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Abstract—A series of 1,3-disubstituted ureas containing a lipophilic adamantane moiety tethered to the ureido 
group by a methylene bridge were synthesized by the reaction of 1-(isocyanatomethyl)adamantane with mono-
halo- and dihaloanilines in yields of up to 92%. The synthesized ureas are target oriented inhibitors of human 
soluble epoxide hydrolase (sEH).
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INTRODUCTION
Urea derivatives are known to exhibit broad-

spectrum biological activity. For example, ethyl 
2-(4-R-1,4-diazepane-1-carboxamido)benzoates are po-
tential antiviral RNA viruses, such as SARS-CoV, 
HIV-1, and ARVI [2]. Such compounds as 1-(3-chloro-
4-methylphenyl)-3-(4-phenylbutan-2-yl)urea, which 
contain halogenated benzene moieties, are active against 
Staphylococcus aureus and Klebsiella pneumoniae 
(Friedlander's wand). As known, some Klebsiella 
bacterial strains are fully resistant to antibacterial drugs, 
as well as to the anthrax causative agent, Bacillus 
anthracis [3].

Proceeding with the research on the synthesis of 
soluble epoxide hydrolase (sEH, E.C. 3.3.2.10), an 
enzyme of the arachidonic cascade enzyme [4–7], 
involved in the metabolic transformation of epoxy fatty 
acids to vicinal diols, we performed targeted modifi cation 
of the lipophilic part of inhibitor molecules. It was 
found that the separation of the adamantyl from ureido/
thioureido group with a methylene bridge enhances the 
inhibitory activity against sEH by a factor of 2–4, and 
also has a positive effect on water solubility [8–10].

The choice of the structure of the starting compounds 
is explained by that they contain both an aromatic 
fragment, which can enter hydrophobic interactions 
with the target, and fl uorine and chlorine atoms, which 
are H-bond acceptors. The presence of such groups 
can ensure additional bonding in the enzyme active 
site and thus enhance inhibitory activity and affect the 
water solubility and melting point of the synthesized 
compounds.

RESULTS AND DISCUSSION

The well-known Curtius synthesis of 1-(iso-
cyanatomethyl)adamantane (3) from (adamantan-1-yl)-
acetic acid involves the intermediate synthesis of 
(adamantan-1-yl)acetyl chloride, followed by the re-
action of the latter with sodium azide [11]. A signifi cant 
disadvantage of this method is that it makes use of a 
toxic thionyl chloroide and an explosive sodium azide. 
Therefore, in this work, isocyanate 3 was synthesized by 
a one-step procedure using diphenylphosphoryl azide 
(DPPA) as a source of the acylazido group (Scheme 1).

To this end, we prepared (adamantan-1-yl)acetic acid 
(2) from 1-bromoadamantane (1) in a yield of 93%. Acid 
2 was further treated with equimolar amounts of DPPA 1 For communication VI, see [1].
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and Et3N to obtain 1-(isocyanatomethyl)adamantane (3) 
in a yield of 85%.

Isocyanate 3 was reacted with mono- and diha-
loanilines 4a–4o to prepare 1,3-disubstituted ureas
5a–5o (Scheme 2).

The synthesis was performed in dry DMF for 12 h at 
room temperature. The yields were 10–92%.

The structure of the synthesized compounds 
was conformed by NMR spectroscopy and mass 
spectrometry. The 1H NMR spectra contain two 
characteristic urea NH proton signals. The signal at 
5.68–6.81 ppm corresponds to the proton of the NH 
group proximate to the adamantyl fragment, whereas 
the signal at 7.75–8.64 ppm, to the proton of the NH 
group linked to the aromatic ring.

Analysis of the 19F NMR signals showed the 
dependence of the shifts of the signals of the F atom 
on their position in the aromatic ring. Thus, the signals 
of the F atoms in the R1

 positions of the aromatic rings 
appear at –119.08 to –133.10 ppm (5c, 5d, 5f, 5k, 5m, 
and 5n); the signals of F atoms in the R2 and R4 are 
at –110.01 to –137.77 ppm (5a, 5e–5g, and 5l); and 
the signals of the F atoms in the R3 and R5 positions, 
at –120.52 to 148.57 ppm (5b, 5c, 5e, 5i, and 5j) and 
–116.70 to –119.08 ppm (5d), respectively. In the 19F 

NMR spectrum of compound 5o, the trifl uoromethyl 
fl uorine atoms give one signal at –61.33 ppm. The 
chemical shifts of the fl uorine atoms are also dependent 
on whether there are other F and Cl substituents in the 
aromatic ring.

