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Two alternative syntheses of 2-oxaadamantan-5-amine, a novel analog of the clinically approved drug
amantadine, are reported. The compound has been tested as an anti-influenza A virus agent and as an
NMDA receptor antagonist. While the compound was not antivirally active, it displayed moderate activity
as an NMDA receptor antagonist.

� 2015 Elsevier Ltd. All rights reserved.
Introduction

The highly symmetrical structure of adamantane is a very com-
mon building block in organic chemistry. Among the several appli-
cations of adamantane derivatives, two are of the highest interest.
First, the adamantane scaffold is used as a sterically demanding
group in the synthesis of ligands for transition metal catalysts. Cur-
rently there are several adamantane-derived phosphines, such as
Me-DalPhos�, Mor-DalPhos�, AdBrettPhos�, cataCXium� A, that
are commercially available (Fig. 1).1 Of note, the use of heteroada-
mantanes in catalysis has been less studied. The nitroxyl radical
AZADO, a highly active catalyst for alcohol oxidation with superior
catalytic proficiency to the well-known TEMPO, is a remarkable
exception (Fig. 1).2

On the other hand, adamantane is of great interest in medicinal
chemistry. The first clinically approved adamantane derivative,
amantadine, was already introduced in the clinic in 1966.3 Since
then, thousands of adamantane derivatives have been pharmaco-
logically evaluated and, so far, seven of them have been approved
for clinical use (Fig. 2). Many more are in development as potential
therapeutics against a plethora of targets.4
Although there are thousands of adamantyl derivatives that
have been tested for biological activity, the number of heteroada-
mantanes that have been used in medicinal chemistry is only very
small. Indeed, several oxaadamantanes, and azaadamantanes have
been synthesized and pharmacologically tested, but no derivative
has reached clinical trials so far. Some examples from either aca-
demic laboratories or the pharmaceutical industry are presented
in Figure 3.5

Some time ago, we reported the synthesis and pharmacological
evaluation of several 2-oxaadamantan-1-amines as analogs of
amantadine (Fig. 4). Taking into account that amantadine shows
NMDA receptor antagonist and anti-influenza A virus activities,
we evaluated the 2-oxaanalogs for these two activities. We found
that although all the compounds were devoid of antiviral activity,
several of them displayed NMDA receptor antagonism, with some
having lower IC50 values than amantadine.6

In order to further explore the biological interest of heteroada-
mantanes, in this Letter we report the synthesis of a novel scaffold,
2-oxaadamantan-5-amine, 11, of potential interest in medicinal
chemistry. We have found that 11 is devoid of any inhibitory activ-
ity against the M2 channel of influenza A virus, but displays activ-
ity as an NMDA receptor antagonist, albeit being less active than
amantadine.

http://crossmark.crossref.org/dialog/?doi=10.1016/j.tetlet.2015.01.160&domain=pdf
http://dx.doi.org/10.1016/j.tetlet.2015.01.160
mailto:svazquez@ub.edu
http://dx.doi.org/10.1016/j.tetlet.2015.01.160
http://www.sciencedirect.com/science/journal/00404039
http://www.elsevier.com/locate/tetlet
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Figure 1. Structures of selected adamantyl- and heteroadamantyl-based compounds of interest in catalysis.
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Figure 3. Selected heteroadamantyl-based compounds. 1 is a cannabinoid receptor
2 agonist; 2 an inhibitor of 11b-hydroxysteroid dehydrogenase type 1 (11b-HSD1);
3 a low nanomolar inhibitor of r receptors; and 4 a nanomolar agonist of the
human peroxisome proliferator activated receptor-c.5
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Figure 2. Structures of adamantyl-based compounds in clinical use.
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Figure 4. Selected 2-oxaadamantylamines previously reported by our group.
NMDA receptor antagonist activities (IC50) are: >200 lM for 5; 32 ± 9 lM for 6,
14 ± 3 lM for 7, and 92 ± 29 lM for amantadine.
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Results and discussion

In order to synthesize the novel amantadine analog 11, we
envisaged chloroacetamide 9 as a key intermediate. In turn 9,
may be accessible from two already known 2-oxaadamantane
derivatives, namely 8 and 12.7,8 When we applied the Jirgensons’
modification of the classical Ritter reaction to 8,9 we recovered
most of the starting material, along with an unseparable mixture
of the expected chloroacetamide 9 and the corresponding bromo-
acetamide, 10, as evidenced by GC/MS analysis. As it is known that
alcohols behave better in the Ritter reaction, we attempted to
obtain 11 from the known alcohol 12.8 To our satisfaction, reaction
of 12 with chloroacetonitrile in acidic medium proceeded
uneventfully to furnish 9 in high yield. Finally, cleavage of the
haloacetamide group by using thiourea, either from pure 9 or from
a mixture of 9 and 10, furnished 2-oxaadamantane-5-amine, 11, in
good yield. Amine 11 was fully characterized as its corresponding
hydrochloride (Scheme 1).

