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wherein Rl is B, halogen, @r Gy _n alicyl RZ is helogen, CFs,
% R is H, or halogen R? is-Turyl, thienyl, pyridzl, o
ring aystema -consisting of phenyl ortho condeased with a
benzen, cyclohexan, cyclohexen, cyclopentan or cyclopeatcn
ring in which rings one of the carbor atoms may be exchanged
with oxygen, sulpbur or nitrogen, and each of these ring ‘
systoms optionally are substituted with halogen, hydroxy or
(see page 2)
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stituted 7-hydroxy-2,3,4,5-tetrahydro-1H-3- be \ggéﬁfg
which are useful prodrugs for treatment of mengjikgﬁédﬁ rs
As used in this specification the term "prodrug" is defined
as a derivative of a biologically active compound, which
derivative, when absorbed into the blood stream of animals
and humans, decomposes in such manner as to release the ac-
tive substance and permits the latter to attain a higher
bioavailability than that which would be obtained if the
active substance, per se, was administered perorally. Thus,
the active substance can be administered without problems

This invention relates to novel carbamic acidt@sth§ c&oigg-;
N il ,
.

intravenously; however, peroral administration is usually
preferred for obvious reasons. Peroral administration of
the active substance is often unsatisfactory, és it is de-
composed in the gastrointestinal tract and during the first
pass through the liver; but peroral administration of the
prodrug has both the advantage of an easy administration
and a high bioavailability.

Applicant's European patent application No. 86303001 des-
cribes 2,3,4,5-tetrahydro-1H-3-benzazepines useful in the
treatment of mental disorders. If administered intravenously,
these benzazepines are very useful in the treatment of men-
tal disorders, as described in the European patent applica-
tion; however, if administered orally they suffer from the
disadvantage that very large doses have to be given in or-
der to obtain the wanted effect.

Thus, a need exists for a measure, by means of which the
benzazepines described in European patent application No.
86303001 can be administered orally in much smaller doses
and yet generate the wanted effect.

Now, according to the invention it has been found that a
selected category of the benzazepines described in Europeaﬁ
patent application No. 86303001, i.e. the category carrying
a (phenolic) hydroxy group at the position No. 7 in the
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benzazepine nucleus (corresponding to the case of R3 being
hydroxy in the terminology of the European patent applica-
tion) can be converted to useful prodrugs, if certain select-
ed carbamic acid esters are formed of the members belonging
to this selected category of benzazepines.

Thus, the carbamic acid esters of susbtituted 7-hydroxy-

2,3,4,5-tetrahydro-1H-3-benzazepines according to the inven-

tion have the general formula I

(1)

wherein Rl is H, halogen, or Cl_4 alkyl
R2 is halogen, CF3, CN

R4 is H, or halogen

R5 is furyl, thienyl, pyridyl, or ring systems
consisting of phenyl ortho condensed with a benzen, cyclo-
hexan, cyclohexen, cyclopentan or cyclopenten ring in which
rings one of the carbon atoms may be exchanged with oxygen,
sulphur or nitrogen, and each of these ring systems option-
ally are substituted with halogen, hydroxy or alkoxy with

or not more than 4 carbon atoms,

R6 is H or CH3

R’ is H or C;_, alkyl

R8 is H, alkyl, aralkyl, cycloalkyl, or aryl
9 8

R” is H, or R9 together with R- form a

piperidino, pyrrolidinyl, morpholino, or piperazinyl ring
or a ring with the formula

N

OR
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or R° can be alkyl or alkoxycarbonyl with the formula

0
) Booms azet 1T

11
where R is H, CH3, (CH3)2CH, CHZCH(CH3)2,

-CH - CH2 - CH3, -CH2 - CH2 - S - CH3,

-CH, @

and R13 is H, alkyl, cycloalkyl, aralkyl, or a 2-acetamide
group with the formula

//R15
CH, - C - N
2
0 \\
R14

15
where R is H, CH3, C2H5, C3H8, or CH(CH3)2, and

14
R is H, CH3, C2H5, C,H

aHg or CH(CH3)2 ’

and pharmaceutical—acceptable salts thereof.
In a preferred embodiement of the esters according to the

invention R1 represents hydrogen. Such esters are easily

synthesized.

“In a preferred embodiment of the esters according to the in-

vention R2 is halogen, preferably chloro or fluoro. The cor-
responding parent substance exhibits a very high affinity

to the receptor.
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In a preferred embodiment of the esters according to the in-
vention R4 is hydrogen. Such esters are easily synthesized.

In a preferred embodiment of the esters according to the in-
vention R5 is phenyl ortho condensed with a benzen, cyclo-
hexan, cyclohexen, cyclopentan or cyclopenten ring which may
be substituted with halogen, hydroxy or methoxy. Due to the
big and lipophile R5 mojieties the pharmacological effect is

very potent.

In a preferred embodiment of the esters according to the in-
vention R5 is benzofuranyl or 2,3-dihydrobenzo-furanyl. Due
to the big and lipophile R5 moieties the pharmacological

effect is very potent.

In a preferred embodiment of the esters according to the in-
vention R5 is benzothienyl or 2,3-dihydrobenzothienyl. Due
to the big and lipophile Rs moieties the pharmacological
effect is very potent.

