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INTRODUCTION

Isocyanates are strategically important substrates 
in the synthesis of amides [1–3], polyurethanes [4–6], 
urethanes [7] and ureas, including those with biological 
activity [8–11]. Adamantane-containing isocyanates 
are initial substrates in the synthesis of asymmetric 
ureas, which act as effective inhibitors of human 
soluble epoxide hydrolase (human sEH) [12–15], 
an enzyme playing an important in the metabolism 
of epoxidated fatty acids. Urethanes derived from 
adamantan-1-yl isocyanate can act as potential acetyl- 
and butyrylcholinesterase inhibitors [16] and exhibit 
antimicrobial activity [17]. Some information is available 
of the potential antitubercular activity of adamantane-
containing urethanes [18] and unsymmetrical ureas
[19–22].

The practical value of derivatives of adamantan-1-
yl isocyanate consists of their use as starting materials 
in supramolecular chemistry [23] and as catalysts 
in enantioselective processes. For example, (S)-6,7-
dihydro-5H-pyrrolo[1,2-a]imidazol-7-yl (adamantan-1-
yl)carbamate has shown high effi ciency in the synthesis 
of Remdesivir, one of the antiviral drugs used to treat 
COVID-19 [24].

Isocyanates are commonly prepared by phos-
genation of amines or by Curtius rearrangement 
from acyl azides [25]. Most of the methods for the 

preparation of adamantan-1-yl isocyanate include 
the aforementioned treatment of 1-aminoadamantane 
hydrochloride with phosgene [26, 27] or triphosgene 
[28] and the implementation of Curtius rearrange-
ment [29], including with the preliminary preparation 
of 1-azidoadamantane from adamantane-1-carboxylic 
acid [13, 30] or its acid chloride [31–35]. Alternative 
synthetic approaches to adamantan-1-yl isocyana-
te involve the cleavage of 1,3-dehydroadamantane 
in sulfuric acid in the presence of sodium cyana-
te [36], the reaction of 1-bromoadamantane with 
the silver salt of nitrocyanamide [37], and thermo-
lysis of 2-(adamantan-1-yl)-5-methyl-1,3-oxothiolane
[38].

Even though isocyanates are widely used in organic 
synthesis, this class of compounds has a few important 
disadvantages such as high toxicity and hydrolytic 
instability. To overcome these disadvantages, a lot of 
syntheses of urethanes, ureas, and other compounds 
were proposed, which combine in situ generation 
of isocyanates and their subsequent reactions with 
nucleophilic agents. The reported precursors of 
isocyanates include N-alkoxyphenylcarbamates [39],
hydroxamic acids [40, 41], amides [42, 43], 1,1'-(1,2-
phenylene)bisureas [44], and Cbz amines [45]. We have 
not found examples of in situ generation of adamantan-
1-yl isocyanate in the literature.
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RESULTS AND DISCUSSION

In this work, we propose a method for the 
synthesis of a wide range of unsymmetrical ureas, 
urethanes, and other derivatives, which involves in 
situ generation of adamantan-1-yl isocyanate. Since 
S-alkyl carbamothioates can be considered as adducts of 
mercaptans to isocyanates [46–48]. N-Adamantylated 
S-alkyl carbamothioates can act as a synthetic equivalent 
of adamantan-1-yl isocyanate [49], because S-alkyl 
(adamantan-1-yl)carbamothioates contain a bulky cage 
fragment at the nitrogen atom, which decreases the 
thermal stability of thiourethanes.

As the main starting substrate we chose S-ethyl 
(adamantan-1-yl)carbamothioate (1), readily available 
by the reaction of adamantan-1-ol or its nitrate with 
ethyl thiocyanate in sulfuric acid [50–52]. S-Methyl 
(adamantan-1-yl)carbamothioate, too, converts into 
adamantan-1-yl isocyanate, but, unlike carbamothioate 
1, it thermolyses under more rigid conditions. As 
nucleophiles we employed alcohols and aliphatic, 
aromatic, and heterocyclic nitrogen-containing 
compounds.

