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Abstract—Following the program started at Johnson & Johnson Pharmaceutical Research & Development searching for 5-HT2A/2C
antagonists, we now report on the synthesis of 2-(dimethylaminomethyl)-2,3,3a,8-tetrahydroisoxazolo[3,2-a]pyrido[3,4-c]-[2]benza-
zepine and 2-(dimethylaminomethyl)-2,3,3a,8-tetrahydroisoxazolo[3,2-a]pyrido[3,2-c]-[2]benzazepine. A new method for the synth-
esis of pyridobenzazepines is described as well. The affinities for several receptors as well as the mCPP antagonistic activity of the
compounds synthesised are described.
# 2002 Elsevier Science Ltd. All rights reserved.

Introduction

The neurotransmitter serotonin (5-HT) induces a vari-
ety of effects that are mediated by specific receptors,
which can be subdivided in seven families, 5-HT1�7. The
5-HT2A receptor is widely distributed, both in periph-
eral tissues and in the CNS, while the 5-HT2C receptor
has been found only in the CNS.1 The 5-HT agonist
m-chlorophenylpiperazine (mCPP) is often used as a probe
in clinical studies to challenge brain 5-HT functions in
humans.2 In animals, mCPP also induces symptoms of
anxiety in various animal models.3�7 As this mCPP-
induced anxiety seems to be mediated via the 5-HT2C
receptor, it has been hypothesised that 5-HT2C antagonists
might be potential drugs for the treatment of anxiety.8,9

In recent years, we started a program at Johnson &
Johnson Pharmaceutical Research & Development
searching for potent, centrally active 5-HT2C receptor
antagonists as potential anxiolytic/antidepressant
agents. As a result of our synthesis program we dis-
covered a series of 2-(aminoalkyl)-2,3,3a,8-tetra-

hydrodibenzo[c,f]isoxazolo[2,3-a]azepine derivatives (1)
as novel 5-HT2A/2C antagonists, some of which also
showed a potent mCPP antagonistic activity as shown
in our in vivo mCPP challenge test.10 Those compounds
showed high affinity for histamine-H1 receptors as well,
what might contribute to potential undesirable side
effects such as sedation11 and/or weight gain,12 if any of
them were selected for further clinical development. Fol-
lowing with the exploration of this new tetracyclic system,
we decided to work on the replacement of one of the
phenyl rings of compounds 1 by different pyridyl rings,
with the aim of synthesising new heterocyclic systems with
comparable or better affinity for 5-HT2A/2C receptors, but
with decreased affinity for histamine-H1 receptor than the
former compounds.13 This paper describes the synthesis
and biological activity of two different 2-(dimethylamino-
methyl)-isoxazolopyridobenzazepines, as well as the che-
mical approaches used trying to prepare others (Fig. 1).

Chemistry

2 - (Dimethylaminomethyl) - 2,3,3a,8 - tetrahydroisoxazolo
[3,2-a]pyrido[3,4-c]-[2]benzazepine (2). The synthesis of
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the required tricyclic intermediate 5H-pyrido[3,4-c]-
[2]benzazepine (6) was initially tried following the
method that we have previously described for the
synthesis of substituted 5,6-dihydromorphanthridines.10

3-amino-4-pyridylmethanol (obtained by reduction with
LiAlH4 of 3-aminoisonicotinic acid

14 ethyl ester) was
reacted with benzaldehyde in the presence of a catalytic
amount of chloroacetic acid using isopropyl alcohol as
solvent, yielding the pyridooxazine derivative 4 in 94%
yield. Reductive cleavage of 4 with NaBH4 led to the
N-benzyl open analogue 5 in 95% yield. Unfortunately
all attempts to cyclise compound 5 to the azadihy-
dromorphanthridine analogue 6, using H2SO4 as well as
other organic and Lewis acids, such as CH3SO3H,
CF3SO3H or SnCl4 were unsuccessful (Scheme 1,
method A).

After a thorough literature review, we found that some
aromatic amines gave intramolecular cyclisations gen-
erating benzazepine like rings, in the presence of para-
formaldehyde and an acidic medium such as CF3COOH,
in a modification of the Pictet–Spengler reaction.15 We
decided to apply these reaction conditions to the inter-
mediate 7. Thus, treatment of this compound with

paraformaldehyde in CF3COOH at 50
�C for 3 h affor-

ded directly the azadihydromorphanthridine 6, in 80%
yield. Oxidation of 6 with 3-phenyl-2-(phenylsulfonyl)-
oxaziridine (Davis’ reagent), using the conditions
described in our previous articles, afforded the corre-
sponding N-oxide 8, which after 1,3-dipolar cycloaddi-
tion with N-allyldimethylamine yielded the target
compound 2, in 70% yield. This cycloaddition afforded
only the cis isomers, in a similar manner as it was
observed in the case of the dibenzoisoxazoloazepine
analogues,10 as could be determined by means of NOE
difference experiments on the protons of the iso-
xazolidine ring (Scheme 1, method B).