In a preferred embodiment of the esters according to the in-
vention R5 is furyl, thienyl or pyridyl. Due to the big and
lipophile R5 moieties the pharmacological effect is very po-
tent.

In a preferred embodiment of the esters according to the in-

5 is chromanyl or chromenyl. Due to the big and

vention R
lipophile R5 moieties the pharmacological effect is very po-

tent.

In a preferred embodiment of the esters according to the in-
vention R5 is indolyl or indolinyl. Due to the big and 1lipo-
phile R5 moieties the pharmacological effect is very potent.

In a preferred embodiment of the esters according to the in-
vention R5 is quinolinyl. Due to the big and lipophile R5
moieties the pharmacological effect is very potent.



10

15

20

25

30

35

In a preferred embodiment of the esters according to the in-
vention R6 represents hydrogen. Such esters are easily syn-
thesized.

In a preferred embodiment of the esters according to the in-
vention R7 is hydrogen, methyl, or cyclopropyl. Such esters
exhibit a potent pharmacological effect.

In a preferred embodiment of the esters according to the in-
vention RB is alkyl and Rg is H, alkyl, or alkoxy carbonyl.

In a preferred embodiment of the esters according to the in-
vention R8 and R9 together form a ring with the formula

where R13 is alkyl, preferably Cl-Cs—alkyl, or an N,N-di

(C -alkyl)2-acetamide group

//Cl—S

-C-N

I

o) C

1-5

alkyl

—CH2

l_5alky1
Also, the invention comprises a pharmaceutical composition
containing an ester of formula I according to the invention
or a salt thereof, in solid form for oral administration.
The pharmaceutical composition is usually prepared as a tab-
let or a capsule, preferably as an enteric coated tablet.
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Also, the invention comprises a use of a composition accord-
ing to the invention as a neurolepticum.

In a preferred embodiment of the use of a composition accord-
ing to the invention the use is for the treatment of schizo-

Ph:enia, other psychqsqg[_apglmanio-debressive disorders.

o

Also, the invention comprises a process for preparing esters
of formula I or salts thereof, characterized by reacting a
benzazepine compound of the general formula II

(I1)

g8 (o]
Nl
N-C-OH (II1)
/
r?

preferably the acid halide

RB 0

N\l

N-C-X (1IV)

4

R

where X is a halogen, preferably chloride,
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or with one or two isocyanates V

RB_N=C=0 and/or R2-N=C=0 (V)

whereafter (I) is isolated and if wanted converted to a
salt.

[ ’

As appears from the above, several active centers can be pre-
sent in the carbamic acid esters according to the invention.
1t is to be understood that the invention comprises both

racemates and all optical isomers.

The new compounds may be synthesized by esterification of
the 7-hydroxy-benzazepine with an active carbamic acid deri-
vative. In order to synthesize the new compounds also vari-
ous new intermediates have been synthesized according to
methods published in the 1iterature. Thus, carbamoyl chlo-
rides of N-substituted amino pro-moieties are prepared by
reacting the actual N-substituted amino compound in its base
form with phosgene in a suitable organic solvent (vide e.g.
J.Org.Chem., 51, 1986, 3494-3498), and isocyanates of unsub-
stituted amino pro-moieties are generally prepared by react-
ing the amino compound in its base form with the diphosgene
reagent trichloromethyl chloroformate (TCF, e.g. J.Org.Chem.
41, 1976, 2070-71; Oorg.Synth., 59, 1979, 195-201). The iden-
tity of these pro-moiety intermediates are confirmed by micro-
analysis, IR, and 1H NMR spectroscopy.

In European patent application No. 170 090 it is stated in
the paragraph bridging pages 4 and 5 that there is no way
to accurately predict which prodrug structure will be suit-
able for a particular drug, and that a derivative which will
work well for one drug may not do so for another, as diffe-

" rences in absorption, metabolism, distribution, and excre-

tion among drugs do not permit generalizations to be made
about prodrug design. Also, from page 34 in this European
patent application No. 170 090 it appears that different
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(but related) parent substances with the same prodrug moie-
ty exhibit widely varying relative biocavailabilities, which
confirms the above finding that there is no way to accura-
tely predict which prodrug structure will be suitable for a
particular drug, even if a similar drug is known to exhibit
a satisfactory relative bioavailability with a specific pro-

drug structure.

Thus, even if it appears from Us patent No. 4,284,555 that
a certain class of benzazepines can be esterified with car-
bamic acid esters to form prodrugs with improved relative
biocavailability, the parent substances in this invention
(the previously described subgroup of the benzazepines des-
cribed in European patent application No. 86303001) differ
significantly from the benzazepines described in US patent
No. 4,284,555, and thus there would be no accurate way to
predict which kind of prodrug structure would be suitable
for the parent substances in the invention.

The prodrug effect is measured as the ratio between the area
under the curve representing the concentration of the parent
substance in the blood stream versus time in case of oral
administration of the prodrug and the corresponding area in
case of intravenous administration of an equimolar amount

of the corresponding parent compound. In the sense of this
invention the parent compound corresponding to a certain
prodrug is a compound related to the prodrug, the only dif-
ference being that the position No. 7 in the parent compound
carries the unesterified phenolic hydroxy group only. It
has been found that mainly the parent compound is found in
the blood stream if the prodrug is administered orally.