Compound 1 reacted with alcohols to form 
N-(adamantan-1-yl)urethanes (Scheme 1). The reactions 
were performed in an excess of the nucleophilic reagent 
in the absence of a solvent. The reaction involved the 
intermediate formation of adamantan-1-yl isocyanate 
(A) and the attendant release of ethanethiol. The 
formation of adamantan-1-yl isocyanate was also 
confi rmed by the observation of the corresponding peak 
in the gas chromatogram of the starting carbamothioate 
1 analyzed at the injector temperature of 250°C. The 
yields of products 2–8 were 44–75%. The products of 
the reactions of compound 1 with aminoalcohols were 
isolated as hydrochlorides 5–8.

The 1H NMR spectra of N-(adamantan-1-yl)car-
bamates 2–8 display the NH proton signals as singlets at 
4.6–6.9 ppm. The signal of the quaternary carbon atom 
of the urethane fragment in the 13C NMR spectrum is 
observed at 156–160 ppm.

The reactions of carbamothioate 1 with amines 
gave substituted N-(adamantan-1-yl)ureas 9–13 
(Schemes 2 and 3). Products 12 and 13 were isolated 
as hydrochlorides. The reactions were performed in the 
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absence of a solvent under heating in an excess of the 
amine (products 9, 12, and 13) or by fusion (products 
10 and 11).

The 1H NMR spectra of ureas 9–13 contain proton 
signals of the NH group attached to the adamantanyl 
radical as singlets at 6.6–7.2 ppm. The signal of the 
quaternary carbon atom of the C=O group in the 13C 
NMR spectrum is observed at 159–161 ppm.

Heating of carbamothioate 1 in an excess of hydrazine 
hydrate resulted in the isolation of 4-(adamantan-
1-yl)semicarbazide (14). The acylsemicarbazide, 
an intermediate product of the reaction with acetyl-
hydrazine, underwent spontaneous cyclization to form 
2-(adamantan-1-yl)amino-5-methyl-1,3,4-oxadiazole 
(15) (Scheme 4).

In the 1H NMR spectrum of 1,3,4-oxadiazole 15, 
the methyl protons appear as a singlet at 2.51 ppm. The 
NH proton gives a singlet at 5.62 ppm. In the 13C NMR 
spectrum, no quaternary carbon signal was observed in 
the region of 160 ppm.

The reaction of carbamothioate 1 with primary 
amides formed N-adamantanyl-N'-acylureas 16 and 
17 (Scheme 5). The structure of the synthesized com-
pounds was confi rmed by the NMR spectra. The 1H 
NMR spectra show NH proton signals as singlets at 7.0–
9.0 ppm.

EXPERIMENTAL

The IR spectra were run on a Shimadzu IR Affi nity-1 
spectrometer in KBr pellets. The 1H and 13C NMR spectra 

were obtained on a JEOL NMR-ECX400 spectrometer 
at 400 and 100 MHz, respectively, in DMSO-d6, using 
residual proton and carbon signals of the solvent as 
internal references. The melting points were measured in 
capillaries on an SRS OptiMelt MPA 100 apparatus and 
are uncorrected. The elemental analyses were obtained 
in a EuroVector 3000 EA analyzer, using L-cystine as 
reference.

N-(Adamantan-1-yl) S-ethyl carbamothioate (1) was 
prepared as described in [50].

2-Hydroxyethyl (adamant-1-yl)carbamate (2). A 
mixture of 2 g (0.0084 mol) of carbamothioate 1 and 
5 mL (0.09 mol) of ethylene glycol was heated under 
refl ux for 1 h. The hot reaction mixture was poured into 
water. The product precipitated as a brown oil which 
gradually solidifi ed and was separated by decantation 
and recrystallized. Yield 1.16 g (58%). Colorless 
crystals, mp 76–78°C (benzene–heptane) (77–78°C 
[49]). C13H21NO3.

