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The discovery of a new, safe, atypical antipsychotic remains an important challenge. To achieve
this goal, a series of N-methylpiperazinopyrido[2,3-b]1[1,4]- and -[1,5]- and -pyrido[4,3-b][1,4]-
and -[1,5]-benzodiazepines were synthesized. The dopaminergic (D,, Dy), serotonergic (5-HTy),
and cholinergic (M) affinities, frequently remarked in the action mechanisms of antipsychotic
drugs, were determined using their respective in vitro receptor binding assays. All affinities were
reduced for each compound. Optimal substituents were found to be in the 2- or 8-position for the
retention of affinities, while substitution at the 5-position by acyl or alkyl groups dramatically
diminished binding affinities. Pyridobenzodiazepine derivatives, such as clozapine, were found
to be inactive or only weakly effective against apomorphine-mediated stereotypes in rats. In an
original and complex behavioral model developed in dogs and successfully used to differentiate
distinct classes of psychotropic drugs and to discriminate between typical and atypical neuroleptic
drugs, 8-chloro-6-(4-methyl-1-piperazinyl)-11H-pyrido[2,3-b]1[1,4]benzodiazepine (9), 8-methyl-
6-(4-methyl-1-piperazinyl)-11H-pyrido[2,3-b][1,4]benzodiazepine (12), and 5-(4-methyl-1-piper-
azinyl)-11H-pyrido[2,3-b][1,5]benzodiazepine (16) showed most of the behavioral characteristics
previously described for neuroleptics. Their neurochemical profiles, particularly their 5-HT»/D,
pKratios, were compatible with an atypical antipsychotic effect. These compounds were selected
for further investigation. The proposed modulations could lead to new possibilities for the

pharmacochemistry of diarylazepines.
Introduction

Among neuroleptic drugs, several molecules have con-
tradicted the traditional concept defined by Delay and
Deniker.! One of these, clozapine (1), a dibenzodiazepine
derivative, was found to be very active against psychotic
symptoms with reduced extrapyramidal side effects
(EPS)2+4 and to have an interesting effect on negative
symptoms® which are poorly treated by classical neuro-
leptics, such as chlorpromazine (2) and haloperidol (3).%
Clozapine was found to be effective in 30% of treatment-
resistant schizophrenics whereas chlorpromazine is ef-
fective in only 4% of these cases.> Clozapine thus
represented a great advance in the treatment of psychosis,
but its use was hampered by serious side effects like
seizures,’ sialorrhea,>® orthostatic hypotension,’ and par-
ticularly a 1-2% incidence of agranulocytosis.®-!1

The action mechanisms of clozapine have not been
completely elucidated. It has been shown that clozapine
presented a great affinity for serotonin (5-HT;) and
acetylcholine (M) receptors while being a weaker anti-
dopaminergic agent.!213 For a long time, the dopamine/
acetylcholine balance hypothesis was the predominant
etiological theory for drug-induced EPS.1214-17 Never-
theless, the 5-HT; receptor blockade seemed also to be
implicated in the atypical antipsychotic activity!®!? while
it counteracted some effects of the D2 receptor blockade.20
Recently, this 5-HT2/D; ratio concept has been widely
developed.13
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Other receptors could play a role in determining the
atypical profile. Clozapine interacts with other binding
sites such as 5-HT3,2! 5-HT).,22 and D, receptors;23 a new
dopamine receptor subtype has recently been cloned.
Moreover, it must be mentioned that the interactions of
antipsychotic drugs with currently undefined receptor
systems may play a part in their atypical profile.# For
example, CI-943, which has an effect on animal behavior
and an electrophysiological profile consistent with an
antipsychotic drug, has not been shown to bind to any
known receptor.25

Despite the extensive effort to find a safer drug,1415.26-32
no alternative to clozapine has been identified which would
have clinical antipsychotic efficacy without EPS and with
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Table 1. N-Methylpiperazinopyrido[l 4]- and N- Methylpiperazinopyrido[l 5]benzodiazepines

Liégeois et al.

NMP 10 11 10 11 NMP
9 N 1
/ 'Rz
| 11 l 1 T 15 4.3
Ry
8-15§ 16-17 18 19-20
R, Rg R3 formula anal. mp, °C % yield
8 H H H Ci7H9Ns C,H,N 141 75
9 8-Cl H H Ci7H,5CINg C,H,N 180 70
10 9-Cl H H C17H,sCINg C,H,N 186 80
11 8-F H H C17H1sF N5 C,H,N 188 75
12 8-CHj H H CisHa N3 C,H,N 157 65
13 H 3-CHj H CisHg N5 C,H,N 198 70
14 H H CH=0 CisHoNsO C,H,N 202 85
15 H H CHs CisHa1Ns C,H,N 146 50
16 H Cy17H N5 C,H,N 146 85
17 CH=0 C1sHoNs0 C,H,N 194 90
18 H Ci17H1gN5 C,H,N 193 36
19 H C17H N5 C,H,N 216 60
20 CH=0 C18HysN50 C,H,N 196 80

a low risk of inducing any other serious toxic effect.¢ So
there remains a need for improved antipsychotic agents.
While clozapine is known to be a weaker dopaminergic
agent, most research, in order to find a successor to
clozapine with a similar profile, on the basis of in vitro
binding and classical pharmacological tests, generally
retained compounds with a high D; antagonism potency.
It is therefore probable that the procedures used discarded
several molecules or structures which might have presented
interesting therapeutical profiles. Thus, much effort has
been and is continuing to be expended in the search for
ways of attenuating the dopaminergic function and yet
retaining or improving clinical efficacy. This paradoxled
us to synthesize and evaluate a series of N-methylpiper-
azinopyrido[1,4]- and -pyrido[1,5]benzodiazepine deriv-
atives using in vitro and in vivo models. Inourexploratory
study, each series of reference, 2- or 8-substituted, diben-
zoazepines was modified in order to examine the evolution
of their neurochemical and psychopharmacological pro-
files.

Their ability to interact with dopaminergic (D; and Dy),
serotonergic (5-HT3:), and muscarinic (M) receptors,
frequently remarked in the action mechanisms of anti-
psychotic drugs, was evaluated. Compounds werestudied
using the antagonism of apomorphine-mediated stereotypy
test to evaluate their in vivo dopaminergic potential. An
open-field test in rats and a complex operant-conditioning
schedule in dogs, successfully developed in previousstudies
to reveal a neuroleptic profile3® and to discriminate
between acutely® or chronically® administered typical
and atypical antipsychotic drugs, were used to test the
new synthesized pyridobenzodiazepine analogues.35

Chemistry

The modifications of the tricyclic structure were de-
liberately limited. For instance, the N-methylpiperazine
side chain was retained in all molecules, whereas the lateral
benzene rings were alternatively replaced by a pyridine,
which determined the preparation of two series of
derivatives: N-methylpiperazinopyrido[1,4]- and -pyrido-
[1,5]benzodiazepines (Table I).

The diazepine compounds (8-13, 16, and 19) were
generally prepared from lactams (23a-23f, 24, and 25) by
a modified Fryer amidine synthesis.3 The diazepinones
were obtained by different synthetic pathways which are
summarized below.

