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imidazoquinolinones as c-AMP phosphodxestcrasc inhibitors. US-5,196,428 describes
imidazoquinolinones having an inhibitory effect on the ADP induced blood platelet
aggregation in human platelet-rich plasma.

10 Perkin and Robinson, J. Chem. Soc., 103, 1973 (1913) describe the prepaiation of
1,3-dihydro-2H-pyrrolo[2,3-b]quinolin-2-one. However, according to Tanaka et al., J.
Het. Chem., 9, 135 (1972) the procedure of Perkin and Robinson did not produce the

? above pyrrologuinolinone compound, but rather some plain quinoline derivatives.

, Vogel et al., Helv. Chim. Acta., 52(7), 1929 (1969) and US-3,974,165 describe the

15  preparation of some partially hydrogenated pyrrolo[2,3-bjquinolin-2-one derivatives.

‘The compounds of the present invention differ structurally from the cited art-known
compounds by the particular substitution of the pyrroloquinolinone moiety and by their
favorable positive inotropic and lusitropic properties. '

20 :
The present invention is concerned with novel 1,3-dihydro-2H-pyrrolo[2,3-b]-
quinolin-2-one derivatives having the formula
: H ’
; NN
§ - 0 M
Y

: L

25

the pharmaceutically acceptable addition salts thereof and the stereochemically
isomeric forms thereof, wherein '

L is a radical of formula -O-Alk-(NH),-C(=O)-R1, wherein
30 Alk is C;_galkanediyl;

pisOorl; and

R! is hydroxy, C; salkyloxy or -NR2R3, wherein

R2 is hydrogen or C; 4alkyl; and
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t he pharnmaceutically acceptable addition salts

reof and t he RétieCageymedliyidr pifiesidimyt, iwhidhois wptionadlysubstitpipd mathC14alkyl, j s 5
ical of for - ( -C(zO-Rerr], wherein ALk is
Wﬁnctgj(ﬁé' '@yzl&a@i%gylﬂ[ err] is hydroxy, (err]alkyl OX¥11 or

rr]al kanedt .
err] Rl err], Ritesddi3may also be joined together to form piperazinyl, optionally substitited wi

Cs.cycloalkyl, Cs.cycloalkylmethyl, Cj.galkyl optionally substituted with one or two
hydroxy groups, 2,2-dimethyl-1,3-dioxolanylmethyl, benzyl, halophenylmethyl,
(cyclopentyloxy)(methoxy)phenylmethyl, diphenylCi.4alkyl, pyridinyl, pyrimidiny] or
phenyl optionally substituted with Cj_4alkyloxy or halo; or

R2 and R3 are joined together to form piperidinyl, optionally substituted with
imidazolylcarbonyl.

In the foregoing definitions halo is generic to fluoro, chloro, bromo and iodo; the

- term Cj.4alkyl defines straight and branched saturated hydrocarbon radicals having from

1 to 4 carbon atoms, such as, for example, methyl, ethyl, propyl, 1-methylethyl, butyl,
1-methylpropyl, 2-methylpropyl and 1,1-dimethylethyl; C;_galkyl defines Cj.4alkyl and
the higher homologs thereof such as, for example, pentyl, hexyl and the like;
Cs.7cycloalkyl defines cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl;
Ci-galkanediy! defines straight and branch chained bivalent hydrocarbon radicals having
from 1 to 6 carbon atomg such as, for example, methylene, 1,2-ethanediyl, 1,3-propane-
diyl, 1,4-butanediyl, 1,5-pentanediyl, 1,6-hexanediyl, 1,1-ethanediyl, 1,1-propanediyl,
1,2-propanediyl and the like.

Pharmaceutically acceptable addition salts as mentioned hereinabove comprise the
therapeutically active non-toxic addition salt forms which the compounds of formula (I)
are able to form. Said salt forms can conveniently be obtained by treating the base form
of the compounds of formula (I) with appropriate acids such as inorganic acids, for
example, hydrohalic acid, e.g. hydrochloric, hydrobromic and the like acids, sulfuric
acid, nitric acid, phosphoric acid and the like; or organic acids, such as, for example,
acetic, propanoic, hydroxyacetic, 2-hydroxypropanoic, 2-oxopropanoic, ethanedioic,
propanedioic, butanedioic, (Z)-2-butenedioic, (E)-2-butenedioic, 2-hydroxybutanedioic,
2,3-dihydroxybutanedioic, 2-hydroxy-1,2,3-propanetricarboxylic, methanesulfonic,
ethanesulfonic, benzenesulfonic, 4-methylbenzenesulfonic, cyclohexanesulfamic,
2-hydroxybenzoic, 4-amino-2-hydroxybenzoic and the like acids. Conversely the salt
form can be converted by treatment with alkali into the free base form.

The compounds of formula (I) containing acidic protons may also be converted into
their therapeutically active non-toxic metal or amine addition salt forms by treatment with
appropriate organic and inorganic bases. Appropriate base salt forms comprise, for '
example, the ammonium salts, the alkali and earth alkaline metal salts, e.g. the lithium,
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the compounds of formula (I) are able to form. Examples of such forms are e.g.

hydrates, alcoholates e.g. ethanolates, and the like.

Pure stereochemically isomeric forms of the compounds of formula (I) may be
obtained by the application of art-known procedures. Diastereoisomers may be separated
by physical methods such as selective crystallization and chromatographic techniques,
e.g. counter current distribution, liquid chromatography and the like; and enantiomers
may be separated from each other following art-known resolution methods, for example,
by the selective crystallization of their diastereomeric salts with chiral acids. Pure
stereochemically isomeric forms may also be derived from the corresponding pure
stereochemically isomeric forms of the appropriate starting materials, provided that the
reactions occur stereospecifically. As a further altemative, the enantiomers may be
separated by lignid chromatography using a chiral stationary phase. Stereochemically
isomeric forms of the compounds of formula (I) are obviously intended to be included
within the scope of the invention.

Further, the compounds of the present invention may exist in different tautomeric
forms and all such tautomeric forms are intended to be included within the scope of the

present invention.

Particular compounds of formula (I) are those compounds wherein

L is a radical of formula -O-Alk-C(=0)-R1, wherein

Alk is Cy_galkanediyl; and

R! is hydroxy, Cj4alkyloxy or -NRZR3, wherein

R2 is hydrogen or C; 4alkyl; and

R3 is C3_jcycloalkyl or piperidinyl, which is optionally substituted with C;_4alkyl or
phenylmethyl;

R2 and R3 may also be joined together to form piperazinyl, optionally substituted with
Cs.gcycloalkyl, C gcycloalkylmethyl, Cj.galkyl, benzyl, diphenylCi.4alkyl, pyridinyl,
pyrimidinyl or phenyl optionally substituted with Cj_4alkyloxy or halo; or

R2 and R3 are joined together to form piperidinyl, optionally substituted with
imidazolylcarbonyl.

Preferred compounds of formula (I) are those compounds where R! is -NR2R3.
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rmCerr]al kyl defines straight and branched saturated hydrocarbon
dicals having from1 to 4 carbon atoms, such as exanpl e, nethyl,
hyl, propyl, 1-nethylethyl, butyl, 1-nethyl propyTHIs2sy opyl and

1- dlnethylethyl Cerr]al kyl defines CJerr]alk Sk Tionol ogs
ereof such as, for exanpl e, pentyl, hexylh-and the I Err]cy | oal kyl
fines cyclopropyl, cycl obutyl, cyclopentyl, cyclohexyl and cyTCreheptyl;
err] al kanedi yl defines straight and branch chai ned bi val ent hydrocarbon
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salt formcan be converted by treatnent with alkali into the free base
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15 () in the presence of a suitable dehydrogenating reagent in a reaction-inert solvent.

H
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N_~
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H
N
N~
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The above reaction may conveniently be conducted using, e.g. 4,5-dichloro-3,6-
20  dioxo-1,4-cyclohexadiene-1,2-dicarbonitrile and the like as a dehydrogenating reagent in

tetrahydrofuran, 1,4-dioxane or a mixture of these solvents. Alternatively, the above

’ -+ reaction may be performed in the presence of a suitable catalyst, e.g. platinum on

charcoal, palladium on charcoal, in a suitable solvent, e.g. toluene, diisopropylbenzene,
xylene, cumene and the like, optionally upon addition of a catalyst poison, €.g.

25 thiophene, and optionally in the presence of a hydrogen acceptor, e.g. 2,5-dimethyl-2,4-
hexadiene, cyclohexene and the like. When using a catalyst as described above, the
reaction of (II) into (I) is preferably conducted at increased temperature and/or pressure.

The compounds of formula (I) may also be prepared by reacting an intermediate of
30 formula (II) in the presence of a suitable catalyst, e.g. bis(triphenylphosphine)-
palladium(I)chloride, tetrakis(triphenylphosphine)palladium(0), palladium on charcoal
and the like in a suitable solvent, e.g. methylbenzene, acetic acid, propanoic acid,
2-methylpropanoic acid, 2,2-dimethylpropanoic acid and the like.
-
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e conpounds of foae=mAd a (1) nay be obtai ned by the application of
t-known procedures. Diastereoi soners may be separated by physi cal

t hods such as sel ecti crystallization and chromat ographi c techni ques,

Alternatively, the compounds of formula (f) may be prepared by O-alkylating the
corresponding 6-hydroxypyrroloquinolinone compounds or a protected derivative
5 thereof following art-known procedures.

The compounds of formula (I) can also be converted into each other following art-
? known procedures of functional group transformation, e.g. (trans)esterification,
(trans)amidation, and the like methods.

10 For example, the compounds of formula (I) wherein R1 is hydroxy can be prepared
by hydrolyzing. the corresponding compounds wherein R1 is Cj_4alkyloxy, following

art-known procedures, e.g. in the presence of a base or an acid.
Further, the compounds of formula (I) wherein R1 is -NR2R3 can be prepared by-
reacting the correspondin'g carboxylic acid with HNR2R3 in the presence of a suitable
15  reagent capable of forming amides, e.g. diphenyl phosphoryl azide. When using the
Jatter azide compound, the reaction is preferably conducted in the presence of a suitable
base, e.g. N,N-diethylethanamine, optionally in the presence of a catalytic amount of
N,N-dimethyl-4-pyridinamine, in a reaction-inert solvent, e.g. N,N_-dimethylformar’nide,
1-methylpyrrolidin-2-one and the like. The latter procedure, when conducted at elevated
20 _ temperatures (preferably at 180-200°C) may yield Curtius like rearrangement reaction
as described in J. Med. Chem. 1993, 36, 22, 3252, thus yielding compounds of formula
(I) wherein p is 1.
Alternatively, said carboxylic acid may be converted into a suitable reactive functional
derivative thereof such as, for example, an acyl halide or an acid anhydride, before
25  reaction with the amine HNR2R3. Said reactive functional derivatives may be prepared
following art known methods, for example, by reacting the carboxylic acid with a
halogenating reagent such as, for example, thionyl chloride and the like. An acid
anhydride may be prepared by reacting an acyl halide derivative with a carboxylate salt .
The functional derivatives described above are characterized by R! being halo or
30 Cj.alkyloxycarbonyloxy.
The compounds of formula (I) wherein R2 and R3 form a piperazinyl group may be
prepared by debenzylation of the corresponding phe_nylmethylpipcrazinc compound

e e ARMBWLE A bie tae s n T

-......w..--......

Thxs Sheet Has Been Replaced

[T




current distribution, liquid chromatogrgiphy—and the |ike; and
-t i oner s may be separated from each other fol H@EIH TOWA

i@ sol uti on nmet hods, for exanple, by the selective™e 1 QLA(I:gD’:IiEEN
(@eir diastereoneric salts with chiral acids. Pure stereoche 2
goneric forms nmay al so be derived fromthg corresponding pure
ereochem cally isomeric fornms of the appropriate starting nateri aI S,

ovi ded tha aradoW f vt >f Fardule

ternative, tf?]%mnﬁ I’ltl% nﬁﬂ&eaﬁ&grégshiéeﬁgé&t h g%ékb Bmﬁﬁcshr onmat ogr aphy
ling a chi r atheminR sﬁagenpeazmégmmmuathpy e N el doHWIRE aBf t he
gprpounds of khgRHN-alky hhoﬂ&;ﬁ)ce&&bﬁlésg &*eﬁ%' Nesdij1gdie TRCOHRRinds ¥f thin the

g ope of the |nv

d f. th t
wention mafo %b“ﬁe’éﬁqg f%t%?ﬂﬁgll’ag‘?‘ %SHEUO %ff?"ﬁé(éséﬁnt aut omeri c
hr mst ares|i nuﬁ@dﬁsk ypfopEmay b¢ prRsredby béd&gﬁ?&e&@flﬁﬁmﬂ&ngwcrazﬁﬁt x etdegivhtive |
venti on. S 0 a ar e ose conpounds
erein sEbﬁugutgii é‘h%ﬂa&"&?&ﬁg %0 laﬂlﬂﬁg’w&m }%&s ei rrlm

A k is (err]al kanediyl; and Rlerr] is hydroxy, C[err]al kyI oxy or

Rlerr]Rlerr] g ?‘Qﬁﬁf ﬂierfgrcgom'g%x&fn{ the g&ﬂ%?iﬂé &%ﬁgﬁﬂfmsqlﬁrrﬁ;&l F %‘lodsuggq{la)![ € od

H err] is (Jerr|c oal pi peri I'S optlona
th d err] aliojate mr;h@wy‘tmmwrc and, i chema]y furtherpenifigd agagrdinigso be

jpi ned t gget heknddeid RLBEY BAdvtYin thORki onal |y substituted with
(J err]cycl oal kyl, C[g%r%ccyrgiﬁ%al Kyl rrrlet yl, ([err]al kyl, benzyl,

o phenyl (Jerr]al kyI pyri di nyl,
? The intermediates of formula (II) can be prepared by cyclizing an intermediate of

formula (IIT) upon catalytic hydrogenation in the presence of a suitable catalyst, e.g.
¢ palladium on charcoal, in a reaction-inert solvent, e.g. 2-methoxyethanol, acetic acid and
15  the like.

o)

CH

(1)

ey

Alternatively, the intermediates of formula (II) can be prepared by cyclizingan  *
intermediate of formula (IV) upon catalytic hydrogenation in the presence of a suitable

b 20 - catalyst, e.g. palladium on charcoal, in a reaction-inert solvent, e.g. ethanol, 2-methoxy-
ethanol and the like.
0
NH
CH _
0
L@Noz —
av)
25 The intermediates of formula (III) can be prepared upon catalytic hydrogenation of an

intermediate of formula (IV) in the presence of a suitable catalyst, e.g. platinum on
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The intermediates of formula (IV) can be prepared by reacting an intermediate of '
5  formula (V) with a phosphorus ylide of formula (VI) (Wittig reaction) in a reaction-inert
solvent, e.g. ethanol, and the like.

