, DMSO-d6) 

δ: –94.38 (d, 2JHF = 59.2 Hz, CHF2). 13C NMR (75 MHz, DMSO-d6) δ: 156.8 (C=O); 

154.8 (C-3 Pz); 130.0 ((C-5)H Pz); 110.1 (t, 1JCF = 247.0 Hz, CHF2); 106.8 ((C-4)H Pz); 

49.6 (CH2); 42.0 (CH2 Ad); 36.7 (C Ad); 36.1 (CH2 Ad); 29.0 (CH Ad). Anal. calcd for 

C16H22F2N4O (324.37): C, 59.24; H, 6.84; N, 17.27; found: C, 59.39; H, 6.96; N 17.29.

4.2.5 1-Adamantyl-3-[(1-metyl-5-trifluoromethyl-1H-pyrazol-3-yl)methyl]urea 
(3e)—White solid, Yield 270 mg (67%), mp 165–166 °C. IR (KBr, cm−1): 3355 (m), 2914 

(s), 2853 (m), 1625 (vs, CO), 1565 (s), 1457 (w), 1357 (w), 1293 (w), 1274 (s), 1255 (m), 

1185 (s), 1127 (s), 1090 (w), 1039 (w), 620 (w). 1H NMR (300 MHz, DMSO-d6) δ: 6.64 

(1H, s, H-4 Pz); 6.03 (1H, t, J = 5.7 Hz, NHCH2); 5.64 (1H, s, NH); 4.09 (2H, d, J = 5.7 

Hz, NHCH2); 3.90 (3H, s, CH3); 1.98 (3H, br.s, CH Ad); 1.86 (6H, br.s, CH2 Ad); 1.60 (6H, 

br.s, CH2 Ad). 19F NMR (282 MHz, DMSO-d6) δ: –59.93 (s, CF3). 13C NMR (126 MHz, 

DMSO-d6) δ: 156.9 (C=O); 150.6 (C-3 Pz); 130.9 (q, 2JCF = 38.5 Hz, CCF3); 120.0 (q, 
1JCF = 268.5 Hz, CF3); 106.1 ((C-4)H Pz); 49.6 (NCH3); 42.0 (CH2 Ad); 37.7 (C Ad); 36.3 

(CH2); 36.2 (CH2 Ad); 29.1 (CH Ad). Anal. calcd for C17H23F3N4O (356.39): C, 57.29; H, 

6.50; N, 15.72; found: C, 57.37; H, 6.58; N, 15.81.

4.2.6 1-Adamantyl-3-[(4,5-dichloro-1-methyl-1H-pyrazol-3-yl)methyl]urea (3f)
—White solid, Yield 259 mg (64%), mp 170–171 °C. IR (KBr, cm−1): 3367 (m), 3287 

(m), 2905 (s), 2849 (m), 1625 (vs, CO), 1565 (vs), 1520 (m), 1453 (w), 1359 (w), 1293 (m), 

1278 (m), 1239 (m), 1132 (w), 1081 (w), 640 (w). 1H NMR (300 MHz, DMSO-d6) δ: 5.97 

(1H, t, J = 5.2 Hz, NHCH2); 5.68 (1H, s, NH); 4.10 (2H, d, J = 4.9 Hz, NHCH2); 3.78 (3H, 

s, CH3); 1.98 (3H, br.s, CH Ad); 1.85 (6H, br.s, CH2 Ad); 1.59 (6H, br.s, CH2 Ad). 13C 

NMR (75 MHz, DMSO-d6) δ: 156.5 (C=O); 146.3 (C-3 Pz); 129.4 (C-5 Pz); 124.6 (C-4 Pz); 

49.5 (NCH3); 42.0 (CH2 Ad); 37.1 (C Ad); 36.1 (CH2 Ad); 35.0 (CH2); 29.0 (CH Ad). Anal. 

Burmistrov et al. Page 6

J Fluor Chem. Author manuscript; available in PMC 2024 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



calcd for C16H22Cl2N4O (357.28): C, 53.79; H, 6.21; N, 15.68; found: C, 53.91; H, 6.40; N, 

15.76.