Amine 11 was tested for antiviral activity. However, it did not
display activity against the influenza viruses A/H1N1, A/H3N2 or
B. Also, it was found to be inactive against the enveloped DNA
viruses herpes simplex virus (type 1 or type 2) or vaccinia virus;
the enveloped RNA viruses HIV-1, HIV-2, feline coronavirus,
parainfluenza-3 virus, respiratory syncytial virus, vesicular stoma-
titis virus, sindbis virus or Punta Toro virus; or the non-enveloped
RNA viruses Coxsackievirus B4 and Reovirus-1. Of interest, 11 did
not show cytotoxicity (CC50 >100 lM) in the human MT4 lympho-
blast cells; human embryonic lung (HEL) fibroblast cells; HeLa
cervix carcinoma cells; or African green monkey Vero cells.

Previously, we had found that although 5 did not show any anti-
influenza virus activity,6 it was able to inhibit the wild-type (wt)
M2 channel of influenza A virus, the target for the antiviral action
of amantadine.10 In order to assess if 11 was an inhibitor of the M2
protein, its inhibitory activity was tested on A/M2 channels
expressed in Xenopus oocytes using the two-electrode voltage
clamp (TEV) technique. At 100 lM, amantadine was able to inhibit
91% of the activity of the wt A/M2 channel (IC50 = 16.0 ± 1.2 lM)
and oxaamantadine 5 showed similar activity (IC50 = 29.2 ± 1.2 -
lM). On the other hand, the novel oxaamantadine 11, at 100 lM,
produced only 18.9% inhibition of the activity of the wt M2 chan-
nel, and similar values were obtained when the compound was
evaluated against the amantadine-resistant V27A (8.8% inhibition)
and S31N (21.4% inhibition) M2 mutant channels.

Overall, taking into account the aforementioned pharmacologi-
cal results, it seems that the introduction of the oxygen atom in the
adamantane scaffold is much more deleterious for the anti-influ-
enza A virus activity in 11 than in 5.

Finally, we measured the effect of 11 on the increase in intracel-
lular calcium evoked by NMDA (at a concentration of 100 lM and
in the presence of 10 lM of glycine) on cultured rat cerebellar
granule neurons. Although we indeed found some antagonistic
activity, amine 11 was 2.5 fold less potent (IC50 = 258 ± 93 lM,
n = 3) than amantadine (IC50 = 92 ± 29 lM, n = 3).11

Conclusions

In conclusion, we have synthesized a novel heteroanalog of
amantadine. Although 11 does not behave as a bioisostere of
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Scheme 1. Syntheses of 2-oxaadamantan-5-amine, 11, from known 2-oxaadamantane derivatives 8 and 12. (i) Chloroacetonitrile, acetic acid, concd H2SO4, 0–50 �C, 40 h, 27%
yield. (ii) Thiourea, acetic acid, ethanol, reflux; then HCl/1,4-dioxane, 70% overall from the mixture of 9 and 10; 64% overall from pure 9. (iii) Chloroacetonitrile, acetic acid,
concd H2SO4, 0 �C to room temperature, 70 h, 87% yield.
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amantadine against two of its well-known targets, the potential of
this novel amine in medicinal chemistry may still be very high,
since adamantane-derived compounds can have activity against a
broad and diverse panel of biological targets. Thus, we are cur-
rently further exploring the chemistry and biology of several deriv-
atives of 11 with potential activity against several targets, such as
the 11b-HSD1 or the soluble epoxide hydrolase enzymes.

Experimental

Chemistry: general

Melting points were determined in open capillary tubes. NMR
spectra were recorded in the following spectrometers: 1H NMR
(400 MHz), 13C NMR (100.6 MHz). Chemical shifts (d) are reported
in ppm related to internal tetramethylsilane (TMS) and coupling
constants are reported in Hertz (Hz). Accurate mass measurements
were obtained using ESI technic. Absorption values in the IR spec-
tra [using the Attenuated Total Reflectance (ATR) technique] are
given as wave-numbers (cm�1). Only the more intense bands are
given. For the thin layer chromatography (TLC) aluminum-backed
sheets with silica gel 60 F254 were used and spots were visualized
with UV light and/or 1% aqueous solution of KMnO4.