For more detailed information in regard to prodrug defini-
tion reference can be made to A.A. Sinkula and S.H. Yalkow-
sky; J.Pharm.Sci., 64, 1975, 183-210, H. Bundgaard (ed.)

(1985), Design of Prodrugs, Elsevier, Amsterdam, E.B. Roche
(ed.) 1977, Design of Biopharmaceutical Properties through
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Prodrugs and Analogs, American Pharmaceutical Association,
wWwashington D.C.

More precisely, the prodrug effect of the biocavailability
is measured in the following manner.

The prodrug is administered perorally to a test animal and
in a total dose designated "dosep o " . The concentration of
the parent substance in the blood in mg of parent substance/-
ml of plasma is measured at regular time intervals after
administration, and a curve representing this concentration
versus time, e.g. in hours, is drawn up. The area under the
curve (AUCp o ) in (mg/ml) x minutes is calculated.
Similarly the parent substance is administered intravenous-
1y in a total dosis designated "dosei v *. A similar curve
is drawn up, and the area below this curve is similarly
AUCi.v. )

Now, the bioavailability F is calculated according to the

formula

AUCp.o./dosep.o.

F = - 100%

AUCi.v./dosei.v.

More specifically, in relation to this invention the bioavail-
ability of the prodrugs is measured in dogs.

In a cross-over study parent substance and corresponding pro-
drug are administered with an interval of one week, the pa-
rent substance as an intravenous bolus and the corresponding

prodrug as an oral solution, respectively.

By means of solid phase extraction of the plasma samples and
HPLC the plasma concentration of both parent substance and
prodrug is estimated up to 24 hours after administration.
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After the examples illustrating the synthesis of the prodrugs
findings in regard to the biocavailability of some of the ex-
emplified prodrugs and some prodrugs chemically related there-

10

to will be presented.

The invention will be further illustrated by the following

examples.
EXAMPLE 1

(+)-8—chloro-7[(N,N—dimethylamino)carbonyloxy]-5—(7—benzo—
furanyl)—2,3,4,5-tetrahydro-1H—3—methy1—3-benzazepine, HC1.

1.0 g (3.04 mmol) of the parent substance ((+)-8-chloro-
7—hydroxy—5-(7—benzofurany1)—2,3,4,5—tetrahydro—1H—3—methy1-
3-benzazepine) was dissolved in 20 ml of dry pyridine. To
this solution was added in a single operation 0.56 ml (6.08
mmol) of N,N-dimethyl carbamoyl chloride. The thus obtained
mixture was placed on an oil bath and refluxed for 24 hours.
Pyridine was evaporated in vacuo together with excess of re-
agent. The residual material was dissolved in 30.0 ml of

dry ether and precipitated with a 1.0 N HCl solution in ether.
The white precipitate was washed with 2 x 10 ml of dry ether.
Drying in the presence of P205 was performed for 24 hours

at 0.2 mm Hg.

The purity of the product in this example and in Examples
2-6 was determined by means of a HPLC method, see below.

The synthesized compound was chromatographed on a Nucleosil
RP C-18 silica support (mean particle size 5 pm) column by
means of a step gradient procedure. The eluent program was
initiated with a mixture of 25% of acetonitrile and 75% of

a 0.1M ammonium sulphate buffer of pH 3.0. By means of two
steps the acetonitrile volume fraction of the eluent was
raised to 55%. Detection of the column outflow was performed

' 7 means of UV absorbance.
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Purity according to HPLC > 98%. The product peak corresponds

to a retention time of 16.0 minutes.

l4-NMR,Sppm. (CDCl,, TMS): 2.36 3H(s); 3.00 6H(s); 2.70-
3.30 6H(m); 4.60 1H(t); 6.10 1H(s):; 6.70-7.55 6H(m);

EXAMPLE 2

(+)—8—chloro—7—[(N,N-diethylamino)carbonyloxy]-S—(7—benzo-
furanyl)—2,3,4,5—tetrahydro—1H—3—methy1—3—benzazepine, HC1.

0.5 g (1.52 mmol) of ((+)-8-chloro—7—hydroxy-5—(7—benzofura—
nyl)—2,3,4,5—tetrahydro-1H-3—methy1—3-benzazepine) was dis-
solved in 20 ml dry pyridine. To this solution was added in
one operation 0.39 ml (3.04 mmol) N,N-diethyl carbamoyl
chloride. The thus obtained mixture was placed on an oil bath
and refluxed for 24 hours. Pyridine was evaporated in vacuo
together with excess of reagent. The residual material was
dissolved in 20 ml of dry ether and precipitated with a 10%
excess of 1N HC1l solution in ether. The white precipitate

was washed with 2x10 ml of dry ether. Drying with P,0O,. was

275
performed for 24 hours at 0.2 mm Hg.

Purity according to HPLC > 98%. The product peak corresponds
to a retention time of 24.0 minutes.

1H-NMR,6§pm. (CDC13, TMS): 1.15 6H(m); 2.84 3H(s): 2.9-4.2
6H(m); 3.30 4H(m); 5.48 1lH(s); 6.30 1H(s); 6.84-7.70 6H(m);
2.9-4.2 6H(m).

EXAMPLE 3
(+)-8—chloro-7—[(N-methyl—N—ethoxycarbonyl)amino carbonyloxy]-
5-(7—benzofuranyl)—2,3,4,S—tetrahydro—1H-3—methyl—3—benzaze—

pine, HCIl.