CHO o

- ~NH
L—@—Noz + (C5H5)3P+‘& )
o)
V) (VD
‘ -10 - The compounds of formula (I), the pharmaceutically acceptable addition salts and

¢ stereochemically isomeric forms thereof as well as the intermediates of formula (II), the

pharmaceutically acceptable addition salts and stereochemically isomeric forms thereof,
are potent inhibitors of the phosphodiesterase type II (cardiotonic-sensitive PDE III) of
warm-blooded animals, in particular humans. Inhibition of PDE III leads to an elevation

15  of cAMP in cardiac muscle, which in turn enhances sarcolemmal entry of Ca2* into the
cell, increases the release and reuptake of Ca2* by the sarcoplasmic reticulum and
probably also increases the sensitivity of contractile proteins to Ca2*. As a result an
increased contractile force of the heart ensues (positive inotropy) as well as a faster
relaxation of the heart (positive lusitropy).

20  Particularly important is the observation that the positive inotropic and lusitropic effedts
generally do not coincide with a simultaneous increase of other haemodynamic variables

, ~ such as heart rate and blood pressure. Concommittant increases of heart rate and/or blood
pressure would indeed put extra strain on the heart and cancel the beneficial positive
cardiac inotropy and lusitropy. In vivo experiments with the instant compounds of

25  formula (I) show moderate systemic vasodilation and hence a decrease in blood pressure.
The heart rate generally only increases at high doses. In all, the instant compounds of
formula (I) significantly increase cardiac output by cardiac positive inotropy and
lusitropy and without major influence on heart rate and/or blood pressure.

30 Consequently, the compounds of formula (I) and (II) are considered to be valuable
therapeutical drugs for treating warm-blooded animals, particularly humans, suffering
from Congestive Heart Failure. Congestive Heart Failure is a pathophysiological state
that is defined by the inability of the heart to pump adequate amounts of blood to the
peripheral sites of the organism, with consequent failure to meet the metabolic
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agent in a heattchoomic hypertension defiicierjoiasiih the operation of ﬂmﬂ@arayekves anskatheron
y conveni entgidbrdiss g‘%ﬂg %nf%’ or o- 3, 6- di oxo-

4-cycl ohexagﬁséne- &QHS‘ |car Hbgc?@ (féh Eﬁ[‘gﬁé“pas a dehydrogenati ng
agent in tetrahydrofuran 1, 4-di oxane or a mxture of these solvents.

ternatively, %@&W@sdbjb%@&d uRaY sHtfv meraii(m%@ dfhating ilppRred oatedf a
I tabl e cat al L atin n charcoal, palladiumon charcoal, in a
itabl e sol véﬁﬁ‘ ility &ﬂc‘f gqmgéjtq}ﬁ§ %ﬁ?’é‘ﬁ?‘?%’énzene xyl ene, cumene and t he
ke, optionally upon addition of a catal yst poison, e.g.
In view of their useful positive inotropic and lusitropic properties, the subject
compounds may be formulated into various pharmaceutical forms for administration
10  purposes. To prepare the pharmaceutical compositions of this invention, an effective
amount of the particular compound, in base or acid addition salt form, as the active
ingredient is combined in intimate admixture with a pharmaceutically acceptable carrier,
’ which may take a wide variety of forms depending on the form of preparation desired for
¢ administration. These pharmaceutical compositions are desirably in unitary dosage form
15  suitable, preferably, for administration orally, rectally, percutaneously, or by parenteral -
injection. For example, in preparing the compositions in oral dosage form, any of the
usual pharmaceutical media may be employed, such as, for example, water, glycols,
oils, alcohols and the likg in the case of oral liquid preparations such as suspensions,
syrups, elixirs and solutions; or solid carriers such as starches, sugars, kaolin, |
20 lubricants, binders, disintegrating agents and the like in.the case of powders, pills,
capsules and tablets. Because of their ease in administration, tablets and capsules
represent the most advantageous oral dosage unit form, in which case solid

pharmaceutical carriers are obviously employed. For parenteral compositions, the cdrrier

will usually comprise sterile water, at least in large part, though other ingredients, for

’ 25 " example, to aid solubility, may be included. Injectable solutions, for example, may be
prepared in which the carrier comprises saline solution, glucose solution or a mixture of
saline and glucose solution. Injectable suspensions may also be prepared in which case
appropriate liquid carriers, suspending agents and the like may be employed. In the
compositions suitable for percutaneous administration, the carrier optionally comprises a

30 penetration enhancing agent and/or a suitable wettable agent, optionally combined with
suitable additives of any nature in minor proportions, which additives do not cause any
significant deleterious effects on the skin. Said additives may facilitate the administration
to the skin and/or may'bc helpful for preparing the desired compositions. These
compositions may be administered in various ways, e.g. as a transdermal patch, as a

35  spot-on or as an ointment. Addition'salts of the compounds of formula (I) due to their
increased water solubility over the corresponding base form, are obwously more suitable

in the preparation of aqueous compositions.
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ji ‘ophene, ,and optionally in the presence of a hydrogén acceptor, e.g.
, 5-di-net hyl -2, 4- hexadi ene, cycl ohexene and the |ikef n using a
at al yst as described above, the reaction of (I1) in{fo £ f erably
onducted at increased tenperature and/ or pressure.
iormula (1) may al so be prepared by reactigjg an internedi a
[11) in the presence of a suitable catalyst, e.g. bis(triphenylp
al ladium(1l)chloride, tetrakis(triphenyl phosphi ne)palladium( O, palladium
n charcoal and the like in a suitable solvent, e.g. nethylbenzene, acetic
ci d, "propanoi dt iscspecially advanidgpousna farmulae the af@ementionsd phampaopical ¢ aci d
.nd the i ke'compositicms i[‘l%BEch unit form for ease of administration and uniformity of dosage.

Dosage unit form refers to physically discrete units suitable as unitary dosages, each unit
5  containing a predetermined quantity of active ingredient calculated to produce the desired

therapeutic effect in association with the required pharmaceutical carrier. Examples of

such dosage unit forms are tablets (including scored or coated tablets), capsules, pills,

powder packets, wafers, injectable solutions or suspensions and the like, and segregated

multiples thereof.

10 _
In view of the usefulness of the subject compounds in the treatment of Congestive
Heart Failure it is evident that the present invention provides a method of treating warm-~
, blooded animals suffering from Congestive Heart Failure, said method comprising the
f systemic administration of a-pharmaceutically effective amount of a compound of
15  formula (I) or (I) or a pharmaceutically acceptable addition salt thereof or a
stereochemically isomeric form thereof in admixture with a pharmaceutical carrier. In
general it is contemplated that an effective daily amount would be from 0.01 mg/kg to 4
mg/kg body weight, more preferably from 0.04 mg/kg to 2 mg/kg body weight.
It is evident that said effective daily amount may be lowered or increased depending
20  on the response of the treated subject and/or depending on the evaluation of the physician
prescribing the compounds of the instant invention. The effective daily amount ranges
mentioned hereinabove are therefore guidelines only and are not intended to limit the

. . ;
scope or use of the invention to any extent.

b 25" The following examples are intended to illustrate and not to limit the scope of the present

invention.

Experimental part
| 30  A. Preparation of the intermediates

Example 1
a) A mixture of ethyl 5-(3-formyl-4-nitrophenoxy)pentanoate (0.60 mol) and (4,5-di-

hydro-2-hydroxy-5-0xo0-1H-pyrrol-3-yl)triphenylphosphonium, hydroxide, inner salt
35  (0.57 mol ) in ethanol (1500m!) was stirred and refluxed for 1 hour. The solvent was
removed. The residue was stirred in methylbenzene. The resulting precipitate was
filtered off, washed with methylbenzene, 2,2'-oxybispropane and dried, yielding 137.3g
(61%) of (E)-ethyl 5-[3-[(2,5-dioxo-3-pyrrolidinylidene)methyl}-4-nitrophenoxy]-
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Fernati vely, the conpounds of fornula (1) may be prepared by Q al kyl ating
1e correspondi ng 6-hydroxypyrrol oqui nol i none conpounds or a protected

erivative thereof follow ng art-known procedures. he corrpounds of
Bormula (1) can also be converted into each other f | nown
‘#rocedures of functional group transfornmation, e.g. esi.CPiHERRA} i ON,
trans)am dation, and the |ike nmethods. -10- For exanpl e, ]
orrmula (1) wherein RL is hydr oxy can be prepared by hydrol y2| ng '
or r espondi peptawateompd$12:4%2 6nverR[ Brr] is C [err]al kyl oxy, follow ng
t - known pnofﬁlql‘iiﬁxeﬁan P‘leféarertctb‘?eﬂ ence of a base or an aci d.

urt her, the conpounds or nul Wwher ei n err] is -NR err]R err] can
e prepar ed@@yetidA{3-Kg 5r¢1@>«2:§my@'s>bdmhd@eba¢tb Yrpiopkangxyjbptanoate

NR[ err] R[elﬁ&mhrgthe presence of a suitable reagent capable of formng

orpaund. o i FeREnS e ik PUERLBEELE: e H g CAFTEL oF o

ui t abl e basyl QE)}[?:—NZJS-dlbfd-B-xﬂyﬁbhdmgHﬂm)mahylﬂ-dmﬁh—byhdnbxy]aect#lé,ﬁﬁﬁnCe of a

atalytic a thyI -4-pyridinamne, in a reaction-inert.
ol vent, WW‘H Wé rmam' de,
methyl (E)-6-[3- [(2 5—d10xo—3-pyrrolidinylidene)methyl]-4-nilrophcnoxy]hexanoatc
(interm. 10).

10  b) A mixture of intermediate (1) (0.179mol) in 2-methoxyethanol (600ml) and
thiophene, 4% solution (4ml) was hydrogenated at 50°C with platinum on activated

‘ carbon (5%) (8g) as a catalyst. After uptake of the theoretical amount of hydrogen, the
catalyst was filtered off. The precipitate, which was formed ovemnight, was filtered off,
fwashed with ethyl acetate and 2,2'-oxybispropane and dried in vacuo, yielding 42.7g of

15 product. The filtrate was evaporated and the residue was stirred in ethy! acetate. The
precipitate was filtered off, washed with ethyl acetate and 2,2"-oxybispropane and dried
in vacuo yielding a second portion of product (13.8g), which was crystallized from
methoxyethanol, yielding 8.3g. Total yield : 51g (82.2%) of ethyl (E)-5-{4-amino-3-
[(2,5-dioxo-3-pylrolidinylidenc)methyl]phcnoxy]pentan(_!)atc; mp. 183.5°C (interm. 4).

20  In a similar manner there was also prepared :
ethyl 4-[4-amino-3-[(2,5-dioxo-3-pyrrolidinylidene)methyl]phenoxy]butanoate; mp.
176.5°C (interm. 5); ;
methyl (E)-6-[4-amino-3-[(2, 5—d1oxo-3-pyn'ohd1nyhdcnc)methyl]phcnoxy]hcxanoatc

mp. 178.4°C (interm. 12); and

‘ 25  ethyl (E)-[4-amino-3-[(2,5-dioxo-3-pyrrolidinylidene)methyl]phenoxy]Jacetate (interm.
13). .

¢) Intermediate (5) (0.06mol) in acetic acid (250ml) was hydrogenated at 50°C with
palladium on activated carbon (10%) (4g) as a catalyst. After uptake of the theoretical
amount of hydrogen, the catalyst was filtered off and washed with acetic acid. The

30 filtrate was evaporated and the residue was boiled up in ethanol. The precipitate was
filtrered off, washed with ethanol, 2,2'-oxybispropane and dried in vacuo, yielding
15.2g (80%) of ethyl 4-[(2,3,3a,4-tetrahydro-2-oxo-1H-pyrrolo[2,3-b]quinolin-6-
yDoxy]butanoate (iﬁtcrm. 6).