2 - (Dimethylaminomethyl) - 2,3,3a,8 - tetrahydroisoxazolo
[3,2-a]pyrido[3,2-c]-[2]benzazepine (3). We used a differ-
ent approach towards the synthesis of this compound.
Reaction of 2-bromomethyl-N-tert-butoxycarbonyl-
aniline16 with zinc activated with chlorotrimethylsilane
and 1,2-dibromoethane following a procedure described
in literature17 led to the formation of the corresponding
organozinc derivative, which reacted in situ with
2-bromo-3-(1,3-dioxolan)pyridine18 in presence of pal-
ladiumtetrakistriphenylphosphine as catalyst, yielding
intermediate 9 in 60% yield. Deprotection of the tert-
butoxycarbonyl group with CF3COOH gave the aniline
derivative 10. Reaction of this compound with aqueous
acetic acid at 65 �C allowed the deprotection of the
aldehyde function and subsequent in situ intramolecular
cyclisation to the tricyclic structure 11, in 95% yield.
Catalytic hydrogenation afforded the corresponding
azadihydromorphanthridine 12, which in this case was
oxidised to the desired N-oxide derivative 13 with our
usual Davis’ reagent procedure, in 90% yield. Finally
1,3-dipolar cycloaddition with N-allyldimethylamine

Figure 1.

Scheme 1. Reagents and conditions: (i) PhCHO, ClCH2COOH (cat.), (CH3)2CHOH, rt, 3 h, 94%; (ii) NaBH4, CH3CH2OH, rt, 2 h, 95%; (iii)
H2SO4, CH2Cl2, �20 �C, then rt, overnight, or CH3SO3H, CF3SO3H or SnCl4; (iv) nBuLi-TMEDA, Et2O, �78 �C to �10 �C, 2 h, then THF, 0 �C,
2 h and rt, overnight; (v) 3N HCl, 90 �C, overnight, 44% (two steps); (vi) NH2NH2.H2O, HOH2CCH2OH, KOH, 200

�C, 2 h, 94%; (vii) (CH2O)n,
CF3COOH, 50

�C, 3 h, 80%; (viii) 3-phenyl-2-(phenylsulfonyl)oxaziridine, CH2Cl2, rt, 16 h, 69%; (ix) N-allyldimethylamine, THF, 80
�C, sealed

tube, overnight, 70%.
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yielded the target compound 3, in 52% yield, and
once again exclusively as the pair of cis isomers
(Scheme 2).

Attempts to prepare 5H-pyrido[2,3-c]-[2]benzazepine-11-
oxide and 5H-pyrido[4,3-b]-[2]benzazepine-5-oxide.
Reaction of 2-chloropyridine with phenyllithium in
presence of a catalytic amount of diisopropylamine19

followed by quenching with benzaldehyde afforded com-
pound 14, which was oxidised to the corresponding
ketone. Nucleophilic substitution of the chlorine atom by
NH2 was performed by reaction with aqueous NH4OH in
a Parr pressure reaction vessel affording 2-amino-3-ben-
zoylpyridine (15). SubsequentWolf–Kishner reduction of
15 afforded compound 17, which was the required inter-
mediate to be reacted with paraformaldehyde under the

reaction conditions described above. The metalation of
4-pivaloylaminopyridine following the reaction condi-
tions described by Queguiner,20 subsequent reaction
with benzonitrile and further hydrolysis with hydro-
chloric acid afforded 4-amino-3-benzoylpyridine (16) in
45% yield, which after Wolf–Kishner reduction led to
compound 18.

Once again, the reaction of intermediates 17 and 18 with
paraformaldehyde in CF3COOH afforded the tricyclic
derivatives 19 and 20, in 89 and 96% yields, respec-
tively. However all attempts to oxidise 19 and 20 to the
desired nitrones, by means of Davis’ reagent, m-chloro-
perbenzoic acid (MCPBA) or other oxidising agents
were unsuccessful, leading only to oxidation on the
nitrogen of the pyridine ring (Scheme 3).