The yields of ureas were directly related to the 
substrate structure. The highest yields (92%) were 
characteristic of the ureas containing one F atom in 
the aromatic ring. With the substrates containing two F 
atoms, the yields decreased to 10–82%. The lowest yield 
was obtained with urea 5d (10%), in while the F atoms 
are ortho to each other. The properties of the synthesized 
1,3-disubstituted ureas 5a–5o are listed in the Table 1.

The calculated lipophilicity coeffi cients log P of 
the synthesized compounds span the range 4.52–5.25, 
which is higher, on average, by 0.09 compared to those 
of the related compounds derived from unsubstituted 
1-(isocyanato)adamantane [1] and lower by 0.17 
compared to those of the related compounds derived 
from 1-(isocyanatoethyl)adamantane [12]. The log P
values of ureas 5a–5g, which contain no other 
substituents in the aromatic ring but fl uorines, vary 
between 4.52 and 4.64, and, therefore, comply with the 
Lipinskiʼs rule [13]. The replacement of the fl uorine 
substituent in the aromatic ring by chlorine increases 
the lipophilicity coeffi cient to 5.04–5.25. This change 
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is likely to be associated with the lower electrophilicity 
of Cl composed to F. The C–F bond conjugated with 
a double bond acquires a double-bond character, as a 
resul of which the radius of the covalent bond becomes 
even smaller, and, as a result, spatially the fl uorine atom 
becomes almost indistinguishable from the hydrogen 
atom [14].

The melting points of the synthesized ureas, which 
contain a methylene bridge between the adamantane 
and urea fragments are lower by 49–122°C compared to
those of the related compounds derived from un-
substituted 1-(isocyanato)adamantane. Lower melting 
points are a positive property of inhibitors, because this 
facilitates the manufacturing of dosage forms.

Table 1. Lipophilicity coeffi cients, melting points, and yields of synthesized compounds 5a–5o

Compound no. Structure Mr log Pa mp, °C Yield, %

5a 302 4.52 87–88 92

5b 302 4.55 170–171 92

5c 320 4.64 167–168 74

5d 320 4.61 182–183 10

5e 320 4.64 142–143 70

5f 320 4.64 92–93 82

5g 320 4.64 124–125 70
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EXPERIMENTAL

3-Chloroaniline (99%, CAS 108-42-9), 3-chloro-4-
fl uoroaniline (98%, CAS 367-21-5), 3-(trifl uoromethyl)-
aniline (≥ 99%, CAS 98-16-8), triethylamine (BioUltra 

≥ 99.5%, CAS 121-44-8), and DMF NMR spectrum 
(Anhydrous 99.8%, CAS 68-12-2) were purchased from 
Sigma–Aldrich; 3-fl uoroaniline (99%, CAS 372-19-0), 
4-fl uoroaniline (99%, CAS 371-40-4), 2,4-difl uoroaniline 

Table 1. (Contd.)

Compound no. Structure Mr log Pa mp, °C Yield, %

5h 319 5.04 163–164 92

5i 337 5.15 161–162 72

5j 337 5.15 115–116 73

5k 337 5.13 120–122 85

5l 337 5.15 102–105 76

5m 337 5.15 109–110 76

5n 337 5.13 113–114 79

5o 352 5.25 153–155 71

a Calculated with Molinspiration (http://www.molinspiration.com) © Molinspiration Cheminformatic.

H
N

O

H
N Cl
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(99%, CAS 367-25-9), 2,6-difl uoroaniline (98%, CAS 
5509-65-9), 3,4-difl uoroaniline (98+%, CAS 3863-
11-4), 2,5-difl uoroaniline (99%, CAS 367-30-6), 
3,5-difl uoroaniline (98%, CAS 372-39-4), 2-chloro-
4-fl uoroaniline (97%, CAS 2106-02-7), 3-chloro-4-
fl uoroaniline (98%, CAS 367-21-5), 3-chloro-2-fl uoro-
aniline (97%, CAS 2106-04-9), 4-chloro-2-fl uoroaniline 
(98%, CAS 57946-56-2), and 2-chloro-6-fl uoroaniline 
(97%, CAS 363-51-9) were obtained from Alfa Aesar 
and used as received.

The structure of the synthesized compounds was 
confi rmed by 1H, 13C, and 19F NMR spectroscopy, gas 
chromatography–mass spectrometry, and elemental 
analysis. The mass spectra were run on an Agilent GC 
7820/MSD 5975 system and an Advion Expression 
compact mass spectrometer in the full scan mode (ESI). 
The 1H, 13C, and 19F NMR spectra were measured on a 
Bruker Avance 600 spectrometer in DMSO-d6; internal 
reference SiMe4. The elemental analyses were obtained 
on a Perkin-Elmer Series II 2400 CHNS/O analyzer.