2-Bromoethyl (adamant-1-yl)carbamate (3). A 
mixture of 2 g (0.0084 mol) of carbamothioate 1 and 
5 mL (0.07 mol) of 2-bromoethanol was heated at 
140°C for 1 h. Excess 2- bromoethanol  was removed 
in a vacuum. The residue was purifi ed by vacuum 
distillation, and the fraction at 155–157°C (9 mmHg) 
was collected. Yield 1.54 g (61%). Colorless oil. nD

20 
1.5650 [49]. C13H20BrNO2.

Benzyl (adamant-1-yl)carbamate (4). A mixture 
of 2 g (0.0084 mol) of carbamothioate 1 and 3 mL 
(0.029 mol) of benzyl alcohol was heated at 170°C for 
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1 h. Excess benzyl alcohol was removed in a vacuum. 
The residue was distilled at 203–205°C (2 mmHg) and 
crystallized from pentane. Yield 1.31 g (55%). Colorless 
crystals, mp 29–31°C. IR spectrum, ν, cm–1: 3340, 
1710, 1505, 1285, 1050, 735, 695. 1H NMR spectrum,
δ, ppm: 1.65–2.00 m (15H, CHAd), 4.97 s (2H, CH2), 
5.89 s (1H, NH), 7.34–7.39 m (5Harom). 13C NMR spec-
trum, δ, ppm: 28.6 (CH), 38.2 (CH2), 41.6 (CH2), 50.2 
(C), 68.6 (CH2), 127.3 (CH), 128.4 (CH), 129.6 (CH), 
136.4 (C), 159.3 (C). Found, %: C 75.65; H 8.21;
N 4.83. C18H23NO2. Calculated, %: C 75.76; H 8.12;
N 4.91.

2-({[(Adamantan-1-yl)carbamoyl]oxy}ethyl)cyc-
lohexylammonium chloride (5). A mixture of 3 g 
(0.0126 mol) of carbamothioate 1 and 5 g (0.035 mol) 
of 2-(cyclohexylamino)ethanol was heated at 200°C for
2 h and poured into water. The product was extracted 
with benzene (3 × 40 mL), the combined organic extracts 
were washed with 5% NaOH and water (3 × 100 mL), 
dried, and saturated with gaseous HCl. The solution 
was evaporated to 1/3 of the volume and cooled. The 
precipitate that formed was fi ltered off. Yield 3.35 g 
(75%). Colorless crystals, mp 207–209°C (benzene). 
IR spectrum, ν, cm–1: 3305, 1725, 1520, 1225, 1075. 
1H NMR spectrum, δ, ppm: 1.25–2.20 m (25H, CHAd, 
CH), 3.26–3.28 m (2H, CH2), 3.60–3.68 m (1H, CH), 
4.18–4.23 m (2H, CH2), 6.88 s (1H, NH), 9.17 s (2H, 
NH2

+). 13C NMR spectrum, δ, ppm: 25.9 (CH2), 26.3 
(CH2), 28.5 (CH), 30.4 (CH2), 39.2 (CH2), 39.7 (CH2), 
46.5 (CH2), 50.4 (C), 56.2 (CH), 66.4 (CH2), 157.8 (C). 
Found, %: C 63.85; H 9.43; N 7.74. C19H33ClN2O2. 
Calculated, %: C 63.94; H 9.32; N 7.85.

2-({[(Adamantan-1-yl)carbamoyl]oxy}ethyl)phe-
nylammonium chloride (6). A mixture of 2.4 g
(0.01 mol) of carbamothioate 1 and 1.4 mL (0.01 mol) 
of 2-(phenylamino)ethanol was heated at 200°C for 2 h 
and poured into water. The product was extracted with 
benzene (3 × 30 mL), the combined organic extracts 
were washed with 5% NaOH and water (3 × 100 mL), 
dried, and saturated with gaseous HCl. The solution 
was evaporated to 1/3 of the volume and cooled. The 
precipitate that formed was fi ltered off. Yield 1.96 g 
(56%). Colorless crystals, mp 162–165°C (benzene). IR 
spectrum, ν, cm–1: 3345, 2600, 2430, 1700, 1600, 1520, 
1285, 1020. 1H NMR spectrum, δ, ppm: 1.59–1.99 m 
(15H, CHAd), 3.40–3.44 m (2H, CH2), 4.11 t (2H, CH2, 
J 7.3 Hz), 6.77 s (1H, NH), 7.20–7.59 m (5Harom), 9.82 s 
(2H, NH2

