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A series of racemic N-arylalkyl-2-azaadamantan-1-ols (9–15) and the corresponding deoxygenated, achi-
ral N-arylalkyl-2-azaadamantanes (23–29) were synthesized and screened in competition binding assays
against a panel of CNS targets. Adamantyl hemiaminals 9–15 displayed generally low affinity for both r1

(Ki values = 294–1950 nM) and r2 receptors (Ki values = 201–1020 nM), and negligible affinity for 42
other CNS proteins. Deoxygenation of 9–15 to give the corresponding achiral azaadamantanes 23–29
greatly improved affinity for r1 (Ki values = 8.3–239 nM) and r2 receptors (Ki values = 34–312 nM).

� 2011 Elsevier Ltd. All rights reserved.
The r receptors are a unique class of mammalian proteins
widely distributed in the central nervous system (CNS) and periph-
eral organs, and two subtypes have been defined: r1 and r2 recep-
tors, differing in size, anatomical distribution, and ligand
selectivity.1–3 While the human r1 receptor has been cloned from
various tissues, and shows no sequence homology with any known
mammalian protein, the r2 receptor has not been cloned from any
species.4,5

r1 receptors primarily reside at the interface between the endo-
plasmic reticulum (ER) and the mitochondrion, where they mobi-
lize ER Ca2+ stores by acting as a molecular chaperones for type 3
inositol (1,4,5)-triphosphate receptors.6 However, r1 receptors
can also translocate to the plasma membrane where they modulate
Ca2+ flux via K+ channels and voltage-dependent Ca2+ channels.7,8

The role of r1 receptors in the maintenance of Ca2+ homeostasis
may partially account for their diverse pharmacology. Indeed, r1

receptors may regulate adrenergic, cholinergic, dopaminergic,
glutamatergic, and serotonergic neurotransmissions.9–15

Relatively less is known about the structure and function(s) of the
r2 receptor. The r2 receptor is also believed to regulate intracellular
Ca2+ concentrations, however, the precise mechanisms involved are
yet to be elucidated.16 The over-expression of r2 receptors in several
cancer cell lines suggests that they may represent potential
ll rights reserved.
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biomarkers of tumor cell proliferation, potentially allowing selective
r2 ligands to act as diagnostic probes.17,18

An interest in r receptors persists more than 35 years after their
discovery due to their implication in virtually all major CNS dis-
eases.19,20 Some of the earliest r receptor ligands identified were
clinical antipsychotics, such as haloperidol, which binds to r1 and
r2 receptors with nanomolar affinity.21 In addition to structurally
diverse antipsychotics, several antidepressants from disparate phar-
macological classes were also found to interact withr1/r2 receptors
with high affinity.22,23 The implication of r receptors in anxiety dis-
orders,24 depression,25 Alzheimer’s disease,26 and drug addiction27

is well accepted, however, elucidation of the precise mechanistic
role of r receptors in many of these diseases has been hampered
by the historical lack of truly selective ligands.

A myriad of structurally dissimilar ligands are known to interact
with r1 and r2 receptors. The finding that adamantine (1, Fig. 1),
used in the treatment of Parkinson’s disease, interacts with
r receptors at therapeutically-relevant concentrations prompted
the investigation of alternate polycarbocyclic ‘cage’ amines with
potential activity at r receptors.28,29 N-Arylalkyl-4-azahexacy-
clo[5.4.1.02,6.03,10.05,9.08,11]dodecan-3-ols (2), derived from the tris-
homocubane scaffold, can be modified to provide compounds with
selectivity for either r1 or r2 receptors.30–32 Moreover, congeners
of 2 were able to modulate amphetamine-stimulated dopamine re-
lease in vitro, and have shown promising alteration of cocaine-med-
iated effects in behavioral assays.33,34
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Figure 2. Proposed N-arylalkyl-2-azaadamantan-1-ols and the corresponding
N-arylalkyl-2-azaadamantanes.

Table 1
Binding affinities, and subtype selectivities, of compounds 9–15 and 23–29 for r1 and
r2

Compound R n X Ki
a (nM ± SEM) Selectivity

r1 r2 r1 r2

9 H 0 OH 1450 ± 170 1020 ± 91 1.4
10 3-F 0 OH 862 ± 150 705 ± 66 1.2
11 4-F 0 OH 650 ± 55 826 ± 19 1.3
12 3-OMe 0 OH 1950 ± 91 353 ± 29 5.5
13 4-OMe 0 OH 1240 ± 100 426 ± 28 2.9
14 3-F 1 OH 234 ± 20 250 ± 28 1.1
15 4-F 1 OH 246 ± 55 201 ± 19 1.2
23 H 0 H 29 ± 5 95 ± 11 3.3
24 3-F 0 H 22 ± 2 132 ± 5 6.0
25 4-F 0 H 12.0 ± 0.4 90 ± 6 7.5
26 3-OMe 0 H 239 ± 9 64 ± 2 3.7
27 4-OMe 0 H 12.4 ± 0.8 54 ± 7 4.4
28 3-F 1 H 8.3 ± 0.6 40 ± 2 4.8
29 4-F 1 H 12.8 ± 0.8 34 ± 3 2.7