(Adamantan-1-yl)acetic acid (2). A three-necked 
reactor placed in an ice bath and equipped with a 
thermometer, a dropping funnel, and an overhead 
stirrer was charged, with stirring, with 540 mL of 
98% H2SO4 and 12.5 mL of 65% HNO3. The mixture 
was cooled to 0–2°C, after which 100 g (0.475 mol) 
of 1-bromoadamantane was added and then 271 mL
(3.487 mol) of vinylidene chloride was added dropwise 
over the course of 1.5 h, maintaining the temperature at 
0–2°C. The mixture was stirred at the same temperature 
for another 1 h and poured onto ice. After the ice had 
melted, the product was fi ltered off, washed with 
distilled water, and purifi ed by reprecipitation. Yield 
83.9 g (93%), mp 135–136°C. Mass spectrum, m/z 
(Irel, %): 194 (5) [M]+, 149 (22.0) [M – COOH]+, 135 
(100.0) [Ad]+. Found, %: C 74.11; H 9.38. C12H18O2. 
Calculated, %: C 74.19; H 9.34. M 194.23.

1-(Isocyanatomethyl)adamantane (3). Diisopropyl 
fl uorophosphate, 5.6 mL (25.8 mmol), was added 
dropwise over the course of 30 min to a mixture of
5 g (25.8 mmol) of acid 2 and 3.6 mL (26.0 mmol) of 
triethylamine in 100 mL of dry toluene. The reaction 
mixture was then heated under refl ux for 30 min until 
nitrogen no longer evolved. Toluene was evaporated, 
and the product was extracted with dry diethyl ether. 
Yield 4.18 g (85%), oily liquid. 1H NMR spectrum 
(DMSO-d6), δ, ppm: 1.50–1.95 m (15H, Ad), 2.98 s (2H, 

CH2). Mass spectrum, m/z (Irel, %): 191.2 (6.0) [M]+, 
149.2 (30.0) [M – NCO]+, 135 (100.0) [Ad]+. Found, %:
C 75.33; H 8.99; N 7.35. C12H17NO. Calculated, %:
C 75.35; H 8.96; N 7.32. M 191.27.

1-(Adamantan-1-ylmethyl)-3-(3-fluorophenyl)-
urea (5a). 3-Fluoroaniline, 0.145 g (1.3 mmol), and
0.2 mL of triethylamine were added to 0.25 g
(1.3 mmol) of isocyanate 3 in 5 mL of dry DMF. The 
reaction mixture was allowed to stand for 12 h at room 
temperature, after which 6 mL of 1 N HCl was added, 
and the resulting mixture was stirred for 1 h. The white 
precipitate that formed was fi ltered off, washed with 
water, and recrystallized from ethanol. Yield 0.364 g 
(92%), mp 87–88°C. 1H NMR spectrum (DMSO-d6), 
δ, ppm: 1.17–1.20 t (1H, Ad, J1 7.3, J2 7.3 Hz), 1.43 d
(1H, Ad, J 2.9 Hz), 1.47 d (6H, Ad, J 2.9 Hz), 1.66 q 
(4H, Ad, J1 11.1, J2 11.9 Hz), 1.96 br.s (3H, Ad), 2.82 d 
(2H, CH2, J 6.0 Hz), 6.17 t (1H, NH–CH2–Ad, J1 6.1, 
J2 6.1 Hz), 6.67 t.d.d (1H, 4-Harom, J1 8.5, J2 2.6, J3
0.9 Hz), 7.01 d.d.d (1H, 5-Harom, J1 8.2, J2 2.0, J3
0.9 Hz), 7.22 t.d (1H, 6-Harom, J1 8.2, J2 8.2, J3 6.9 Hz),
7.45 d.t (1H, 2-Harom, J1 12.3, J2 2.3 Hz), 8.64 s (1H, 
NH–Ph). 19F NMR spectrum (DMSO-d6), δ, ppm: 
–112.49. Mass spectrum, m/z (Irel, %): 303 (77.4) [M + 
H]+, 605 (12.3) [2M + H]+. Found, %: C 71.47; H 7.69; 
F 6.25; N 9.29. C18H23FN2O. Calculated, %: C 71.50;
H 7.67; F 6.28; N 9.26. M 302.39.