Table II. Pyridonitrobenzamides and Pyridoanthranilamides

NH. CO,
Roun s T o o
2™¢l N0y 2 2™l NHj

(21a-211) (22a-221)

R, R, formula anal mp,°C % yield
2la H H CigHgCIN3Os C,H,N 152 85
21b 65C1 H C2H:C1oNgOs C,H,N 190 75
2le 4-Cl H CigH,CIbNgOs C,H, N 193 70
21d 5-F H Ci2H,CIFNgO; C,H,N 149 80
2le 5-CH; H CisHy3oCINgO3; C,H,N 155 77
21f H 5-CH; C;sH;oCIN;sOs C,H,N 169 80
22a H H CleloClNao C, H, N 176 86
22b 5C1 H CigHoCbtNsO C,H,N 194 85
22¢ 4-Cl1 H CigHoCbNsO C,H,N 195 75
22d 5-F H CigHoCIFNsO C,H,N 168 85
22¢ 5-CH; H CisHisCIN§O C,H,N 188 75
22f H §5-CHy CjsHy;;CINgO C,H N 174 80

11 H-Pyrido[2,3-b]{1,4]benzodiazepine Derivatives.
The preparation of these rings has been widely investigated
in pirenzepine chemistry.37-40

Nitrobenzamide derivatives 21a-21f (Table II) were
prepared by the reaction of the appropriate 2-nitrobenzoic
acid chloride with 3-amino-2-chloropyridine (method A)
(Scheme I). The different nitrobenzoic acids were com-
mercially available except for the 5-fluoro-2-nitro analogue,
which was synthesized according to the Slothouwer
method.4! The nitro group was reduced using an acidic
stannous chloride mixture (method B) to give anthranil-
amide analogues 22a-22f (Table II). The closure achieved
bynucleophilicsubstitution at the 2’-position upon heating
in diethylene glycol monomethyl ether (DEGMME)
(method C) produced the lactam derivatives 23a-23f in
appreciable yields (Table 1II). The diazepinones were
heated with an excess of N-methylpiperazine and titanium
tetrachloride (method D), in refluxing toluene, to give the
N-methylpiperazinopyrido[2,3-b][1,4]benzodiazepines 8-13
(Table I).

11 H-Pyrido[2,3-b]- and 5H-Pyrido[4,3-b][1,5]ben-
zodiazepine Derivatives. Twocompounds of this series
were prepared (Scheme II) from the benzodiazepinones
24 and 25, synthesized according to the method of
Hoffmann and Faure.#2 Excess of N-methylpiperazine,
titanium tetrachloride, and 24 or 25 in refluxing toluene
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Scheme I*
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(8.13) 12,23¢ : Ry= 8.CHy , Ry =H
13,231 : Ry= H . Ry = 3.CH;

¢ Key: (a) dioxane, pyridine; (b) SnCly, HC]; (¢) DEGMME, At;
(d) NMP, TiCl, toluene. NMP: N-methylpiperazine.

Table II1. Pyrido(2,3-b]1[1,41benzodiazepinones
5 6

4 NH-CO 7
8
3 —
nz4-= R
1 11 10
(23a.231)
R, R, formula anal mp,°C % yield
28a H H C12HgN3O C,H,N 283 60
23b 8-Cl H Ci2HsCINsO C,H,N 296 84
23¢ 9-Cl H CisHsCINsO C,H,N >350 68
23d &-F H CisHsFNsO C,H,N 270 80
23¢ 8-CH; H CisHuN;O C,H,N 2568 65
23f H 3-CH; C;sHy;1N3O C,H,N 264 66
Scheme II=
NMP
NH-CQ Ne=s
Q I\Y Method E \ /
[ Y
NH )2 a N H
{24.25) {16,19)

Ay

¢ Key: (a) NMP, TiCL, toluene; (b) HCOOH, (CH3CO)20. 24, 16,
17: X=N,Y=CH. 25,19,20: X=CH,Y=N.

(method E) gave the N-methylpiperazino-11H-pyrido[2,3-
b]- (16) and -5H-pyrido[4,3-b][1,5]benzodiazepines (19)
(Table I). (16) was previously described by Chakrabarti
et al.!4 as an inactive compound mainly on account of its
weak D, affinity. 4-Chloronicotinic acid was synthesized
according to the method of Taylor and Crovetti,*® as
modified by Delarge.44
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Scheme III*
(26,27)
NO, QOOH  Method G NO; 3 5
t + _a-> t 2 6
c NH-.R TII
R CO-0H
b Method H
{30.31)
/I{Hz Method 1 NO;
I ————
N . — U '
R CO-0CH; R CO-OCH;
(28,29)
d l Method J
NMP
N==

(15.18)

o Key: (a) KoCOs, 2-propanol, At; (b) CH,Ng; (¢) 10% Pd/C, H,
EtOAc, 50 psi; (d) NMP, anisole, TiCl,. 26,28,30,15: X =N, Y=
CH,R =CH;. 27,29,31,18: X=CH,Y=N,R=H.

Table IV, Pyridonitro Acids and Pyridonitro Esters

oLQ COR

R CO-OH R CO-0CH3
(26,27) (28,29)
X Y R formula anal mp,°C % yield
26 N CH CH; CysH;)NsOy C,H, N 174 70
27 CH N H Ci2HgNsO, C,H,N 288 66
28 N CH CH; C,H;sN;O, C,H,N 71 96
29 CH N H CisH; N3O, C,H,N 180 70

11-Formylpyrido[2,3-b][1,4]benzodiazepines, 11-
Formylpyrido[2,3-b]{1,5]benzodiazepines, and 5-
Formylpyrido[4,3-b][1,5]benzodiazepines. Surpris-
ingly, it was not possible to obtain the 11-N-alkyl analogues
using a reductive acylation procedure.4®* However, the
acylation of some diazepines (8, 16, 19) using a formic
acid/acetic anhydride mixture (Scheme II, method F)
provided N-formyl analogues 14,17, and 20 (T'able I). The
structure of 17 was confirmed by X-ray crystallography.4

11-Methylpyrido{2,3-b][1,4]benzodiazepines and 5H-
pyrido[4,3-b][1,4]benzodiazepines. The 11-methyl de-
rivative 15 was prepared following the method illustrated
in Scheme III. The appropriate orthohalogenonitropy-
ridine reacted with N-methylanthranilic acid in the
presence of potassium carbonate, in refluxing 2-propanol
(method G), to provide the N-methyl-N-(8-nitro-2-py-
ridinyl)anthranilic acid (26) (Table IV). Esterification
by diazomethane provided 28 (method H). Thenitrogroup
was then hydrogenated by using 10% Pd/C as catalyst in
ethyl acetate to give methyl N-methyl-N-(3-amino-2-
pyridinyl)anthranilate (30) (method I). The reaction of
the crude amino ester with an excess of N-methylpiperazine
and titanium tetrachloride in a refluxing toluene—anisole
mixture furnished the corresponding diazepine 15 (method
J). 18 was prepared following the same synthetic pathway.
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Table V. Neurochemical Data: Binding Affinities and Ratio Values and Pharmacological Data of

(N-Methylpiperazino)pyridobenzodiazepines and Reference Compounds

apomorp_hine
Dy Dy 5-HTye Mo 5HTyDs DyMb  DyDp  _ ontagonism’

