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ABSTRACT

The present invention relates to pyrrolo(3,4-

blquinoline derivatives of the general formula I

CH,0

in which

X represents an oxygen atom or a sulfur atom.
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NOVEL PYRROLO(3,4-B)QUINOLINE DERIVATIVES, PROCESS FOR
PREPARING THEM AND THEIR USE AS MEDICINAL PRODUCTS

The present invention relates to novel
5 pyrrolo[3,4-blgquinoline derivatives of general formula
I:

CH,0

10 in which
X represents an oxygen atom or a sulfur atom,

: oo represents a group of formula:

15

R; represents a lower alkyl radical containing
from one to three carbon atoms, a lower cycloalkyl
radical containing from three to six carbon atoms or R
represents a lower alkyl radical linked tc R; to form a

20 6-atom ring containing 0, 1 or 2 unsaturations,

R, R;, Ry and Rs represent, independently of
each other, a hydrogen atom, a lower alkyl group
containing from one to three carbon atoms, a lower
cycloalkyl group containing from three to six carbon

25 atoms or a phenyl group, the corresponding racemic



10

15

20

25

30

35

-2 -

mixtures, as well as the pure enantiomers thereof or
mixtures thereof in all proportions and the
pharmaceutically acceptable salts thereof.

The term “lower alkyl” means linear or branched
C;-C3; alkyl residues chosen more particularly from
methyl, ethyl, n-propyl, isopropyl and cyclopropyl
groups.

When the derivatives comprise at least one
asymmetric carbon, the present invention relates to the
corresponding racemic mixtures, as well as to the pure
enantiomers thereof or mixtures thereof in all
proportions.

The therapeutically acceptable salts of the
derivatives according to the invention are common
organic or inorganic salts of the art, the
hydrochlorides, tosylates, mesylates and citrates, as
well as solvates such as the hydrates or hemihydrates
of the compounds of general formula I.

The present invention more particularly relates
to the derivatives of general formula I for which X
preferably represents an oxygen atom or a sulfur atom.

Preferentially, R; advantageously represents a
lower alkyl radical, optionally linked to R, to form a
6-atom ring, or a methyl, ethyl, n-propyl, isopropyl or
cyclopropyl group.

Various pyrrologquinoline derivatives have been
described in the prior art as synthetic intermediates
by:

I. Pendrak, R. Winttrock, W.D. Kingsbury, J.
Org. Chem, Vol. 60, No. 9, 1995, pages 2912-2915.
T. Sugasowa, T. Toyoda, K. Saskura, Tetrahedron. Lett,
No. 50, pages 5109-5112; J.M.D. Fortunak,
A.R. Mastrocola, M. Mellinger, J.L. Wood, Tetrahedron.
Lett; Vol. 35, No. 32, pages 5763-5764; D.P. Curran,
H. Liu, H. Josien, Tetrahedron Lett, Vol. 52, No. 35,
pages 11385-11404; J.M.D. Fortunak, A.R. Mastrocola,
M. Mellinger, N.J. Sisti, J.L. Wood, Z.P. Zhung
Tetrahedron. Lett; Vol. 37, No. 32, pages 5683-5686;
D.L. Comins, J.K. Saha, J. Org. Chem, Vol. 61, No. 26,
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pages 9623-9624; A.I. Meyers et al., J. Org. Chem,
Vol. 38, No. 8, 1993; S. Danishefsky, R. Volkmann,
S.B. Horwitz, Tetrahedron Lett, ©No. 27, 1973, pages
2521, 2524; G. Stork, A.G. Schultz, J. Am. Chem. Soc,
vol. 93, No. 16, 1971; J.H. Rigby, D.M. Danca
Tetrahedron Lett, Vol. 38, No. 28, 1997, pages 4969,
4972; M. Kitajima, S. Mosomoto, H. Takayama, N. Aimi,
Tetrahedron. Lett, Vol. 38, No. 24, 1997, pages 4255-
4258; M. Boch, T. Korth, J.M. Nelke, D. Pike,
H. Radunz, Chem. Ber, 105, 1992, pages 2126-2142;
M. Naoko, S. Takumchi, K. Yoshinori, S. Tako, Synlett,
1997, pages 298-300; J.M.D. Fortunak, A.R. Mastrocola,
M. Mellinger, N.J. Sisti, J.L. Wood, Z.P. Zhung
Tetrahedron. Lett; Vol. 37, No. 32, pages 5679-5682;
I. Pendrak, R. Winttrock, W.D. Kingsbury, J. Org.
Chem., Vol. 60, No. 9, 1995, pages 2912-2815;
J. Warneke, E. Winterfeldt, Chem. Ber, 105, 1972, pages
2120-2125.