0.98 g (3.0 mmol) of (+)-8-chloro-7-hydroxy-5-(7-benzofura-
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nyl)—2,3,4,5—tetrahydro-1H-3-methy1-3-benzazepine was dis-
solved in 10 ml dry pyridine. This solution was added drop-
wise and at room temperature to a solution of 1.5 g (9 mmol)
of N- methyl-N-chloroformyl ethyl carbamate in 5 ml of dry
pyridine. The thus obtained mixture was placed on an oil bath
and refluxed for 16 hours. Pyridine was evaporated in vacuo
together with excess of reagent. The recidual material was
dissolved in 20 ml of dry ether and precipitated with 10%
excess of 1N HCl dissolved in ether. The white precipitate
was washed twice with 10 ml of dry ether.

Purity according to HPLC > 98%. The product peak corresponds
to a retention time of 15.8 minutes.

lH-NMR,5$pm. (CDC13, T™S): 1.30 3H(t):; 2.96 3H(s); 3.28 3H(s):
4.25 2H(q); 2.9-4.2 6H(m); 5.50 1H(s); 6.30 1H(s); 6.85-7.70
6H(m) .

EXAMPLE 4 //

(+)—8-chloro—7—[(R,S)—N—(1—methoxycarbonyl—l—ethyl)amino
carbonyloxy]—5—(7—benzofurany1)—2,3,4,5—tetrahydro—1ﬂ—3—
methyl-3-benzazepine.

0.40 g (3.05 mmol) of N-carbonyl D,L alanine methyl ester

is dissolved in 5 ml acetonitrile. This solution was added
dropwise to a refluxing solution of 0.50 g (1.52 mmol) of
(+)-8—chloro—7—hydroxy—5-(7—benzofurany1)—2,3,4,5—tetra—
hydro-1H-3-methyl-3-benzazepine in 20 ml of acetonitrile,

and reflux is continued for further 8 hours. Acetonitrile

and excess of reagent was evaporated in vacuo, leaving a
yellow oil, which was easily purified by flash chromatography
on a silica column and evaporated in vacuo to a white crys-

talline compound.

"Purity according to HPLC > 98%. The product peak corresponds

to a :etention time of 14.3 minutes.

L A
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IH—NMR,Jépm. (CD4-S0-CD,, TMS): 1.25 3H(8d); 2.28 3H(s);
2.80-4.20 8H(m); 3.56 3H(s); 4.80 1H(d); 6.30 1H(s): 7.0-8.0
6H(m).

EXAMPLE 5

(+)-8—chloro-7—[(S)(2-methoxycarbony1)—1—pyrrolidiny1~carbo—
nyloxy]-5—(7—benzofurany1)—2,3,4,S—tetrahydro—1H—3—methy1-

3-benzazepine.

A solution of 0.58 g (3.05 mmol) of N-chlorocarbonyl L-pro-
l1ine methyl ester in 10 ml of dry pyridine was dropwise added
to 0.5 g (1.52 mmol) of (+)-8-chloro-7-hydroxy-5-(7-benzo-
furanyl)—2,3,4,5—tetrahydro—1H—3-methy1—3—benzazepine in

10 ml of dry pyridine. When the addition was complete, the
mixture was placed on an oil bath for 16 hours with reflux.
Pyridine and excess of reagent was evaporated in vacuo, and
the residual material was taken into 50 ml of ether, and
washed with 5% NaHCO3, saturated NaCl and HZO' The ether
phase was dried over MgSO4 and evaporated to an oil. The re-
sidual oil was purified on a silica column by means of flash
chromatography, and after vacuum evaporation of the eluent

a white crystalline compound was obtained.

Purity according to HPLC > 98%. The product peak corresponds
to a retention time of 18.5 minutes.

14-NMR, ppm. (CDCl,, TMS): 1.50-4.50 19H(m,complex); 4.80

1H(d); 6.40 1H(d); 6.80-7.70 6H(m).

EXAMPLE 6 //

(+)-8-chloro-7-(isopropylamino carbonyloxy)-5-(7-benzofuranyl)-

2,3,4,5-tetrahydro-1H-3-methyl-3-benzazepine

To a refluxing mixture of 0.5 g(1.52 mmol) of (+)-8-chloro-
7fhydroxy—5—(7-benzofurany1)—2,3,4,5-tetrahydro-1H-3—methy1—
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3-benzazepin in 20 ml acetonitrile was dropwise added 0.30

ml (3.04 mmol) isopropyl isocyanate. The mixture was refluxed
for additional 6 hours, and then the acetonitrile was removed
by evaporation in vacuo. The residual material was obtained
as analytically pure crystals from hot isopropanol.

Purity according to HPLC > 98%. The product peak corresponds
to a retention time of 17.5 minutes.

1H—NMR,f§pm. (CD4SOCD,, TMS): 1.00 6H(d); 2.20 3H(s): 2.10-

3.50 8H(m); 4.80 1H(s); 6.25 1lH(s); 6.8-7.9 6H(m).