8 36.52 24.00 1.24 6.65 1.270 0.880 0.968 0
9 1.18 21.4 0.062 0.65 1.183 0.964 1.039 75
10 10.20 2.14 0.48 3.66 1.222 0.930 1.066 70
11 15.50 8.77 1.24 415 1.189 0.911 0.942 55
12 5.30 3.98 0.94 0.48 1.120 0.857 0.980 75
13 2.97 11.35 1.03 5.23 1.070 1.040 1.098 NT
14 1000 479 187 3.11 1.432 0.614 1.432 0
15 271 60.2 29 175 1.212 0.676 0.875 0
16 19.66 7.26 1.03 3.03 1.224 0.876 0.930 0
17 1000 302 71.2 34.15 1.287 0.731 0.885 0
18 39.7 136 8.37 4,30 1.126 0.848 1.109 NT
19 442 3.02 0.29 32.6 1.186 1.167 0.974 45
20 239 30.2 20.53 34.5 1.232 0.846 0.837 0
clozapine (1) 0.45 115 0.038 0.25 1.146 0.966 1.058 0 I*
isoclozapine (4) 0.13 0.28 0.018 0.21 1.108 1.029 1.046 NT 1.7
clothiapine (5) 0.044 0.14 0.006 1.36 1.105 1.215 1.064 100 0.72+
isoclothiapine (6) 0.30 2.40 0.041 0.056 1.114 0.905 1.136 NT I*
fluperlapine (7) 1.33 141 0.038 0.25 1.222 0.961 1.004 NT
chlorpromazine (2) 0.0201 0.35 0.033 0.607 0.975 1.205 1.168 NT 2.6%
haloperidol (3) 0.0088 0.76 0.234 7466 0.842 1.766 1.272 100 0.14*

¢ K; [10-" M1. ® From -log K;. ¢ % inhibition, by 20 mg/kg (s.c.) of drug except for compound 9 (10 mg/kg, s.c.), 1 h after apomorphine
administration (2.5 mg/kg, 8.c.). NT = not tested. * from ref 12, EDy in mg/kg, s.c., I = inactive.

Results and Discussion?’

According to the literature, the known pyridine ana-
logues of clozapine appear to be weaker antidopaminergic
agents.1448-49 Nevertheless, this characteristic may con-
stitute an interesting possibility for the development of
new atypical antipsychotics?450 since a high D affinity
also appears to be responsible for EPS.

The newly synthesized drugs were tested in vitro for
their ability to interact with the aforementioned receptors
(D1, D3, M, 5-HT,) (Table V) and were compared with
relevant reference compounds (chlorpromazine, haloperi-
dol, clozapine, isoclozapine (4), clothiapine (5), iso-
clothiapine (6), fluperlapine (7)). Moreover, different

,CH3 ,CHj3
Q\ Q\
isoclozapine clothiapine
'CHS N’CHB

\\ S>

N=C N=C,
O GO
isoclothiapine (6) fluperiapine (7)

binding ratios, such as the 5-HT/D; binding ratio which
seemed critical for the atypical profile,13 were calculated.

(1) Evolution of Binding Affinities in the Diben-
zoazepine Series. Results obtained for reference com-
pounds including chlorpromazine and haloperidol were
consistent with literature data.l® Clozapine, fluperlapine,
and isoclothiapine were less dopaminergic than their
2-substituted analogues. Clothiapine combined a high
affinity for both 5-HT:; and D, sites and presented a
classical neuroleptic profile. For clozapine, isoclozapine,
fluperlapine, and isoclothiapine, 5-HT; receptor affinities
were similar. Tricyclic derivatives generally displayed

strong muscarinic affinities, but, while clozapine and
isoclozapine presented a similar muscarinic affinity,
isoclothiapine presented a higher one than clothiapine.

(2) Influence of the Pyridine Ring on the Neuro-
chemical Profile of the Pyrido[1,4]benzodiazepine
Analogues. It appeared that the introduction of a
pyridine ring reduced all the affinities. The presence of
substituents at the 2- or 8-position seemed crucial for
retaining at least some of these affinities. A chloro group
(9) was more favorable than a methyl (12) or a fluoro (11)
group. For these compounds, D; and D, affinities were
reduced in a similar fashion. 13, with a methyl group at
the 8-position, presented affinities similar to 12, but a
lower muscarinic affinity was observed.

In this series, a 5-substitution by an acyl or an alkyl
group (14, 15) dramatically decreased the affinity for each
receptortype. Asterichindranceratherthan anelectronic
effect appeared to be the cause since the influence of an
alkyl (15) or an acyl (14) group was similar. However, 15
retained a muscarinic potential in the same range as other
pyridobenzodiazepine analogues. This could be explained
by the fact that this compound possesses some structural
similarities with pirenzepine, a known anticholinergicdrug.
Thereplacement of the benzenic C—Cl moiety of clozapine
by a pyridine nitrogen (18) reduced dopaminergic and
serotonergic affinities more than muscarinic binding. The
influence of a substituent at this position on the muscarinic
potential has previously been noted.3! The introduction
of a pyridine nitrogen at the 6-position (8) or at the
8-position (18) produced very few differences. 18 was less
active on D) and 5-HT; receptors.

(3) Influence of the Pyridine Ring on the Neuro-
chemical Profile of the Pyrido[1,5]benzodiazepine
Analogues. In this series, pyridinic analogues also
presented fewer affinities for the receptors. 19, when
compared with 16, displayed more affinity for dopamin-
ergic and serotonergic receptors but had a lower muscarinic
potential. The substitution at the 5-position by an acyl
group (17, 20) was less favorable for dopaminergic and
serotonergic affinities in the case of 17. 19 and its 5-formyl
analogue 20 presented the same muscarinic potential. 16
and 19, when compared with their nonsubstituted ana-
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logues in the [1,4] series 8 and 18, presented greater
dopaminergic and serotonergic affinities. For muscarinic
affinities a different evolution was observed. Pyrido[2,3-
b] analogues 8 and 16 showed a similar activity while 19
was less potent than its isomer 18.

Binding affinities presented a similar evolution for at
least three receptors (D), D, and 5-HTj2). The same
structures could be implicated in ligand/receptor recog-
nition. Our observation could be related to the similarity
recently demonstrated between the interaction sites of
D;, D;, and 5-HT; receptors.’? A parameter such as
lipophilicity could influence the binding interaction. In
these series the reduction of certain affinities might be
related to a lower lipophilicity, since pyridine markedly
enhances hydrophilicity and polarity as seen with piren-
zepine.5

(4) The Binding-Ratio Hypothesis and the Atypical
Neuroleptic Profile. Although the 5-HT; system ap-
pears to be implicated in psychosis, there is no evidence
that antipsychoticaction can be mediated solely by a 5-HT
receptor blockade. Nevertheless, 5-HT; receptor antag-
onists reduce the catalepsy generated by neuroleptic
treatment.5455 The recent hypothesis!® which considers
the 5-HT,/D; ratio as a discriminant parameter for the
classification of typical and atypical neuroleptics could
constitute a criterion for the selection of new antipsychotic
drugs. The appropriate combination of a 5-HT2 and a D;
antagonism apparently results in promising clinical prop-
erties which could not be achieved by existing neuroleptic
medications in monotherapy.5-58

In our study the different reference compounds showed
5-HTy/D; ratio values which agreed with those found by
Meltzer et al.1? (Table V). For chlorpromazine, haloperi-
dol, isoclozapine, and clothiapine, considered as typical
neuroleptics, the values wereinferiorto 1.12. For clozapine
and fluperlapine, the ratio was superior to 1.12. Iso-
clothiapine was borderline. According to thiscritical ratio
value most of our derivatives could be considered as
atypical drugs.

The D, affinity also seems relevant for the achievement
of the atypical profile.5% It is conceivable that with
clozapine and other mixed D,/D3 antagonists, the synergy
known to exist between D; and D; receptors®! might allow
an antipsychotic response to be achieved below the
threshold for extrapyramidal effects; however, the hy-
pothesis of a Dy/D; binding ratio explaining the atypical
neuroleptic profile has been contradicted.!362 Dyo/D, ratios
were presented as being less discriminant than 5-HT2/D;
values.13 Our results (Table V) tended to confirm this
conclusion since the calculated Dy/D,; pK; values occured
in the same range for both typical and atypical reference
compounds, while they were more markedly differentiated
by the 5-HT9/D; and Dy/M values.