T. Yaegashi et al. (CA. 157128, 960307) ;
S. Sawada et al. (EP 296612, 881228) ;
B.R. Vishnuvajjala et al. (US 4943579, 900724) ;
H. Akimoto et al. (EP 556585, 930825); E. Bombardelli
et al. (EP 685481, 851206) and E. Bombardelli,

L. Verotta (PCT INT Appl. WO 97 43, 290) have disclosed
pyrrologuinoline derivatives which have therapeutic
activity, although this activity is not hypnotic or
sedative activity.

The present invention relates to the
pyrrolo[3,4-blgquinoline derivatives of general formula
I as defined above.

The derivatives of general formula I, for which
X represents an oxygen atom, can be obtained directly

by oxidizing the compounds of general formula II



CH,0

for which R; and A are defined above, with

oxygen in the presence of a base such as sodium hydride
5 or potassium tert-butoxide, or with a periodate.

The sulfur analogs of general formula I (X = S)
are obtained from the corresponding oxygen derivatives
of formula I (X = 0) by the action of Lawesson’s
reagent, or by the action of phosphorus pentasulfide.

10 The examples which follow of preparations of

derivatives according to the invention illustrate the

present invention.
Examples of derivatives of general formula I,

for which:
15 A) X represents an oxygen atom
and

represents a group of f?4
A formula > <
RS

- when R; and Ry each represent a hydrogen atom,

are given in Table I below

20
Example -R;
1 -CH,;
2 - (CH;) ,-CH;
3
Table T

- when R; and R; are linked to form a ring

corresponding to formula III



are given in Table II below

Example -Rsg
4 -CH,-CHj;
5

Table II

B) X represents an oxygen or sulfur atom,
and
L represents a divalent RoRg
::>___A‘ radical of formula __+“4““R4
R,
10
- when R3;, Ry and Rs each represent a hydrogen

atom and R; represents a methyl radical

are given in Table III below

15

Example

N

n {0 X
|
m

8 0 -CH,
Table III
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- when R:; and R; are 1linked to form a ring
corresponding to formula IV, R; represents a hydrogen

atom and X represents an oxygen atom

are given in Table IV below

Example R, -Rs
9 H -CH,-CHj
10 -CH,-CH; ~CH>-CHs;

Table IV



5

10

15

20

25

-7 -

EXAMPLE 1
Formula: C;sHi14N20; M = 270.28 g.mol’l
Structure:
O
o o
Pd
H,C D=4
N CH:
H

CH,

2-acetyl-7-methoxy-3-methylene-9-oxo0-1,3,4,9-
tetrahydropyrrolo[3,4-blJquinoline

Preparation:
NaH (1.5 eqg; 60% suspension in o0il) is added to

a solution of 1l-methylene-2-acetyl-6-methoxy-1,2,3,4-
tetrahydro-p-carboline (1 g; 3.9 mmel) in DMF (5 ml).
The mixture 1is stirred under an oxygen atmosphere
overnight. The DMF is then distilled off under reduced
pressure. The crude product is washed successively with
ethyl acetate, methanol and then ether. After drying,
2-acetyl-7-methoxy-3-methylene-9-o0ox0-1,3,4,9-
tetrahydropyrrolo(3,4-blJquinoline is obtained.

'H NMR: MeOH-d,: 2.30 (s, 3H, CH;CO-Nb); 3.89 (s, 3H,
CH30); 4.87 (s, 2H, CH,-Nb); 5.69 (s, 1lH, vinyl H); 6.03
(s, 1H, vinyl H); 7.14 (dd, 1H, J; = 9 Hz, J; = 3 Hz, H-
6); 7.68 (m, 2H, H-5 and H-8); 8.53 (broad s, 1lH, NH).
Mass spectrum:

m/z: 270 (M"), 228 (100), 213, 199, 184, 155



5

10

15

20

25

30

-8 -

EXAMPLE 2

Formula: Cj;7H1gN.03 M = 298.34 g.mol™?
Structure:

O

-0 O
e | ~-<_\
N
H CH CH,

2

2-butyryl-7-methoxy-3-methylene-9-oxo-1,3,4,9-
tetrahydropyrrolo[3,4-blgquinoline

Preparation:

NaH (1.5 eq; 60% suspension in oil) is added to
a solution of 1l-methylene-2-butyryl-6-methoxy-1,2,3,4-
tetrahydro-f-carboline (160 mg; 0.6 mmol) in  DMF
(3 ml). The mixture is stirred under an oxygen
atmosphere for 6 hours. The DMF is then distilled off
under reduced pressure. The crude product is washed
several times with ethyl acetate. After filtration and
drying, 2-butyryl-7-methoxy-3-methylene-9-oxc-1,3,4,9-
tetrahydropyrrolo[3,4-blquinoline is obtained (yield =
40%) .
'H NMR: MeOH-d4: 0.9 and 1.0 (2t, 3H, J = 7.2 Hz, CHj3);
1.6 and 1.8 (2q, 2H, J = 7.2 Hz, CHyCH3); 2.1 and 2.5
(2t, 2H, J = 7.2 Hz, COCHCH); 3.89 (s, 3H, OCH;); 4.87
(s, 2H, H-1); 5.68 (s, 1H, vinyl H); 6.07 (s, 1H, vinyl
H); 7.14 (44, 1H, J; = 9 Hz, J, = 3 Hz, H-6); 7.42 (4,
14, J = 3 Hz, H-8); 7.68 (4, J = 9 Hz, H-5); 8.52
(broad s, 1H, NH).
Mass spectrum:
m/z: 298 (M'), 228 (100), 213, 199, 184
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EXAMPLE 3
Formula: Ci7Hi16N203 M = 296.32 g.mol'1

Structure:

H,C |

2-cyclopropylcarbonyl-7-methoxy-3-methylene-9-oxo-
1,3,4,9-tetrahydropyrrolo(3,4-bJgquinoline

Preparation:

NaH (1.2 eq; 60% suspension in oil) is added to
a solution of l-methylene-2-cyclopropylcarbonyl-6-
methoxy-1, 2,3, 4-tetrahydro-f-carboline (500 mg;
1.7 mmol) in DMF (5 ml). The mixture is stirred under
an oxygen atmosphere for 48 hours, further NaH (1.1 eq)
is then added and stirring is continued overnight. The
DMF is then distilled off under reduced pressure. The
crude product is taken up 1n water and then filtered
off. Saturated NHyCl solution is added to the agueous
phase. The mixture is stirred for 30 minutes. The
precipitate is filtered off and then washed
successively with water, an MeOH/CH,Cl, mixture (10/90),
acetone and then ethyl acetate. AaAfter drying, 2-
cyclopropylcarbonyl-7-methoxy-3-methylene-9-oxo-
1,3,4,9-tetrahydropyrrolo[3,4-bljquinoline is obtained
(yield = 38%).
'Y NMR: CDCl;: 0.97 (m, 2H, cyclopropyl CH;); 1.1 (m,
2H, cyclopropyl CHp); 1.91 (m, H, cyclopropyl CH); 3.90
(s, 3H, OCHi3); 5.03 (s, 2H, H-1); 5.43 (s, 1H, wvinyl
H); 6.19 (s, 1H, wvinyl H); 7.30 (d, J = 9 Hz, H-8);
7.50 (dd, J; = 9 Hz, J = 3 Hz, H-7); 7.67 (d, J = 3 Hz,
H-5).

Mass spectrum:
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m/z: 296 (M"), 228 (100), 213, 199, 184

EXAMPLE 4
Formula: C;gHigN,0;3 M = 310.35 g.mol™!
Structure:
o]
H,c’o W °
N\
CH,

l-ethyl-9-methoxy-2,3,4,6,7,12-hexahydroindolizino[1l, 2-
blquinoline-4,7-dione

Preparation:

9-Methoxy-1l-ethyl-2,3,4,6,7,12-hexahydro-
indolo[2,3-alJquinolizin-4-one (500 mg; 1.7 mmol) is
dissolved in dimethylformamide (DMF) (45 ml) in a
100 ml round-bottomed flask and potassium tert-butoxide
(700 mg; 6.2 mmol) is added. The mixture 1is stirred
under an oxygen atmosphere at room temperature for
48 hours. Water (55 ml) and concentrated hydrochloric
acid (15 ml) are then added successively with stirring.
The product, l-ethyl-9-methoxy-2,3,4,6,7,12-
hexahydroindolizino(l, 2-b]Jquinoline-4, 7-dione,
precipitates after recrystallization from an
ethanol/chloroform mixture (140 mg; yield = 26%).
'H NMR: (CDCl3/CD;OD - 70/30): 1.23 (t, 3H, CHi); 2.66
(m, 4H, 2CH;); 2.84 (g, 4H, CH;), 3.97 (s, 3H, CH30);
4.85 (s, 2H, CHy); 7.47 (4, 1H, ArH); 7.67 (s, 1H,
ArH), 8.17 (d, 1H, ArH)
Mass spectrum:
m/z: 310 (M" 100), 295, 281, 267
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EXAMPLE 5
Formula: C,3H;9NO3 M = 357.40 g.mol'1