In analogy with the preparation described in example 6 the

following compounds were synthesized:
EXAMPLE 7 ///

(+)-8-chloro-7-(allylamino carbonyloxy)-5-(7-benzofuranyl)-
2,3,4,5-tetrahydro-1H-3-methyl-3-benzazepine

1y-NMR, Sppm. (CDC1,, TMS): 2.35, 3H(s); 2.4-3.3 6H(m); 3.8

2H(t); 4.8 1H(t); 5.0-5.2 3H(m); 5.8 1H(m); 6.4 1lH(s); 6.78
1H(s); 7.05 1H(d); 7.25 2H(m); 7.55 2H(m).

EXAMPLE 8

(+)-8-chloro-7-(benzylamino carbonyloxy)-5-(7-benzofuranyl)-
2,3,4,5-tetrahydro~-1H-3-methyl-3-benzazepine

by heating to 70°C in toluene with 0.5 equiv. of N-methyl-
piperidine as catalyst.

1y-NMR,d ppm. (CDCl,, TMS): 2.3 3H(s); 2.4-3.4 6H(m); 4.85

1H(d):; 5.1-5.3 3H(m); 6.5 1H(s); 6.8 1H(s); 7.0-7.6 10H(m).
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EXAMPLE 9

(+)—8—chloro-7—(n—butylamino carbonyloxy)-s-(7-benzofurany1)-
2,3,4,S-tetrahydro-lH—S-methyl-3—benzazepine

by heating to 70°C in toluene with 0.2 equiv. of N-methylpi-

peridine as

catalyst.

1H—NMR,6§pm. (CDC13, T™S): 1.2 7H(m); 2.3 3H(s); 2.4-3.3 6H(m);
4.7 1H(d); 5.0-5.2 3H(m); 6.4 1lH(s):

7.25 2H(m);

7.6 2H(m).

EXAMPLE 10

6.8 1H(4d);

7.05 1H(4):;

(+)—8-chloro—7—(cyclohexylamino carbonyloxy)—S-(7—benzofu—

ranyl)-2,3,4,5-tetrahydro-1H-3-methy1-3-benzazepine

A

by refluxing 24 h in methylenechloride with 1 equiv. of tri-

ethylamine as catalyst.

1H-NMR,6§pm. (CDSSOCDS, T™S): 1.0-1.8 10H(m); 2.15 1H(m);

2.25 3H(s):

6.8 2H(m); 7.15 2H(m);

2.6-3.2 S5H(m);

3.7 1H(m);
7.6 2H(m).

4.6 1H(d); 6.2 1H(s):

In analogy with the preparation described in example 4 the

following compounds were synthesized:

EXAMPLE 11

(+)-8—chloro—7—[(S)—N—(1—methoxycarbonyl—phenethyl)amino

carbonyloxy]-5—(7-benzofurany1)-2,3,4,5-tetrahydro-1H—3-

methyl-3-benzazepine

ly-NMR,dppm. (CDCl,, TMS): 2.25 3H(s): 2.4-3.2 6H(m); 3.8-

4.1 4H(s,m);
7.15 2H(m);

4.55 1H(4);
7.55 2H(m).

5.1 2H(m);

6.3 1H(s):

6.75 2H(m);
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EXAMPLE 12 /////

(+)-8-chloro-7-[(S)-N-(l-methoxycarbonyl-2-methyl-butyl )amino
carbonyloxy]-5-(7-benzofuranyl)-2,3,4,5-tetrahydro-1H-3~
methyl-3-benzazepine

6H(m); 3.8-4.3 4H(s,m); 4.55 1H(d); 5.2 2H(m); 6.3 1lH(s):;
6.7 2H(m); 7.3 2H(m); 7.6 2H(m).

EXAMPLE 13

(+)-8-chloro-7-[(R,S)-N-(1l-methoxycarbonyl-3-methyl-butyl)-
amino carbonyloxy]-5-(7-benzofuranyl)-2,3,4,5-tetrahydro-
1H-3-methyl-3-benzazepine

1y-NMR,6 ppm. (CDCl,, TMS): 1.2-1.5 9H(m); 2.3 3H(s); 2.4-3.2
6H(m); 3.8-4.3 4H(s,m); 4.6 1H(d); 5.3 2H(m); 6.5 1H(s); 6.7

2H(m); 7.3 2H(m); 7.7 2H(m).

In analogy with the preparation described in example 2 the

following compounds were synthesized:

EXAMPLE 14

(+)-8-chloro-7-[(N,N-dimethylamino)carbonyloxy]-5-(2,3~-di-
hydrobenzofuran-7-y1)-2,3,4,5~-tetrahydro-1H-3-methyl-3-
benzazepine, HC1

oy

ly-NMR,Sppm. free base (CDSOCD,, TMS): 2.2 1H(t); 2.3

3H(s):; 2.85 3H(s); 3.0 3H(s):; 2.6-3.3 7H(m); 4.35 1H(4):
4.4 2H(t); 6.38 1H(s): 6.95 2H(m); 7.2 2H(m).
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EXAMPLE 15

(+)—8-chloro-7—[(N,N-diethylamino)carbonyloxy]-5—(2,3~dihy—
dro-benzofuran-?-yl)-2,3,4,S-tetrahydro—1H-3-methy1-3-ben—
zazepine, HC1l

1y-NMR,dppm. (CD4SOCDg, TMS): 1.15 6H(double €); 2.85 3H(s);
3.0-3.8 12H(m); 4.5 2H(m); 4.85 1H(d); 6.3 1H(s); 7.0 2H(m);
7.3 2H(d):

EXAMPLE 16

(+)-8-chloro-7-[(N-methyl- -N-cyclohexyl )amino carbonyloxy]-
5-(2,3-dihydro-benzofuran- -7-y1)-2,3,4,5- tetrahydro-1H-3-
methyl-3-benzazepine, HC1

by refluxing 4 h in pyridine.
1, NMR,§ppm. free base (CD,4SOCDy, TMS): 1.0-1.8 10H(m); 2.15
1H(t); 2.2 3H(s); 2.7-3.7 11H(m); 4.35 1H(d); 4.45 2H(%t):

6.35 1H(s); 6.9 2H(m); 7.2 1H(4): 7.35 1H(s).