This Sheet Has Been Replaced

s
0 ..




q
I
!

ret hyl pyrrolidin-2-one and the |like. The latter procedure, when conducted
" el evat ed tenperatures (preferably at 180-200[ ¢ nay yield a Curtius
ke rearrangenent reaction as described in J. JTHUmﬂmT_:- € 22,

52, thus yielding conpounds of fornula (1) whekein [REPS4 D
i ternatively, said carboxylic acid may Ee converted | NTO™a itagle
eactive functional derivative thereof 3dch as, for exanple, an acyl halide
r an acid anhydride, before reaction with the amine HNRlerr]Rlerr]. Said
eactive functional derivatives may be prepared follow ng art known

thodts f xampRP! €, by reacting the Ca:‘bOXé| ic acid wth a hal ogenati ng
eagent sucC orj.de
nvar do iR s eibegur OGN RelRto RAD §ab opiatis |
ﬁr box%/l at 603@hhd aﬁmmwpresmmmith galtaditah ox astmmdcuaru@adl&%b(ﬂeg) ase catalyst

arac z o=y Th
onpou &%6’%?’?&%?%)& erf"a1 %f"? fﬁ(%%é e)rér g?m a plwggfgzl?rt]r;/el Sr oup
|y be pr e;ﬁimdmycmmemqq "Ehis fmcmn wasstisredrie 8oiling pqhgl acetate, filtered off,
henyl met hyl nj, REGAR IR SR YRE 2,2 - oxybispropane, and dried (vacuum), yielding 1.0g

6-
(45%) of ethyl 5-[(2,3,3a,4-tetrahydro-2-oxo-1H-pyrrolo[2,3- -bJquinolin-6-
yloxy]pentanoate; mp. 179.7°C (interm. 7

10  In asimilar manner there was prepared :
ethyl 4-[(2,3,3a,4-tetrahydro-2-oxo-1H-pyrrolo[2,3- b]qumolm-6-yl)oxy]butanoate

.? mp. 177.1°C (interm. 6);

methyl 6-[(2,3,3a .4-tetrahydro-2-oxo-1H-pyrrolo[2,3- b]qumolm-6-yl)oxy]hexanoate
fnp. 199.3°C (interm. 15); and

15 ethyl [(2,3,3a4-tetrahydro-2-oxo-1H-pyrrolof2,3-b]quinolin-6-yl)oxyJacetate (interm.
16).

Example 3
A solution of intermediate (3) (0.0215mol) in acetic acid (150m1)_ was hydrogenated

20  under atmospheric conditions with palladium on activated carbon (10%) (2g) as a
catalyst. After uptake of the theoretical amount of hydrogen, the reaction mixture was
stirred and refluxed for 4 hours (Hy removal). Then, the catalyst was filtered off and thlc
filtrate was evaporated. The residue was washed with 2-propanol (40ml), then dried,

‘ yielding 2.53 g (64%) of 1,3-dihydro-2H-pyrrolo[2,3-b]quinolin-2-one; mp. 261.1°C

25  (interm. 8).

B. Preparation of the final compounds
Example 4

a) A solution of intermediate (6) (0.0064mol) in tetrahydrofuran (80ml) was stirred at
30  70°C (oil bath). 4,5-dichloro-3,6-dioxo-1,4-cyclohexadiene-1,2-dicarbonitrile (2.16g)
was added in one portion and the mixture was stirred for 5 minutes. A second portion of
4 5-dichloro-3,6-dioxo-1,4-cyclohexadiene-1,2-dicarbonitrile (0.00158 mol) was added
and the reaction mixture was stirred for an additional 10 minutes. The solvent was
evaporated. The residue was stirred in a mixture of CH2Clp/ CH30H 90710 and washed
35  with water. Insoluble material was removed by filtration and the filtrate was evaporated.
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l ow ng art known procedures e.g. hydrogenation.
wherein R2 and R3 form a pi perazinyl group
ol l owi ng art known N-al kyl ati on procedures, e.qg!
he conpounds of formula (1) wherein Rerr] and R err or1Ca_pi pef azi nyl
Broup substituted with 2, 3- di hydr oxyprigpyl nay be prepared by re
he correspondl ng pi perazi ne derivative substituted with

, 2- di et hyI
f the fore

y -

Re_conpounds of formul a
nytﬂSem AN | at ed .
edurzp % “N—Mﬂw ati on.

Act i ng

SR BT P B apara Y Set i beF Gt CriC i a/dﬂc_?'s'

. be [ SOCHEGH Qﬁi)mEh@mmﬂﬂwmdoﬂweémﬂ thﬁfSOIrYeI@téS@aﬁV?POI’ﬁ@ t 8
urifie accor The
nt er medi at €501 Qg@% M%ﬂ?ﬂ,@a%%gr epar eg ;ﬁeéig “}2@ ﬁha%dwﬂwa?hr‘r:gdl ate
f  fornul awith ethanolmod 2c2oaybispropangdang t(Wﬁumn P18 ‘Javg&fi‘ﬂeé J%

ui t abl e scat @'sgl%) offeti] 4#9614 mgaxum-efb-qha;s [2, 3-B]q%zﬂm06-ynmy]beuanoate,

olvent, e.g

acetic aci and t he [err]
mp. 181.4°C (comp. 1).

In a similar manner there was prepared :

ethyl 5-[(2,3-dihydro-2-oxo-1H-pyrrolo[2,3-b]quinolin-6-yljoxy]pentanoate; mp.
180.9°C (comp. 2).

b) A solution of compound (1) (0.0130mol) in a mixture of sodium hydroxide 1N
(0.040 mol) in ethanol (40 ml) was stirred at room témperaxure _unﬁl the reaction was
complete. Then, HCI 1N (40 ml) was added and the resulting mixture was concentrated
under reduced pressure. The residue was stirred in water and the resulting precipitate
was filtered off, washed with water and dried (vacuum; 70°C). This fraction was stirred
in boiling ethanol, filtered off, washed with ethanol and 2,2'-oxybispropane, then dried
(vacuum 60-70°C), yielding 3.22 g (86.5%) of 4-[(2,3-dihydro-2-oxo-1H-pyrrolo-
[2.3-b]quinolin-6-yl)oxy]butanoic acid; mp. . 260°C (comp. 3).

In a similar manner there;was prepared :
5-[(2,3-dihydro-2-oxo-1H-pyrrolo[2,3-b]quinolin-6-yl)oxy]pentanoic acid; mp. > 260°C
(comp. 4);

6-[(2,3-dihydro-2-oxo-1H-pyrrolo[2,3-bJquinolin-6-yl)oxy]hexanoic acid (comp. 18);
and

[(2,3-dihydro-2-oxo-1H-pyrrolo[2,3-b]quinolin-6-yl)oxy]acetic acid (comp. 19).

- Example 5

A mixture of intermediate (6) (0.06mol), 2,5-dimethyl-2,4-hexadiene (40g) in

methylbenzene (400ml) was heated overnight at 195°C (closed vessel) in the presence of

platinum on activated carbon (10%) (3g) as a catalyst and a 4% solution of thiophene

(2ml). The mixture was cooled, filtered over dicalite and washed with methylbenzene.

The precipitate was stirred in a mixture of dichloromethane and acetic acid (50/50) and

filtered over dicalite. The filtrate was evaporated and the residue was stirred in boiling

ethanol, filtered off, washed and dried in vacuo, yielding 14.5g (77%) of ethyl 4-[(2,3-

dihydro-2-oxo-1H-pyrrolo[2,3-bJquinolin-6-yl)oxy]butanoate (comp. 1).

In a similar manner was prepared :

ethyl 5-[(2,3-dihydro-2-oxo-1H-pyrrolo[2,3-b]quinolin-6-yljoxylpentanoate (comp. 2);

methyl 6-[(2,3-dihydro-2-oxo-1H-pyrrolo[2,3-b]quinolin-6-yl)oxyJhexanoate (comp.

20); —
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‘¢l i zi ng an

.rnatlvely, the internediates of formula (I11) g
intermediate of fornula (1V) upon [c&¥al g

n_be prepared by
hydr ogenation in

e presence of a suitable catalyst, e.g. palladi . ﬁﬁmﬁs a

eaction-inert solvent, e.g. ethanol, 2-nethoxy- TaRal. ef like.
igerr] The internediates formul a (III) can be—~prdpar ed
‘gpon catalytic hydrogenation of an internediate of formula (1V) in the

‘Br esence of

Example 6
Diphenyl phosphoryl azide (0.0085mol) was added to a mixture of compound (3)

5  (0.0059mol), 1-(cyclohexanylmethyl)piperazine (0.0072mol), N.N-diethylethanamine
(0.0124 mol) and N,N-dimethyl-4-pyridinamine (catalytic quantity) in N,N-dimethyl-
formamide (30 ml), stirred at room temperature. The reaction mixture was stirred
overnight at room temperature. Dichloromethane (200ml) was added and the mixture
was washed with water. The organic layer was dried, filtered and the solvent was

10  evaporated. The residue was stired in boiling methanol (20ml). The precipitate was
filtered off, washed with methanol and 2,2'-oxybispropane, then dried. This fraction

(1.5g) was dissolved in a mixture of methanol/methanol(NH3z)/trichloromethane (5/5/90)

, and filtered over silica gel column. The desired fractions were collected and the solvent
was evaporated. The residue was stirred in boiling methanol (20ml), filtered off,

15 washed with methanol, 2,2'-oxybispropane and dried in vacuo at 60°C, yielding 1.36g
(51.2%) of 1-(cyclohexylmethyl)-4-[4-[(2,3-dihydro-2-oxo-1H-pyrrolo[2,3-b]quinolin-
6-yl)oxy]-1-oxobutyl]piperazine; mp. 227.2°C (comp. 5).
In a similar manner there were prepared :

e hyl Stj(bt:,’a&) hydro

(Y ﬂ-l-pyrro%[ij E]tqumolinnpé]yl)oxy]acctate (comp. 21).

[T

N
~
0 0
NS I
O0—(CHp)a—(NH);—C—(NH)n—X Y—R
20 g
‘ Comp.|n |p |m |X|Y|R physical data / salts
No. (mp. in °C)
6 4 |0 [0 |N}]N {cyclohexylmethyl 194.7
7 4 10 |1 |C|N |phenylmethyl 234.0
9 310 |0 |[N|[N/|I-butyl 198.4
10 3 (0 {0 [N|N |phenylmethyl 221.8
11 3 10 |0 [N|N |cyclohexyl .2HCL.1/2H20
12 3 |0 [0 |N|C |1B-imidazol-2-ylcarbonyl |255.0
13 3 |0 |0 |N|N |2-pyridinyl 249.1
14 3 |0 {0 |N|N |2-pyrimidinyl 260
22 4 {0 |0 |N]|N [phenylmethyl 206.8
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" charcoal, in a reaction-inert solvent, e.g. 2-nethoxyethanol and the
'‘ke, preferably in the presence of a catal yst poisg e.g. thiophene.

i ntermedi ates of fornula (1V) can be prepared b R Q0
ernediate of fornmula (V) with a phosphorus yli dé
ction) in a reaction-inert solvent, e. et hanol , . : eN ¢
conpounds of formula (1), the pharmaceurtically acceptable additipon
ts and stereochemcally isonmeric fornms thereof as well as the

er nedi at eg—ef—grmayl ) —the _
Comp.|n [p |m [X|Y R ' physical data / salts
No. (mp. in °C)
23 3 10 |0 |N|N |diphenylmethyl 230.0
24 4 (0 {0 {N|N|1-butyl 178.9
25 4 10 {0 [N|N |cycloheptyl 192.8
26 5 |0 |0 |N|N |cyclohexylmethyl 193.2
27 3 10 |0 }N|N |4methoxyphenyl 218.6
28 1 10 |0 |N|N |cyclohexylmethyl 2447
29 4 |1 |0 |N|N |cyclohexylmethyl 170.5
30 4 |0 |1 |C|N |cyclohexylmethyl 220.6
, 31 4 10 |0 |N|N | (4chlorophenyl)methyl 234.6
322 (3|0 |0 |N|N s CHs 209.0
!/ 0o "o
—CH>
33 3 |1 {0 |N|{N |cyclohexylmethyl 209.7

and 4-[(2,3-dihydro-2-oxo0- 1H-pyrrolo[2,3-b]quinolin-6-yl)oxy]-N-methyl-N-(1-
methyl-4-pipcridiny1)but;mamide; mp. 212.4°C (comp. 8).
5 b) Compound (6) (0.0033 mol) was stirred in boiling ethanol (20 ml). This mixture
~ was acidified with HCl/2-propanol. The mixture was cooled. The precipitate was
filtered off, washed with ethanol, 2,2'-oxybispropane and dried (vacuum), yielding 1.40
g (84.7%) of 1-(cyclohexylmethyl)-4-[5-[(2,3-dihydro-2-oxo-1H-pyrrolo[2,3-b]-
quinolin-6-yl)oxy]- 1-oxopentyl]piperazine monohydrochloride; mp. 271.8°C (comp.
‘ 10 - 15).
In a similar manner there was prepared:
1-(cyclohexylmethyl)-4-[4-[(2,3-dihydro-2-ox0-1H-pyrrolo[2,3-b}quinolin-6-yl)oxy]-
1-oxobutyl]piperazine dihydrochloride ethanolate(1:1); mp. 204.8°C (comp. 16).

15 Example?
Thionyl chloride (0.00803mol) was added dropwise to a suspension of compound (3)

(0.0073mol) in N,N-dimethylformamide (25ml). The mixture was stirred for 5 minutes.
Then, N-methyl-cyclohexanamine (0.0438mol) was added in one portion and the

reaction mixture was further stirred at room temperature. The solvent was evaporated.

