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Abstract—A series of (R)- and (S)-3-aminomethyl-1-tetralones, conformationally constrained analogues of haloperidol, have been
obtained by enzymatic resolution of the corresponding racemic 3-hydroxymethyl-1-tetralones using Pseudomonas fluorescens lipase.
Their binding affinities at dopamine D2 and serotonin 5-HT2A and 5-HT2C receptors were determined showing in some cases an
atypical antipsychotic profile with Meltzer’s ratio higher than 1.30.
# 2003 Elsevier Ltd. All rights reserved.
Schizophrenia is a complex disorder affecting approxi-
mately 1% of the population.1 Classical (typical) neuro-
leptics such as haloperidol (Fig. 1), are currently used
for the treatment of this disease, but their use is asso-
ciated with severe mechanism-related side effects,
including induction of acute extrapyramidal symptoms
(EPS),2 and they are ineffective against negative symp-
toms of schizophrenia. The clinical efficacy of classical
antipsychotics in the treatment of schizophrenia and
other psychotic disorders is directly related to their
ability to block dopamine D2 receptors in the brain;3

however, it has been reported that dopamine receptor
blockade in the striatum is closely associated with their
extrapyramidal side effects.4

The introduction of clozapine for treatment-resistant
schizophrenia gave rise to a new group of atypical or
non-classical antipsychotics which have no EPS and are
effective against negative symptoms.5 These drugs exhi-
bit potent antagonism at multiple receptor subtypes
including serotonin and dopamine receptors, suggesting
the implication of the serotoninergic system in this
pathology.6 Meltzer et al.7 suggested that in the efficacy
of clozapine and other atypical antipsychotics such as
risperidone or olanzapine, the most important factor is
their relative affinities for D2 and 5-HT2A receptors.8

They proposed that the ratio pKi’s 5-HT2A/D2 between
pKi for 5-HT2A and pKi for D2 may be used to dis-
criminate atypical antipsychotics (ratio>1.12) from
classical antipsychotics (ratio<1.09). Experimental
and clinical studies seem to confirm the major role of
the 5-HT2A receptor for the atypical profile of the
antipsychotics.9
0960-894X/$ - see front matter # 2003 Elsevier Ltd. All rights reserved.
doi:10.1016/j.bmcl.2003.11.064
Bioorganic & Medicinal Chemistry Letters 14 (2004) 585–589
Figure 1. Some typical and atypical antipsychotics.
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Additionally, many of the atypical antipsychotic agents
block not only 5-HT2A but other serotonin receptors,
particularly 5-HT2C receptors.10 It has been also sug-
gested that 5-HT2C receptor blockade is responsible for
reducing EPS.11 These findings have given cause for
5-HT2C receptor to be considered as a potential target in
the treatment of psychotic illnesses.12

Four decades after its introduction into the clinic, clo-
zapine remains the prototype of atypical antipsychotic
drugs and no currently available agents appear to have
the spectrum of efficacy of this drug. However, treat-
ment with clozapine is associated with an increased risk
of agranulocytosis,13 which strongly limits its therapeutic
use. Hence, the discovery of a more effective side effects
free therapy for the treatment of schizophrenia remains a
challenging research goal.

As part of a program aimed at developing potential
atypical antipsychotic compounds we have reported the
synthesis, pharmacological activity and molecular mod-
elling of aminoalkylbenzocycloalkanones (Fig. 2) which
are conformationally restricted butyrophenone analo-
gues of haloperidol.14 These compounds represent some
of our efforts on modulation of the butyrophenone sys-
tem with the aim of combining antagonism at 5-HT2
family and D2 receptors in a single molecule.15 The
known chiral discriminatory properties of drug–receptor
interactions have prompted us to further investigate
whether the receptor affinities of these compounds are
associated with absolute stereochemistry by means of
the preparation of these compounds as single enantio-
mers. Herein we describe the chemoenzymatic synthesis
of (R)- and (S)-6,7-dimethoxy-, 6-methoxy- or unsub-
stituted 3-aminomethyl-1-tetralones 7–9 (Scheme 1),
and their binding affinities on D2, 5-HT2A and 5-HT2C
receptors.

The target 3-aminomethyltetralones 7–9 were prepared
as shown in the Scheme 1. 3-Hydroxymethyltetralones
(� )-1–3 were synthesized from the corresponding
benzaldehydes in a five step procedure (30–40% overall
yield) as described previously.16 Tosylation of the
hydroxyketones (� )-1–3 with p-toluenesulfonyl chlo-
ride in pyridine afforded the corresponding tosylates
(� )-4–6. Alkylation of the secondary amine a–d with
the tosylates (� )-4–6 gave the conformationally con-
strained aminobutyrophenones (� )-7a–d, (� )-8a–d and
(� )-9a–d.