+). 13C NMR spectrum, δ, ppm: 28.4 (CH), 38.8 

(CH2), 39.6 (CH2), 42.6 (CH2), 50.3 (C), 66.3 (CH2), 
121.4 (CH), 123.4 (CH), 127.8 (CH), 139.8 (C), 158.0 
(C). Found, %: C 64.94; H 7.67; N 8.09. C19H27ClN2O2. 
Calculated, %: C 65.04; H 7.76; N 7.98.

4-{[(Adamantan-1-yl)carbamoyl]oxy}quinuc-
lidinium chloride (7). A mixture of 1.5 g (0.0063 mol) 
of carbamothioate 1 and 2 g (0.0157 mol) of quinuclidil-
3-ol was heated at 200°C for 2 h and poured into water. 
The product was extracted with benzene (3 × 30 mL), 
the combined organic extracts were washed with 5% 
NaOH and water (3 × 100 mL), dried, and saturated 
with gaseous HCl. The solvent was evaporated, and 
the residue was recrystallized from acetonitrile. Yield
0.94 g (44%). Colorless crystals, mp 291–293°C 
(decomp.). IR spectrum, ν, cm–1: 3250, 2550, 2440, 
1715, 1535, 1035. 1H NMR spectrum, δ, ppm: 1.60–
2.07 m (19H, CHAd, CH), 2.23–2.26 m (1H, CH), 
3.02–3.06 m (1H, CH), 3.18–3.26 m (4H, CH2), 3.61–
3.66 m (1H, CH), 4.79–4.83 m (1H, CH), 6.82 s (1H, 
NH), 10.46 s (1H, NH+). 13C NMR spectrum, δ, ppm: 
24.3 (CH2), 27.7 (CH2), 28.1 (CH), 28.4 (CH), 39.9 
(CH2), 42.6 (CH2), 46.1 (CH2), 50.7 (C), 53.6 (CH2), 
76.4 (CH), 157.0 (C). Found, %: C 63.34; H 8.67;
N 8.13. C18H29ClN2O2. Calculated, %: C 63.42; H 8.58; 
N 8.22.

4-({[(Adamantan-1-yl)carbamoyl]oxy}methyl)-
quinuclidinium chloride (8). A mixture of 1.5 g
(0.0063 mol) of carbamothioate 1 and 2 g (0.014 mol) 
of 3-(hydroxymethyl)quinuclidine [53] was heated at 
200°C for 2 h and then poured into water. The product 
was extracted with benzene (3 × 30 mL), the combined 
organic extracts were washed with 5% NaOH and 
water (3 × 100 mL), dried, and saturated with gaseous 
HCl. The solvent was evaporated, and the residue was 
recrystallized from acetonitrile. Yield 1.44 g (65%). 
Colorless crystals, mp 151–153°C. IR spectrum, ν, cm–1:
3260, 2500, 2410, 1710, 1530, 1225, 1070. 1H NMR 
spectrum, δ, ppm: 1.52–2.19 m (21H, CHAd, CH), 2.78–
3.02 m (6H, CH2), 3.95 d (2H, CH, J 6.9 Hz), 4.60 s (1H, 
NH), 9.20 s (1H, NH+). 13C NMR spectrum, δ, ppm:
27.7 (CH2), 28.4 (CH), 28.5 (CH2), 30.2 (CH), 36.4 
(CH), 38.7 (CH2), 39.9 (CH2), 48.4 (CH2), 49.9 (CH2), 
50.6 (C), 65.8 (CH2), 156.8 (C). Found, %: C 64.32;
H 8.87; N 7.74. C19H31ClN2O2. Calculated, %: C 64.30; 
H 8.80; N 7.89.