20  The residue was taken up in CHaClp/CH30H (90/10) and washed with water. The
separated organic layer was dried (MgSO4), filtered and the solvent was evaporated.
The residue was purified by column chromatography over silica gel @Iucnt:
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Armaceutical |y acceptabl e addition salts and stereochenically isomeric
roms thereof, are potent inhibitors of the phosphofliléss ehasety+

ardiotonic-sensitive PDE Il1) of warm bl ooded anifpal s, r
mans. Inhibition of PDE Il |eads to an elevation o
scle, which in turn enhances sarcol emmalkcentry of Ca[err] into the cell,
ifhcreases the rel ease and reuptake of Ca2+ by the sarcoplasmc reticulum

Lerry - as” SHEBUCPELRINER Y ctudtiotimen by pe TERMERER ¢ SeRiEd et b

osi tive i nevapyryted asd thelrésid (0.4gpenecrysmllizrd fioorethdnol. nEhdpracipitdtpuast i ve
t : [ t t .

ot o an et St PR b By SR601 2 SRyt pacnid | v

mul t aneous (varwuen$0°GY, yisiding 011508 %%ém%/ N-guglohgryled | @kcdihydrontare-18at e
d_bl 0005 Pr Gsiigts 30BGABIR. blyMky) RGHEATItaAkm RBYHeinik e Ap) 203 oo0d
Id | ndeed tra

23
essure wou e ut ex strain on the heart and cancel the

nefi ci al p&%‘i’ml’-\/y)cardi ac inotropy and lusitropy. In vivo experinents
th the instant conpounds of fornmula (I) show noderate system c

sodi |l ati on_and ce a decrease in blood pressure. The heart rate
nerally on ases at high doses. In all, the instant conpounds of

fprmula (1) <) Mdinfikmeedfl comipoand #3 €0.007#8hal} im2HnprthoxyythanoldR5E mpowast | ve
of codpr e uriehdy 360 it G soslic SR B ARIRERA copBhEIBR )
cpnsi dered t asheabisudifteeuptaks ozl amiv)dha gatalyst was Blsredoffwad thetfilsaded
Qs £ B RIS o GO AR oE e,
tfie i nabi | i t yidfethylacpiaigranddsied (vasuameqiciding2+ba i o1ef Li4Hd.3rdhydre-2-
ri pheral (sigkgs FRpytrOIB[23-BR{¥ifolin-GVyD)Bx FIONSREBRN pipdrakité Ecdnth. BERL t he
taboll i:S b) A mixture of compound 35 (0.0067 mol) and 3-cyclopentyloxy-4-methoxy-
benzaldehyde (0.0091 mol) in 2-methoxyethanol (150 ml) was hydrogenated at 50 °C
with palladium on activated carbon, palladium content 10% (2 g) as a catalyst in the
presence of thiophene, 4% solution (1 ml). After uptake of H2 (1 equiv), the catalyst was
filtered off and the filtrate was evaporated. The residue was purified by column
20  chromatography over silica gel (eluent: CHaClp/CH30H 94/6). The pure fractions were
collected and the solvent was evaporated. The residue was stirred in boiling ethanol. The
precipitate was filtered off, washed with ethanol and DIPE, then dried (vacuum),
yielding 0.62 g (16.6%) 1-[[3-(cyclopcntyloxy)-4-mcthoxyphcnyl]meth'yl]—4-[4-[(2,{’:-
‘ dihydro-2-oxo-1H-pyrrolo[2,3-b]quinolin-6-yl)oxy]- 1-oxobutyl]piperazine; mp.
25 © 194.1°C (comp. 36). |

Example 9
A mixture of compound 32 (0.0085 mol) in acetic acid (95 ml) was stirred for 10 hours

at 60 °C. The solvent was evaporated. The residue was stirred in water and this mixture

30  was alkalized with an aqueous ammonia solution. The water layer was separated and
extracted with CHaClp/CH30H 90/10. The separated organic layer was dried (MgSO4),
filtered and the solvent was evaporated. The residue was purified by column
chromatography over silica gel (eluent: CH2Clp/(CH30H/NH3) 90/10). The pure
fractions were collected and the solvent was evaporated. The residue was stirred in

35 DIPE, filtered off, washed and vacuiim dried, yielding 1.05 g (28.2%) (+)-4-[4-[(2,3-
dihydro-2-oxo-1H-pyrrolo[2,3-b]quinolin-6-yl)oxy]-1-oxobutyl]-B-hydroxy-1-

piperazinepropanol hemihydrate; mp. 219.7°C (comp. 37).
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¥ requirenent of the body. Said condition may result froma heart
¥ ack, infection of the heart, chronic hypertension, defnrErencies in the

B ation of the heart valves and other disorders of th ARGt 0
hgestive Heart Failure. Sone of the subject conpour

antage of having inproved water solubiljty when conpared to 2
xfpounds. In view of their useful positive inotropic and | usitropre
yperties, t subj ect caonpounds may be formul ated into various
far maceut i ca m&@m&%@ Celggic ration purposes. To prepare the
pHar maceut i calThe posdd inbeoysic aid hifindpicieyfeof afahe insrnbédmmimdewasiassessedby ame
p ticular COqRIHG gi.:sa'y rs]ysl?éinsl Yo Qéted it i%gg Eigft'ac? %n%ﬁé ﬁhgsﬂﬁcsﬁﬁsg%caﬁfdn\ﬁn

an in vivo experiment in closed-chest anaestetized dogs by monitoring cardiac and

5  haemodynamic effects of an intravenous bolus injection of the instant compounds.

Example 10 : Inhibition of Phosphodiesterase type HI (PDE TII).

Phosphodiesterase activity was measured in an incubation medium (200 pl) containing
40 mM Tris, 5 mM MgCly, 3.75 mM 2-mercaptoethanol, [SH]JcAMP and [3H]cGMP

10 (310 mCi/mmol) at pH 7.1. For every preparation, time- and concentration-dependent
changes in cyclic nucleotide hydrolysis were measured. From these data, a protein
concentration was chosen that showed a linear increase in phosphodiesterase activity

? during an incubation period of 10 min at 37°C. The enzymatic activity was started by
addition of substrate and stopped 10 min later after the tubes were transferred to a

15  waterbath at 100°C for 40 sec. After the tubes had been cooled to room temperature,
alkaline phosphatase (0.25 g/ml) was added and the mixture was left at 37°C for 20 min.
The mixture was subsequently applied to a 1-ml DEAE-Sephadex A-25 column and
washed twice with 3 m] of 20 mM Tris-HCl at pH 7.4. The 3H-labeled reaction
products in the eluate were quantified by liquid scintillation counting.

20  The inhibiting effect of the present compounds on canine heart phosphodiesterase PDE
IIT was measured at different concentrations of the instant compbunds. The ICsp values
were calculated graphically from the thus obtained inhibition values. Table 1 shows

available ICsq values of the present compounds on canine heart PDE III. ;
25 Tablel
Comp. No. Canine heart PDE III
ICsp (10-6 M)

1 0.29
2 0.062
3 0.33
5 0.018
6 0.0024
7 0.058
8 0.30

15 0.0018 _

16 0.027

17 0.0076
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X resent herﬁggﬁ 1a%@@;(§,g,ﬁ9%§| O%%pcgt%m oﬁlglﬁcﬁgﬁrd%‘gs bf‘cM%i-Eéké}ﬁSx%rﬁﬂé' d

rmaceufi cal garriers . a enp oye rent er al
rposi t i ons, agehEangkgrin bpdywweightifroml 1lto d@dﬁﬂr(m?é-‘%lt]e%rkg e Thaagimalgyvereeast i n

g par IRk Shad 3?%??%’&2“?6’#‘*%?@ O e B O Ch

b carrier c@#ﬁﬁgﬁsle@?ai e apimals were IW&%W@GI%ggﬁg‘iﬂ&gﬂ#ﬂbﬁr e of

sa i Ee and gl Bﬁ&ﬁﬁuﬁfb&ﬁimwprcddsﬁtea&hﬂhhen wsp&famj dmﬂWTMm df@rqﬁsm&tmdk @i in
ch casg a ria uid carriers, suspen ent s e ma

be] enpl o?@d pff‘)'ﬁﬁg) &%@g’l ysig A valEme: 58?%&%@9"" 5'8%%23}?5 %Jthf ati ony

e carrier oq:muohpdﬂoyl tho@Pn lcems:naamalﬂnea&ﬂpimdeml(nﬁ'ﬂﬁ()m asgletrermined/vdth &

syl table wet t@@h&;@gﬁ@m& Blot P kgggu.{?s V8100 Yy St BE fhedAbinhlof? Soldineany

ure in mno 1 on cause any Slﬁfg ?ant
ddl et eri ous efréspcrate aﬂotm@thmnm )Saﬁ qoramus mmyermy infysioniof §t5emg

admi ni stratd og ﬁihaEé\@a%ﬂ&d%ﬂ(c@fatéf?!ﬁ@%n&lﬁ:’ﬂBﬁ ‘ﬁod:y%mpérﬁﬂﬁé wadmohfore8 %)n.'hed
cgnposi ti ons. ese compositions dm nistered T n various ways,

a3 a trarlSder #irermpistos posigened in the pulmonary artery. To prevent blood clotting hepafin, 000
TU kg1 i.v., was administered.

The electrocardiogram (ECG) was derived from limb leads (standard lead 2). Left
ventricular (LVP) and as¢ending aortic blood pressure (AoP) were measured by

retrograde catheterisation via the femoral arteries with high fidelity cathetertip

20  micromanometers (Honeywell). The other femoral vein was cannulated for injection of

saline at room temperature into the right atrium and for injection of the test compound.
Peak ascending aortic blood flow velocity was measured through the right carotid artery

. . . %4
with an electomagnetic catheter-tip probe connected to a square wave electomagnetic flow

+ . meter (Janssen Scientific Instruments). The following variables -inter alia- were
25 7 calculated on-line, usually at 1 min intervals: heart rate (HR), diastolic (AoPd) aortic
blood pressure, left ventricular end-diastolic pressure (LVEDP), the maximum positive
and maximum negative rate of change of isovolumic LVP (LV dp/dt max and min, -
respectively), the maximum positive first derivative divided by the actually developed
pressure in the left ventricle (LV dp/dtmax/Pd). The time constant (T) of relaxation was
30 measured with the use of an exponential analysis that also estimated the asymptote,

After a stabilization period, the animals were treated by intravenous bolus injection of the
test compound at-30 min. interval in cumulative doses of 0.0005, 0.001, 0.004, 0.016,
0.064, 0.125 and 0.25 mg/kg. :
The test compounds have positive inotropic properties as indicated by the pronounced

35  and significant increase in the variables related to cardiac performance (LV dp/dtmax, LV
dp/dtmax/Pd). The test compounds have positive lusitropic properties, as evidenced by
the significant decrease in the time constant of relaxation. Upon administration of the test




Fon or as an ointnment. Addition salts of the conpou-os of formula (1)
to their increased water solubility over the correg g base form
obviously nore suitable in the preparation of aque

It is especially advantageous to formulate the 2 ,':qu i
maceuti cal conpositions in dosage unit éorn1for ease of aty
uniformty of dosage. Dosage unit form¥efers to phyS|caIIy di 3¢
S suitable as unjtary dosage each unit containin edeternlneo
tity of aEPmpauRdseRys mmgmlmgnwegnpl@rﬁr\@ TeH m&?& T her apeut i ¢

in asse@hﬁchﬂmy VITHi$inkiftatek Bk teQekt BORpSRRS bave dlko additiorl systetmiophes of
dosage unit forns. g‘é} tabl ets, (1 ncludin sc d or coated.ta L.[%é[‘%)g

3@sules, pil P El Relailsiy tP§°P°§%ﬂse Agis § £ tHe B BT Vigfou
S Ur pens i ons aheart faee, bukeith editofigidfatae invartiiap loaq:ut. hEhese positive inotropic and

5 lusitropic, and vasodilatory effects of the compounds are long-lasting, since the changes
in the variables last for more than 30 min after the bolus injection.
Table 2 shows the changes in haemodynamic variables measured 5 minutes after
cumulative intravenous bolus administration of some of the present compounds in Beagle
dogs. The variable AoPd (diastolic aortic blood pressure) shows the decrease in blood

10  pressure (vasodilation), HR the influence of the present compounds on the heart rate,
LV dp/dtpax (the maximum positive rate of change of 1sovolum1c left ventricular

+ pressure) shows the positive inotropic effect.

' Table2
15  Calculated dose ( in mg/kg i.v.) producing a 30% increase in cardiac contractility (L.V
dp/dt max), a 30% increase in heart rate (FHR), a 15% reduction in diastolic aortic blood
pressure (AoPD) and a 15% reduction of total systemic vascular resistance (TSR) relative
to premedication values at 5 min after the i.v. administration to anaesthetized, closed-
chest dogs (n=3 for each compound). |

20
Co. No. ‘HR . AoPD LV dp/dtmax | TSR
15 0.028 0.015 0.002 0.003 ;
5 0.033 >0.25 0.008 0.079
+ " D. Composition examples

“Active ingredient * (A.L.) as used throughout these examples relates to a compound of
formula (I) or (II), a pharmaceutically acceptable addition salt thereof or a
25  stereochemically isomeric form thereof.
Example 12 : ORAL DROPS
500 Grams of the A.I. was dissolved in 0.5 1 of 2-hydroxypropanoic acid and 1.5 1 of
the polyethylene glycol at 60~80°C. After cooling to 30~40°C there were added 35 | of
polyethylene glycol and the mixture was stirred well. Then there was added a solution of
30 1750 grams of sodium saccharin in 2.5 1 of purified water and while stirring there were
added 2.5 1 of cocoa flavor and polyethylene glycol g.s. to a volume of 50 1, providing
‘an oral drop solution comprising 10m g/ml of A L. The resulting solution was filled into
suitable containers.
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A. Preparation o

10

15

20

25

30

35

essence were adéerzie ’the aFf‘tre;rseo unone\gas combined with the former, water was added
g.s. to a volume of 20 1 providing an oral solution comprising 5 mg of the active ingre-
dient per teaspoonful (5 ml). The resulting solution was filled in suitable containers.