Structure:

9-methoxy-1-phenyl-2,3,4,6,7,12-

hexahydroindolizino[l,2-blquinoline-4,7-dione

Preparation:

Potassium tert-butoxide (1.75 g; 15 mmol) is
added to a solution of 9-methoxy-1l-phenyl-2,3,4,6,7,12-
hexahydroindolo[2, 3-alquinolizin-4-one (1,45 g;
40 mmol) in DMF (100 ml). The mixture is stirred under
an oxygen atmosphere overnight. After evaporation and
purification on a column of silica (eluent: 95/5
chloroform/methanol) and drying, 9-methoxy-1-phenyl-
2,3,4,6,7,12-hexahydroindolizino{l, 2-b]lJgquinoline-4,7-
dione is obtained (200 mg; 13%).

!y NMR: CDCl; -MeOH: 2.70 (d, J = 7.1 Hz, 2H); 2.85 (s,
1H), 3.81 (s, 3H, CH30); 4.77 (s, Z2H); 6.70 (4,
J =9 Hz; 1H), 7.08 (d, J = 8.7 Hz), 7.41 (m, 6H).

Mass spectrum:

m/z: 358 (M') (100), 329, 253
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EXAMPLE 6
Formula: CisHigN,03 M = 272.30 g.mol™?
Structure:
0
o)
- O
H,C
3 | N'"’<
N CHa
H

CH,

2-acetyl-7-methoxy-3-methyl-9-oxo-1,3,4,9-
tetrahydropyrrolo[3,4-blgquinoline

Preparation:

NaH (1.2 eqg; 60% suspension in oil) is added to
a solution of l1-methyl-2-acetyl-6-methoxy-1,2,3,4-
tetrahydro-B-carboline (1.56 g; 6.0 mmol) in  DMF
{20 ml). The mixture is stirred wunder an oxygen
atmosphere for 48 hours, further NaH (1.1 eq) is then
added and stirring is continued overnight. The DMF is
then distilled off under reduced pressure. The crude
product 1is taken up in water and then filtered.
Saturated NH4Cl soclution is added to the aqueous phase.
The mixture is stirred for 30 minutes. The precipitate
is filtered off and then washed successively with
water, an MeOH/CH,Cl mixture (10/90), acetone and then
ethyl acetate. After drying, 2-acetyl-7-methoxy-3-
methyl-9-oxo-1,3,4,9-tetrahydropyrrolo(3,4-blquinoline
is obtained (yield = 45%).
'H NMR: CDCl3/MeOH-ds (9/1): 1.54 (d, 3H, J = 6.3 Hz,
CHs;); 2.17 (s, 3H, CH3;CO-Nb); 3.90 (s, 3H, CHiO); 4.73
(s, 2H, CH;-Nb); 5.20 (g, 1H, J = 6.4 Hz, H-3); 7.24
(dd, 1H, J, = 9 Hz, J; = 3 Hz, H-6); 7.36 (4, 1H,
J =9 Hz, B-5); 7.70 (d, 1H, J = 3 Hz, H-8)
Mass spectrum:
m/z: 272 (M), 229 (100), 215, 199
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EXAMPLE 7
Formula: C;sHigN,0S, M = 304.42 g.mol’?

Structure:

0 S

H,C W

CH,

Iz

CH,

7-methoxy-3-methyl-2-thioacetyl-9-thioxo-1,3,4,9-
tetrahydropyrrolo([3,4-blguinoline

Preparation:

2-Acetyl-7-methoxy-3-methyl-9-oxo-1,3,4,9-
tetrahydropyrrolo[3,4-blquinoline (Example 7) (100 mg;
0.4 mmol) is dissolved in toluene (15 ml), Lawesson’s
reagent (180 mg; 0.44 mmol) is then added and the

mixture is heated at the reflux point of the toluene

overnight. After evaporation of the toluene and
purification on a silica plate (98.5/1.5
chloroform/methanol), 7-methoxy-3-methyl-2-thiocacetyl-

9-thioxo-1,3,4,9-tetrahydropyrrolo[3,4-blquincline is
obtained (20 mg; vield = 18%).