4.2.7 1-[(Adamantan-1-yl)methyl]-3-{[1-(2-fluoroethyl)-1H-pyrazol-3-
yl]methyl}urea (4a)—White solid, Yield 72 mg (21%), 

mp 126–127 °C. IR (KBr, cm−1): 3362 (s), 3299 (m), 

2907 (s), 2848 (m), 1614 (vs, CO), 1575 (s), 1518 (w), 1468 (w), 1445 (w), 1255 (w), 1062 

(w), 1037 (m), 1008 (w), 850 (w), 769 (w), 643 (w), 559 (w), 510 (w). 1H NMR (300 MHz, 

DMSO-d6) δ: 7.66 (1H, d, J = 1.8 Hz, H-5 Pz); 6.12 (1H, d, J = 1.8 Hz, H-4 Pz); 6.07 (1H, 

t, J = 5.5 Hz, NHCH2Pz); 5.87 (1H, t, J = 6.0 Hz, NHCH2Ad); 4.75 (2H, dt, 2JHF = 47.6 

Hz, 3JHH = 4.8 Hz, CH2CH2F); 4.37 (2H, dt, 3JHF = 27.6 Hz, 3JHH = 4.8 Hz, CH2CH2F); 

4.15 (2H, d, J = 4.6 Hz, NHCH2Pz); 2.74 (2H, d, J = 5.4 Hz, NHCH2Ad); 1.94 (3H, 

br.s, CH Ad); 1.63 (6H, dd, J = 28.6 Hz, J = 12.0 Hz, CH2 Ad); 1.42 (6H, br.s, CH2 Ad). 19F 

NMR (282 MHz, DMSO-d6) δ: –222.36 (tt, 2JHF = 47.2 Hz, 3JHF = 27.5 Hz, CH2CH2F). 
13C NMR (126 MHz, DMSO-d6) δ: 158.3 (C=O); 151.0 (C-3 Pz); 131.4 ((C-5)H Pz); 103.7 

((C-4)H Pz); 82.1 (d, 1JCF = 167.8 Hz, CH2F); 51.5 (d, 2JCF = 20.0 Hz, CH2CH2F); 51.1 

(CH2); 39.8 (CH2 Ad); 37.4 (CH2); 36.7 (CH2 Ad); 33.5 (C Ad); 27.8 (CH Ad). Anal. calcd 

for C18H27FN4O (334.43): C, 64.64; H, 8.14; N, 16.75; found: C, 64.60; H, 8.16; N, 16.71.

4.2.8 1-[(Adamantan-1-yl)methyl]-3-{[1-(2,2-difluoroethyl)-1H-pyrazol-3-yl]methyl}urea (4b)

White solid, Yield 157 mg (43%), mp 118–119 °C. IR (KBr, cm−1): 3389 (m), 3380 (s), 

2904 (vs), 2847 (s), 1614 (vs, CO), 1573 (s), 1522 (m), 1365 (w), 1468 (m), 1243 (m), 

1210 (m), 1120 (m), 1069 (vs), 1003 (w), 871 (m), 768 (m), 642 (w), 558 (w), 498 (m). 1H 

NMR (300 MHz, DMSO-d6) δ: 7.69 (1H, d, J = 1.9 Hz, H-5 Pz); 6.33 (1H, tt, 2JHF = 55.1 

Hz, 3JHH = 3.8 Hz, CH2CHF2); 6.17 (1H, d, J = 2.0 Hz, H-4 Pz); 6.08 (1H, t, J = 5.5 Hz, 

NHCH2Pz); 5.84 (1H, t, J = 5.6 Hz, NHCH2Ad); 4.56 (2H, dt, 3JHH = 3.8 Hz, 3JHF = 15.1 

Hz, CH2CHF2); 4.16 (2H, d, J = 4.5 Hz, NHCH2Pz); 2.74 (2H, d, J = 5.9 Hz, NHCH2Ad); 