EXAMPLE 17

(+)—8—chloro-7-[(N—methyl—N—ethyl)amino carbonyloxyl)-5-(2,3-
dihydro—benzofuran-?-yl)—2,3,4,5—tetrahydro-lH—3—methy1—3-

benzazepine, HCl
by refluxing 8 h in pyridine.

1, NMR,fbpm. free base (CD,SOCD,, TMS): 1.0-1.15 3H(double
t, after heating to 90°C it appears as one t); 2.15 1H(t);
2.25 3H(s); 2.7-3.4 12H(m); 4.4 1H(4): 4.45 2H(t); 6.35
1H(broad s); 6.9 2H(m); 7.2 2H(4).
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EXAMPLE 18

(+)-8-chloro-7-[(N-methyl-N-isopropyl)amino carbonyloxy]-5-
(2,3-dihydro-benzofuran-7-y1)-2,3,4,5-tetrahydro-1H-3-methyl-
3-benzazepine, HC1l

by refluxing 8 h in pyridine.
lH-NMR,J.;)pm. free base (CDSOCD,, TMS): 1.0-1.2 6H(double
d); 2.15 1H(t); 2.25 3H(s); 2.7-3.25 11H(m); 4.4 1H(d):

4.45 2H(t); 6.3 1H(s); 6.9 2H(m); 7.2 1H(4d); 7.4 1lH(s).

EXAMPLE 19

(+)-8-chloro-7-[(N-methyl-N-benzyl )amino carbonyloxy]-5-(2,3-
dihydro-benzofuran-7-yl1)-2,3,4,5-tetrahydro-1H-3-methyl-3-

benzazepine, HC1

1 et . .

H-NMR,d ppm. free base (CDssOCD3, TMS): 2.25 1H(t); 2.3
3H(s); 2.7-3.3 10H(m); 4.3-4.6 5H(m); 6.3 1H(d); 6.9 2H(m);

7.2-7.5 7H(m).

In analogy with the preparation described in example 5 the
following compounds were synthesized:

EXAMPLE 20

(+)-8-chloro-7-[(S)-(2~-benzyloxycarbonyl)-1-pyrrolidinyl-
carbonyloxy]-5-(2, 3-dihydro-benzofuran-7-yl1)-2,3,4,5-tetra-
hydro-1H-3-methyl-3-benzazepine

by refluxing 4 h in pyridine.
1 dJ
H-NMR,d ppm. (CD5S0CD,, TS): 1.8-2.0 3H(m); 2.2 2H(s):; 2.3

3H(s); 2.8-3.7 10H(m); 4.4-4.55 3H(m); 4.95-5.2 2H(m); 6.45
1H(d); 6.7 1H(s); 6.9 2H(m); 7.2 1H(m); 7.25-7.4 5H(m).
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EXAMPLE 21

(+)—8—chloro—7-[(R)-(Z-benzyloxycarbonyl)-l-pyrrolidinyl—
carbonyloxy]-S-(Z,3-dihydro-benzofuran—7-yl)-2,3,4,S-tetra-
hydro—lH—S—methyl-3-benzazepine

by refluxing 4 h in pyridine.
14-NMR,d ppm. (CDLSOCD,, D,0, TMS): 1.8-2.0 3H(m); 2.2 2H(s);
2.3 3H(s); 2.8-3.7 10H(m); 4.4-4.55 3H(m): 4.95-5.2 2H(m);

6.45 1H(d); 6.7 1H(s); 6.9 2H(m); 7.2 1H(m); 7.25-7.4 5H(m).

EXAMPLE 22

(+)—8—chloro—7—[(S)—(2—N,N—diethylaminocarbonyl—methyloxy-
carbonyl)—1—pyrrolidiny1-carbonyloxy]-5-(2,3-dihydro-benzo-
furan—?—yl)-2,3,4,5—tetrahydro—1H—3—methy1—3—benzazepine

by refluxing 4 h in pyridine.
1H—NMR,JEpm. (CD3SOCD3, DZO' TMS): 1.0-1.1 6H(double t, after
heating to 90°C it appears as one t); 1.9 2H(m); 2.1-2.3
6H(s,m); 2.6-3.6 13H(m); 4.3-4.55 4H(m); 4.6-4.85 2H(m):

6.35 1H(d); 6.9 2H(m); 7.2 2H(m); 7.4 1H(4).

EXAMPLE 23

(+)—8—chloro-7-[(R)-(2-N,N—diethylaminocarbonyl—methyloxy—
carbonyl)-1—pyrrolidinyl—carbonyloxy]-5—(2,3-dihydro-benzo—
furan—?—yl)-2,3,4,5-tetrahydro—1H—3-methy1-3—benzazepine

by refluxing 4 h in pyridine.