The synthesis of the optically pure aminobutyro-
phenones (+)- and (�)-7–9 was accomplished by
resolution of the intermediates (� )-1–3. Between the
different method of resolution we chose the lipase cata-
lyzed kinetic resolution methodology, which has proven
to have substantial advantages over conventional
chemistry-based methods.17 Preliminary studies carried
out with the hydroxytetralone (� )-1 were reported pre-
viously by us.18 The best results (Table 1) were achieved
using lipase from Pseudomonas fluorescens (PF) adsor-
bed on Celite119 in benzene, which yielded the hydroxy-
ketone (R)-(�)-1 (93% ee), and the acetate (S)-(+)-10
(91% ee). Accordingly, racemic hydroxymethyltetralones
(� )-2–3 were submitted to enzymatic kinetic resolution
using PF lipase adsorbed on Celite1 (Scheme 2) in dif-
ferent solvents.20 Optimized results are shown in Table
1. Resolution of alcohol (� )-2 afforded enantiomeri-
cally pure acetate (S)-(+)-11 in THF (E>200), while
enantiopure residual hydroxyketone (R)-(�)-2 could be
obtained when the reaction was carried out in vinyl
acetate (E=45). Complete resolution (E>200) of
hydroxymethyltetralone (� )-3 was accomplished with
vinyl acetate as solvent. In these compounds, lipase PF
reacts preferently with the (S) enantiomers to produce
the (S)-acetates. Finally, ester hydrolysis of (S)-(+)-10–
12 with LiOH afforded the corresponding hydroxy-
methyltetralones (S)-(+)-1–3 in 90% yield (Scheme 2).
The absolute configurations of (+)- and (�)-1–3 were
determined on the basis of the reported X-ray crystal-
lography of their tosylates.16,18

Tosylation of the enantiomerically pure alcohols fol-
lowed by nucleophilic displacement of the tosyl group
with amines c and d (Scheme 1) gave (R)-(�)-/(S)-(+)-
7–9c, and (R)-(�)-/(S)-(+)-7–9d, which hydrochloride
salts prove to be aceptable forms for binding assays.
The two-step transformations of (R)- and (S)-1–3 to
Figure 2. General formula of aminoalkylbenzocycloalkanones.
Scheme 1. (i) See ref 19; (ii) TsCl, Py (70–85%); (iii) HNRR (2 equiv), NMP (50–80%).
586 Y. Caro et al. / Bioorg. Med. Chem. Lett. 14 (2004) 585–589



(R)- and (S)-7–9, respectively, were achieved in 40–65%
overall yield.

The binding affinities of the racemic aminomethyl-
tetralones (� )-7a–d, (� )-8a–d and (� )-9a–d at the
5-HT2A, 5-HT2C, and dopamine D2 receptors are sum-
marized in Table 2.23 Aminomethyltetralones contain-
ing a piperazine (a or b, Scheme 1) fragment
(compounds (� )-7a,b, (� )-8a,b, and (� )-9a,b) show
modest or low affinity at the three receptors tested. In
general, these derivatives display receptor selectivity
(potent D2 relative to 5-HT2A affinity) similar to classi-
cal neuroleptics: the pKi ratios 5-HT2A/D2 (Meltzer’s
ratio) were lower than 1.09. Because of their low affinity
at D2 receptors, compounds (� )-8b and (� )-9b do not
possess interest as potential antipsychotics, though (� )-
9b could have interest as selective 5-HT2A compound.

In general, aminomethyltetralones bearing a substituted
piperidine moiety, i.e., (� )-7c,d, (� )-8c,d, and (� )-9c,d,
exhibited higher affinity (pKi>7.3 or Ki<50 nM) and
selectivity (Ki ratios >10) for the 5-HT2A receptor than
the mentioned piperazine group. With the exception of
the dimethoxy derivative (� )-9c, these compounds
showed higher affinity at D2 than at 5-HT2C receptors:
the trend of the binding potency displayed was
5-HT2A>D2>5-HT2C. Since all the compounds in this
group have a Meltzer’s ratio higher than 1.15, an atypi-
cal antipsychotic profile could be predicted for these
compounds. In general, the methoxy groups at the tet-
ralone ring in these series do not affect significantly to
the binding affinity at any of the receptors studied,
which suggests that their interaction with such receptors
is not significant.