1.94 (3H, br.s, CH Ad); 1.64 (6H, dd, J = 28.7 Hz, J = 11.9 Hz, CH2 Ad); 1.42 (6H, br.s, 

CH2 Ad). 19F NMR (282 MHz, DMSO-d6) δ: –123.38 (dt, 2JHF = 55.1 Hz, 3JHF = 14.9 

Hz, CH2CHF2). 13C NMR (126 MHz, DMSO-d6) δ: 158.2 (C=O); 151.8 (C-3 Pz); 132.3 

((C-5)H Pz); 114.1 (t, 1JCF = 241.5 Hz, CHF2); 104.4 ((C-4)H Pz); 52.5 (t, 2JCF = 26.2 Hz, 

CH2CHF2); 51.1 (CH2); 39.8 (CH2 Ad); 37.3 (CH2); 36.7 (CH2 Ad); 33.5 (C Ad); 27.8 (CH 

Ad). Anal. calcd for C18H26F2N4O (352.42): C, 61.34; H, 7.44; N, 15.90; found: C, 61.35; 

H, 7.39; N, 15.83.

4.2.9 1-[(Adamantan-1-yl)methyl]-3-{[1-(2,2,2-trifluoroethyl)-1H-pyrazol-3-yl]methyl}urea 
(4c)

White solid, Yield 247 mg (64%), mp 107–108 °C. IR (KBr, cm−1): 3356 (s), 3317 (m), 

2908 (vs), 2849 (s), 1609 (vs, CO), 1569 (vs), 1525 (m), 1473 (m), 1393 (w), 1325 

(w), 1265 (s), 1203 (w), 1158 (s), 1112 (m), 930 (m), 779 (m), 644 (w). 1H NMR (300 

MHz, DMSO-d6) δ: 7.75 (1H, br.s, H-5 Pz); 6.22 (1H, br.s, H-4 Pz); 6.12 (1H, br.s, 

NHCH2Pz); 5.89 (1H, br.s, NHCH2Ad); 5.06 (2H, q, 3JHF = 9.2 Hz, CH2CF3); 4.16 (2H, 

br.s, NHCH2Pz); 2.74 (2H, d, J = 4.5 Hz, NHCH2Ad); 1.94 (3H, br.s, CH Ad); 1.64 (6H, 

dd, J = 28.5 Hz, J = 12.0 Hz, CH2 Ad); 1.20 (6H, br.s, CH2 Ad). 19F NMR (282 MHz, 

DMSO-d6) δ: –71.04 (t, 3JHF = 8.4 Hz, CH2CF3). 13C NMR (159 MHz, DMSO-d6) δ: 158.2 
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(C=O); 152.5 (C-3 Pz); 132.9 ((C-5)H Pz); 123.7 (q, 1JCF = 279.7 Hz, CF3); 105.0 ((C-4)H 

Pz); 51.2 (q, 2JCF = 33.4 Hz, CH2CF3); 51.0 (CH2); 39.8 (CH2 Ad); 37.4 (CH2); 36.7 (CH2 

Ad); 33.5 (C Ad); 27.7 (CH Ad). Anal. calcd for C18H25F3N4O (370.41): C, 58.37; H, 6.80; 

N, 15.13; found: C, 58.40; H, 6.76; N, 15.22.

4.2.10 1-[(Adamantan-1-yl)methyl]-3-[(1-difluoromethyl-1H-pyrazol-3-yl)methyl]urea (4d)

White solid, Yield 230 mg (65%), mp 113–114 °C. IR (KBr, cm−1): 3340 (m), 2915 (s), 

2851 (m), 1625 (vs, CO), 1576 (s), 1457 (w), 1380 (m), 1274 (m), 1254 (w), 1212 (m), 1104 

(m), 1046 (s), 985 (w), 820 (m), 769 (m), 688 (w). 1H NMR (300 MHz, DMSO-d6) δ: 8.13 