1y-nmr,dppm. (CD4SOCD,, D,0, TMS). 1.0-1.1 6H(double t,
after heating to 90°C it appears as one t); 1.9 2H(m); 2.1-
2.3 6H(s,m); 2.6-3.6 13H(m); 4.3-4.55 4H(m); 4.6-4.85 2H(m);
6.35 1H(d); 6.9 2H(m); 7.2 2H(m); 7.4 1H(4d).



10

15

20

25

30

35

20 26368

EXAMPLE 24

(+)-8-chloro-7-[(S)-(2-carboxy)-1-pyrrolidinyl-carbonyloxy]-
5-(2,3-dihydro-benzofuran-7-y1)-2,3,4,5-tetrahydro-1H-3-
methyl-3-benzazepine

113 mg (0.2 mmol) of (+)-8-chloro-7-[(S)-(2-benzyloxycarbo-
nyl)-1l-pyrrolidinyl-carbonyloxy]-5-(2,3-dihydro-benzofuran-
7-y1)-2,3,4,5-tetrahydro-1H-3-methyl-3-benzazepine (example
22) were dissolved in 20 ml tetrahydrofuran. 10 mg palladium/-
cellite (10%) was added and the suspension was hydrogenated
at room temperature and 1 atm. for 45 min. Further 20 mg of
palladium/carbon (10%) was added, and the mixture was hydro-
genated for 3 h. The catalyst was removed by filtration, and
the solvent was evaporated in vacuo. The residual material
was dissolved in a few ml of methanol/tetrahydrofuran, water
was added and the product was obtained by lyophilyzation.

1H-NMR, ppm. (CD5SOCD,, D,0, TMS): 1.8-2.0 3H(m); 2.1-2.3
1H(m); 2.25 3H(s); 2.9-4.6 22H(m); 6.45 1H(s); 6.9 2H(4d):;

7.2 1lH(broad s); 7.4 1lH(4).

EXAMPLE 25

(+)-8-chloro-7-[(R)-(2-carboxy)-1-pyrrolidinyl-carbonyloxy]-
5-(2,3~-dihydro-benzofuran-7-yl)-2,3,4,5-tetrahydro~1H-3-
methyl-3-benzazepine

The compound was prepared in analogy with the preparation des-
cribed in example 24.

14-NMR, dppm. (CD4SOCD,, H

3/ 50, T™S): 1.8-2.0 3H(m); 2.1-2.3
1H(m); 2.25 3H(s); 2.9-4.6 22H(m); 6.45 1lH(s):; 6.9 2H(d):;

7.2 1H(broad s); 7.4 1H(4d).
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In analogy with the preparation described in example 5 the

following compounds were synthesized:

EXAMPLE 26

(+)—8—chloro—7—[(S)—(N-methyl-N-(17methoxycarbony1—1-phen-\
ethyl))amino carbonyloxy]—5—(2,3-dihydro—benzofuran—7—y1)-
2,3,4,5-tetrahydro—1H—3-methy1—3—benzazepine

by refluxing 4 h in pyridine.
14-NMR,§Dpm. (CDLSOCD,, D0, TMS): 2.1-2.2 4H(s,t); 2.6-3.2
12H(m); 3.6 3H(d, after heating to 90%°c it appears as S):
4.3-4.5 3H(m); 4.8 1H(m); 6.4 1H(d, after heating to 90°C
it appears as a singlet) ; 6.85 2H(m); 7.15-7.35 7H(m).

EXAMPLE 27

(+)—8—chloro—7-[(S)-N—methyl—N—(l—N',N'-diethylaminocarbonyl-

methyloxycarbonyl*;-phenethyl)amino carbonyloxyi—S—(Z,B—
dihydro—benzofuran-?—yl)-2,3,4,5—tetrahydro-1H-3—methyl-3-
benzazepine

by refluxing 5 h in pyridine.

ly-NuR,dppm. (CD,SOCDg, TMS): 0.9-1.1 GH(double £); 2.7-5.1
26H(m); 6.1 1H(s); 6.9-7.5 SH(m).

EXAMPLE 28

(+)-8—chloro-7—[(S)—N—methyl—N—(1—methoxycarbonyl-l-ethyl)—
amino carbonyloxy]45-(2,3—dihydro—benzofuran—?—yl)—2,3,4,5—
tetrahydro—1H-3-méthyl—3—benzazepine

by refluxing 6 h in pyridine.
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1y-NMR,§ppm. (CD,SOCD,, TMS): 1.4 3H(double d); 2.2 1H(t):
2.25 3H(s); 2.7-3.3 10H(m); 3.6 3H(double s); 4.4 1H(4):
4.5 2H(t): 4.6 1H(m); 6.4 1H(A); 6.9 2H(m): 7.2 1H(d): 7.4
1H(d).

EXAMPLE 29

(+)-8-chloro-7—[N-methyl-N-(benzyloxycarbonyl-methyl)amino
carbonyloxy]—s—(2,3—dihydro—benzofuran—?—yl)—2,3,4,5—tetra—
hydro-1H—3—methy1-3—benzazepine

1y-xur  ppm. (CD4SOCD,, TMS): 2.1 1H(t); 2.15 3H(s); 2.7-3.4
9H(m); 4.1-4.3 2H(4, after heating to 90°c it appears as a
singlet); 4.4 1H(t); 4.5 2H(t); 5.15 2H(m); 6:4 1H(d)’ 6.85
2H(m); 7.15 1H(t); 7.35 6H(m).