In agreement with the dopamine/acetylcholine balance,
although no significant correlation between these inter-
actions was reported, typical antipsychotic drugs such as
chlorpromazine and haloperidol presented a higher Do/M
ratio than atypical compounds and many pyridobenzo-
diazepine derivatives. Some compounds such as 9, 12,
and 19, which showed a weak activity in the apomorphine-
antagonism test, were characterized by a value more related
to those of typical neuroleptic drugs. This fact could
reinforce the role of the dopamine/acetylcholine hypothesis
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in the atypical neuroleptic profile, but, as mentioned above,
5-HT; antagonism might also reduce the effects of the Dy
blockade.

(5) In Vivo Pharmacological Studies. It is well
known that one of the biggest problems in studying
neuroleptics is the lack of a simple and adequate animal
model capable of revealing the antipsychotic profile of
drugs as well as discriminating between typical and atypical
properties. In our study we used different in vivo models
to test the newly synthesized pyridobenzodiazepine
derivatives: apomorphine-mediated stereotypy antago-
nism (rat), open-field (rat), and a temporal conditioning
schedule (dog). While the first two models are well-known
pharmacological tests, the third is a newly-developed
procedure which has been shown to be very effective not
only in differentiating several classes of psychotropic drugs
(barbiturates, benzodiazepines, neuroleptics, etc.) butalso
in discriminating between typical and atypical neuroleptic
drugs.33,34

As with clozapine,!? very few of tested, mainly substi-
tuted, compounds inhibited apomorphine-mediated ste-
reotypy in rats (Table V). We found that 9 (10 mg/kg, sc)
and 1012 and 19 (20 mg/kg, sc) decreased apomorphine-
induced stereotypy by a maximum of 75% of the saline-
group value while haloperidol (0.6 mg/kg, sc) completely
eliminated it. Logically, as is the case for clozapine, these
analogues should present a low tendency to induce EPS.

Some of our compounds, tested in behavioral models
such as the open-field test in rats®® or a temporal
conditioning schedule in dogs,33-% revealed an interesting
clozapine-like profile while retaining most of the behavioral
characteristics previously described for antipsychotic
drugs.3%% Inthisprocedure our molecules, like neuroleptic
drugs, decreased both total and correct response rates,
produced incomplete responses, and disturbed the tem-
poral distribution of response durations by inducing both
shortened and delayed responses.

In the open-field test, 9 (2 mg/kg, ip) and 12 (8 mg/kg,
ip), like classical neuroleptics at very low doses, signifi-
cantly increased the total ambulation score3® probably due
to apredominant presynaptic D, antagonism.8¢ At higher
doses (16 and 24 mg/kg, ip), 9 and 12 decreased the
ambulation score while haloperidol completely suppressed
locomotion. However, 16, like clozapine (up to 24 mg/kg,
ip), did not significantly modify the total ambulation
score.%3

In the operant conditioning schedule in dogs, 16 showed
ahigh degree of similarity with clozapine. Like clozapine,
it did not induce catalepsy and stereotypy/hyperkinesia.3®
Moreover, other motor effects observed with clozapine
were reduced (ataxia, akinesia, dystony), and tremor and
sialorrhea were completely absent. Although 9 and 12
presented atypical neuroleptic profile in acute treatment,’®
a pilot study with 9, using a repeated-administration
design, revealed a clozapine-like profile.

Conclusion

Clozapine and derivatives possess many receptor binding
sites, and the clinical or pharmacological profile could be
the result of several interactions such as 5-HTs/Dg, Do/M,
etc. acting in synergy.

The proposed modulations of dibenzodiazepine ana-
logues lead to very promising new compounds. Although
the binding affinities Dy, Dy, 5-HT2, and M were reduced
for all compounds, many pyridobenzodiazepine derivatives
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could be classified with atypical antipsychotic drugs
according to the 5-HT5/D; ratio hypothesis.l®* Moreover,
some compounds (9, 12, 16, etc.) tested in behavioral
models3%3 presented, even in acute treatment, an anti-
psychotic potential with a high degree of similarity with
clozapine. For comparable doses some side effects, well-
known for clozapine (sialorrhea, tremor, and sedation),
were either completely absent or strongly reduced with
these derivatives. From thisexploratorystudy, and taking
into account a recent pharmacological hypothesis widely
developed by Meltzer et al.,!3 we conclude that, despite
decreasing dopaminergic affinity even in the 2-substituted
dibenzoazepine series, an interesting neuroleptic profile
could be retained.

Experimental Section

Melting points were determined with a T'ottoli (Buchi) melting
point apparatus in open capillary tubes and are uncorrected. All
compounds were characterized by physical methods using IR
(Perkin-Elmer model 297 spectrophotometer) and 'H-NMR
(Bruker AW 80 spectrometer with Me,Si as the internal standard).
Column chromatography was carried out using Kieselgel 60, 230
400 mesh (Merck). Microanalyses were performed in house (Carlo
Erba CHNS-O EA1108 elemental analyzer) and were within
£0.4% of the theoretical values.

Method A. N-(2-Chloro-3-pyridinyl)-5-methyl-2-nitroben-
zamide (21e). A mixture of 5-methyl-2-nitrobenzoic acid (0.01
mol) and SOCl; (25 mL) containing 2 drops of DMF was heated
to reflux to obtain a pale yellow solution. Excess SOCl; was
removed under reduced pressure and the residue dissolved in
dioxane (30 mL). This solution was added dropwise to a well-
stirred solution of 3-amino-2-chloropyridine (0.01 mol) and
pyridine (0.01 mol) in dioxane (50 mL). After 30 min, the mixture
was diluted to 400 mL with water. The product was then collected
by filtration, washed with water, and dried at room temperature
under reduced pressure. The product could be recrystallized
from 2-propanol: yield 77%; mp 155 °C; IR (KBr) 1667, 1587,
1517, 1454, 1413, 1352, 1316, 850 cm-1; ['H] NMR (CDCly) 6 8.75
(dd, HC(6"), 8.15 (dd, HC(4")), 7.9-7.4 (m, benzene), 7.3 (dd,
HC(5"), 2.5 (s, CHg-). Anal. (C,sH,;,CIN;Os) C, H, N.

Method B. N-(2-Chloro-3-pyridinyl)-2-amino-5-methyl-
benzamide (22e). To a solution of (21e) (0.01 mol) in HC1 (25
mL) was added stannous chloride (0.05 mol) in HC1 (20 mL)
dropwise at 50-60 °C. The solution was then heated to 100 °C
for 15 min, cooled, and filtered to give a pale yellow crystalline
solid, which was dissolved in water (300 mL). The solution was
made basic with 2 N NaOH and extracted with CHCl; (5 X 150
mL). The CHCl; extract was dried over anhydrous magnesium
sulfate and concentrated at room temperature under reduced
pressure in the presence of petroleum ether (100-140 °C) (100
mL) until crystallization. The product was collected by filtration,
washed with petroleum ether (4060 °C), and dried at room
temperature under reduced pressure: yield 75%; mp 188 °C; IR
(KBr) 1650, 1595, 1577, 1510, 1397, 1298, 1258, 1212, 805 cm™;
['H] NMR (CDCly) é 8.3 (dd, HC(6"), 8.1 (dd, HC(4"), 7.35 (d,
HC(6)), 7.3 (dd, HC(5")), 7 (dd, HC(4)), 6.65 (d, HC(3)), 5.95 (s,
NHQ), 2.15 (s, CHs-). Anal. (ClaHnCleo) C, H, N.