Example 14 : CAPSULES _
20 Grams of the A.IL, 6 grams sodium lauryl sulfate, 56 grams starch, 56 grams lactose,

0.8 grams colloidal silicon dioxide, and 1.2 grams magnesium stearate were vigorously
stirred together. The resulting mixture was subsequently filled into 1000 suitable
hardened gelatin capsules, comprising each 20 mg of the active ingredient.

Example 15 : FILM-COATED TABLETS

Preparation of tablet core’
A mixture of 100 grams of the AL, 570 grams lactose and 200 grams starch was mixed

well and thereafter humidified with a solution of 5 grams sodium dodecyl sulfate and 10
grams polyvinylpyrrolidone (Kollidon-K 90 ®) in about 200 m! of water. The wet
powder mixture was sicved, dried and sieved again. Then there was added 100 grams
microcrystalline cellulose (Avicel ®) and 15 grams hydrogenated vegetable oil (Sterotex
®). The whole was mixed well and compressed into tablets, giving 10.000 tablets, each
containing 10 mg of the active ingredient.

Coating,

To a solution of 10 grams methyl cellulose (Methocel 60 HG®) in 75 ml of denaturated
ethanol there was added a solution of 5 grams of ethyl cellulose (Ethocel 22 cps ®) in
150 ml of dichloromethane. Then there were added 75 ml of dichloromethane and 2.5 ml
1,2,3-propanetriol. 10 Grams of polyethylene glycol was molten and dissolved in 75 ml
of dichloromethane. The latter solution was added to the former and then there were
added 2.5 grams of magnesium octadecanoate, 5 grams of polyvinylpyrrolidone and 30
m] of concentrated colour suspension (Opaspray K-1-2109®) and the whole was
homogenated. The tablet cores were coated with the thus obtained mixture in a coating
apparatus.
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anple 1 a) A mixture of ethyl 5-(3-formyl-4-nitrophepaxy)pentanoate (0.60

B#l) and (4, 5-di- THIs
hydr o- 2- hydr oxy- 5- oxo- 1H pyrrol - 3-yl ) tri phenyl phosphofjium 1Y X+ i nner
salt (0.57 nol ) in ethanol (1500m ) was stirred and refTy P i RO .

The solvent was renoved. The. residue was stjgred in methyl benZere
resulting precipitate was filtered off, washed w th nmethyl benzene,

2, 2" - oxybi spropane and dr M@mm 39 (61% of (E)-ethyl

5-[3-[(2, 5-di oé&@%%—gr—&’-l ] | ] 4- ni t r ophenoxy] -

-10- pent anoal.8 Grifs metiy] 4fedrdxgbénzvarramd 012 graims propyil di-hydroxybameyats ek e
were prepared: ,.(E)-eth - e e . o
4-[3-1(2, 5-di o‘?é‘%s-"!a"-‘%ﬁ? Fhout 8% PG rRITHOT TR 5 SORE PP M R Fhere
(iinterm 2); (Wreddfgdwhile stopngferamelabyd anid]0.05 Sramy propylencigytiobard 4 grms
124. 1[err] § (i &fs M1 Bre solution was cooled to room temperature and supplemented with water
for injection g.s. ad 1 1, giving a solution comprising 4 mg/ml of A.L. The solution was

sterilized by filtration (U.S.P. XVII p. 811) and filled in sterile containers.
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phenoxy] acetate; np.

(2, 5- di 8x0<3-pyr't ol di nyl i dene) met hyl ] - 4- i ST hexanoat e
0). b) Anmxture of internediate il) (0.179 'ﬂﬂ
hoxyet hanol (600m ) and thi ophene, 49240l uti on (4ml) d?”é’g'e at ed
O[err]C with platinumon activated carbon (5% (8g) as a cats .
upt ake &#2imMse theoretical anount of hydrogen, the catalyst wa
ered off. The preci pitate, which was formed overnight, was filtered

washed vmth eth etate, apd 2, 2' - oxybi spropane and dried in vacuo,
di'ng 42.7¢ dt é@ﬂ%t%a“ﬂ&éh?fqntni%‘te was evaporated and the residue was
red in ethyl acetate The precipitate was filtered off, washed with
gl acetate and 2, 2' - oxybi spropan@ and _dried in vacuo Yyi eI di ng a second
pordi on of product (13 8g), whi ch whs-cry # N zed from nmet hoxyet hanol,
yiejding 8.3g. Total yield: 51g (8% j I (E)-@) [ 4- ani no- 3-
[ (23 5- di oxg- 3-pyrrolidinylidene)nett x¥| pent anoate; np. 183.5[err]C
(injerm 4). In a simlar manner there was al so prepared: ethyl
4- [’4- am no- 3-[ (2, 5-di oxo- 3-pyrrolidinylidene)nethyl]phenoxy] butanoate; np.
176; 5[ err] C (|arpi'mmaceﬁtjqallyrn¢depiable addition salt thereof or a stereochemically isomeric form
(E)$ 6-[4-am nqﬁ &(%h%ﬂi oxo- 3-pyrrolidinylidene)nethyl] phenoxy] hexanoat e;
np.;i 178.4 C (in and et hyl
(B)f-[4-am no-3-[( di oxo-3-pyrrolidin I|dene rreth)‘]é phenoxy] acet at e
(idqterm 1@). %Lusmredmlmfé@r@n &0l redti d (250m ) was
h ogenat ed at lﬁﬁﬁﬁ@{_&:@cﬁ&k&@l pal | adi um on actlvat ed carbon (109% (49) as a
caffal yst. After upt ake of thé theoretical
; pisOorl;

Rlis hydroxy, Cj4alkyloxy or -NRZR3, wherein
R2 is hydrogen or C;_4alkyl; and

15 R3 is C3_;cycloalkyl or piperidinyl, which is optionally substituted with Cy_4alkyl or

][205( ?h?tumm&lnumuuydene) nmet hyl ]-4-nitro
1

-

phenylmethyl or C3_7cycloalkylmethyl;

R2 and R3 may also be joined together to form piperazinyl, optionally substituted with
C3_scycloalkyl, Cs 4cycloalkylmethyl, Cj.galkyl optionally substituted with one or two
hydroxy groups, 2,2-dimethyl-1,3-dioxolanylmethyl, benzyl, halophenylmethyl,

20  (cyclopentyloxy)(methoxy)phenylmethyl, diphenylCj_4alkyl, pyridinyl, pyrimidinyl or
phenyl optionally substituted with Cj4alkyloxy or halo; or 4
& R2 and R3 are joined together to form piperidinyl, optionally substituted with

. imidazolylcarbonyl.
25 2. A compound according to claim 1 wherein R1 is -NR2R3,

3. A compound according to claim 2 wherin R2 and R3 are joined together to form a
piperazinyl substituted with C3_7cycloalkylmethyl.

30 4. A compound according to claim 3 wherein the compound is 1-(cyclohexylmethyl)-
4-[4-[(2,3-dihydro-2-0x0- 1_I_-I_—py11010[2,3-b]quinolin-6-yl)oxy]-1-oxobutyl]pipcrazinc
or 1-(cyclohexylmethyl)-4-[5-[(2,3-dihydro-2-oxo0-1H-pyrrolo[2,3-b]quinolin-6-yl) -
oxy}-1-oxopentyl]piperazine, a pharmaceutically acceptable addition salt thereof or a
stereochemically isomeric form thereof.
35 -_—
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Exanple 2 b) A m xture of |ntermad|ate(1i) 0,007

id. Thefiltra and the residue W
9je precipitate nmnm @ﬂgi + washed with ethano
d dried in vacue, (80% of ethyl

unt of hydrogen, the catalyst was filtered off VS dW|th acetic

[ (2,3, 3a, 4-t et rahydr o- 2- oxo- 1H-pyrro| 0[2223 b] qui nol i n- 6- yl ) oXyhut anoat e
nterm 6). 11 -

was hydr ogenafed pharrsaientical coraprpitian COBPHEINS rp@gggfpgﬂ%aail}q Ao P%Q% cﬁl(r#e 281% bs
activated car megﬁ%m(t%g)ef@&@ positiat jiftropiéfane lusitmipikamardnt bfie compoung:asc al

ey
of:

yi

awount of hydrogen,. the t al Iz s filtered off and the filtrate was
&Wérg o

apor at ed. THiauned igany ghe red in boiling ethyl acetate, filtered
f, washed with ethyl acetate and 2, 2'-oxybi spropane, and dried (vacuun),

elding 1 Og6. A process for preparing a composition as claimed in claim 5 characterized in thata
therapeutically effective amount of a compound of formula (1) as claimed in any of claims
1 to 4 is intimately mixed with a pharmaceutically acceptable carrier.

7. A compound as claimed in any of claims 1 to 4 for use as a medicine.

10
8. A process for preparing a compound as claimed in any of claims 1 to 4,

* characterized by

¢ a) reacting an intermediate of formula (II) in the presence of a dehydrogenating reagent
15 in areaction-inert solvent

H
N
N~
O i
L

(I

H
N
N~
° ™
L

b) reacting an intermediate of formula (III) in the presence of a suitable catalystina

20  reaction-inert solvent

CH NH
L—@—N}h 0o —_— (D

(I1D)

and, if desired, converting the compounds of formula (I) into each other following art-

25  known functonal group transformation reactions, and further, if desired, converting the
compounds of formula (I) into a salt form by treatment with a pharmaceutically
acceptable acid or base, or conversely, converting the salt form into the free base or the
free acid by treatment with alkali, respectively an acid; and/or preparing stereochemically
isomeric forms thereof.
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Qo) of ethyl 5-[(2, 3, 3a, 4- tetrahydro- 2- 0xo0- 1H-pyrrol o[ 2, 3-b] qui nolin-6-
MMOXYy| pent anoate; np. 17 C(interm 7); In a simlar manner there
pr epar ed: tetrahydro 2- 0X0-

pyrrol o[ 2, 3-\&“‘““‘@ @! xy] but anoate; np. 177.1[ £
meghyl 6-[(2,3 - 0XO0-
1K pyrrol of 2, 3- b] qU| nol i n- yI ) oxy] hexanoa% fnp. 199. 3[err
15‘1 ~and ethyl [(2,3 ,3a,4-tetrahydro- 2-oxo-
1H; pyrrol o( 2, 3-b] qui noI in-6-yl)oxy]acetate (interm16). Exanple 3 A
sogutl on of |@t@(g@-git,@l;nahg3,}, Q&%gﬁol) in acetic acid (150m ) was
hy$lr ogenat ed unde nospheric conditions with palladiumon activated
cagbon (10% (2g) as a catal ysxgl After uptake of the theoretical anmount of
hy#ir ogen, the reaction m xt uregwasnstizLed and refluxed for 4 hours (Herr]
reboval ). Then, the cataly§ nasTYi | ffereg of f and t@ filtrate was
evapor at ed. The resi due wa _S h onm then dried,
yielding 2.53 g (64% of 1, 3-di hyo 2FF pytf¥ ol of 2, 3- b]qU| nol i n- 2- one; np.
26%. 1[err]& (interm 8). B. Preparation of the fi nal conmpounds Exanple 4
gg; " Zg' ;i' ggfg}q@géegqﬂﬁﬂ' atﬁr( Chert Sn@ RO idonteric' ik ML bikan 1(891) was
4, ‘5 di chl oro- ﬂﬁﬁne«ﬂlfoxﬂxel:pmpoymﬂsdﬁéomwleﬁanrﬂclﬁmdl.car bonitrile (2.169)

10. A compound having the formula

E 10
9]

1 an addition salt thereof or, a stereochemically isomeric form thereof wherein L is as
3 defined for the compounds of formula (I) in claim 1 and Z is nitro or amino.

i
§

_‘\
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£§ added in ong portlon and the mxture was stirred for 5 mnutes. A
cond portion of

4;5-di chl or o- 3, 6- di oxo- 1, 4- cycl ohexadi ene- 1, 2-di car boni t r} | %,09, 00158 ol )
was added and the reaction mixture was stirred for an additi Ohéfz
mnutes. The sdABHABS was evaporated. The residue was stirr et
of CHerr]CJ[err]/ CHerr]OH 90/10 and washed with water. |nsolf&s,
material was renoved by filtration and the filtrate was evaporated.
-12- The residue was purified by col um ch?‘b‘mat ography over silica ge
(el uent: CH err]C[err]/ CHerr]OH 95/5). The pure fractions were col |l ected
and the solvent was evaporated. The residue was stirred in boiling ethanol
(30m ). The precipitate was filtered off, washed with ethanol and

2, 2' - oxybi spropane and dried (vacuunm 60-70[err]C), yielding 0.76 g (38.1%
of et hyl

4-[ (2, 3-di hydr o- 2- oxo- 1H pyrrol o] 2, 3- b] qui nol i n- 6-yl ] oxy] but anoat e; np.

181. 4C (corﬁv). 1). In a simlar manner there was prepared: ethyl

5-[(2, 3-di.hydr o- 2- oxo- 1H- pyrrol o[ 2, 3- b] guessERAQTE- Y! ] OXYy] pent anoat e; np.

POSITIVE INOTROPIC AND LUSITROPIC PYRROLOQUINOLINONE
10 DERIVATIVES

The present invention relates to novel positive inotropic and lusitropic compounds of
15 formula

H N
[ N 7
NS
L
the pharmaceutical acceptable acid addition salts thereof and the stereochemically
20  isomeric forms thereof wherein L is a radical of formula -O—Alk—(NH)p-C(=O)—le
pharmaceutical compositions thereof, methods of preparing said compounds and
g ~ intermediates in the preparation thereof.