1-(Adamantan-1-ylmethyl)-3-(4-fluorophenyl)-
urea (5b) was prepared similarly to compound 5a, from 
0.25 g of isocyanate 3 and 0.145 g of 4-fl uoroaniline. 
Yield 0.360 g (92%), mp 170–171°C. 1H NMR spec-
trum (DMSO-d6), δ, ppm: 1.47 d (6H, Ad, J 2.9 Hz), 
1.66 q (6H, Ad, J1 12.6, J2 12.6 Hz), 1.96 br.s (3H, 
Ad), 2.81 d (2H, CH2, J 6.1 Hz), 6.01 t (1H, NH–CH2–
Ad, J1 6.1, J2 6.1 Hz), 7.00–7.07 m (2H, 3,5-Harom), 
7.35–7.42 m (2H, 2,6-Harom), 8.32 s (1H, NH–Ph). 13C 
NMR spectrum (DMSO-d6), δ, ppm: 28.24 (Ad), 33.95 
(Ad), 37.12 (2C, Ad), 39.71 (3C, Ad), 40.67 (6C, Ad), 
51.31 (2C, CH2), 115.47 d (2C, 3,5-Carom, J 22.0 Hz), 
119.54 d (2C, 2,6-Carom, J 7.5 Hz), 137.51 (1-Carom), 
155.97 [NH–C(O)–NH], 158.10 (4-Carom). 19F NMR 
spectrum (DMSO-d6), δ, ppm: –122.87. Mass spectrum, 
m/z (Irel, %): 303 (53.8) [M + H]+, 344 (100.0) [M + 
CAN + H]+. Found, %: C 71.52; H 7.66; F 6.26; N 9.24. 
C18H23FN2O. Calculated, %: C 71.50; H 7.67; F 6.28;
N 9.26. M 302.39.

1-(Adamantan-1-ylmethyl)-3-(2,4-difluorophe-
nyl)urea (5c) was prepared similarly to compound 
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5a, from 0.25 g of isocyanate 3 and 0.168 g of 2,4-di-
fl uoroaniline. Yield 0.310 g (74%), mp 167–168°C. 1H 
NMR spectrum (DMSO-d6), δ, ppm: 1.43 d (1H, Ad, 
J 2.9 Hz), 1.48 d (7H, Ad, J 2.9 Hz), 1.66 q (4H, Ad, 
J1 12.9, J2 12.1 Hz), 1.96 br.s (3H, Ad), 2.82 d (2H, 
CH2, J 5.8 Hz), 6.50 q (1H, NH–CH2–Ad, J1 6.2, J2 
6.2, J3 6.0 Hz), 6.92–6.98 m (1H, 3-Harom), 7.18 d.d.d 
(1H, 5-Harom, J1 11.7, J2 8.9, J3 2.9 Hz), 7.20 t.d (1H, 
6-Harom, J1 9.3, J2 9.3, J3 6.2 Hz), 8.19 s (1H, NH–Ph). 
19F NMR spectrum (DMSO-d6), δ, ppm: –126.48 (4-F), 
–120.08 (2-F). Mass spectrum, m/z (Irel, %): 355 (26.8) 
[M + Cl]–. Found, %: C 67.42; H 6.95; F 11.82; N 8.70. 
C18H22F2N2O. Calculated, %: C 67.48; H 6.92; F 11.86; 
N 8.74. M 320.38.

1-(Adamantan-1-ylmethyl)-3-(2,6-difluorophe-
nyl)urea (5d) was prepared similarly to compound 
5a, from 0.25 g of isocyanate 3 and 0.168 g of 2,6-di-
fl uoroaniline. Yield 0.042 g (10%), mp 182–183°C. 1H 
NMR spectrum (DMSO-d6), δ, ppm: 1.43 d (1H, Ad, J 
2.9 Hz), 1.48 d (7H, Ad, J 2.8 Hz), 1.66 q (4H, Ad, J1 
12.3, J2 12.3 Hz), 1.96 br.s (3H, Ad), 2.80 d (2H, CH2, J 
5.9 Hz), 6.26 s (1H, NH–CH2–Ad), 7.06 t (2H, 3,5-Harom, 
J 8.0 Hz), 7.22 t.t (1H, 4-Harom, J1 8.3, J2 8.3, J3 6.2 Hz), 
7.75 s (1H, NH–Ph). 19F NMR spectrum (DMSO-d6), 
δ, ppm: –119.08 (2F, 2,6-F). Mass spectrum, m/z
(Irel, %): 355 (9.9) [M + Cl]–. Found, %: C 67.45;
H 6.90; F 11.88; N 8.76. C18H22F2N2O. Calculated, %: 
C 67.48; H 6.92; F 11.86; N 8.74. M 320.38.