Method C. 5,11-Dihydro-8-methyl-6 H-pyrido[2,3-b][1.4]}-
benzodiazepin-6-one (23e). 22e (0.01 mol) in DEGMME (25
mL) was stirred for 2-3 h at 130 °C until the completion of the
reaction (TLC monitoring, EtOAc). The mixture was then cooled
at0°C, and the crystals were collected by filtration, washed with
MeOH, and dried at room temperature under reduced pressure:
yield 65%; mp 250 °C; IR (KBr) 1664, 1574, 1503, 1438, 1377,
815, 735 cm-!; [YH] NMR § 9.9 (broad s, HNCO), 8.02-7.9 (m,
3H), 7.59 (8, HC(7)), 7.3-6.9 (m, 3H), 2.26 (s, CHs-). Anal.
(ClsHlleo) Cy Hy N.

Method D. 8-Methyl-6-(4-methyl-1-piperazinyl)-11 H-py-
rido[2,3- b][1,4]benzodiazepine (12). Toa mixture of 0.01 mol
of 23e, N-methylpiperazine (10 mL, 0.09 mol), and anhydrous
toluene (20 mL) was added a solution of titanium tetrachloride
(1.2 mL) in anisole (5 mL) dropwise. The mixture was heated
to reflux for 2-3 h, cooled, treated with 2-propanol (10 mL),
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ammonia (3 mL), and Kieselgel 60 (5 g), stirred, and filtered. The
solid was washed with CHCl;. The combined organic layers were
extracted with 2 N HCI (4 X 200 mL), which was made basic with
30% aqueous ammonia solution and extracted with CHCl; (4 X
150 mL). The organic layer, dried over magnesium sulfate, was
evaporated under reduced pressure. The residue was recrys-
tallized from 15% CH;Cly/hexane mixture to give yellow crys-
tals: yield 65%; mp 157 °C; IR (KBr) 1612, 1585, 1561, 1496,
1424, 1307 cm-!; ['H] NMR (CDCly) é 7.68 (dd, HC(2)), 7.22 (d,
HC(10)),6.98 (s and dd, HC(7) and HC(4)), 6.75 (dd, HC(3), 6.70
(d, HC(9)), 5.90 (s, HN), 3.42 (t,-CH;CH3-), 2.41 (t,-CH,CH>-),
2.20 (s, CHg-), 2.15 (s, CH3-). Anal. (Cy3HzNs) C, H, N.

Method E. 5-(4-Methyl-1-piperazinyl)-11H-pyrido[2,3-b]-
[1,56]benzodiazepine (16). The method described above or in
the literature!* was applied to each isomer (16 and 19).

Method F. General Method for the Preparation of
N-Formyl Derivatives. 11-Formyl-6-(4-methyl-1-piperazi-
nyl)-11 H-pyrido[2,3-b][1,4]benzodiazepine (14). Formicacid
(99%, 7T mL) was added dropwise to cooled acetic anhydride (15
mL). The mixture was heated at 50 °C for 15 min and then
cooled to 0 °C. 8 (0.02 mol) was added and the solution stirred
at room temperature overnight. The mixture was then poured
onto ice-water (100 g), made basic with 30% aqueous ammonia
solution, and extracted with CH,Cl; (4 X 150 mL). The organic
layers were dried over magnesium sulfate and evaporated under
reduced pressure. The residue recrystallized from hexane gave
pale yellow crystals: yield 85%; mp 202 °C; IR (KBr) 1688, 1593,
1557,1423,1298, 818 cm-1; ['H] NMR (CDCly) 68.67 (8, HC=0),
7.95 (dd, HC(2)), 7.5-7.15 (m, HC(4) and benzene), 7.09 (dd,
HC(3)), 3.5 (m, -CH;,CH4-), 2.38 (m, -CH;CH,~), 2.22 (s, CHg-).
Anal- (ClBHlDNSO) Cy Hy N-

Method G. N-Methyl-N-(3-nitro-2-pyridinyl)anthranilic
Acid (26). 2-Chloro-3-nitropyridine (0.02 mol) and N-methyl-
anthranilicacid (0.01 mol) were dissolved in anhydrous 2-propanol
(50mL). Anhydrous potassium carbonate (0.02 mol) was added
and the mixture heated to reflux for 24 h. The solvant was
removed under reduced pressure, and the residue, dissolved in
water (250 mL), was clarified with Norit. After cooling, the pH
was adjusted and the separated product was collected by filtration,
washed with water, and dried at room temperature: yield 70%;
mp 174 °C; IR (KBr) 1687, 1593, 1516, 1408, 1338, 848cm™; ['H]
NMR (CDCly) 5 12.5 (s, H(OC=0)), 8.38 (dd, HC(6")), 7.95 (dd,
HC4"), 7.75~7.1 (m, benzene), 6.85 (dd, HC(5"), 3.45 (s, CHg-).
Anal. (C,sH,;N;0) C, H, N.

Method H. Methyl N-Methyl-N-(3-nitro-2-pyridinyl)-

anthranilate (28). To a solution of 26 (0.05 mol) in anhydrous
diethyl ether (300 mL) was added a solution of diazomethane
(decomposition of nitrosomethylurea (4 g) in 10% ice-cold
aqueous NaOH solution and extraction with diethyl ether)
dropwise until the completion of the reaction (TLC monitoring,
EtOAc—Pet (7:3)). The yellow solution of nitro ester was then
washed with a 10% aqueous NaHCOj; solution, dried over
magnesium sulfate, filtered, and evaporated under reduced
pressure to give a yellow solid which could be recrystallized from
petroleum ether (100-140 °C): yield 95%; mp 71 °C; IR (KBr)
1720, 1592, 1555, 1404, 1328, 848 cm-!; ['H] NMR (CDCly) 6 8.4
(dd, HC(6"), 7.95 (dd, HC(4")), 7.7-7.1 (m, benzene), 6.85 (dd,
HCI£I5’)), 3.45 (s, CHy-), 3.35 (s, CHs-). Anal. (C,(H;sN30,y) C,
H, N.
Method 1. Methyl N-Methyl-N-(3-amino-2-pyridinyl)-
anthranilate (30). To a solution of 28 (0.01 mol) in ethanol
(100 mL) was added a slurry of 10% palladium on charcoal
catalyst (0.76 g) in ethanol (20 mL). The suspension was
hydrogenated on a Parr apparatus at room temperature to a
pressure of 50 psi until the required amount of hydrogen was
taken up. The suspension was filtered and evaporated under
reduced pressure to give a pale brown oil, which was used without
any purification in the next step.

Method J. 11-Methyl-6-(4-methyl-1-piperazinyl)-11 H-
pyrido[2,3- b][1,4]benzodiazepine (15). Crude 30 wasdissolved
in anisole (50 mL) and N-methylpiperazine (20 mL, 0.18 mol).
A solution of titanium tetrachloride (5 mL) in anisole (10 mL)
was added dropwise. The mixture was heated at reflux under
nitrogen overnight and cooled, 2-propanol (10 mL), 30 % aqueous
ammonia solution (10 mL), and silica gel (2 g) were added, and
the resulting mixture was stirred and then filtered. The solid
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was washed with hot CHCl; (250 mL), and the combined organic
layers were extracted by 2 N HC1 (4 X 200 mL). Clarified with
Norit, the aqueous solution was then made basic with 30%
aqueous ammonia solution and extracted with CHCl; (4 X 200
mL), which was dried over magnesium sulfate and concentrated
under reduced pressure. The residue was purified by column
chromatography on Kieselgel 60 using 15 % petroleum ether (40—
60 °C)/acetone as eluent to give a pale yellow solid. The product
was recrystallized from 10% CHClz/hexane: yield 50%; mp 146
°C; IR (KBr) 1600, 1558, 1494, 1427, 1298, 800 cm-!; ['H] NMR
(CDCly) 6 8.75 (dd, HC(2)), 8.15 (dd, HC(4)), 7.25-6.85 (m, HC-
(3)) and benzene), 3.45 (t, -CH,CHy-), 3.2 (s, CHy-), 2.43 (m,
—CH,CHy-), 2.25 (s, CHg-). Anal. (C,sHz;Ns) C, H, N.