'H NMR: (CDCl3/CDsOD - 95/5): 1.70 (d, 3H, CH3); 2.69
(s, 3H, CHiCS); 3.94 (s, 3H, CH;0), 4.82 (dd, 2H, CH:);
5.7% (g, 1H, CH); 7.29 (44, 1H, AaArH), 7.42 (4, 1H,
ArH), 8.23 (d, 1H, ArH)

Mass spectrum:

m/z: 314 (M", 100), 271, 245
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Formula: C16H18N>03 M = 286.33 g.mol'l
Structure:
O
O (0]
-~
H,C N\ (
N CH,
HC CH

2-acetyl-3,3-dimethyl-7-methoxy-9-oxo0-1,3,4,9-
tetrahydropyrrolo(3,4-blgquinoline

Preparation:

Potassium tert-butoxide (269 mg; 2.39 mmol) is
added to a solution of 2-acetyl-1,1-dimethyl-6-methoxy-
1,2,3,4-tetrahydro-Bf-carboline (164 mg; 0.60 mmol) in
DMF (15 ml). The mixture 1is stirred under an oxygen
atmosphere overnight. A 1/1 ethyl acetate/methanol
mixture (10 ml) is then added. After evaporating the
solvent and washing the solid, 2-acetyl-3,3-dimethyl-7-
methoxy-9-oxo-1, 3,4, 9-tetrahydropyrrolo[3,4-blquinoline
is obtained (38 mg; 22%).

'H NMR: CDCl;/MeOH-d; (9/1): 1.87 (s, 6H); 2.19 (s, 3H);
3.93 (s, 3H); 7.34 (dd, 1H); 7.59 (4, 1lH); 7.70 (d, 1H)
Mass spectrum:

m/z: 286 (M%), 271, 243, 229 (100), 213
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EXAMPLE 9

Formula: C;gH,oN>0; M = 312.36 g.mol™!
Structure:

o}

o)
H,C” o
| N
N
H

l-ethyl-9-methoxy-1,2,3,4,6,7,12,12b-
octahydroindolizino[l,2-b]lquinoline-4,7-dithione

Preparation:

Potassium tert-butoxide (1.4 g mg; 12.4 mmol)
is added to a solution of 9-methoxy-1l-ethyl-
1,2,3,4,6,7,12,12b-octahydroindolo([2,3-alquinolizin-4-
one (1.0 g; 3.35 mmol) in DMF (90 ml). The mixture is
stirred under an oxygen atmosphere overnight. A 1/1
ethyl acetate/methanol mixture (10 ml) is then added.
After evaporation and purification on a column of
silica (eluent: 95/5 chloroform/methanol), 1l-ethyl-9-
methoxy-1,2,3,4,6,7,12,12b-octahydroindolizinol[l, 2-
blquinoline-4,7-dithione is obtained (360 mg; 34%).

'H NMR: CDC1l;/MeOH-d, (9/1): 0.89 (t, 3H, J = 7.4 Hz);
1.10 (g, 2H, J = 7.4 Hz), 2.07 (m, 2H); 2.44 (m, 3H),
3.90 (s, 3H, CH30); 4.45 (d, 1H, J = 14.8 Hz); 4.90 (4,
1H, J = 14.8 Hz); 4.99 (s, 1H), 7.26 (dd, 1H,
J; = 9 Hz, J, = 2.7 Hz); 7.49 (4, 1H, J = 9 Hz, H-5);
7.6% (d, 1H, J = 2.7 Hz)

Mass spectrum:

m/z: 312 (M") (100), 283, 214, 199, 171
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EXAMPLE 10

Formula: C3pHz4N201 M = 340.43 g.mol'1
Structure:

(8]

O
HJC’ | y (o]

N

H

H,C

CH,

1l,l1-diethyl-9-methoxy-1,2,3,4,6,7,12,12b-
octahydroindolizino(l,2-blquinoline-4,7-dithione

Preparation:

Potassium tert-butoxide (113 mg; 1.0 mmol) 1is
added to a solution of 9-methoxy-1,1-diethyl-
1,2,3,4,6,7,12,12b-octahydroindolo[2,3-alquinolizin-4-
one (80 mg; 0.24 mmol) in DMF (7 ml). The mixture is
stirred under an oxygen atmosphere overnight. A 1/1
ethyl acetate/methanol mixture (10 ml) is then added.
After evaporation and purification on a column of
silica (eluent: 97.5/4.5 chloroform/methanol), 1,1-
diethyl-9-methoxy-1,2,3,4,6,7,12,12b-
octahydroindolizino[l,2-blquinoline-4,7-dithicne is
obtained (31 mg; 37%).

'H NMR: CDCl3;/MeOH-d; (9/1) [lacuna]
Mass spectrum:
m/z: 340 (M) 309; 214 (100), 199, 171
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PHARMACOLOGICAL ACTIVITY

1. HYPNOTIC ACTIVITY IN BEAGLE DOGS (measurement of

the conscious and sleeping states)

During each test, the dogs are taken to a
recording room in which they are connected to a
Schwarzer ED 24 polygraph driven by Brainlab® for
Windows® by means of a flexible cable. The dog is then
placed in a 0.70 x 1 X 0.8 m metal cage in which it
stays for 150 minutes.