N-(2-Oxaadamantan-5-yl)-2-chloroacetamide, 9

(a) From 5-bromo-2-oxaadamantane, 8: A solution of 5-bromo-
2-oxaadamantane, 8, (593.5 mg, 2.74 mmol) in chloroaceto-
nitrile (0.18 mL, 2.74 mmol) and glacial acetic acid (1.5 mL)
was cooled to 0 �C. Then concentrated sulfuric acid
(0.22 mL) was added dropwise. The reaction mixture was
stirred at 50 �C for 40 h. The solution was added to ice
(8 g) and the mixture stirred for few minutes. CH2Cl2

(10 mL) was added, the layers separated and the aqueous
layer extracted with further CH2Cl2 (2 � 10 mL). The com-
bined organics were dried over anhyd sodium sulfate and
filtered. Evaporation in vacuo of the organics gave an orange
oil (894.3 mg). Column chromatography (hexane/ethyl
acetate mixture) gave N-(2-oxaadamantan-5-yl)-2-chloro-
acetamide, 9, and N-(2-oxaadamantan-5-yl)-2-bromoacet-
amide, 10, as a white solid (167.8 mg, approx. 26.7% yield).

(b) From 2-oxaadamantan-5-ol, 12: A solution of 2-oxaadaman-
tane-5-ol, 12,8a (186 mg, 1.21 mmol) in chloroacetonitrile
(0.08 mL, 1.21 mmol) and glacial acetic acid (0.8 mL) was
cooled to 0 �C. Then concentrated sulfuric acid (0.1 mL)
was added dropwise. The reaction mixture was stirred at
room temperature for 70 h. The solution was added to ice
(2 g) and the mixture stirred for few minutes. CH2Cl2

(5 mL) was added, the layers separated and the aqueous
layer extracted with further CH2Cl2 (2 � 5 mL). The com-
bined organics were dried over anhyd sodium sulfate and
filtered. Evaporation in vacuo of the organics gave the N-
(2-oxaadamantan-5-yl)-2-chloroacetamide, 9, as a white
solid (239.9 mg, 86.5% yield), mp 105–106 �C. IR (ATR) m,
3272, 3082, 2937, 1661, 1556, 1441, 1414, 1358, 1315,
1271, 1234, 1193, 1150, 1107, 1076, 1017, 975, 961, 924,
817, 799, 777, 685 cm�1. 1H NMR (400 MHz, CDCl3) d: 1.60
[dm, 2H, 80(100)-Ha], 1.96–2.22 [complex signal, 8H, 40(90)-
Ha, 40(90)-Hb, 80(100)-Hb, 60-H2], 2.27 [m, 1H, 70-H], 3.94 [s,
2H, CH2Cl], 4.20 [br s, 2H, 10(30)-H], 6.27 (s, 1H, NH). 13C
NMR (100.6 MHz, CDCl3) d: 27.2 (CH, C70), 34.8 [CH2,
C80(100)], 39.3 (CH2, C60), 40.2 [CH2, C40(90)], 42.7 (CH2, C2),
51.1 (C, C50), 69.0 [CH, C10(30)], 164.9 (C, C1). HRMS-ESI+
m/z [M+H]+ calcd for [C11H16ClNO2+H]+: 230.0942, found:
230.0951.

2-Oxaadamantan-5- amine hydrochloride, 11�HCl

(a) From a mixture of 9 and 10: To a solution of a mixture of N-
(2-oxaadamantan-5-yl)-2-chloroacetamide, 9, and N-(2-
oxaadamantan-5-yl)-2-bromoacetamide, 10, (113.6 mg,
0.49 mmol) in absolute ethanol (9.6 mL) was added thiourea
(44.9 mg, 0.59 mmol) and glacial acetic acid (0.34 mL). The
reaction mixture was stirred and heated at reflux overnight.
The resulting mixture was allowed to reach room tempera-
ture and evaporated in vacuo. The residue was partitioned
between CH2Cl2 (10 mL) and water (10 mL) and the layers
were separated. The aqueous layer was basified with 10 N
NaOH to basic pH and extracted with CH2Cl2 (3 � 10 mL).
The combined organics were dried over anhyd sodium
sulfate, filtered, and HCl/dioxane was added to form the
hydrochloride salt. Evaporation in vacuo of the organics
gave 2-oxaadamantan-5-amine hydrochloride, 11�HCl, as a
white solid (55.8 mg, 70.0% yield).