Radioligand Binding Study. Experiments on receptor
preparations were performed following classical methods pre-
viously described: D,,%%D,,85-HT;,8and M.® Specificbinding
was defined as the difference between total and nonspecific
binding (with and without [*H]drug). K| values were calculated
according to the Cheng-Prusoff equation:™ K; = ICs/(1 + L/Ky)
with L the concentration and Ky the apparent dissociation
constant of the [3H] ligand obtained from Scatchard analysis of
saturation experiments. Each K| value was determined at least
in duplicate with nine concentrations of the drug in triplicate.
The pK; (-log K;) values were used in the calculation of binding
ratios.

Apomorphine Antagonism Test in the Rat. Experiments
were performed following the classical method previously de-
scribed.”

Open Field in the Rat. Experiments were performed
following the classical method previously described.83#¢

Temporal Regulation Schedule in the Dog. Experiments
were performed following the previously described method.3*-3%

Acknowledgment. We are grateful to Therabel Re-
search and the FNRS for their financial support and to
Sandoz Ltd (Basel, Switzerland) and Dr. Hyttel (Lund-
beck, Denmark) for their respective gifts of dibenzoazepine
analogues and cis-flupentixol. The technical assistance
of M. O. Inarejos, M. L. Pirard, V. Bourdon, G. Houbeau,
and P. Neven is gratefully acknowledged.

References

(1) Delay, J.; Deniker, P. Psychophysiological Characteristics of
Neuroleptic Drugs. Psychotropic drugs; Elsevier: Amsterdam,
1967; pp 458-501.

(2) Gross, H.; Langner, E. Effect Profile of a Chemically New Broad
Spectrum Neuroleptic of the Diazo-diazepine Group. Wien Med.
Wochenschr. 1966, 116, 814-816.

(3) DeMaio,D. Clozapine, a Novel Tranquilizer. Arzneim.Forschung
1972, 22, 919.

4) Balley,P Barnes, P.; Rosengren-Keith, B.; Loew, D. M.; Moeglen,

Wormaer, P. In Leponex/Clozanl Products Clatms and
Eu;dem:e, Ward, B., Ed.; Ware: UK, 1990; pp 1-72.

(5) Kane, J.; Homgfeld G Smger, Js Meltzer, H. Clozapine for the
Treatment-Resistant Schzzophremc A Double Blind Comparison
with Chlorpromazine. Arch. Gen. Psychiatry 1988, 45, 789-796.

(6) Crow, T. J. Positive and Negative Schizophrenia Symptoms and
the Role of Dopamine. Br. J. Psychiatry 1980, 137, 383-386.

(7) Haller, E.; Binder, R. L. Clozapine and Seizures. Am.J. Psychiatry
1990, 147, 1069-1071.

(8 Copp,P.J.;Lament,R.; Tennent, T. G. Amitriptyline in Clozapine-
Induced Sialorrhea. Br. J. Psychiatry 1991, 159, 166.

(9) Lieberman, J. A.; Johns, C. A.; Kane, J. M.; Rai, K.; Pisciotta, A.
V.; Saltz, B. L.; Howard, A. Clozapine-Induced Agranulocytosxs
Non-Cross Reactmty with other Psychotropic Drugs. J. Clin.
Psychiatry 1988, 49, 271-277.

(10) Grohmann, R.; Schmidt, L. G.; Spieb-Kiefer, C.; Rither, E
Agranulocytosis and Significant Leucopenia with Neuroleptic
Drugs: Results from the AMUP Program. Psychopharmacology
1989, 99, S109-S112.

(11) Pisciotta, A. V. Drug Induced anulocytosis Peripheral De-
struction of Polymorphonuclear Leukocytes and their Marrow
Precursors. Blood Rev. 1990, 4, 226-237.

(12) Buarki, H.R.; Sayer, A. C,; Ruch W ; Asper, H. Effects of Clozapine
and other D: 1benzo-Epmes on Centra.l Dopaminergic and Cholinergic
Systems. Structure-Activity Relationships. Arzneim. Forsch.
(Drug Res.) 1977, 27, 1561-1565.

(13) Meltzer, H. Y.; Matsubara, S.; Lee, J. C. Classification of Typical
and Atypical Antxpsychotxc Drugs on the Basis of Dopamine D-1,
12)-2 a2n4% Serotonin; pK; Values. J. Pharm. Exp. Ther. 1989, 251,

38—

Journal of Medicinal Chemistry, 1993, Vol. 36, No. 15 2113

(14) Chakrabarti, J. K.; Hotten, T. M.; Pullar, I. A.; Steggles, D. J.
Synthesis and Pharmacological Evaluation of CNS Activities of
[1,2,3]1Triazolo[4,5-b1[1,6]-, Imidazolo[4,6-b][1,5]-, and Pyrido-
[2,3-b][1,6]benzodiazepines. 10-Piperazinyl-4H-1,2,3-triazolo[4,5-
b1[1,51benzodiazepines with Neuroleptic Activity. J. Med. Chem.
1989, 32, 2375-2381.

(15) Chakrabarti, J. K.; Hotten, T. M.; Pullar, I. A.; Tye, N. C. Synthesis
and Pha.rmacologxcal Evaluation of a Series of 4-Piperazinylpyra-
zolo[3,4-b]- and -[4,3-b][1,6)benzodiazepines as Potential Anxi-
olytics. J. Med. Chem. 1989, 32, 2573-2582.

(16) Haubrich, D. R.; Wang, P. F. L.; Herman, R. L.; Glody, D. E.
Acetylcholine Synthesis in Rat Brain: Dissimilar Effects of
Clozapine and Chlorpromazine. Life Sci. 1978, 17, 739-748.

(17) Pollak, P.; Gaio, J. M. The Extrapyramidal Side Effects of
Psychotropic Drugs. Rapport de Neurologie, Congrés de Psy-
chiatrie et de Neurologie de Langue Frangaise LXXXIIéme
session; Masson: Luxembourg, 1984.

(18) Leysen, J. E.; Niemegeers, C. J. E.; Tollenaere, J. P.; Laduron, P.
Serotonergic Component of Neuroleptic Receptors. Nature 1978,
272, 168-1171.

(19) Glennon, R. A. Central Serotonin Receptors as Targets for Drug
Research. J. Med. Chem. 1987, 30, 1-12.

(20) Saller,C.F.;Czupryna, M. J.; Salama, A.1.5-HT3Receptor Blockade
by ICI 169,369 and other 5-HT; Antagonists Modulates the Effects
of D-2 Dopamine Receptor Blockade. J. Pharm. Exp. Ther. 1990,
253, 1162-1170.

(21) Watling, K. J.; Beer, M. S.; Stanton, J. A.; Newberry, N. R.
Interaction of the Atypical Neuroleptic Clozapine with 5-HTj3
Receptors in the Cerebral Cortex and Superior Cervical Ganglion
of the Rat. Eur. J. Pharmacol. 1990, 182, 465-472.