1-(Adamantan-1-ylmethyl)-3-(3,4-difluorophe-
nyl)urea (5e) was prepared similarly to compound 
5a, from 0.25 g of isocyanate 3 and 0.168 g of 3,4-di-
fl uoroaniline. Yield 0.291 g (70%), mp 142–143°C. 1H 
NMR spectrum (DMSO-d6), δ, ppm: 1.43 d (1H, Ad, J 
2.9 Hz), 1.47 d (6H, Ad, J 2.9 Hz), 1.65 q (4H, Ad, J1 
12.1, J2 12.1 Hz), 1.95 br.s (3H, Ad), 2.81 d (2H, CH2, 
J 6.0 Hz), 6.13 t (1H, NH–CH2–Ad, J1 6.1, J2 6.1 Hz), 
7.00 d.d.d (1H, 5-Harom, J1 9.3, J2 4.2, J3 2.0 Hz), 7.23 d.t 
(1H, 2-Harom, J1 10.5, J2 9.1, J3 9.1 Hz), 7.62 d.d.d (1H, 
6-Harom, J1 13.8, J2 7.5, J3 2.7 Hz), 8.57 s (1H, NH–Ph). 
19F NMR spectrum (DMSO-d6), δ, ppm: –148.57 (4-F), 
–137.77 (3-F). Mass spectrum, m/z (Irel, %): 319 (2.3) 
[M – H]–, 355 (100.0) [M + Cl]–. Found, %: C 67.44;
H 6.93; F 11.83; N 8.72. C18H22F2N2O. Calculated, %: 
C 67.48; H 6.92; F 11.86; N 8.74. M 320.38.

1-(Adamantan-1-ylmethyl)-3-(2,5-difluorophe-
nyl)urea (5f) was prepared similarly to compound 
5a, from 0.25 g of isocyanate 3 and 0.168 g of 2,5-di-

fl uoroaniline. Yield 0.341 g (82%), mp 92–93°C. 1H 
NMR spectrum (DMSO-d6), δ, ppm: 1.43 d (1H, Ad, 
J 2.9 Hz), 1.48 d (6H, Ad, J 2.9 Hz), 1.65 q (4H, Ad, 
J1 11.3, J2 11.3 Hz), 1.95 br.s (3H, Ad), 2.83 d (2H, 
CH2, J 5.8 Hz), 5.68 s (1H, NH–CH2–Ad), 6.64–6.72 m
(4-Harom), 6.85 t.t (1H, 3-Harom, J1 8.7, J2 8.7, J3 3.4, 
J4 3.4 Hz), 7.29 d.d.d (1H, 6-Harom, J1 11.1, J2 9.0, 
J3 5.2 Hz), 8.46 s (1H, NH–Ph). 19F NMR spectrum 
(DMSO-d6), δ, ppm: –135.09 (5-F), –116.70 (2-F). 
Mass spectrum, m/z (Irel, %): 319 (2.0) [M – H]–, 355 
(31.0) [M + Cl]–. Found, %: C 67.49; H 6.96; F 11.81;
N 8.77. C18H22F2N2O. Calculated, %: C 67.48; H 6.92; 
F 11.86; N 8.74. M 320.38.

1-(Adamantan-1-ylmethyl)-3-(3,5-difluorophe-
nyl)urea (5g) was prepared similarly to compound 
5a, from 0.25 g of isocyanate 3 and 0.168 g of 3,5-di-
fl uoroaniline. Yield 0.291 g (70%), mp 124–125°C. 1H 
NMR spectrum (DMSO-d6), δ, ppm: 1.43 d (1H, Ad, J 
2.9 Hz), 1.47 d (6H, Ad, J 2.9 Hz), 1.65 q (4H, Ad, J1 
9.3, J2 9.0 Hz), 1.94 br.s (3H, Ad), 2.82 d (2H, CH2, J
5.8 Hz), 6.24 s (1H, NH–CH2–Ad), 6.79 d.t (1H, 4-Harom, 
J1 9.3, J2 2.4, J3 2.4 Hz), 7.10 d.d (1H, 2-Harom, J1 10.2, 
J2 2.3 Hz), 7.20 d.d (1H, 6-Harom, J1 7.6, J2 2.3 Hz), 
7.96 s (1H, NH–Ph). 19F NMR spectrum (DMSO-d6), 
δ, ppm: –110.01 (2F, 3,5-F). Mass spectrum, m/z
(Irel, %): 319 (4.0) [M – H]–, 355 (100.0) [M + Cl]–.
Found, %: C 67.44; H 6.90; F 11.89; N 8.71. 
C18H22F2N2O. Calculated, %: C 67.48; H 6.92; F 11.86; 
N 8.74. M 320.38.