a Ki values represent the mean ± SEM of four experiments.
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Figure 1. Polycarbocyclic ‘cage’ amines with r receptor activity.
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To further explore the structure–affinity relationships of poly-
carbocyclic amines acting at r receptors, we sought to synthesize
and screen a series of N-arylalkyl-2-azaadamantan-1-ols (3, Fig. 2)
as cage-expanded analogs of trishomocubane hemiaminals like 2.
Furthermore, these adamantyl hemiaminals could be deoxygen-
ated to give the corresponding N-substituted 2-azaadamantanes
(4), thereby providing information about the steric and electronic
tolerance of the postulated hydrophobic region surrounding the
basic nitrogen atom at the r receptor binding site.35

Commercially available 2-adamantanone (5, Scheme 1) was
subjected to a Baeyer–Villiger oxidation to generate lactone 6.
Chromatographic purification of 6 afforded an analytical sample,
but the crude material was sufficiently pure for use in further reac-
tions. Complete reduction of 6 with lithium aluminum hydride
gave diol 7, requiring no further purification. Treatment of 7 with
excess pyridinium dichromate (PDC) furnished diketone 8 as the
result of an unusual oxidation.36 Stirring a solution of 8, acetic acid,
and the appropriate arylalkylamine with sodium triacetoxy
borohydride at ambient temperature afforded the desired N-
arylalkyl-2-azaadamantan-1-ols 9–15.

Like 4 and it congeners, 9–15 were synthesized as racemates.
However, deoxygenation of 9–15 gives the corresponding achiral,
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16: n = 0, R
17: n = 0, R
18: n = 0, R
19: n = 0, R
20: n = 0, R
21: n = 1, R
22: n = 1, R

23: n = 0, R = H
24: n = 0, R = 3-F
25: n = 0, R = 4-F
26: n = 0, R = 3-OMe
27: n = 0, R = 4-OMe
28: n = 1, R = 3-F
29: n = 1, R = 4-F

Scheme 1. Reagents and conditions: (a) m-CPBA, CH2Cl2, rt, 18 h, 97%; (b) LiAlH4, Et2O, r
ClCH2CH2Cl, rt, 18 h, 94–100%; (e) SOCl2, reflux, 1 h, 91–99%; (f) LiAlH4, 1,4-dioxane, refl
azaadamantanes, providing information about the importance of
the hydroxy group to this class of r receptor ligands. The
adamantyl hemiaminals 9–15 were converted to the corresponding
alkyl chlorides (16–22) by refluxing in thionyl chloride. Alkyl
chlorides 16–22 underwent reductive dehalogenation with lithium
aluminum hydride to give the symmetrical N-arylalkyl-2-
azaadamantanes 23–29.

The synthesized azaadamantanols 9–15 and azaadamantanes
23–29 were routinely converted to their hydrochloride salts, and
subjected to in vitro binding assays. The Ki values for 9–15 and
23–29 at r1 and r2 receptor subtypes are shown in Table 1. Guinea
pig brain membrane homogenates were used as the source of r1

receptors, while rat liver membrane homogenates were used as
the r2 receptor source. The radioligands [3H](+)-pentazocine and
[3H]DTG were used in the r1 and r2 receptor assays, respectively.
The r2 receptor binding assay was conducted in the presence of
1 lM (+)-pentazocine to mask ligand binding to r1 receptors. To
confirm the selectivity of these chemotypes for r receptors, repre-
sentative compounds (9, 10, 23, and 24) were screened against a
panel of 42 other CNS proteins, and showed negligible affinity at
all sites tested (see Table S1 for full binding profiles).
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eflux, 19 h, 99%; (c) PDC, CH2Cl2, rt, 66 h, 40%; (d) Ar(CH2)nNH2, AcOH, NaBH(OAc)3,
ux, 18 h, 62–92%.
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Scheme 2. Reagents and conditions: (a) SOCl2, reflux, 8 h.
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The simple benzylic adamantyl hemiaminal (9) showed only
micromolar affinity for r1 (Ki = 1.45 lM) and r2 receptors
(Ki = 1.02 lM). The introduction of a fluorine atom to the phenyl
ring of 9 produced a small increase in r receptor affinity, regard-
less of substitution position; 3-fluorobenzyl derivative 10 (r1

Ki = 862 nM, r2 Ki = 705 nM) showed a similar binding profile to
that of the 4-fluoruobenzyl congener 11 (r1 Ki = 650 nM, r2

Ki = 826 nM). Although 9–11 displayed negligible subtype selectiv-
ity, a methoxy substituent was able to introduce a small degree of
r2 selectivity. The 3-methoxybenzyl analog 12 showed a slight
preference for r2 receptors (r2 Ki = 353 nM, r1/r2 = 5.5), compa-
rable in magnitude to the 4-methoxy isomer 13 (r2 Ki = 426 nM,
r1/r2 = 2.9).