(22) Canton, H.; Verridle, L.; Colpaert, F. C. Binding of Typical and
Atypical Antipsychotics to 5-HT), and 5-HT; Sites: Clozapine
Potently Interacts with 5-HT). Sites. Eur. J. Pharmacol. 1990,
191, 93-96.

(23) Van Tol, H. H. M,; Bunzow, J. R.; Guan, H. C.; Sunahara, R. K;
Seeman, P.; Niznik, H. B.; Civelli, O. Cloning of the Gene for a
Human Dopamine Dy Receptor with High Affinity for the Anti-
psychotic Clozapine. Nature 1991, 350, 610-614.

(24) Deutch, A. Y.; Moghaddam, B.; Inms R. B,; Krystal, J. H,;
AghaJaman,G K.; Bunney, B. S.; Chamey, D. S Mechanisms of
Action of Atyplcal Antlpsychotnc Drugs. Implication for Novel
Therapeutic Strategies for Schizophrenia. Schizophr. Res. 1991,
4, 121-158.

(25) Pugsley, T. A.; Coughenour, L. L.; Myers, S. L.; Shih, Y. H,;
Courtland, G. G.; Berghoff, W.; Stewart, S. F. CI-943, a Potential
Antipsychotic Agent. II. Neurochemical Effects. J. Pharmacol.
Exp. Ther. 1989, 251, 113-122,

(26) Press, J. B.; Hofmann, C. M.; Eudy, N. H.; Fanshawe, W. J,; Day,
L. P.; Greenblatt, E. N.; Safir, S. R. 10-(Alkylamino)-4H-thieno-
[3,4-b][1,5]benzodiazepines. A Novel Class of Potential Neuro-
leptic Agents. J. Med. Chem. 1979, 22, 725-731.

(27) Chakrabarti,J.K.; Horsman, L.; Hotten, T. M.; Pullar,I. A.; Tupper,
D. E.; Wright, F. C. 4-Piperazinyl-10H-thieno[2,3-b][1,5]1benzo-
diazepines as Potential Neuroleptics. J. Med. Chem. 1980, 23,
8768-884.

(28) Hunzicker, F.; Fischer, R.; Kipfer, P.; Schmutz, J.; Burki, H. R,;
Eichenberger, E.; White, T. G. Neuroleptic Piperazinyl Derivatives
of 10H-Thieno[3,2-c]1[1]benzazepines and 4H-Thieno[2,3-¢][1]-
benzazepines. Eur. J. Med. Chem. 1981, 16, 391-398.

(29) Press, J. B.; Hofmann, C. M.; Eudy, N. H,; Day, L P.; Greenblatt,
E. N,; Safir, S. R. Thiophene systems. 5. Thieno[3,4-b][1,5]-
benzoxazepines, Thieno[3,4-b][1,6]benzothiazepines, and Thieno-
[3,4-b][1,4]1benzodiazepines as Potential Central Nervous System
Agents. J. Med. Chem. 1981, 24, 154-159.

(30) Chakrabarti, J. K.; Hotten, T. M.; Morgan, S. E.; Pullar, I. A,;
Rackham, D. M.; Risius, F. C.; Wedley, S.; Chaney, M. O.; Jones,
N. D. Effects on Conformationally Restricted 4-Piperazinyl-10H-
thienobenzodiazepine Neuroleptics on Central Dopaminergic and
Cholinergic Systems. J. Med. Chem. 1982, 25, 1133-1140.

(31) Rupard, J. H.; de Paulis, T.; Janowsky, A.; Smith, H. E. Sterically
Hindered 5,11-Dicarbo Analogues of Clozapine as Potential Chiral
Antipsychotic Agents. J. Med. Chem. 1989, 32, 2261-2268,

(32) Davis, D. A.; de Paulis, T.; Janowsky, A.; Smith, H. E. Chloro-
Substituted, Sterically Hindered 5,11-Dicarbo Analogues of Cloz-
apine as Potential Chiral Antipsychotic Agents. J. Med. Chem.
1990, 33, 809-814.

(33) Bruhwyler, J.; Chleide, E. Comparative Study of the Behavioural,
Neurophysiological, and Motor Effects of Psychotropic Drugs in
the Dog. Biol. Psychiatry 1990, 27, 1264-1278.

(34) Bruhwyler, J.; Chleide, E.; Houbeau, G.; Waegeneer, N.; Mercier,
M. Differentiation of Haloperidol and Clozapine using a Complex
Opersant S8c9hedule in the Dog. Pharmacol. Biochem. Behav. 1993,
44, 181-189.

(35) Bruhwyler, J.; Liégeois, J.-F.; Chleide, E.; Rogister, F.; Damas, J.;
Delarge, J.; Mercier, M. Comparative Study of Typical Neuroleptics,
Clozapine and New Synthesized Clozapine-Analogues: Correlations
between Neurochemistry and Behaviour. Behav. Pharmacol.1992,
3, 567-579.



2114 Journal of Medicinal Chemistry, 1993, Vol. 36, No. 15

(36) Fryer, R. L; Earley, J. V.; Field, G. F.; Zally, W.; Sternbach, L. H.
A Synthesis of Amidines from Cyclic Amides. J. Org. Chem. 1969,
34, 1143-1145.

(37) Thomae, K. French 5,6-Dihydro-6-0x0-11H-pyrido[2,3-
b][1,41benzodiazepine Derivatives. Patent 1.531.328 1963.

(38) Kovac, T.; Oklobdzija, M.; Comisso, G.; Decorte, E.; Fajdiga, T.;
Moimas, F.; Angeli, C.; Zonno, F.; Toso, R.; Sunjic, V. New Synthesis
of 11-Acyl-5,11-dihydro-6H-pyrido[2,3-b][1,4]benzodiazepin-6-
ones and Related Studies. J. Heterocycl. Chem. 1983, 20, 1339—

1349.

(39) Oklobdzija, M.; Comisso, G.; Decorte, E.; Fajdiga, T.; Gratton, G.;
Moimas, F.; Toso, R.; Sunjic, V. Novel Synthesis of 5,11-Dihydro-
6H-pyrido[2,3-b][1,4]benzodiazepin-6-ones and Related Studies.
J. Heterocycl. Chem. 1983, 20, 1329-1334.

(40) Engel, W. W_; Eberlein, W. G.; Mhim, G.; Hammer, R.; Trummlitz,
G. Tricyclic Compounds as Selective Muscarinic Receptor Antag-
onists. 3. Structure—Selectivity Relationships in a Series of
Cardioselective (M) Antimuscarinics. J. Med. Chem. 1989, 32,
1718-1724.

(41) Slothouwer, M. J. H. Three Fluorobenzoic Acids and their Nitration.
Rec. Trav. Chim. Pays-Bas 1914, 33, 324-342.

(42) Hoffmann, C.; Faure, A. Reactions of 2-Chloronicotinic Acid (I)
Condensations with Aromatic Amines. Bull. Soc. Chim. France
1966, 196, 2316-2319.

(43) Taylor, E. C., Jr.; Crovetti, A. J. Pyridine-1-Oxides. II. A New
Synthesis of Ricinine. J. Am. Chem. Soc. 1956, 78, 214-217.

(44) Delarge, J. Synthesis of Some Mercaptopyridinecarboxylic Acids.
J. Pharm. Belg. 1967, 257-263.

(45) Gribble, G. W.; Heald, P. W. Reactions of Sodium Borohydride in
Acidic Media; III. Reduction and Alkylation of Quinoline and
Isoquinoline with Carboxylic Acids. Synthesis 1975, 6560-652.