EXAMPLE 30

(+)—8-chloro-7-[N-methyl—N-(methoxycarbonyl—methyl)amino
carbonyloxy]-5—(2,3—dihydrobenzofuran—7—y1)—2,3,4,5—tetra—
hydro-1H-3—methyl-3-benzazepine

1y-NMR,d ppm. (CD,SOCD,, TMS): 2.2 1H(t); 2.3 3H(s): 2.8-3.3
10H(m): 3.65 3H(d); 4.15 2H(d); 4.4 1H(t); 4.5 2H(%); 6.4

1H(d); 6.9 2H(m); 7.2 1H(d); 7.4 1H(4).

EXAMPLE 31

(+)—8-chloro—7—[(R,s)—N—methyl—N—(l-methoxycarbonyl—1—ethy1)—
amino carbonyloxy]—s-(2,3-dihydro-benzofuran-?-yl)—2,3,4,5—
tetrahydro-1H—3-methyl—3—benzazepine

by refluxing 6 h in pyrididne.
1 ed
H-NMR,0 ppm. (CD3SOCD3, T™S): 1.4 3H(double d); 2.2 1H(t);

2.3 3H(s); 2.8-3.4 10H(m); 3.6 3H(t); 4.4 1H(4): 4.5 2H(t);
4.6 1H(m); 6.4 1H(d):; 6.9 2H(m); 7.2 1H(d); 7.4 1H(4).
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EXAMPLE 32

(+)-8—chloro-7-[(N-methyl—N-carboxymethyl)amino carbonyloxyl-
5-(2,3—dihydro-benzofuran-?-yl)-2,3,4,5—tetrahydro-1H-3—
methyl-3-benzazepine, HCl

The compound was prepared in analogy with the preparation
described in example 26 by hydrogenation for 10 h using

the hydrochloride salt of (+)-8-chloro—7-[N—methyl—N—(benzyl—
oxycarbonyl-methyl)amino carbonyloxy]-5-(2,3~-dihydro-benzo-
furan-?-yl)—2,3,4,5—tetrahydro—1H—3—methy1—3-benzazepine

14-NMR,§ ppm. (CD4SOCDy, TMS): 2.75 3H(s); 2.8-3.0 3H(2s):
3.1-3.6 8H(m); 3.9-4.1 2H(2s); 4.5 2H(m); 4.8 1H(s); 6.35

1H(s); 6.9 2H(d); 7.3 1H(d): 7.5 1H(4).

EXAMPLE 33

Tablets are prepared by methods known to professionals skill-
ed in the art, the composition of each tablet being:

Formulation, tablets mg/tablet
Benzazepine 50
Lactose 120
Avicel (PH 101) 40
Kollidon K25 5
Talcum

Magnesium stearate 1
Tablet weight 220

The bioavailability of the prodrugs described in Examples
1-32, measured in mongrel dogs in accordance with the previ-
ously indicated method, are presented in the below indicated
table.
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Absolute bicavailability, F (%)

Example No. R5 R8 Rg F (%)
\
Example 1 —CH3 &\ —CH3 //) 20
'\\\\ .-/////
o)
Example 4 / -H ' -CH——C-OCH, 40
CH, o/
e
CH3
Example 6 / -H - CH 15
CH3
0
Example 7 V/, -H —CHZ—CH?CH2 24
0
Example B8 / -H -CH2-<i:::> 5
' 0
Example 10 / -H 4<::j> 6
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ABSTRACT

Compounds having the formula

(1)

wherein Rl is H, halogen, or C1—4 alkyl
R2 is halogen, CF3, CN
R4 is H, or halogen

R™ is furyl, thienyl, pyridyl, or ring systems
consisting of phenyl ortho condensed with a benzen, cyclo-
hexan, cyclohexen, cyclopentan or cyclopenten ring in which
rings one of the carbon atoms may be exchanged with oxygen,
sulphur or nitrogen, and each of these ring systems option-
ally are substituted with halogen, hydroxy or alkoxy with

or not more than 4 carbon atoms,

R6 is H/or CH3

R7 is H or Cl_4 alkyl

R8 is H, alkyl, aralkyl, cycloalkyl, or aryl
9

R™ is H, or R9 together with R8 form a

piperidino, pyrrolidinyl, morpholino, or piperazinyl ring
or a ring with the formula ‘
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or R9 can be alkyl or alkoxycarbonyl with the formula
5
GQ v
, o N
(CHR19 _ @ _ OR13 AN o
n

11

where R is H, CH (CH3)2CH, CHZCH(CH3)2,

3’

-CH - CH2 - CH3, -CH2 —_CH2 - S - CH3,

CH3

-CH, @
13

and R is H, alkyl, cycloalkyl, aralkyl, or a 2-acetamide
group with the formula

15
CH2 - % - N
R14
where R15 is H, CH C,H C,.H or CH(CH,) and
’ 3’7 Y25 738 372’
R14 is H, CH C,H C.H, or CH(CH,)
! 3’7 Y25 38 3’2 *

and pharmaceutical-acceptable salts thereof.

The compounds are useful as prodrugs for compounds active

for the treatment of mental disorders.
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