Those compounds with higher 5-HT2A affinity and
Meltzer’s ratios (7c–d, 8c–d, and 9c–d) were synthesized
as pure enantiomers, and their binding affinities were
measured (Table 3). In general, all examples in this ser-
ies show excellent potency for the 5-HT2A receptor,
reaching pKi values as high as 8.83 (Ki=1.5 nM) for
compound (+)-8d. Also it is remarkable the increased
selectivity showed for some enantiomers at the 5-HT2A
receptor over the 5-HT2C and D2 receptors with respect
to the racemic compound. Thus, compounds (�)-7c,
(�)-7d, and (+)-8d have particularly higher 5-HT2C/
5-HT2A ratios than their corresponding racemates. The
same happens with the D2/5-HT2A ratios of (+)-8d and
(�)-9c versus (� )-8d and (� )-9c, respectively. Unfor-
tunately, the effective differences in affinity at the
5-HT2A, 5-HT2C, and D2 receptors for these corre-
sponding (R)/(S) pairs is insignificant, and it is not pos-
sible to establish a general rule that connect the
stereochemistry of the chiral centre with potency in any
of the receptors studied.
Table 1. Enzymatic resolution of 3-hydroxymethyl-1-tetralones using PF lipase adsorbed on Celite1
Compd
 Solventa
 T (h)
 Conversion (%)
 Hydroxyketone (�)-1–3
 Acetate (+)-10–12
 Eb
Yield (%)
 ee (%)c
 Yield (%)
 ee (%)c
1
 Bencene
 7.5
 50
 35
 93
 40
 91
 94

2
 THF
 1.5
 48
 52
 91
 43
 99.9
 >200

2
 VA
 0.25
 58
 20
 99.9
 75
 72.5
 45

3
 VA
 0.6
 50
 47
 99.9
 45
 99.9
 >200
aVA: vinyl acetate.
bEnantioselectivity was calculated from the formula E=ln[1�c(1�ees)]/ln[1�c(1+ees)].

21

c Determined by chiral HPLC (Chiracel1 OD-H column, Daicel), except for acetate (+)-10, which was determined after alkaline hydrolysis to the
corresponding alcohol.22
Scheme 2. Enzymatic resolution of 3-hydroxymethyl-1-tetralones.
Table 2. Binding affinities and selectivities for aminomethyltetralones

(�)-7a–d, (�)-8a–d and (�)-9a–d
Compd
 pKi
a
 5-HT Ki ratio
 pKi ratio
5-HT2A
 5-HT2C
 D2
 2C/2A
 5-HT2A/D2
(�)-7a
 6.29
 5.55
 6.69
 5.5
 0.94

(�)-8a
 6.05
 7.33
 6.65
 0.05
 0.91

(�)-9a
 5.63
 <5
 6.08
 —
 0.93

(�)-7b
 6.01
 5.48
 6.40
 3.4
 0.94

(�)-8b
 6.16
 5.34
 <5
 6.7
 —

(�)-9b
 6.18
 <5
 <5
 —
 —

(�)-7c
 7.88
 6.30
 6.65
 38.1
 1.18

(�)-8c
 7.75
 5.93
 6.71
 66.1
 1.15

(�)-9c
 8.22
 7.08
 6.56
 13.8
 1.25

(�)-7d
 8.57
 6.89
 7.24
 47.6
 1.18

(�)-8d
 7.34
 5.79
 6.34
 35.5
 1.16

(�)-9d
 8.02
 6.83
 6.82
 15.5
 1.18

Haloperidol
 6.78
 5.14
 9.22
 43.6
 0.73

Clozapine
 8.04
 7.98
 6.65
 1.1
 1.21

Risperidone
 9.30
 8.13
 ndb
 14.8
 nd
aValues are means of three separate experiments (s.e.m. less than 6%).
bnd=not determined.
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However, it is worth mentioning compounds (+)-8d
and (�)-9c as potential atypical antipsychotics, with a
Meltzer’s ratio of 1.40 and 1.37, respectively, both
higher than that of clozapine (1.21).24 Benzisox-
azolylpiperidine compound (+)-8d exhibits, at 5-HT2A
receptor, the highest affinity (pKi=8.83, Ki=1.5 nM)
and selectivity (>300-fold over 5-HT2C and D2 recep-
tors), while benzoylpiperidine derivative (�)-9c displays
high affinity at 5-HT2A receptor (pKi=8.25, Ki=5.6
nM), and 177-fold selectivity over D2 receptor
(pKi=6.00, Ki=1000 nM), and both compounds have
affinity and selectivity profiles at 5-HT2A receptor sig-
nificantly different than those of their counterparts.
Although methoxy groups have not afforded sig-
nificantly pharmacological advances, these groups open
a chemical access to a large range of substituents in the
aromatic portion of the tetralones, research in progress
now in our group.

In summary, we have described the synthesis and bind-
ing affinity of new 3-aminomethyltetralones as con-
formationally constrained analogues of haloperidol.
Those compounds with a more interesting binding pro-
file were prepared as single enantiomers by a che-
moenzymatic route using Pseudomonas fluorescens
lipase, and their binding affinities and selectivities at D2,
5-HT2A, and 5-HT2C receptors were examined. From
this effort have emerged the benzisoxazolylpiperidine
compound (+)-8d and the benzoylpiperidine derivative
(�)-9c as potential antipsichotic compounds, as a result
of their good affinities, selectivities and Meltzer’s ratios.
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