(46) Dupont, L.; Englebert, S.; Dideberg, O.; Liégeois, J-F.; Delarge, J.
Structures of 11-Formyl-5-(4-methylpiperazin-1-yl)-11H-pyrido[2,3-
b1[1,61benzodiazepine and 6-(4-Methylpiperazine-1-yl)-11-methyl-
11H-pyrido[2,3-b][1,4]1benzodiazepine. Acta Crystallogr. 1991,
C47, 2690-2693.

(47) Inthissection, the numerotation of the dibenzodiazepine ring will
bl«:rapplied to each tricyclic system for reason of commodity and
clarity.

(48) Bartl, V.; Metysova, J.; Protiva, M. Neurotropic and Psychotropic
Agents. LXI. Derivatives of 6-Piperazinobenzo[b]pyrido[3,2-f1-
thiepin. Collect. Czech. Chem. Commun. 1978, 38, 1693-1699.

(49) Bartl, V.; Metysova, J.; Protiva, M. Neurotropic and Psychotropic

Agents. LXV. 8-Chloro and 8-Isopropyl-6-piperazinobenzo[b]-

pyrido[3,2-flthiepin. Collect. Czech. Chem. Commun. 1978, 38,

2778-2781.

Tricklebank, M. D.; Bristow, L. J.; Hutson, P. H. Alternative

Approaches to the Discovery of Novel Antipsychotic Agents. In

Progress in Drug Research. Fortschritte der Arzneimittel For-

schung; Ersnst, J., Ed.; Birkhduser Verlag: Basel, Boston, Berlin,

1992; Vol. 38, pp 299-336.

(51) Baldessarini, R. J.; Frankenburg, F. R. Clozapine. A Novel
Antipsychotic Agent. New Engl. J. Med. 1991, 324, 746-754.

(62) Hibert, M.; Trumpp-Kallmeyer, S.; Hoflack, J.; Bruinvels, A. 3D
Models of G Protein-Coupled Receptors: Complexes with Dopa-
mine, Serotonin, Noradrenaline and Acetylcholine. Symposium
Receptorssignal transduction and drug design; Antwerp (Belgium),
1991

(53) Eberlein, W. G.; Trummlitz, G.; Engel, W. W.; Schmidt, G.; Pélzer,
H.; Mayer, N. Tricyclic Coinpounds as Selective Antimuscarinics.
1. Structural Requirements for Selectivity toward the Muscarinic
Acetylcholine Receptor in a Series of Pirenzepine and Imipramine
Analogues. J. Med. Chem. 1987, 30, 1378-1382.

(50

~

Liégeois et al.

(54) Waldmeier, P. C.; Delini-Stula, A. A. Serotonin-Dopamine Inter-

gcgifgs in the Nigrostriatal System. Eur. J. Pharmacol. 1979, 55,
63-373.

(55) Altar, C. A; Boyar, W. C.; Wasley, A.; Gerhardt, S. C,; Liebman,
J. M.; Wood, P. L. Dopamine Neurochemical Profile of Atypical
Antipsychotics Resembles that of D, Antagonists. Naunyn-
Schmied. Arch. Pharmacol. 1988, 338, 162-168.

(56) Leysen, J. E.; Gommeren, W.; Eens, A.; De Chaffoy de Courcelles,
D.; Stoof, J. C.; Janssen, P. A. J. Biochemical Profile of Risperidone,
a Igew Antipsychotic. J. Pharmacol. Exp. Ther. 1988, 247, 661-
670.

(87) Mesotten, F.; Suy, E.; Pietquin, M.; Burton, P.; Heylen, S.; Gelders,
Y. Therapeutic Effect and Safety of Increasing Doses of Risperidone
(R64766) in Psychotic Patients. Psychopharmacology 1989, 99,
445-449.

(58) Peuskens, J.; Claus, A.; DeCuyper, H.; Bollen, J.; Eneman, W.;
Wilms, G. Risperidone: A New Approach in the Treatment of
Schizophrenia. Abstr. VIII World Congress Psychiat., Athens,
Greece; Excerpta Medica International Congress Series 899;
Elsevier: Amsterdam, 1989; p 347.

(59) Farde, L.; Wiesel, F. A.; Nordstrém, A.-L.; Sedvall, G. D1- and
D2-Dopamine Receptor Occupancy During Treatment with Con-
ventional and Atypical Neuroleptics. Psychopharmacology 1989,
99, S28-S31.

(60) Imperato, A.; Angelucci, L. The Effects of Clozapine and Fluper-
lapine on the In Vivo Release and Metabolism of dopamine in the
Striatum and in the Prefrontal Cortex of Freely Moving Rats.
Psychopharmacol. Bull. 1989, 25, 383-389.

(61) Strange, P. G. D1/D2 Dopamine Receptor Interaction at the
Biochemical Level. Trends Pharmacol. Sci. 1991, 12, 48-49.

(62) Criswell, H. E;; Mueller, R. A.; Breese, G. A. Clozapine Antagonism
of D and D; Dopamine Receptor-Mediated Behaviors. Eur. J.
Pharmacol. 1989, 159, 141-147.

(63) Bruhwyler, J.; Chleide, E.; Liégeois, J.-F.; Delarge, J.; Mercier, M.
Anxiolytic Potential of Sulpiride, Clozapine and Derivatives in the
Open-Field Test. Pharmacol. Biochem. Behav. 1990, 36, 57-61.

(64) Bruhwyler, J.; Chleide, E.; Liégeois, J.-F.; Delarge, J.; Mercier, M.
Effects of specific dopaminergic agonists and antagonists in the
open-field test. Pharmacol. Biochem. Behav. 1991, 39, 367-371.

(65) Billard, W.; Ruperto, V.; Crosby, G.; Iorio, L. C.; Barnett, A.
Characterization of the Binding of 3H-SCH 23390, a Selective D-1
Receptor Antagonist Ligand, in Rat Striatum. Life Sci. 1984, 35,
1885-1893.

(66) Faedda,G.; Kula, N.S.; Baldessarini, R.J. Pharmacology of Binding
of 3H-SCH 23390 to D-1 Dopaminergic Receptor Sitesin Rat Striatal
Tissue. Biochem. Pharmacol. 1989, 38, 473-480.

(67) Tecott, L. H.; Kwong, L. L.; Uhr, S; Peroutka, S. J. Differential
Modulation of Dopamine D2 Receptors by Chronic Haloperidol,
Nitrendipine, and Pimozide. Biol. Psychiatry1986,21,1114-1122,

(68) Leysen, J. E.; Niemegeers, C. J. E.; Van Nueten, J. M.; Laduron,
P. [®H]Ketanserin (R41468), a Selective 3H-Ligand for Serotonin,
Receptor Binding Sites. Binding Properties, Brain Distribution,
and Functional Role. Molec. Pharmacol. 1982, 21, 301-314.

(69) Yamamura, H. L.; Snyder, S. H. Muscarinic Cholinergic Binding
in Rat Brain. Proc. Natl. Acad. Sci. U.S.A. 1974, 71, 1725-1729.

(70) Cheng, Y.-C.; Prusoff, W. H. Relationship Between the Inhibition
Constant (K)) and the Concentration of Inhibitor which Causes 50
per Cent Inhibition (I) of an Enzymatic Reaction. Biochem.
Pharmacol. 1973, 22, 3099-3108.

(71) Janssen, P. A. J.; Niemegeers, C. J. C.; Jagenau, A. H. M.
Apomorphine-antagonism in rats. Arzneim. Forsch. (Drug Res.)
1960, 10, 1008-1006.