Scheme 2. Reagents and conditions: (i) Zn, BrCH2CH2Br (cat.), ClSi(CH3)3 (cat.), THF, rt, 5 h; (ii) Pd(PPh3)4, THF, 80
�C, overnight, 60%; (iii)

CF3COOH, CH2Cl2, rt, overnight, 100%; (iv) 80% AcOH, 65 �C, 2 h, 95%; (v) H2, Pd/C (10%), CH3OH, rt, 98%; (vi) 3-phenyl-2-(phenylsulfo-
nyl)oxaziridine, CH2Cl2, rt, 5 h, 90%; (vii) N-allyldimethylamine, THF, 65

�C, sealed tube, 5 h, 52%.

Scheme 3. Reagents and conditions: (i) (a) 1.8M PhLi, iPr2NH, THF, �40 �C, 1 h; (b) PhCHO, �70 �C, 45 min, 75%; (ii) CrO3, acetone, �30 �C to
rt, 3 h, 86%; (iii) aq NH4OH, Parr pressure vessel, 110

�C, overnight, 56%; (iv) nBuLi-TMEDA, Et2O, �78 to �10 �C, 2 h, then THF, 0 �C, 2 h and
rt, overnight; (v) 3N HCl, 90 �C, overnight, 45% (two steps); (vi) NH2NH2.H2O, HOH2CCH2OH, KOH, 200

�C, 2 h, 96 and 60%; (vii) (CH2O)n,
CF3COOH, 50

�C, 3 h, 89 and 96%; (viii) 3-phenyl-2-(phenylsulfonyl)oxaziridine or MCPBA, CH2Cl2, rt, overnight.
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Biological Results and Discussion

The affinities for histamine-H1 receptor as well as for
different human serotonergic, dopaminergic and adre-
nergic receptors of the two target compounds that could
be synthesised were measured by means of radioligand
binding assays as it was described in our previous arti-
cles.10 The experiments to measure the in vivo activity
of the compounds in our mCPP challenge test were
performed in male Wistar rats, weighing between 200
and 220 g, following the method described by Meert
and co-workers.5 The test compounds were adminis-
tered subcutaneously 45 min after intravenous injection
of mCPP. Two activity criteria were measured: disin-
hibition (partial antagonism of mCPP) and exploration
(full antagonism of mCPP).5 Table 1 shows the binding
affinity of compounds 2, 3 and reference compounds 1a
(R1=R2=H) and 1b (R1=H, R2=11-Cl) for several
receptors.

As can be seen in Table 1, compound 2 showed a quite
remarkable selectivity for the human 5-HT2C receptor
over 5-HT2A receptor. Furthermore, and most interest-
ing, is its lack of affinity for H1 receptor and other ser-
otonergic receptors. Only weak affinity was observed for
D4 and a1 receptors. Comparing the receptor binding
data of compound 2 with compounds 1a and 1b it can
be deduced that the replacement of the carbon atom
present in the 11-position by a nitrogen atom dropped
the affinity for H1 receptors, which was of the same
order of magnitude as that for 5-HT2 receptors in the
dibenzoisoxazoloazepine series. Even more all com-
pounds from those series were proved to be indeed new
5-HT2A/2C receptor antagonists, while 2 might be
defined as a rather selective 5-HT2C antagonist. It is
noteworthy as well that the presence of halogen atoms
in the 11-position enhanced the affinity for the dopamine
receptors, but on the contrary replacement of that CH by
nitrogen even decreased this affinity. The 5-HT2C antag-
onistic activity of compound 2 was confirmed in our in
vivo mCPP challenge test (Table 2). It was quite potent in
the disinhibition test and moderately potent in the
exploration test. On the other hand, compound 3, with the

nitrogen atom in the 7-position of the tetracyclic system,
did not show high or moderate affinity for any receptor
except for H1. As it was expected from those binding
data 3 was inactive in our mCPP test.

In conclusion, we have synthesised two new tetracyclic
structures, namely 2-(dimethylaminomethyl)-2,3,3a,8-
tetrahydroisoxazolo[3,2 -a]pyrido[3,4 - c] - [2]benzazepine
(2) and 2 - (dimethylaminomethyl) - 2,3,3a,8 - tetra-
hydroisoxazolo[3,2-a]pyrido[3,2-c]-[2]benzazepine (3).
In addition we have described a new method for the
synthesis of pyridobenzazepines. Compound 2 showed
quite remarkable selectivity for 5-HT2C receptor, but
did not show affinity for H1 receptor in contrast to its
tetrahydrodibenzoisoxazoloazepine analogues. Com-
pound 2 was active subcutaneously in our mCPP chal-
lenge test as well, what indicates it could be considered
as a 5-HT2C antagonist. Larger scale resynthesis and
separation of 2 into its enantiomers is currently in pro-
gress, our hope being to be able to identify one of them
as a new potent and selective 5-HT2C antagonist. Phar-
macological results of those pure enantiomers will be
the subject for further publications.
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