1-(Adamantan-1-yl)-3-[2-(diethylamino)ethyl]-
urea (9). A mixture of 1.5 g (0.0063 mol) carbamo-
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thioate 1 and 3 mL (0.021 mol) of 2-(diethylamino)-
ethylamine was heated under refl ux for 2 h and poured 
into water. The product was extracted with chloroform 
(3 × 50 mL), the combined organic extracts were washed 
with 5% NaOH and water (3 × 100 mL), dried, and the 
solvent was evaporated. The residue was recrystallized 
from benzene. Yield 1.25 g (68%). Colorless crystals, 
mp105–107°C (decomp.). IR spectrum, ν, cm–1: 3435, 
3340, 1655, 1630, 1560. 1H NMR spectrum, δ, ppm: 
1.05 t (3H, CH3, J 7.3 Hz), 1.67–2.02 m (15H, CHAd), 
2.12–2.25 m (6H, CH2), 2.71–2.79 m (2H, CH2),
6.97 s (1H, NH), 8.75 s (1H, NH). 13C NMR spectrum, 
δ, ppm: 12.2 (CH3), 29.5 (CH), 36.2 (CH2), 39.5 (CH2), 
42.9 (CH2), 47.7 (CH2), 50.9 (C), 55.3 (CH2), 159.8 
(C). Found, %: C 69.19; H 10.78; N 14.50. C17H31N3O. 
Calculated, %: C 69.62; H 10.58; N 14.33.

1-(Adamantan-1-yl)-3-(2-methylquinolin-4-yl)-
urea (10). A mixture of 1.5 g (0.0063 mol) carbamo-
thioate 1 and 1.5 g (0.0087 mol) of 4-amino-2-methyl-
quinoline was fused at 130°C for 1 h. After the reaction 
had been complete, as evidenced by the solidifi cation of 
the reaction mixture, water was added to the reaction fl ask, 
and the mixture was stirred until a precipitate formed. 
The precipitate was fi ltered off, washed with water, 
dried, and recrystallized. Yield 1.45 g (69%). Colorless 
crystals, mp 155–160°C (toluene). IR spectrum, ν, cm–1:
3410, 1705, 1630, 1610, 1550, 1275, 1220, 740. 1H 
NMR spectrum, δ, ppm: 1.65–2.12 m (15H, CHAd),
2.54 s (3H, CH3), 6.63 s (1H, NH), 7.47–8.23 m 
(5Harom), 8.71 s (1H, NH). 13C NMR spectrum, δ, ppm: 
24.2 (CH3), 29.6 (CH), 36.6 (CH2), 43.9 (CH2), 50.4 
(C), 112.4 (CH), 119.6 (C), 120.3 (CH), 126.4 (CH), 
128.3 (CH), 130.1 (CH), 134.9 (C), 149.3 (C), 160.3 
(C). Found, %: C 75.06; H 7.40; N 12.70. C21H25N3O. 
Calculated, %: C 75.22; H 7.46; N 12.54.

1-(Adamantan-1-yl)-3-(5-propyl-1,3,4-thiadiazol-
2-yl)urea (11). A mixture of 1.5 g (0.0063 mol) of 
carbamothioate 1 and 0.9 g (0.0063 mol) of 2-amino-
5-propyl-1,3,4-thiadiazole was fused at 140°C for 2 h.
After the reaction had been complete, as evidenced by 
the solidifi cation of the reaction mixture, water was 
added to the reaction fl ask, and the mixture was stirred 
until a precipitate formed. The precipitate was fi ltered 
off, washed with water, dried, and recrystallized. 
Yield 2.00 g (74%). Colorless crystals, mp 195–198°C 
(benzene–hexane). IR spectrum, ν, cm–1: 3490, 3310, 
1720, 1690, 1600, 1530. 1H NMR spectrum, δ, ppm: 
0.94 t (3H, CH3, J 7.5 Hz), 1.63–2.21 m (17H, CHAd, 