1-(Adamantan-1-ylmethyl)-3-(3-chlorophenyl)-
urea (5h) was prepared similarly to compound 5a, from 
0.25 g of isocyanate 3 and 0.165 g of 3-chloroaniline. 
Yield 0.382 g (92%), mp 163–164°C. 1H NMR spectrum 
(DMSO-d6), δ, ppm: 1.45 d (6H, Ad, J 2.2 Hz), 1.64 q 
(6H, Ad, J1 11.7, J2 12.0 Hz), 1.94 s (3H, Ad), 2.80 d 
(2H, CH2, J 6.1 Hz), 6.15 s (1H, NH–CH2–Ad), 6.91 d
(1H, 4-Harom, J 7.9 Hz), 7.19 d (1H, 5-Harom, J1 8.1 Hz),
7.22 t (1H, 6-Harom, J1 8.0, J2 8.1 Hz), 7.68 d (1H, 
2-Harom, J 6.0 Hz), 8.56 s (1H, NH–Ph). Mass spectrum, 
m/z (Irel, %): 318 (11.5) [M]+, 127 (100.0) [C6H4ClNH]+, 
135 (100.0) [Ad]+. Found, %: C 67.85; H 7.24; Cl 11.10; 
N 8.76. C18H23ClN2O. Calculated, %: C 67.81; H 7.27; 
Cl 11.12; N 8.79. M 318.84.

1-(Adamantan-1-ylmethyl)-3-(2-chloro-4-fl uoro-
phenyl)urea (5i) was prepared similarly to compound 
5a, from 0.25 g of isocyanate 3 and 0.189 g of 2-chloro-
4-fl uoroaniline. Yield 0.315 g (72%), mp 161–162°C. 
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1H NMR spectrum (DMSO-d6), δ, ppm: 1.43 d (1H, 
Ad, J 2.8 Hz), 1.49 d (6H, Ad, J 2.9 Hz), 1.64 q (4H, 
Ad, J1 11.3, J2 11.0 Hz), 1.93 br.s (3H, Ad), 2.83 d (2H, 
CH2, J 5.7 Hz), 6.81 d (1H, NH–CH2–Ad, J 5.9 Hz), 
7.10–7.22 m (1H, 5-Harom), 7.36 t.d (1H, 3-Harom, J1
8.7, J2 8.5, J3 3.0 Hz), 7.62–7.67 m (1H, 6-Harom),
8.14 d.d.d (1H, NH–Ph, J1 9.4, J2 5.9, J3 3.7 Hz). 19F 
NMR spectrum (DMSO-d6), δ, ppm: –120.52. Mass 
spectrum, m/z (Irel, %): 338 (1.2) [M + H]+, 355 (1.1) 
[M + H2O]+, 379 (1.0) [M + CAN + H]+, 420 (42.1)
[M + 2ACN + H]+. Found, %: C 64.17; H 6.56; Cl 10.55; 
F 5.62; N 8.34. C18H22ClFN2O. Calculated, %: C 64.18; 
H 6.58; Cl 10.53; F 5.64; N 8.32. M 336.83.

1-(Adamantan-1-ylmethyl)-3-(3-chloro-4-fl uoro-
phenyl)urea (5j) was prepared similarly to compound 
5a, from 0.25 g of isocyanate 3 and 0.189 g of 3-chloro-
4-fl uoroaniline. Yield 0.320 g (73%), mp 115–116°C. 
1H NMR spectrum (DMSO-d6), δ, ppm: 1.43 d (1H, Ad, 
J 2.9 Hz), 1.48 d (6H, Ad, J 2.9 Hz), 1.66 q (4H, Ad, J1 
11.6, J2 11.6 Hz), 1.93 br.s (3H, Ad), 2.83 d (2H, CH2, 
J 5.7 Hz), 6.62 t (1H, NH–CH2–Ad, J1 6.2, J2 6.2 Hz), 
7.04–7.10 m (1H, 5-Harom), 7.17–7.22 m (1H, 6-Harom), 
8.10–8.15 m (1H, 2-Harom), 8.40 s (1H, NH–Ph). 19F 
NMR spectrum (DMSO-d6), δ, ppm: –133.42. Mass 
spectrum, m/z (Irel, %): 420 (100.0) [M + 2ACN + H]+. 
Found, %: C 64.19; H 6.59; Cl 10.56; F 5.66; N 8.30.
C18H22ClFN2O. Calculated, %: C 64.18; H 6.58;
Cl 10.53; F 5.64; N 8.32. M 336.83.