(1H, d, J = 2.4 Hz, H-5 Pz); 7.73 (1H, t, 2JHF = 59.2 Hz, CHF2); 6.37 (1H, d, J = 2.4 Hz, H-4 

Pz); 6.22 (1H, t, J = 5.6 Hz, NHCH2Pz); 5.93 (1H, t, J = 5.9 Hz, NHCH2Ad); 4.22 (2H, d, 

J = 4.7 Hz, NHCH2Pz); 2.74 (2H, d, J = 5.0 Hz, NHCH2Ad); 1.94 (3H, br.s, CH Ad); 1.63 

(6H, dd, J = 28.5 Hz, J = 11.9 Hz, CH2 Ad); 1.42 (6H, br.s, CH2 Ad). 19F NMR (282 MHz, 

DMSO-d6) δ: –94.40 (d, 2JHF = 59.2 Hz, CHF2). 13C NMR (126 MHz, DMSO-d6) δ: 158.3 

(C=O); 154.8 (C-3 Pz); 130.0 ((C-5)H Pz); 110.1 (t, 1JCF = 247.1 Hz, CHF2); 106.7 ((C-4)H 

Pz); 51.2 (CH2); 39.8 (CH2 Ad); 37.2 (CH2); 36.7 (CH2 Ad); 33.5 (C Ad); 27.8 (CH Ad). 

Anal. calcd for C17H24F2N4O (338.40): C, 60.34; H, 7.15; N, 16.56; found: C, 60.37; H, 

7.13; N, 16.48.

4.2.11 1-[(Adamantan-1-yl)methyl]-3-[(1-metyl-5-trifluoromethyl-1H-pyrazol-3-
yl)methyl]urea (4e)—White solid, Yield 265 mg (68%), mp 165–166 °C. IR (KBr, cm−1): 

3360 (m), 3327 (m); 2908 (s), 2848 (m), 1627 (vs, CO), 1576 (vs), 1458 (m), 1269 (s), 

1174 (s), 1145 (w), 1115 (s); 1055 (w), 1031 (w), 807 (w); 669 (w). 1H NMR (300 MHz, 

DMSO-d6) δ: 6.67 (1H, s, H-4 Pz); 6.20 (1H, t, J = 5.6 Hz, NHCH2Pz); 5.92 (1H, t, J = 

5.9 Hz, NHCH2Ad); 4.17 (2H, d, J = 4.9 Hz, NHCH2Pz); 3.92 (3H, s, CH3); 2.74 (2H, d, 

J = 5.4 Hz, NHCH2Ad); 1.93 (3H, br.s, CH Ad); 1.63 (6H, dd, J = 30.0 Hz, J = 11.9 Hz, 

CH2 Ad); 1.42 (6H, br.s, CH2 Ad). 19F NMR (282 MHz, DMSO-d6) δ: –59.98 (s, CF3). 
13C NMR (151 MHz, DMSO-d6) δ: 158.3 (C=O); 150.7 (C-3 Pz); 131.0 (q, 2JCF = 38.4 

Hz, CCF3); 120.1 (q, 1JCF = 268.5 Hz, CF3); 106.1 ((C-4)H Pz); 51.3 (NCH3); 39.9 (CH2 

Ad); 37.7 (CH2); 36.9 (CH2); 36.7 (CH2 Ad); 33.6 (C Ad); 27.9 (CH Ad). Anal. calcd for 

C18H25F3N4O (370.41): C, 58.37; H, 6.80; N, 15.13; found: C, 58.37; H, 6.80; N, 15.13.