The test products and the placebo were
administered intravenously as a single bolus into the
anterior median vein. The recordings are noted in
periods c¢f 30 seconds following the five states of

vigilance defined by Shelton et al.:

e conscious,

e drowsy,

e light slow-wave sleep,

e deep slow-wave sleep, and

e paradoxal sleep,

by examining the amplitude and frequency of the 2
frontal EEG plots (frontal), the EOG plots (bilateral)

and the EMG plots (neck muscles) as follows:

e (Conscious: The dogs may be standing, sitting or lying
down, or moving between these positions. Their eyes
are open. This state includes all the episodes of
multiple voltage and frequency with muscular
activity.

e Drowsy: The dogs are lying down with the eyes closed
for most of the time. The EEG plots show slow-wave
cycles (5-7 Hz) without the appearance of spindles.
Large-amplitude synchronous slow waves (4-7 Hz)
appear on a background of rapid activity. The EMG
tends to be reduced compared with the conscious

state.
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e Light sleep (SL1 or S1): The dogs are lying down in

the stretched ventral position or, usually, in an
incomplete circle. The relaxation is total. The EEG
plots are characterized by K complexes and/or
spindles. The amplitude increases.

¢ Deep sleep (SL2 or S2): The dogs are lying down, with

relaxed muscles. They remain without reaction to
moderate stimulations (by sound). The slow delta
waves (< 4 Hz) with an amplitude of at least 70 pv
constitute at least 20% of a period of 30 seconds.

e Paradoxal sleep (PS): The dogs are lying down with

the eyes closed and occasionally display rapid
contractions of the eyelids and/or myoclonia, in
particular of the labial extensor muscles. The EEG
plots are of low voltage and varied frequencies. The
EOG plots show rapid contractions. The EMG plot is of
low amplitude, with the exception of the short-lived
clonus. A period is classified as paradoxal sleep
only if the preceding period is a period of sleep.
The end of a period of paradoxal sleep is determined
by the appearance of K complexes or spindles, or by

the appearance of EMG activity.

The test compounds are administered
intravenously by means of a vehicle having the
composition: 50/50 (V/V) PEG-400/water for injectable
preparations, as a single bolus of 10 ml per 12 kg of
live weight.

The placebo consists of the intravenous
administration of the vehicle alone, having the
composition: 50/50 (V/V) PEG-400/water for injectable
preparations, as a single bolus of 10 ml per 12 kg of
live weight.

The distribution of the observation time spent
in each of the stages of consciousness and sleep, as
well as the latency times for onset of the first stages
of each type of sleep, are given in Table I.

The compounds of Examples 4 and 5 have marked

hypnotic power. They induce a sleep characterized by a
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high proportion of slow waves. The duration of the
periods of consciousness is reduced and that of the
unconscious phases is increased for each of these two
compounds. The latency times for onset of drowsiness,
light slow-wave sleep and deep slow-wave sleep are also
reduced.
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2. HYPNOTIC AND SEDATIVE ACTIVITIES IN CHICKS

The hypnotic and sedative effects of the
derivatives, according to the invention, prepared above
(the test results of which are given in Table II below)
were compared with those of 3 reference products,
diazepam, pentobarbital sodium and melatonin, as well
as with 2 psychostimulant compounds with hallucinogenic
properties: 10-methoxy harmalan and harmaline, which
are 3,4-dihydro-P-carbolines, in 10 to 1l4-day-old
chicks of chair label JA657 strain. The animals are
subjected to programs of alternate lighting comprising
12 h of darkness (8.00 pm to 8.00 am) and 12 h of light
(8.00 am to 8.00 pm). The ambient temperature is 25°C
during the first week of rearing of the chicks and 22°C
from the second week onwards. During the day., the
lighting is provided by a halogen lamp (300 W) placed
30 cm above the floor of the wvivarium. During the
tests, the live weights of the chicks ranged between
85 g and 120 g. The tests are carried out between
2.00 pm and 3.00 pm. The chicks are allotted, in groups
of 3, in identical 30 cm X 50 cm X 30 cm vivariums. The
test products are administered intramuscularly (IM)
into the pectoralis major muscle, as a solution in an
ethanol/PEG-400/distilled water mixture (25/50/25,
Vv/V/V), at a rate of 0.2 ml of solution per 100 g of
live weight. The doses administered for the test
products (novel compounds of the invention and
reference substances) range from 0.5 pumol to 2 umol per
100 g of live weight. The placebo corresponds to 0.2 ml
of the ethanol/PEG-400/distilled water mixture
(25/50/25, V/V/V) per 100 g of 1live weight. Since
ethanol is used as a solvent, its effect was compared
beforehand with that of physiological saline (0.9% NaCl
solute) or distilled water.