1-(Adamantan-1-ylmethyl)-3-(3-chloro-2-fl uoro-
phenyl)urea (5k) was prepared similarly to compound 
5a, from 0.25 g of isocyanate 3 and 0.189 g 3-chloro-
2-fl uoroaniline. Yield 0.375 g (85%), mp 83–84°C. 1H 
NMR spectrum (DMSO-d6), δ, ppm: 1.43 d (1H, Ad, J 
2.9 Hz), 1.47 d (6H, Ad, J 2.9 Hz), 1.64 q (4H, Ad, J1 
11.1, J2 11.2 Hz), 1.94 br.s (3H, Ad), 2.81 d (2H, CH2, J 
5.2 Hz), 6.13 s (1H, NH–CH2–Ad), 7.24 t (1H, 5-Harom, 
J1 9.0, J2 9.0 Hz), 7.32 d (1H, 4-Harom, J 7.9 Hz), 7.73–
7.80 m (1H, 6-Harom, J1 12.7, J2 6.8, J3 2.1 Hz), 7.96 s 
(1H, NH–Ph). 19F NMR spectrum (DMSO-d6), δ, ppm: 
–126.57. Mass spectrum, m/z (Irel, %): 318 (7.4) [M – 
H2O – H]–, 372 (2.1) [M + Cl]–. Found, %: C 64.13; 
H 6.53; Cl 10.58; F 5.69; N 8.34. C18H22ClFN2O. 
Calculated, %: C 64.18; H 6.58; Cl 10.53; F 5.64;
N 8.32. M 336.83.

1-(Adamantan-1-ylmethyl)-3-(4-chloro-3-fl uoro-
phenyl)urea (5l) was prepared similarly to compound 
5a, from 0.25 g of isocyanate 3 and 0.189 g OF 4-chloro-

3-fl uoroaniline. 1H NMR spectrum (DMSO-d6), δ, ppm: 
1.43 d (1H, Ad, J 2.9 Hz), 1.47 d (6H, Ad, J 2.9 Hz),
1.64 q (4H, Ad, J1 12.4, J2 10.6 Hz), 1.94 br.s (3H, Ad), 
2.81 d (2H, CH2, J 5.8 Hz), 6.21 t (1H, NH–CH2–Ad, 
J1 6.1, J2 6.1 Hz), 7.20 d.d.d (1H, 5-Harom, J1 8.8, J2 
2.5, J3 1.0 Hz), 7.37 t (1H, 2-Harom, J1 8.7, J2 8.7 Hz), 
7.63 t.d (1H, 6-Harom, J1 12.4, J2 12.1, J3 2.4 Hz), 7.96 s 
(1H, NH–Ph). 19F NMR spectrum (DMSO-d6), δ, ppm: 
–115.37. Mass spectrum, m/z (Irel, %): 318 (9.0) [M – 
H2O – H]–, 372 (2.0) [M + Cl]–. Found, %: C 64.14; 
H 6.55; Cl 10.50; F 5.69; N 8.35. C18H22ClFN2O. 
Calculated, %: C 64.18; H 6.58; Cl 10.53; F 5.64;
N 8.32. M 336.83.

1-(Adamantan-1-ylmethyl)-3-(4-chloro-2-fl uoro-
phenyl)urea (5m) was prepared similarly to compound 
5a, from 0.25 g of isocyanate 3 and 0.189 g of 4-chloro-
2-fl uoroaniline. Yield 0.335 g (76%), mp 109–110°C. 
1H NMR spectrum (DMSO-d6), δ, ppm: 1.43 d (1H, Ad, 
J 2.9 Hz), 1.47 d (6H, Ad, J 2.9 Hz), 1.65 q (4H, Ad, J1 
12.3, J2 12.2 Hz), 1.94 br.s (3H, Ad), 2.82 d (2H, CH2, 
J 5.7 Hz), 6.59 t (1H, NH–CH2–Ad, J1 6.0, J2 6.0 Hz), 
7.14 d (1H, 5-Harom, J 8.9 Hz), 7.34 d.d (1H, 6-Harom, J1 
2.4, J2 11.3 Hz), 8.18 t (1H, 3-Harom, J 8.2 Hz), 8.34 d 
(1H, NH–Ph, J 2.7 Hz). 19F NMR spectrum (DMSO-d6), 
δ, ppm: –128.09. Mass spectrum, m/z (Irel, %): 336 (3.8) 
[M – H]–, 372 (15.2) [M + Cl]–. Found, %: C 64.15; 
H 6.55; Cl 10.57; F 5.60; N 8.37. C18H22ClFN2O. Cal-
culated, %: C 64.18; H 6.58; Cl 10.53; F 5.64; N 8.32. 
M 336.83.