25
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i)

18D 9[errT'C (comp. 2). b) A solution of corrpoqncngpgcm\&MIQBEﬁ)

mixture of sodium hydr oxi de 1N (0. 040 nol) in |etferet

‘at room tedp&™Sure until the reaction was conplle @(; agg 1996
e¥96 e

was added and the resulting m xture was concerit rla
‘pressure. The.residue was stirred in water and tlhe resulting précipitate
was filtered off, washed with water andldried](vacuum 70[err|C}. This
fraction was stirred in boi | i ng et hanol fl|té it h et hanol

and 2, 2' - oxybi SWSHJNEWBEGQHIXMHBER@BEF@BBQH@UWOHWN@ 3.22 g

(86. 50/() of 4-((2, 3-di hydro-2-oxo- ﬂgﬁf@iﬂ@
[ 2, 3- b] qui nol i n- 6- yI)oxy]butan0|c acl 260[err]C (conp. 3). In a

Si |ar manner Lhern M-S nr C\nal" ad:

5- [(2 3- dlhydro 2- 0X0- 1F+pyrro|o[2 3-b] qui nol i n-6-yl) oxy] pent anoi ¢ aci d;
np. > 260[err]C

6-[ (2, 3-di hy gﬁ@%s %#%WHMW@"W&HPW%W)WM‘&HB iotmopicy
E (Ctz)rrp . 1%) gnd llgntroplc grlg_pemes GB-2, 190 676 and E}’-O ,426,180 disclose a number of .
: i hydr o: 2- 0x0 |no i n- B CI conp.
2 B AR B AL RV BLOK 8964 5 Btnds®
2, 5-di net hyrh:dawqmmbadnasrlmvmgﬁgjnhlblmbﬁgdtbamhmAEP(zﬁmm&ﬂblmdqplanm ed _
over ni ght ] in the presence of platinumon
activated ?g?égﬂ"?fwg‘“%@g@ as n\gﬁ'gﬁgﬁ%. st and a 4% sol ution of thiophene
(2m ). The niPetdn endBobinson,ddChern) $m,em3ol«%73 (93 3) deseribethevprepasation ofh
nmet hyl benz bIdad r t hane
and aceti cq;gl lg}%@oﬁ l&é@?‘ﬁ]{fﬁﬁo (%vaen‘ré é-lt ca F%neaé ¢ i E @I%ggge&vﬁgy .
evapor at ed Hehdheme, 3.d3p 4L the proeedurriof Persig; andiRpbinson did not produce the
above pyrroloquinolinone compound, but rather some plain quinoline derivatives.
Vogel et al., Helv. Chim. Acta., 52(7), 1929 (1969) and US-3,974,165 describe the
preparation of some partially hydrogenated pyrrolo[2,3-b]quinolin-2-one derivatives.

Y Lbo¥zro-2
in a

The compounds of the present invention differ structurally from the cited art-known'
compounds by the particular substitution of the pyrroloquinolinone moiety and by their
favorable positive inotropic and lusitropic properties. -

The present invention is concerned with novel 1,3-dihydro-2H-pyrrolo{2,3-b]-
quinolin-2-one derivatives having the formula i

H : ;
NN
™
: L

. the pharmaceutically acceptable addmon salts thereof and the stereochemlcally
isomeric forms thereof, wherein

L is a radical of formula -O-Alk~(NH),-C(=0)-R!, wherein
Alk is C)_galkanediyl;

pisQorl; and

R! is hydroxy, C;_4alkyloxy or -NR2R3, wherein

R2 is hydrogen or C; 4alkyl; and

- -




*

et._'hanol, filtered off, washed and dried in vacud, P&F%%WT&H 1 77% of

et hyl 4-[(2,3- dihydro-2-oxo-1H pyrrol o[ 2, 3-b] qui nfol i n- 6-yl % oxy]ibdyt anoat e
(conp. 1). In a sinilar manner was prepared: ethlyl{ 02 DEC 1996 :

5-[(2, 3-di hydr o- 2- oxo- 1H pyrrol o[ 2, 3- b] qui nol i n-B- I ] oxy] pent andatie (conp.
2); methyl 2- ‘

6-[ (2, 3-di hydr o- 2- oxo- 1H pyrrol o[ 2, 3-b] qui nol i n-6-yl ) oxy] hexanoate! (conp.

20) ;. 3; iperidi ich is optionally substitutsdt With C;_4alkyl,

[ (2, 3-di hydro- 21_{O§so(;3iﬁycloalky} %r[ple? %qdfl) yc%’u‘?’}#gﬁ, fanpél-oyl )%xy] acetate (é-grrp.y 21) .

pyrro

Exanpl e 6 umeﬂmcﬁwheéémmoaﬁwi ¥l0. 0085npl ) was added to a mixture of
compound (3)  (R2 SROR3RIaY alsd teGoit 5t ipERIZA, priDeallysubSitae With
N, N- di et hyl etéae:na M) : 01{@49 an Nb qi W?&&wﬁm ne .
(catalytic q 1qu1§>?§$!}1 QP 1, Cpaa“iy optionally su with one or two

hydroxy groups, 2,2-dimethyl-1,3-dioxolanylmethyl, benzyl, halophenylmethyl,

(cyclopentyloxy)(methoxy)phenylmethyl, diphenylCj4alkyl, pyridinyl, pyrimidinyl or

phenyl optionally substituted with Cj4alkyloxy or halo; or

R2 and R3 are joined together to form piperidinyl, optionally substituted with
imidazolylcarbonyl.

In the foregoing definitions halo is generic to fluoro, chloro, bromo and iodo; the
term Cj-salkyl defines straight and branched saturated hydrocarbon radicals having from
1 to 4 carbon atoms, such as, for example, methyl, ethyl, propyl, 1-methylethyl, butyl,

; 1-methylpropyl, 2-methylpropyl and 1,1-dimethylethyl; Cj.galkyl defines Cj-4alkyl and
the higher homologs thereof such as, for example, pentyl, hexyl and the like;
Cs.7cycloalkyl defines cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl and cycloheptyl;
C1-galkanediyl defines straight and branch chained bivalent hydrocarbon radicals having
from 1 to 6 carbon atomg such as, for example, methylene, 1,2-ethanediyl, 1,3-propane-
diyl, 1,4-butanediyl, 1,5-pentanediyl, 1,6-hexanediyl, 1,1-ethanediyl, 1,1-propanediyl,
1,2-propanediyl and the like. '

Pharmaceutically acceptable addition salts as mentioned hereinabdve cdmprise the
therapeutically active non-toxic addition salt forms which the compounds of formula (T)
are able to form. Said salt forms can conveniently be obtained by treating the base form

" of the compounds of formula (I) with appropriate acids such as inorganic acids, for
example, hydrohalic acid, e.g. hydrochloric, hydrobromic and the like acids, sulfuric
acid, nitric acid, phosphoric acid and the like; or organic acids, such as, for example,

_ acetic, propanoic, hydroxyacetic, 2-hydroxypropanoic, 2-oxopropanoic, ethanedioic,
propanedioic, butanedioic, (Z)-2-butenedioic, (E)-2-butenedioic, 2-hydroxybutanedioic, |
2,3-dihydroxybutanedioic, 2-hydroxy-1,2,3-propanetricarboxylic, methanesulfonic,
ethanesulfonic, benzenesulfonic, 4-methylbenzenesulfonic, cyclohexanesulfamic,
2-hydroxybenzoic, 4-amino-2-hydroxybenzoic and the like acids. Conversely the salt
form can be converted by treatment with alkali into the free base form.

The compounds of formula (I) containing acidic protons may also be converted into
their therapeutically active non-toxic metal or amine addition salt forms by treatment with
appropriate organic and inorganic bases. Appropriate base salt forms comprise, for .
example, the ammonium salts, the alkali and earth alkaline metal salts, e.g. the lithium,~

e



formam de (30 m ), stirred at room tenperaturg. R%%CFQE@IL%E I Xture was
stirred overnight at roomtenperature. D chlgrgnmethane (200nt) jwas added
and the mixture was washed with water. The orgdni@2l DEEr9¥as|dii ed,
filtered and the solvent was evaporated. Thejrgsi due was stiffed in boiling
met hanol (20m ). The precipitate was filtgreq oft, washed w t h{net hanol
and 2, 2' -oxybi spropane, then dried. This fractlion (1.59) was dissolved in

a mxture of sﬁﬁﬁﬂﬁ?elaéﬁﬁﬁh&agh&m G‘éaidaﬁxﬁfsslw QhenRE Fs%newﬁtﬁlo'iém basam

filtered over si

ge esired fractjons ol l ecte and
the sol vent thgbenzg Hﬁrﬁr‘éﬁfk"yﬂ'ﬁeg Ipcamipe, dydmbamine saky apﬂmﬁfil"f"ﬁ'h
(20nt), fil t%hgdapfércxm@rdwetguvméh §1Rd Ar@E like, 2' - oxybi spr opane and dr| ed :

t 60 I d 5
|1 vocko 2t SOURE A alhebhdud b L il oo o,
6-yl ) oxy] - 1- Qh@dinrhpdu]nﬂs pfefommutae(j[)amabBZG’fcﬁireBx}aﬁpIesmuck&bnns ameag simlar

manner there p [ npom X Y
physi cal dat é’ geaﬂ élg&qggﬂ:g &BHO]&ICS and theS‘ﬁcgp

(mp. in [err]C 6 4 0 0 N N cyclohexyl net hyl 194. 7
Pure stereochemically isomeric forms of the compounds of formula (I) may be

obtained by the application of art-known procedures. Diastereoisomers may be separated
by physical methods such as selective crystallization and chromatographic techniques,
e.g. counter current distribution, liquid chromatography and the like; and enantiomers
may be separated from each other following art-known resolution methods, for example,
by the selective crystallization of their diastereomeric salts with chiral acids. Pure

¢ stereochemically isomeric forms may also be derived from the corresponding pure
stereochemically isomeric forms of the appropriate starting materials, provided that the
reactions occur stereospecifically. As a further alternative, the enantiomers may be
separated by liquid chromatography using a chiral stationary phase. Stereochemically
isomeric forms of the comnpounds of formula (I) are obviously intended to be included

within the scope of the invention.

Further, the compounds of the present invention may exist in different tautomeric
forms and all such tautomeric forms are intended to be included within the scope of the.
present invention. | -

Particular compounds of formula (I) are those compounds wherein

L is a radical of formula -O-Alk-C(=0)-R1, wherein

Alk is Cy_galkanediyl; and

R1is hydroxy, Cj4alkyloxy or -NR2R3, wherein

R2 is hydrogen or C; 4alkyl; and

R3 is C3_qcycloalkyl or piperidinyl, which is optionally substituted with C;_4alkyl or
phenylmethyl; : '

R2 and R3 may also be joined together to form piperazinyl, optionally substituted with
Cs.7¢cycloalkyl, C3_scycloalkylmethyl, Cj.galkyl, benzyl, diphenylC)4alkyl, pyridinyl,
pyrimidinyl or phenyl optionally substituted with Cj4alkyloxy or halo; or

R2 and R3 are joined together to form piperidinyl, optionally substituted with
imidazolylcarbonyl.

Preferred compounds of formula (I) are those compounds where R1 is -NR2R3, - -
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Still more preferred compounds, are those more preferred compounds wherein R is
4-(cyclohexylmethyl)piperazinyl.

The most preferred compounds of formula (I) are .
1-(cyclohexyhnethyl)-4—[4-[(2,3-dihydro-2?oxo- 1H-pyrrolo[2,3-b]quinolin-6-yl)oxy]-
1-oxobutyl]piperazine and 1-(cyclohexylmethyl)-4-[5-[(2,3-dihydro-2-oxo-1H-pyrrolo
[2,3-b]quinolin-6-yl)oxy]-1-oxopentyl]piperazine, the pharmaceutically acceptable
addition salts thereof and the stereochemically isomeric forms thereof.

The compounds of formula (I) can be prepared by reacting an intermediate of formula
(@) in the presence of a suitable dehydrogenating reagent in a reaction-inert solvent.

H H
0 - 0
L X L
(I @

The above reaction may conveniently be conducted using, e.g. 4,5-dichloro-3,6-
dioxo-1,4-cyclohexadiene-1,2-dicarbonitrile and the like as a dehydrogenating reageat in
tetrahydrofuran, 1,4-dioxane or a mixture of these solvents. Alternatively, the above

-- reaction may be performed in the presence of a suitable catalyst, e.g. platinum on
charcoal, palladium on charcoal, in a suitable solvent, e.g. toluene, diisopropylbenzene,
xylene, cumene and the like, optionally upon addition of a catalyst poison, ¢.g.
thiophene, and optionally in the presence of a hydrogen acceptor, e.g. 2,5-dimethyl-2,4-
‘hexadienc, cyclohexene and the like. When using a catalyst as described above, the
reaction of (II) into (I) is preferably conducted at increased temperature and/or pressure.

The compounds of formula (I) may also be prepared by reacting an intermediate of
formula (IIT) in the presence of a suitable catalyst, e.g. bis(triphenylphosphine)-
palladium()chloride, tetrakis(triphenylphosphine)palladium(0), palladium on charcoal
and the like in a suitable solvent, ¢.g. methylbenzene, acetic acid, propanoic acid,
2-methylpropanoic acid, 2,2-dimethylpropanoic acid and the like.