4.2.12 1-[(Adamantan-1-yl)methyl]-3-[(4,5-dichloro-1-methyl-1H-pyrazol-3-yl)methyl]urea 
(4f)

White solid, Yield 253 mg (64%), mp 127–128 °C. IR (KBr, cm−1): 3341 (m), 2901 (s), 

2848 (m), 1626 (vs, CO), 1577 (vs), 1523 (m), 1450 (m), 1378 (w), 1243 (m), 1188 (w), 

1132 (w), 676 (m), 650 (w); 565 (w). 1H NMR (300 MHz, DMSO-d6) δ: 6.12 (1H, br.s, 

NHCH2Pz); 5.92 (1H, br.s, NHCH2Ad); 4.18 (2H, d, J = 3.8 Hz, NHCH2Pz); 3.80 (3H, 

s, CH3); 2.72 (2H, d, J = 4.9 Hz, NHCH2Ad); 1.93 (3H, br.s, CH Ad); 1.63 (6H, dd, J = 

39.1 Hz, J = 11.9 Hz, CH2 Ad); 1.41 (6H, br.s, CH2 Ad). 13C NMR (151 MHz, DMSO-d6) 

δ: 157.9 (C=O); 146.3 (C-3 Pz); 129.5 (C-5 Pz); 104.7 (C-4 Pz); 51.1 (NCH3); 39.8 (CH2 

Ad); 37.1 (CH2); 36.7 (CH2 Ad); 35.5 (CH2); 33.5 (C Ad); 27.7 (CH Ad). Anal. calcd for 

C17H24Cl2N4O (371.30): C, 54.99; H, 6.52; N, 15.09; found: C, 55.09; H, 6.41; N, 15.01.
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4.3 Determination of inhibitory potency (IC50) by fluorescent assay [27].

The enzyme (ca. 1 nM human sEH) was incubated at 30 °C with inhibitors ([I]final = 0.4–

100,000 nM) for 5 min in 100 mM sodium phosphate buffer (200 μL, pH 7.4) containing 

0.1 mg mL−1 of BSA and 1% of DMSO. The substrate (cyano(2-methoxynaphthalen-6-

yl)methyl trans-(3-phenyloxyran-2-yl)methylcarbonate, CMNPC) was then added ([S]final 

= 5 μM). The activity was assessed by measuring the appearance of the fluorescent 

6-methoxynaphthaldehyde product (λem = 330 nm, λex = 465 nm) at 30 °C during a 10 

min incubation (Spectramax M2; Molecular Device, Inc., Sunnyvale, CA). The IC50 values, 

which are the concentrations of inhibitors that reduce activity by 50 %, were calculated from 

at least five different concentrations, each in triplicate, with at least 2 on either side of 50 % 

activity mark.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Known potent soluble epoxide hydrolase inhibitors.
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Figure 2. 
ORTEP of urea 4e in the crystal at the 50 % probability level for non-hydrogen atoms. The 

minor disorder component is omitted for clarity.
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Scheme 1. 
Synthesis of compounds 3 and 4. Reagents and conditions: a. DMF, Et3N (2 equiv.), 8 h., 

room temperature.
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Table 1

Properties of compounds 3a-f and 4a-f

# Structure LogP calca mp (°C) Solubility (μM)b

3a 3.06 155–156 440–450

3b 3.33 148–149 300–310

3c 3.69 183–184 390–400

3d 3.32 122–123 670–680

3e 3.89 165–166 160–170

3f 4.17 170–171 250–260

4a 3.07 126–127 650–660

4b 3.34 118–119 270–280

4c 3.70 107–108 740–750

4d 3.33 113–114 570–580

4e 3.91 165–166 160–170

4f 4.18 127–128 120–130

a
Calculated using Molinspiration (http://www.molinspiration.com) © Molinspiration Cheminformatics.
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b
Solubilities were measured in sodium phosphate buffer (pH 7.4, 0.1 M) containing 1% of DMSO.
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Table 2

IC50 values for compounds 3a-f and 4a-f.

# Structure IC50 (nM)a

3a 10.2

3b 12.0

3c 9.6

3d 8.8

3e 9.9

3f 0.8

4a 13.8

4b 27.5

4c 7.3

4d 15.0

4e 22.5

4f 1.2
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# Structure IC50 (nM)a

t-TUCB b 0.9

a
Determined via a kinetic fluorescent assay (Concentration of substrate 5 μM, concentration of human sEH 1 nM) [27]. Results are means of three 

separate experiments.

b
Used as positive control [28].
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