The solutions of the test products were
prepared at the time of use by successive dilution in a
stock solution, obtained from 5 to 20 umol of

accurately weighed product, to which were added 0.5 ml
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of pure ethanol and 1 ml of PEG-400, and then made up
to 2 ml with 0.5 ml of distilled water for injectable
preparations. Table II gives the results obtained after
IM administration of doses of between 0.5 and 2 umol of
test products, dissolved in 0.2 ml of the ethanol/PEG-
400/distilled water mixture (25/50/25, V/V/V) per 100 g
of live weight. For each chick, the volume injected is
adjusted, as a function of the actual live weight, to
0.2 ml per 100 g of live weight.

The parameters observed are the locomotor
activity and the state of consciousness of the chicks
for 2 h, i.e. the equivalent of 6 theoretical
awake/asleep cycles for a chick of this age. They are
recorded by video camera for 90 minutes, the first
30 minutes being the time for adaptation to the device.

Five stages of consciousness were defined:

- Stage 1: active consciousness;

- Stage 2: animal 1lying down, head held alert with
tonicity, eyes open;

- Stage 3: slightly sleepy, animal drowsy: eyes closed
with intermittent opening, immobile posture not
modified by stimulation;

- Stage 4: deep sleep lying down: relaxation of the
neck, characteristic posture with the head under the
wing or hanging backward;

- Stage 5: sleeping standing up: eyes closed, immobile,
head hanging down (catatonic).

These five stages correspond approximately to
the stages of consciousness and sleep defined in the
examination of the electroencephalographic plots 1in

this species. The correspondence is as follows:

Deep sleep lying down: Stage 4 = “slow wave sleep”
(SWSs)
Sleeping standing up = “sleep-like state I” (SLSI).

The drowsy stage 3 might correspond to phases
of paradoxal sleep, with agitation of the head, for

example.
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The chicks are observed by a trained observer
with continuous video monitoring for at least one hour
after the animals have woken up.

Two stimuli were used to confirm the
observations of the behavior of the chicks at regular
intervals:

- the noise made by tapping a plastic object on the
glass of the vivarium, comparable to that of the beak
of a chick on the glass, corresponds to a moderate
stimulus. It 1s carried out at each period of
observation (i.e. every five minutes); and

- the presentation of a metal feed tray filled with the
usual feed, left in the vivarium for 2 minutes. This is
a powerful stimulus which calls on sight, hearing and
smell. It is carried out every 15 minutes, i.e. at
least 6 times in each test.

Wakefulness is defined by the appearance of the
elaborate conscious Dbehavior of searching for and
consuming food or drink.

The Sleeping Time (ST) is defined by the sum of
the durations of the phases of light sleep (Stage 3),
deep sleep (Stage 4) and sleeping standing up
(Stage 5). The Sedation Time, after waking up,
corresponds to Stage 2.

The Falling-Asleep Time (FAT) is equal (to the
nearest minute) to the time required to pass from the
state of active consciousness (Stage 1) to an
unconsciousness state (Stages 3, 4 and 5).

The hypnotic and sedative effects of the test
products on the diurnal activity of 10- to 1l4-day-o0ld
chicks subjected to a program of permanent lighting
from birth for 48 h, and then to a program of alternate
lighting of 12 h of daylight (8.00 am - 8.00 pm) and
12 h of darkness (8.00 pm - 8.00 am) up to the test
date, are given 1in Table II below. The tests are
carried out during the day between 2.00 pm and 3.00 pm.

For each test product, several series of
measurements were taken on batches of 3 animals, each

value indicated being the mean for each batch of 3
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chicks. When the number of batches is greater than 2,
the figures indicated are the mean 1limit values

observed.
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Without wishing to be bound to any theory, the
following argument may be put forward.

Under the conditions in which the test is
carried out (administration times during the daylight
phase of the animals Dbetween 2.00 pm and 3.00 pm),
melatonin has no hypnotic activity.

By successively subjecting chicks to programs
of alternating and permanent lighting, we have
demonstrated experimentally that melatonin has no
direct hypnotic activity which is intrinsic in its
structure. Its hypnotic activity depends on the
activity of the enzyme N-acetyltransferase (NAT) in the
pineal gland of the chick at the time of administration
of melatonin. The enzyme NAT is an acetylation enzyme.
In the presence of the enzyme NAT in the pineal gland
of the <chick, the IM administration of melatonin
induces a hypnotic effect of strong intensity (sleeping
time of between 250 and 300 minutes for a dose equal to
1 um of melatonin/100 g of live weight). Melatonin is
thus the precursor of acetylated metabolites with
direct hypnotic activity. The compounds described in
the present invention are analogs of the hypnotic
acetylated metabolites of melatonin.