26 5 0 0 N N cyclohexylnethyl 193.12 REPLACEMENT EHU] N N
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(4- chl or ophenyl ) net hyl 234.6 32 3 05. 0O N N CH err
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th et hanol 2, 2' - oxybi spropane and dried (vacuun),
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(0.0033 nmol ) was st
acidified with I
filtered off, wash
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The compounds of formula (¥) can also be converted into each other following art-
known procedures of functional group transformation, e.g. (trans)esterification,
(trans)amidation, and the like methods. |

For example, the compounds of formula (I) wherein Rlis hydroxy can be prepared
by hydrolyzing. the corresponding compounds wherein R1 is C1.4alkyloxy, following
art-known procedures, e.g. in the presence of a base or an acid.

Further, the compounds of formula (I) wherein R1 is -NR2R3 can be prepared by.
reacting the correspondirig carboxylic acid with HNRZR3 in the presence of a suitable
reagent capable of forming amides, e.g. diphenyl phosphoryl azide. When using the
latter azide compound, the reaction is preferably conducted in the presence of a suitable
base, e.g. N.N-diethylethanamine, optionally in the presence of a catalytic amount of
N,N-dimethyl-4-pyridinamine, in a reaction-inert solvent, .g. _N,_N_-aimethylformar,nide,
1-methylpyrrolidin-2-one and the like. The latter procedure, when conducted at elevated
temperatures (preferably at 180-200°C) may yield a Curtius like rearrangement reaction
as described in J. Med. Chem. 1993, 36, 22, 3252, thus yielding compounds of formula
(I) wherein p is 1.

" Alternatively, said carboxylic acid may be converted into a suitable reactive functional

- derivative thereof such as, for example, an acyl halide or an acid anhydride, before
reaction with-the amine HNR2R3. Said reactive functional derivatives may be prepared
following art known methods, for example, by reacting the carboxylic acid with a
halogenating reagent such as, for example, thionyl chloride and the like. An acid
anhydride may be prepared by reacting an acyl halide derivative with a carboxylate salt .
The functional derivatives described above are characterized by R! being halo or
Cialkyloxycarbonyloxy.

The compounds of formula (I) wherein R2 and R3 form a piperaziny! group may be
prepared by debenzylation of the corresponding phenylmethylpiperazine compound



Exanpl e 7 Thionyl chloride (0.00803nol) was acd@gP%Q;Mﬁ?‘geS@%Ta suspensi on
of =conpound (3) (0.0073nol) in N, N-di nethyl forijnrgm de (25m ). The m xture
was stirred for 5 minutes. Then, N nethyl-cycliohex@2aDEQei99. 04380l ) was
added in one portion and the reaction mixturewds further stifr¢d at room
tenperature. The sol vent was evapor at ed. .gThe rlestTdue—wastake pin
CHerr]C[err]/CH err]OH (90/10) and washed wijth water. The separated
organi ¢ | ay qploing b idwn iedities L. h%dxjogé'rf aidn 2 THe EBRpS@ldd S Fortia (1)
Wiiyl%teﬁ%% over silica

evapor at ed. The resi S purl umm chr
gel p(e| uent :wherein aang%@ onngpxperannyl group may then be N- wing art

(Cj:HCI [e(r]I r%MQ&:ﬁb@hﬂ Qﬂ&lﬂubﬁpfd&am’eefe Ogati’ééﬁizﬁwﬁadlk Q%&i .5The aawpcﬁhdfﬁﬂl | of Ej he
esired fra eva e resi allize
from et hanott© ?@ Heﬁf) f‘%‘fgoagmm 3 PRFRETST FOURSY t%Yvaﬁgyfsrrall amount
of et hanoL dﬁxyarevqp;dpybma?beprh sved byl rtaeting thecomespoiting pifezine deciveiivey 0.
150g (5.3% t];sutut&Y gm.ﬁ E?if&lm (123 gxoxolg}{)(ljlm ﬂ?yl?ﬁ(ﬁxc p;é?encc of an acid.

In all of the foregoing ahd in the following preparations, the reaction products may be
isolated from the reaction mixture and, if necessary, further purified according to
methodologies generally known in the art.

The intermediates of formula (I) can be prepared by cyclizing an intermediate of
_formula (IIT) upon catalytic hydrogenation in the presence of a suitable catalyst, e.g.
¢ palladium on charcoal, in a reaction-inert solvent, e.g. 2-methoxyethanol, acetic acid and

the like.
. 0]
NH
CH R
i o
o — @
(1IN

Alternatively, the intermediates of formula (II) can be prepared by cyclizing an
intermediate of formula (IV) upon catalytic hydrogenation in the presence of a suitable
- catalyst, e.g. palladium on charcoal, in a reaction-inert solvent, ¢.g. ethanol, 2-methoxy-

§

ethanol and the like.
O
NH
CH )
: o)
L-@—Noz _— (1D
(Iv)

The intermediates of formula (IIT) can be prepared upon catalytic hydrogenation of an
intermediate of formula (IV) in the presence of a suitable catalyst, e.g. platinum on



pyrrol o[ 2, 3-b] qui nol i n-6-yl ) oxy] - N-nmet hyl but an nﬁﬁ’é’“ﬁéh"?%dﬁ%@ np.
203.9[err]C (conmp. 17). Exanple 8 a) A m xtutefof conpound 1P {0.0078
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pal | adi um on activated carbon, palladiumcontent |10% (1 g) as ph fatal yst.
After uptake of Herr] (1 equiv), the catal yst S ftTTreredToft pnd the
filtrate was evaporated. The residue was stirred in boiling ethyj acetate,
filtered of f pash | I €2 ANGh S Vaduhelike, Yefdrahlpan thed O
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upt ake of H[errénﬁ'%l %g,ga:nv%, é\ggc atalyst was filtered off and the filtrate
was evapor at &‘.’ 2B ghan rified by columm chromat ography over
silica gel (eluent: CHerr]C[err]/CHerr]OH 94/6). The pure fractions were
col l ected and the sol y6HO was evaporated. @he residue was stirred in

boiling ethanol. Theprecipitate was filte of f, washed with ethanol and
DI PE, then drig Ko, viel di pgafps2¢ (16 6%——— " qm
1-[[3-(cycl opent yhg - 4- met hoxyp eny?] met b4'[4'[(2’3'

di hydr o- 2- oxo- 1H-pyJ.rol o[ 2, 3- b] qui nol i p-H-yl ) oXy] - 1- oxobutyl ] pi perazi ne;
p. 194.1[err]C(c¢9rr)fp 36) . oh

- The compounds of formula (I), the pharmaceutically acceptable addition salts and

¢ stereochemically isomeric forms thereof as well as the intermediates of formula (II), the
pharmaceutically acceptable addition salts and stereochemically isomeric forms thereof,
are potent inhibitors of the phosphodiesterase type III (cardiotonic-sensitive PDE III) of
warm-blooded animals, in particular humans. Inhibition of PDE III leads to an elevation
of cAMP in cardiac muscle, which in tum enhances sarcolemmal entry of Ca?* into the
cell, increases the release and reuptake of Ca2+ by the sarcoplasmic reticulum and
probably also increases the sensitivity of contractile proteins to Ca2*. As aresult an
increased contractile force of the heart ensues (positive inotropy) as well as a faster . -
relaxation of the heart (positive lusitropy). -
Particulaﬂy important is the observation that the positive inotropic and lusitropic effedts
generally do not coincide with a simultaneous increase of other haemodynamic variables

~ such as heart rate and blood pressure. Concommittant increases of heart rate and/or blood
pressure would indeed put extra strain on the heart and cancel the beneficial positive
cardiac inotropy and lusitropy. In vivo experiments with the instant compounds of
formula (I) show moderate systemic vasodilation and hence a decrease in blood pressure.
The heart rate generally only increases at high doses. In all, the instant compounds of
formula (I) significantly increase cardiac output by cardiac positive inotropy and
lusitropy and without major influence on heart rate and/or blood pressure.

Consequently, the compounds of formula (I) and (II) are considered to be valuable
therapeutical drugs for treating warm-blooded animals, particularly humans, suffering
from Congestive Heart Failure. Congestive Heart Failure is a pathophysiological state
that is defined by the inability of the heart to pump adequate amounts of blood to the
peripheral sites of the organism, with consequent failure to meet the metabolic
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stirred for 10 hours at 60 [err]C. The sol vent| Vv orat ed] The residue
was stirred in water and this m xture was al kallzeQI 896 auéous ammoni a
solution. The water |ayer was separated and ejtracted W|th
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(MgSH), filtered and the sol vent was evapor at hs purified

g;i' : col ]u gn[ C hfeg imdragHt @pbﬁg Sﬁd &érﬁgb(jg,%a ﬁ)%;]leﬁbm a heart attack, infection of the
err er err, alga e S wer,e
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filtered Offdxsmﬂeﬂﬁeﬂtl&ﬂﬁaﬁ&fadﬁmtdU(ﬁgesuybﬁedmﬁgﬂﬁmOS g (28.2%
()-4-[4-[(2, 3- dihydro-2-oxo0-1Hpyrrol of 2, 3-b] qui nol i n-6-yl)oxy]- 1
-oxobutyl]-[err]-hydroxy-1 - piperazinepropanol heni hydrate;

219. 7[ err] C ( cSome ofSthe subject compounds show the advantage of having improved water

e solubility when compared to the art compounds.

In view of their useful posiﬁve inotropic and lusitropic properties, the subject
compounds may be formulated into various pharmaceutical forms for administration
purposes. To prepare the pharmaceutical compositions of this invention, an effective
amount of the particular compound, in base or acid addition salt form, as the active
ingredient is combined in intimate admixture with a pharmaceutically acceptable carrier,
which may take a wide variety of forms depending on the form of preparation desired for

¢ administration. These pharmaceutical compositions are desirably in unitary dosage form

suitable, preferably, for administration orally, rectally, percutaneously, or by parenteral -
injection. For example, in preparing the compositions in oral dosage form, any of the
usual pharmaceutical media may be employed, such as, for example, water, glycols,
oils, alcohols and the likg in the case of oral liquid preparations such as suspensions,
syrups, elixirs and solutions; or solid carriers such as starches, sugars, kaolin,
lubricants, binders, disintegrating agents and the like in.the case of powders, pills,
capsules and tablets. Because of their ease in administration, tablets and capsules
represent the most advantagcous oral dosage unit form, in which case-solid
pharmaceutical carriers are obviously employed. For parenteral compositions, the cdrrier
will usually comprise sterile water, at least in large part, though other ingredients, for
example, to aid solubility, may be included. Injectable solutions, for example, may be
prepared in which the carrier comprises saline solution, glucose solution or a mixture of
saline and glucose solution. Injectable suspensions may also be prepared in which case
appropriate liquid carriers, suspending agents and the like may be employed. In the

' 'compositions suitable for percutaneous administration, the carrier optionally comprises a
penetration enhancing agent and/or a suitable wettable agent, optionally combined with
suitable additives of any nature in minor proportions, which additives do not cause any
significant deleterious effects on the skin. Said additives may facilitate the administration
to the skin and/or may be helpful for preparing the desired compositions. These
compositions may be administered in various ways, €.g. as a transdermal patch, as a
spot-on or as an ointment. Addition salts of the compounds of formula (I) due to their
increased water solubility over the corresponding base form, are obviously more suitable
in the preparation of aqueous compositions.
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conpounds on
f systemic administration of a phannaccunca]ly effective amount of a compound of

formula (I) or (II) or a pharmaceutically acceptable addition salt thereof or a
stereochemically isomeric form thereof in admixture with a pharmaceutical carrier. In

. general it is contemplated that an effective daily amount would be from 0.01 mg/kg to 4
rrig/kg body weight, more preferably from 0.04 mg/kg to 2 mg/kg body weight.

It is evident that said effective daily amount may be lowered or increased depending
on the response of the treated subject and/or depending on the evaluation of the physician
prescribing the compounds of the instant invention. The effective daily amount ranges
mentioned hereinabove are therefore guidelines only and are not intended to limit the ,

scope or use of the invention to any extent.

The following examples are mtended to illustrate and not to limit the scope of the present
invention.

Experimental part
A. Preparation of the intermediates

Example 1
a) A mixture of ethyl 5-(3-formyl-4-nitrophenoxy)pentanoate (0.60 mol) and (4,5-di-

hydro-z-hydroxy-S-o:'co-1H—pyrrol-'S-yl)triphcnylphosphonium, hydroxide, inner salt
(0.57 mol ) in ethanol (1500ml) was stirred and refluxed for 1 hour. The solvent was
removed. The residue was stirred in methylbenzene. The resulting precipitate was
filtered off, washed with methylbenzene, 2,2'-oxybispropane and dried, yielding 137.3g
(61%) of (E)-¢thyl 5-[3—[(2,5-dioxo-3-pyrrolidinylidcne)me}hyl]—4-nitrophcnoxy]-

This Sheet Has Been Rep

My i
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pentanoate; mp. 112.4°C (interm. 1).