Extending the distance between the polycyclic cage and the aryl
group produced the greatest increase in r receptor binding. The 3-
fluorophenethyl adamantyl hemiaminal 14 showed increased
affinity for both r receptor subtypes (r1 Ki = 234 nM, r2

Ki = 250 nM) when compared to 10, but subtype selectivity was
similarly negligible. Much like the corresponding benzylic analogs,
the binding profile of the 4-fluoruophenethyl derivative 15 (r1

Ki = 246 nM, r2 Ki = 201 nM) largely resembled that of 14, demon-
strating that positional isomerism is similarly unimportant for
these ethylene-spaced congeners. Overall, 9–15, showed only
micromolar or submicromolar affinity for r1 receptors (Ki values
234–1950 nM), and similar r2 binding (Ki values 234–1020 nM).

Deoxygenation of hemiaminals 9–15 to the corresponding aza-
adamantanes 23–29 generally produced a dramatic increase in r1

binding, but a less pronounced increase in r2 affinity. When com-
pared to hemiaminal 9, the simple N-benzyl-2-azaadamantane
(23) demonstrated a 50-fold improvement in r1 affinity
(Ki = 29 nM), and a greater than 10-fold increase in r2 affinity
(Ki = 95 nM). The 3-fluorobenzyl-substituted azaadamantane 24
showed a similar level of improvement over hemiaminal 10, fur-
nishing a moderately r1-selective ligand (r1 Ki = 22 nM, r2/
r1 = 6), and the same trend was observed for 4-fluorobenzyl con-
gener 25 (r1 Ki = 12 nM, r2/r1 = 7.5) when compared to 11.

The 3-methoxybenzyl-substituted 26 represented the sole in-
stance in which deoxygenation imparted similar increases in both
r1 (Ki = 239 nM) and r2 affinity (Ki = 64 nM) when compared to
the parent compound, producing a net retention of the r2-selectiv-
ity of parent compound 12. By contrast, 4-methoxy isomer 27
showed a 100-fold increase in r1 affinity (r1 Ki = 12.4 nM) com-
pared to the corresponding hemiaminal 13, and was a moderately
selective r1 ligand (r2/r1 = 4.4).

Since hemiaminals 14 and 15 showed the greatest r receptor
affinity within that series, the relative improvement arising from
deoxygenation to the corresponding 3- and 4-fluorophenethyl-
substituted azaadamantanes 28 and 29, was less dramatic. Com-
pounds 28 and 29 both interacted with r1 receptors with high
affinity (r1 Ki = 8.3 and 12.8 nM, respectively), and showed a pref-
erence for this r receptor subtype (r2/r1 = 4.8 and 2.7,
respectively).

The enhancement of r receptor affinity conferred by the deox-
ygenation of adamantyl hemiaminals prompted attempts to effect
the analogous transformation in trishomocubyl hemiaminal 30 (r1

Ki = 12 nM, r2 Ki = 48 nM)30 using the aforementioned conditions
(Scheme 2). Unfortunately, refluxing 30 in SOCl2 for several hours
returned only starting material, and alkyl chloride 31 could not be
obtained.

Due to the relatively increased rigidity of the trishomocubane
scaffold compared to that of adamantane, the hemiaminal carbon
of trishomocubane 30 is likely unable to adopt a sufficiently planar
configuration in order to stabilize the carbocation-like transition
state required for chlorination to occur. Investigation of alternative
direct and indirect deoxygenation approaches to achiral azatris-
homocubanes like 32 are currently underway.

Taken together, the results of the binding assays suggest that
deoxygenation of N-arylalkyl-2-azaadamantanols to the corre-
sponding achiral, N-arylalkyl-2-azaadamantanes, increases r1

affinity by up to two orders of magnitude, and improves r2 binding
by as much as a single order of magnitude. Excluding compound
26, all N-substituted 2-azaadamantanes showed a preference, al-
beit slight, for r1 receptors (r1 selectivity = 2.7–7.5). Most deoxy-
genated compounds showed low nanomolar affinity for r1

receptors, and excellent selectivity over 42 other CNS targets.
Although structural refinement is required to improve r subtype
selectivity, the N-arylalkyl-2-azaadamantane chemotype repre-
sents a novel lead for the development of potent, selective r1

receptor ligands.
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