Unlike melatonin, all the derivatives of the
invention described above have direct hypnotic or
sedative activities, which are independent of the time
of administration, i.e. of the level of the enzyme N-
acetyltransferase in the CNS.

The results obtained show, for the derivatives
according to the invention, a hypnotic effect which is
greater than that of the reference products
(pentobarbital, melatonin) and equivalent to or even
greater than that of diazepam.

The derivatives according to the invention are
thus medicinal products that are particularly
advantageous for treating conditions associated with
disorders of melatonin activity. These derivatives can
be used in particular as hypnotic or sedative medicinal

products.
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CLAIMS

1. Pyrrolo[3,4-b)quinoline derivatives of general

formula I:

CH,0

in which
X represents an oxygen atom or a sulfur atom,

>""A represents a divalent radical of formula:

R, or R,R,
: :Rs ' l R
R3

R: represents a lower alkyl radical containing
from one to three carbon atoms, a lower cycloalkyl
radical containing from three to six carbon atoms or R;
represents a lower alkyl radical linked to R; to form a
6-atom ring containing 0, 1 or 2 unsaturations,

R, Ry, Ry and Ry represent, independently of
each other, a hydrogen atom, a lower alkyl group
containing from one to three carbon atoms, a lower
cycloalkyl group containing from three to six carbon
atoms or a phenyl group,

the corresponding racemic mixtures, as well as
the pure enantiomers thereof or mixtures thereof in all
proportions and the pharmaceutically acceptable salts
thereof.

2. Derivative according to Claim 1, in which R;
represents a methyl, ethyl, n-propyl, isopropyl or
cyclopropyl group.
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3. Derivative according to Claim 1 or 2,
characterized in that it 1is chosen from the group
formed by the following compounds:

- 2-Acetyl-7-methoxy-3-methylene-9-o0oxo0-1,3,4,9-~
tetrahydropyrrolo{3,4-blquinoline,

- 2-Butyryl-7-methoxy-3-methylene-9-oxo0-1, 3,4, 9-
tetrahydropyrrolo[3,4-blquinoline,

- 2-Cyclopropylcarbonyl-7-methoxy-3-methylene-9-oxo-
1,3,4,9-tetrahydropyrrolo[3, 4-blquinoline,

- 1-Ethyl-9-methoxy-2,3,4,6,7,12-
hexahydroindolizinof{l,2-blgquinoline-4,7-dione,

- 9-Methoxy-1-phenyl-2,3,4,6,7,12-
hexahydroindolizino[1l,2-b]lquinoline-4,7-dione,

- 2-Acetyl-7-methoxy-3-methyl-9-o0x0-1,3,4,9-
tetrahydropyrrolo[3,4-b]lJquinoline,

- 7-Methoxy-3-methyl-2-thicacetyl-9-thioxo-1,3,4,9-
tetrahydropyrrolo[3,4-blquinoline,

- 2-Acetyl-3,3-dimethyl-7-methoxy-9-oxo0-1,3,4,9-
tetrahydropyrrolo([3,4-blquinoline,

- 1-Ethyl-9-methoxy-1,2,3,4,6,7,12,12b-
octahydroindolizino[l,2-blquinoline-4,7-dithione,

- 1,1-Diethyl-9-methoxy-1,2,3,4,6,7,12,12b-
octahydroindolizino[l,2-b]lquinoline-4,7-dithione.

4. Process for preparing the derivatives of
general formula I according to one of Claims 1 to 3,
for which X represents an oxygen atom, by oxidation of

the compounds of general formula II

CH,0

for which R; and A are defined in Claim 1, with
oxygen in the presence of a base such as sodium hydride
or potassium tert-butoxide, or with a periodate.
5. Process for opreparing the derivatives of

general formula I according to one of Claims 1 to 3,
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for which X represents a sulfur atom (X = S), by the
action of Lawesson's reagent, or phosphorus
pentasulfide, on the corresponding oxygen derivatives
of formula I (X = O).

6. Derivative according to one of Claims 1 to 3 or
obtained by the preparation process according to either
of Claims 4 and 5, for its use as a medicinal product.
7. Derivative according to Claim 6, for its use as
a medicinal product in the treatment of conditions

associated with disorders of melatonin activity.

8. Derivative according to either of Claims 6 and
7, for its use as a hypnotic medicinal product.
9. Derivative according to either of Claims 6 and
7, for its use as a sedative medicinal product.
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