CH2), 2.78 t (2H, CH2, J 7.2 Hz), 6.95 s (1H, NH),
9.14 s (1H, NH). 13C NMR spectrum, δ, ppm: 13.8 
(CH3), 19.3 (CH2), 29.6 (CH), 30.8 (CH2), 36.4 (CH2), 
42.8 (CH2), 50.9 (C), 148.5 (C), 160.4 (C), 168.7 (C). 
Found, %: C 60.10; H 7.50; N 17.33. C16H24N4OS. 
Calculated, %: C 59.97; H 7.55; N 17.48.

N-[(Adamantan-1-yl)carbamoyl]-1-methylpipe-
razinium chloride (12). A mixture of 1.5 g (0.0063 mol)
of carbamothioate 1 and 3 mL (0.027 mol) of 
N-methylpiperazine was heated under refl ux for 3 h 
and poured into water. The product was extracted with 
chloroform (3 × 30 mL), the combined organic fractions 
were washed with 5% NaOH and water (3 × 100 mL), 
dried, and saturated with gaseous HCl. The precipitate 
that formed was fi ltered off. Yield 1.43 g (73%). White 
powder, mp 217–220°C. IR spectrum, ν, cm–1: 3505, 
2510, 1640, 1538, 1283. 1H NMR spectrum, δ, ppm: 
1.60–1.99 m (15H, CHAd), 2.64 s (3H, CH3), 3.29–
3.50 m (4H, CH2), 3.86–4.00 m (4H, CH2), 6.74 s (1H, 
NH), 8.86 s (1H, NH+). 13C NMR spectrum, δ, ppm: 
29.7 (CH), 36.9 (CH2), 41.1 (CH2), 41.4 (CH3), 44.2 
(CH2), 49.1 (CH2), 51.6 (C), 159.3 (C). Found, %:
C 61.30; H 8.80; N 13.20. C16H28ClN3O. Calculated, %: 
C 61.15; H 8.92; N 13.39.

4-[(Adamantan-1-yl)carbamoyl]-1-(4-hydroxy-
phenyl)piperazinium chloride (13). A mixture of 1 g 
(0.0042 mol) of carbamothioate 1 and 2 g (0.011 mol) 
of N-(4-hydroxyphenyl)piperazine was fused at 150°C 
for 1 h and poured into water. After the reaction had 
been complete, as evidenced by the solidifi cation of 
the reaction mixture, water was added to the reaction 
fl ask, and the product was extracted with chloroform 
(3 × 30 mL). The combined organic fractions were 
washed with 5% NaOH and water (3 × 100 mL), dried, 
and saturated with gaseous HCl. The precipitate that 
formed was fi ltered off and recrystallized. Yield 1.22 g 
(75%). Colorless crystals, mp 252–255°C (methanol). 
IR spectrum, ν, cm–1: 3400, 1618, 1540, 1150, 1000. 
1H NMR spectrum, δ, ppm: 1.58–2.03 m (15H, CHAd), 
3.34–3.52 m (4H, CH2), 3.86–4.04 (4H, CH2), 7.12 s 
(1H, NH), 7.26 d (2Harom, J 8.0 Hz), 7.41 d (2Harom, J 
8.0 Hz), 8.94 s (1H, NH+). 13C NMR spectrum, δ, ppm:
29.7 (CH), 36.9 (CH2), 38.9 (CH2), 42.3 (CH2), 44.1 
(CH2), 51.6 (C), 120.4 (CH), 125.8 (CH), 141.7 (C), 
158.6 (C), 159.5 (C). Found, %: C 64.22; H 7.81;
N 10.59. C21H30ClN3O2. Calculated, %: C 64.35; H 7.72;
N 10.72.
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4-(Adamantan-1-yl)semicarbazide (14). A mixture 
of 1.5 g (0.0063 mol) of carbamothioate 1 and 5 mL 
of hydrazine hydrate heated under refl ux for 1.5 h and 
poured into water. The precipitate that formed was 
fi ltered off, dried, and recrystallized from propan-2-ol. 
Yield 1.14 g (87%). Colorless crystals, mp 268–270°C 
[54]. C11H19N3O.