(b) From pure 9: To a solution of N-(2-oxaadamantan-5-yl)-2-
chloroacetamide, 9, (239.9 mg, 1.05 mmol) in absolute etha-
nol (20.3 mL) was added thiourea (95.2 mg, 1.25 mmol) and
glacial acetic acid (0.72 mL). The reaction mixture was
stirred and heated at reflux overnight. The resulting mixture
was allowed to reach room temperature and evaporated in
vacuo. The residue was partitioned between CH2Cl2

(20 mL) and water (20 mL) and the layers were separated.
The aqueous layer was basified with 10 N NaOH to basic
pH and extracted with CH2Cl2 (3 � 20 mL). The combined
organics were dried over anhyd sodium sulfate, filtered,
and HCl/dioxane was added to form the hydrochloride salt.
Evaporation in vacuo of the organics gave 2-oxaadaman-
tan-5-amine hydrochloride, 11�HCl, as a white solid
(117.4 mg, 64.0% yield), mp 240 �C (sublimation). IR (ATR)
m, 3361, 2893, 2609, 1657, 1625, 1525, 1443, 1383, 1364,
1322, 1197, 1172, 1120, 1095, 1062, 1009, 984, 933, 912,
896, 831, 811, 779, 717, 625 cm�1. 1H NMR (400 MHz, CD3-

OD) d: 1.65 [dm, 2H, 8(10)-Ha], 1.89 [d, J = 12 Hz, 2H,
4(9)-Ha], 1.98–2.12 [complex signal, 6H, 6-H2, 8(10)-Hb,
4(9)-Hb], 2.35 [m, 1H, 7-H], 4.23 [br s, 2H, 1(3)-H], 4.86
(s, 3H, NH3). 13C NMR (100.6 MHz, CD3OD d: 28.4 (CH, C7),
35.0 [CH2, C8(10)], 39.6 (CH2, C6), 40.2 [CH2, C4(9)], 51.8
(C, C5), 69.9 [CH, C1(3)]. Anal. Calcd for C9H16ClNO: C,
56.99; H, 8.50; N, 7.38; calcd for C9H16ClNO�0.75H2O:
C, 53.20; H, 8.68; N, 6.89. Found: C, 53.26; H, 8.40; N,
6.58.
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Antiviral activity

The antiviral activity of amine 11 was determined in estab-
lished cell culture assays using a selection of DNA and RNA viruses,
including four subtypes of influenza virus [A/Puerto Rico/8/34
(H1N1); A/Virginia/ATCC3/2009 (H1N1); A/Hong Kong/7/87
(H3N2) and B/Hong Kong/5/72].12 The compound’s inhibitory
effect on virus replication (antiviral EC50 >100 lM) as well as its
cytotoxicity (CC50 >100 lM) were monitored by microscopic
inspection, and confirmed by the colorimetric MTS cell viability
assay.

Plasmid, mRNA synthesis, and microinjection of oocytes

The cDNA encoding the influenza A/Udorn/72 (A/M2) was
inserted into pSUPER vector for expression in Xenopus oocyte
plasma membrane. A/M2 S31N and A/M2 V27A mutants were gen-
erated by QuikChange site-directed mutagenesis kit (Agilent Tech-
nologies). The synthesis of cRNA and microinjection of oocytes
have been described previously.13

Two-electrode voltage clamp analysis

Macroscopic membrane current was recorded 24–72 h after
injection as described previously.14 Oocytes were perfused at room
temperature in Barth’s solution containing (in mM) 88 NaCl, 1 KCl,
2.4 NaHCO3, 0.3 NaNO3, 0.71 CaCl2, 0.82 MgCl2, and 15 HEPES for
pH 8.5 or 15 MES for pH 5.5 at a rate of 2 mL/min. The tested com-
pound was dissolved in DMSO and applied (100 lM) at pH 5.5
when the inward current reached a maximum. The compound
was applied for 2 min, and residual membrane current was com-
pared with the membrane current before the application of com-
pounds. Currents were recorded at �20 mV and analyzed with
pCLAMP 8 software package (Axon Instruments, Sunnyvale, CA).

Antagonist activity against NMDA receptors

The functional assay for antagonist activity against NMDA
receptors was performed using primary cultures of rat cerebellar
granule neurons that were prepared according to established
protocols.11 Cells were grown on 10 mm poly-L-lysine coated glass
cover slips, and used for the experiments after 6–10 days in vitro
culture. Cells were loaded with 6 lM Fura-2 AM (Invitrogen-
Molecular Probes) for 30 min. Then, the coverslip was mounted
on a quartz cuvette containing a Locke–Hepes buffer using a
special holder. Measurements were performed using a PerkinElmer
LS-55 fluorescence spectrometer equipped with a fast-filter acces-
sory, under mild agitation and at 37 �C. Analysis from each sample
was recorded real-time during 1400 s. After stimulation with
NMDA (100 lM, in the presence of 10 lM glycine), increasing
cumulative concentrations of the compound to be tested were
added. The percentages of inhibition at every tested concentration
were analyzed using a non-linear regression curve fitting (variable
slope) by using the software GraphPad Prism 5.0.
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