1-(Adamantan-1-ylmethyl)-3-(6-chloro-2-fl uoro-
phenyl)urea (5n) was prepared similarly to compound 
5a, from 0.25 g of isocyanate 3 and 0.189 g of 6-chloro-
2-fl uoroaniline. Yield 0.348 g (79%), mp 113–114°C. 
1H NMR spectrum (DMSO-d6), δ, ppm: 1.43 d (1H, 
Ad, J 2.5 Hz), 1.48 d (6H, Ad, J 2.9 Hz), 1.65 q (4H, 
Ad, J1 11.4, J2 11.4 Hz), 1.95 br.s (3H, Ad), 2.83 d (2H, 
CH2, J 5.8 Hz), 6.67 t (1H, NH–CH2–Ad, J1 6.0, J2
6.0 Hz), 7.09 d.d.d (1H, 3-Harom, J1 8.7, J2 4.2, J3
2.7 Hz), 7.20 d.d (1H, 4-Harom, J1 11.3, J2 8.7 Hz),
7.30 d.d (1H, 5-Harom, J1 11.1, J2 8.8 Hz), 7.96 s (1H, 
NH–Ph). 19F NMR spectrum (DMSO-d6), δ, ppm: 
–133.10. Mass spectrum, m/z (Irel, %): 336 (4.9) [M – 
H]–, 372 (11.8) [M + Cl]–. Found, %: C 64.17; H 6.56; 
Cl 10.52; F 5.69; N 8.36. C18H22ClFN2O. Calculated, %:
C 64.18; H 6.58; Cl 10.53; F 5.64; N 8.32. M 336.83.

1-(Adamantan-1-ylmethyl)-3-[3-(trifluorome-
thyl)phenyl]urea (5o) was prepared similarly to 
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compound 5a, from 0.25 g of isocyanate 3 and
0.211 g of 3-(trifl uoromethyl)aniline. Yield 0.327 g 
(71%), mp 153–155°C. 1H NMR spectrum (DMSO-d6), 
δ, ppm: 1.43 s (1H, Ad), 1.48 s (6H, Ad), 1.64 q (4H, 
Ad, J1 12.7, J2 11.3 Hz), 1.95 br.s (3H, Ad), 2.83 d 
(2H, CH2, J 5.8 Hz), 6.19 s (1H, NH–CH2–Ad), 7.20 d 
(1H, 4-Harom, J 7.5 Hz), 7.33 d (1H, 5-Harom, J 7.8 Hz),
7.53 t (1H, 6-Harom, J1 8.0, J2 8.0 Hz), 7.62 d (1H,
2-Harom, J 8.2 Hz), 7.98 s (1H, NH–Ph). 13C NMR spec-
trum (DMSO-d6), δ, ppm: 28.26 (Ad), 33.98 (Ad), 37.14 
(2C, Ad), 39.71 (3C, Ad), 40.74 (3C, Ad), 51.67 (2C, 
CH2), 113.92 (2-Carom), 114.98 (4-Carom), 117.51 (CF3), 
118.87 (6-Carom), 122.63 (5-Carom), 130.18 (3-Carom), 
140.81 (1-Carom), 159.14 [NH–C(O)–NH]. 19F NMR 
spectrum (DMSO-d6), δ, ppm: –61.33 (3F, CF3). Mass 
spectrum, m/z (Irel, %): 351 (1.0) [M – H]–, 387 (15.0) 
[M + Cl]–. Found, %: C 64.71; H 6.56; F 16.19, N 7.91. 
C19H23F3N2O. Calculated, %: C 64.76; H 6.58; F 16.17; 
N 7.95. M 352.39.

CONCLUSIONS

Methods of synthesis of adamantane-containing 
1,3-disubstituted ureas with a methylene bridge between 
the adamantane and urea moieties are developed. The 
advantages of the developed methods include cheap 
starting materials and facile protocols of synthesis and 
isolation and purifi cation of the products. An alternative, 
safer method of synthesis of 1-(isocyanato)adamantane 
(3). The synthesized compounds will be studied as 
human soluble epoxide hydrolase inhibitors.
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