(Adamantan-1-yl)-5-methyl-1,3,4-oxadiazol-2-
amine (15). A mixture of 1.5 g (0.0063 mol) carba-
mothioate 1 and 2 g (0.027 mol) of acetylhydrazine 
was heated at 140°C for 1.5 h and poured into water. 
The precipitate that formed was fi ltered off, dried, 
and recrystallized from propan-2-ol. Yield 0.61 g 
(42%). Colorless crystals, mp 275–278°C (propan-2-
ol). IR spectrum, ν, cm–1: 3330, 1617, 1540. 1H NMR 
spectrum, δ, ppm: 1.55–2.03 m (15H, CHAd), 2.51 s (3H, 
CH3), 5.62 s (1H, NH). 13C NMR spectrum, δ, ppm:
11.1 (CH3), 29.1 (CH), 35.8 (CH2), 40.7 (CH2), 52.9 
(C), 150.2 (C), 164.9 (C). Found, %: C 67.00; H 8.30; 
N 17.86. C13H19N3O. Calculated, %: C 66.92; H 8.21; 
N 18.01.

[(Adamantan-1-yl)carbamoyl]formamide (16). A
mixture of 1.5 g (0.0063 mol) carbamothioate 1 and
5 mL (0.126 mol) of formamide was heated at 150°C 
for 1.5 h and poured into water. The product was 
extracted with chloroform (3 × 30 mL), the combined 
organic fractions were washed with 5% NaOH and 
water (3 × 100 mL), dried, and evaporated. The residue 
was purifi ed by recrystallization. Yield 1.18 g (85%). 
Colorless crystals, mp 134–136°C (heptane–benzene). 
IR spectrum, ν, cm–1: 3180, 1680, 1545, 1310, 790. 1H 
NMR spectrum, δ, ppm: 1.65–2.17 m (15H, CHAd),
7.34 s (1H, NH), 7.87 s (1H, NH), 8.19 s (1H, COH), 
8.22 s (1H, COH). 13C NMR spectrum, δ, ppm: 29.6 
(CH), 37.0 (CH2), 43.4 (CH2), 50.8 (C), 160.3 (C), 167.4 
(C). Found, %: C 64.93; H 8.24; N 12.70. C12H18N2O2. 
Calculated, %: C 64.84; H 8.16; N 12.60.

[(Adamantan-1-yl)carbamoyl]acetamide (17). A 
mixture of 1 g (0.0042 mol) of carbamothioate 1 and 
3 g (0.051 mol) of acetamide was fused at 150°C for 
2 h and poured into water. The precipitate that formed 
was fi ltered off, dried, and recrystallized from benzene. 
Yield 1.03 g (70%), mp 168–172°C. IR spectrum,
ν, cm–1: 3280, 1690, 1625, 1550, 1290. 1H NMR 
spectrum, δ, ppm: 1.60–2.10 m (15H, CHAd), 1.99 s 
(3H, CH3), 8.33 s (1H, NH), 9.29 s (1H, NH). 13C NMR 
spectrum, δ, ppm: 24.3 (CH3), 29.6 (CH), 35.9 (CH2), 

43.0 (CH2), 51.2 (C), 160.8 (C), 169.8 (C). Found, %:
C 66.00; H 8.60; N 11.93. C13H20N2O2. Calculated, %: 
C 66.07; H 8.53; N 11.85.

CONCLUSIONS

A new method for the synthesis of unsymmetrical 
ureas, urethanes, and other derivatives, which involves 
initial thermolysis of S-ethyl (adamantan-1-yl)-
carbamothioate to form adamantan-1-yl isocyanate and 
its in situ reaction with alcohols and nitrogen-containing 
nucleophiles. The synthesized compounds contain 
privileged pharmacophoric fragments and can be 
considered as promising structures in terms of potential 
biological activity.
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