In a similar manner there were pfepan:d :

(E)-ethyl 4-[3-[(2,5-dioxo-3-pyrrolidinylidene)methyl}-4-nitrophenoxy]butanoate
(interm. 2);

(E)-3-[(2-nitrophenyl)methylene]-2,5-pyrrolidinedione; mp. 174.1°C (interm. 3);

ethyl (E)-[3-[(2,5-dioxo-3-pyrrolidinylidenc)methyl]-4-niuophenoxy]acctate; mp.
147.8°C (interm. 9); and | |

methyl (E)-6-[3-[(2,5-dioxo-3-pyrrolidinylidene)methyl}-4-nitrophenoxy}hexanoate
(interm. 10).

b) A mixture of intermediate (1) (0.179mol) in 2-methoxyethanol (600ml) and
thiophene, 4% solution (4ml) was hydrogenated at 50°C with platinum on activated
carbon (5%) (8g) as a catalyst. After uptake of the theoretical amount of hydrogen, the
catalyst was filtered off. The precipitate, which was formed ovemight, was filtered off,
'washed with ethyl acetate and 2,2"-oxybispropane and dried in vacuo, yielding 42.7g of
product. The filtrate was evaporated and the residue was stirred in ethyl acetate. The
precipitate was filtered off, washed with ethyl acetate and 2,2"-oxybispropane and dried
in vacuo yielding a second portion of product (13.8g), which was crystallized from
methoxyethanol, yielding 8.3g. Total yield : 51g (82.2%) of ethyl (E)-5-[4-amino-3-
[(2,5-dioxo-3-pyrrolidinylidene)mcthyl]phenoxy]pentant!)ate; mp. 183.5°C (interm. 4).
In a similar manner there was also prepared :

ethyl 4-[4-amino-3-[(2,5-dioxo-3-pyrrolidinylidene)methyl]phenoxy]butanoate; mp.
176.5°C (interm. 5); | ;
methyl (E)-6-[4-amino-3-[(2,5-dioxo-3-pyrrolidinylidene)methyl]phenoxy]hexanoate;
mp. 178.4°C (interm. 12); and

ethyl (E)-[4-amino-3-[(2,5-dioxo-3-pyrrolidinylidene)methyl]phenoxyjacetate (interm.
13). | '

¢) Intermediate (5) (0.06mol) in acetic acid (250ml) was hydrogenated at 50°C with
palladium on activated carbon (10%) (4g) as a catalyst. After uptake of the theoretical
amount of hydrogen, the catalyst was filtered off and washed with acetic acid. The
filtrate was evaporated and the residue was boiled up in ethanol. The precipitate was
filtrered off, washed with ethanol, 2,2'-oxybispropane and dried in vacuo, yielding
15.2g (80%) of ethyl 4-[(2,3,3a,4-tetrahydro-2-oxo-1H-pyrrolo[2,3-b]quinolin-6-
yl)oxy]butanoate (interm. 6). ' :
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ethyl 4-[(2,3,3a,4-tetrahydro-2-oxo-1H-pyrrolo[2,3- b]qumolm-6-yl)oxy]butanoate

mp. 177.1°C (interm. 6);

methyl 6-[(2,3 3a,4-tetrahydro-2-oxo—1_I-_I-pyrrolo[2,3-b]quinolin-6—yl)oxy]hexanoatc; '

fp. 199.3°C (interm. 15); and

ethyl [(2,3,3a 4—tctrahydro-2-oxo-IH-pyrrolo[2 3- b]qumolm-6-yl)oxy]acetatc (xntcrm

16).

Example 3

A solution of intermediate (3) (0.0215mol) in acetic acid .(150ml) was hydrogenated
under atmospheric conditions with palladium on activated carbon (10%) (2g) as a
catalyst. After uptake of the theoretical amount of hydrogen, the reaction mixture was
stirred and refluxed for 4 hours (H removal). Then, the catalyst was filtered off and th’e
filtrate was evaporated. The residue was washed with 2-propanol (40ml), then dried,
yielding 2.53 g (64%) of 1,3-dihydro-2H-pyrrolo{2,3-b]quinolin-2-one; mp. 261.1°C

(interm. 8).

B. Preparation of the final compounds |
Example 4 :

‘a) A solution of intermediate (6) (0.0064mol) in tetrahydrofuran (80ml) was stirred at
70°C (oil bath). 4,5-dichloro-3,6-dioxo-1,4-cyclohexadiene-1,2-dicarbonitrile (2.16g)
was added in one portion and the mixture was stirred for S minutes. A second portion of
4,5-dichloro-3,6-dioxo-1,4-cyclohexadiene-1,2-dicarbonitrile (0.00158 mol) was added
and the reaction mixture was stirred for an additional 10 minutes. The solvent was
evaporated. The residue was stirred in a mixture of CHzClp/ CH30H 90/10 and washed
with water. Insoluble material was removed by filtration and the filtrate was evaporated.
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constant of,rel axabh 8FcontiRiRd Y01 3081 iR 2 riknird 8F $68%im hydroxide IN
(0.040 mol) in ethanol (40 ml) was stirred at room temperature until the reaction was
complete. Then, HCI 1IN (40 ml) was added and the resulting mixture was concentrated
under reduced pressure. The residue was stirred in water and the resulting precipitate
¢ was filtered off, washed with water and dried (vacuum; 70°C). This fraction was stirred
_in boiling ethanol, filtered off, washed with ethanol and 2,2"-oxybispropane, then dried
(vacuum 60-70°C), yielding 3.22 g (86.5%) of 4-[(2,3-dihydro-2-oxo-1H-pyrrolo-
[2,3-b)quinolin-6-yl)oxy]butanoic acid; mp. . 260°C (comp. 3).
In a similar manner there;was prepared :
5-[(2,3-dihydro-2-oxo-1H-pyrrolo[2,3-b]quinolin-6-yl)oxy]pentanoic acid; mp. > 260°C
(comp. 4); _ '
6-[(2,3-dihydro-2-oxo- 1 H-pyrrolo[2,3-b]quinolin-6-yl)oxyJhexanoic acid (comp. 18);

and
[(2,3-dihydro-2-oxo-1H-pyrrolo[2,3-b]quinolin-6-yl)oxylacetic acid (comp. 19).

Example 5 |
A mixture of intermediate (6) (0.06mol), 2,5-dimethyl-2,4-hexadiene (40g) in

methylbenzene (400ml) was heated overnight at 195°C (closed vessel) in the presence of
platinum on activated carbon (10%) (3g) as a catalyst and a 4% solution of thiophene
(2;111). The mixture was cooled, filtered over dicalite and washed with methylbenzene.
“The precipitate was stirred in a mixture of dichloromethane and acetic acid (50/50) and
filtered over dicalite. The filtrate was evaporated and the residue was stirred in boiling
ethanol, filtered off, washed and dried in vacuo, yielding 14.5g (77%) of ethyl 4-[(2,3-
dihydro-2-oxo-1H-pyrrolo[2,3-b]quinolin-6-yl)oxy]butanoate (comp. 1).
In a similar manner was prepared : | :
ethyl 5-[(2,3-dihydro-2-oxo-1H-pyrrolo[2,3-b]quinolin-6-ylJoxylpentanoate (comp. 2);
methyl 6-[(2,3-dihydro-2-oxo-1H-pyrrolo[2,3-b]quinolin-6-yl)oxy]hexanoate (comp.
20); : -
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evaporated. The residue was stired in boiling methanol (20ml). The precipitate was
filtered off, washed with methanol and 2,2'-oxybispropane, then dried. This fraction
(1.5g) was dissolved in a mixture of methanol/methanol(NH3)/richloromethane (5/5/90)
and filtered over silica gel column. The desired fractions were collected and the solvent
was evaporated. The residue was stirred in boiling methanol (20ml), filtered off,
washed with methanol, 2,2-oxybispropane and dried in vacuo at 60°C, yielding 1.36g

- (51.2%) of 1-(cyclohexylmethyl)-4-[4-[(2,3-dihydro-2-0x0-1H-pyrrolo[2,3-b]quinolin-
6-yhoxy]-1-oxobutyl]piperazine; mp. 227.2°C (comp. 5).
In a similar manner there were prepared :

H
NN
o)
N ¥ / \
O—(CH2)y—(NH),—C—(NH)- X YR
__/

Comp.{n |p |m |X|Y|{R physical data / salts
No. (mp. in *C)

6 4 {0 |0 |N|N {cyclohexylmethyl 194.7

7 4 {0 |1 |C|{N |phenylmethyl 234.0

9 310 |0 |N|N|I-buyl 1984

10 3 10 |O [N]N | phenylmethyl 2218 .

11 3 {0 |0 |N|N |cyclohexyl .2HCL.1/2H20
12 3 10 |0 |N|C |I1H-imidazol-2-ylcarbonyl |255.0

13 3 10 |0 |N|[N {2-pyridinyl 249.1

14 3 10 [0 |N|N |2-pyrimidinyl 260

22 4 {0 [0 {N|N |phenylmethyl 206.8
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and 4-{(2,3-dihydro-2-oxo0- 1H-pyrrolo[2,3-b]quinolin-6-yl)oxy]-N-methyl-N-(1-
methyl-4-piperidinyl)butanamide; mp. 212.4°C (comp. 8).

b) Compound (6) (0.0033 mol) was stirred in boiling ethanol (20 ml). This mixture
was acidified with HCl/2-propanol. The mixture was cooled. The precipitate was
filtered off, washed with ethanol, 2,2'-oxybispropane and dried (vacuum), yielding 1.40
g (84.7%) of 1-(cyclohexylmethyl)-4-[S-[(2,3-dihydro-2-oxo0-1H-pyrrolo[2,3-b]- ;-
quinolin-6-yl)oxy}-1-oxopentyljpiperazine monohydrochloride; mp. 271.8°C (comp.
15).

In a similar manner there was prepared:

1-(cyclohexylmethyl)-4- [4-[(2,3-dihydro-2-oxo- 1_Ii-pyrrolo[2,3-b]quinoliri-6-yl)oxy]-
1-oxobutyl]piperazine dihydrochloride ethanolate(1:1); mp. 204.8°C (comp. 16).

" Example 7

Thionyl chloride (0.00803mol) was added dropwise to a suspension of compound (3)
(0.0073mol) in N,N-dimethylformamide (25ml). The mixture was stirred for 5 minutes.
Then, N-methyl-cyclohexanamine (0.0438mol) was added in one portion and the
reaction mixture was further stirred at room temperature. The solvent was evaporated.
The residue was taken up in CH2Clp/CH30H (90/10) and washed with water. The
separated organic layer was dried (MgSOa), filtered and the solvent was evaporated.

The residue was purified by column chromatography over silica gel (eluent:
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Exam p_le 8
a) A mixture of compound 10 (0. 0078 mol) in 2-methoxyethanol (250 ml) was

hydrogenated at 50 °C with palladium on activated carbon, palladium content 10% (1 g)
as a catalyst. After uptake of Hp (1 equiv), the catalyst was filtered off and the filtrate
was evaporated. The residue was stirred in boiling ethyl acetate, filtered off, washed
with ethyl acetate and dried (vacuum), yielding 2.4 g (87%) of 1-[4-[(2,3-dihydro-2-

f oxo-lH_-pyxrolo[2,3-b]quinolin-6-y1)oxyj-1-oxobutyl]pipcrazinc (comp. 35).
b) A mixture of compound 35 (0.0067 mol) and 3-cyclopentyloxy-4-methoxy-
benzaldchyde (0.0091 mol) in 2-methoxyethanol (150 ml) was hydrogenated at 50 °C
with palladium on activated carbon, palladium content 10% (2 g) as a catalyst in the
presence of thiophene, 4% solution (1 ml). After uptake of Hy (1 equiv), the catalyst was
filtered off and the filtrate was evaporated. The residue was purified by column
chromatography over silica gel (eluent: CHzClo/CH30H 94/6). The pure fractions were
collected and the solvent was evaporated. The residue was stirred in boiling ethanol. The
precipitate was filtered off, washed with ethanol and DIPE, then dried™(vacuum),
yielding 0.62 g (16.6%) 1-[[3-(cyclopcmyloxy)-4-mcthoxyphcnyl]mcthyl]-4~[4-[(Z,f&-
dihydro-2-oxo-1H-pyrrolo[2,3-b]quinolin-6-yl)oxy]-1-oxobutyl]piperazine; mp.

= 194.1°C (comp. 36).

Example 9

A mixture of compound 32 (0.0085 mol) in acetic acid (95 ml) was stirred for 10 hours
at 60 °C. The solvent was evaporated. The residue was stirred in water and this mixture
was alkalized with an aqueous ammonia solution. The water layer was separated and
extracted with CH2Clo/CH30H 90/10. The separated organic layer was dried (MgSO4),
filtered and the solvent'was evaporated. The residue was purified by column
chromatography over silica gel (eluent: CH2Clo/(CH30H/NH3) 90/10). The pure
fractions were collected and the solvent was evaporated. The residue was strred in
DIPE, filtered off, washed and vacuim dried, yielding 1.05 g (28.2%) (+)-4-[4-[(2,3-
di_hydro-Z-oxo-I_H_-pyrrolo[2,3-b]quinolin-6-yl)oxy]-1-oxobutyl]-[3-hydroxy-1-
piperazinepropanol hemihydrate; mp. 219.7°C (comp. 37).
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changes in cyclic nucleotide hydrolysis were measured. From these data, a protein
concentration was chosen that showed a linear increase in phosphodiesterase activity
during an incubation period of 10 min at 37°C. The enzymatic activity was started by
addition of substrate and stopped 10 min later after the mbes were transferred to a
waterbath at 100°C for 40 sec. After the tubes had been cooled to room temperature,
alkaline phosphatase (0.25 g/ml) was added and the mixture was left at 37°C for 20 min.
The mixture was subsequently applied to a 1-ml DEAE-Sephadex A-25 column and
washed twice with 3 ml of 20 mM Tris-HCl at pH 7.4. The 3H-labeled reaction
products in the eluate wert quantified by liquid scintillation counting.
The inhibiting effect of the present compounds on canine heart phosphodiesterase PDE
III was measured at different concentrations of the instant compounds. The ICsg values
were calculated graphically from the thus obtained inhibition values. Table 1 shows
available ICsg values of the present compounds on canine heart PDE III.

Table 1

Comp. No. Canine heart PDE III
ICsp (106 M)
0.29
0.062
0.33
0.018
0.0024
0.058
0.30
15 0.0018
16 0.027
17 0.0076

00 N O th W N
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and 0.2 grams propyl 4-hydroxybenzoate were dissoly 1} of
boiling water for injection. After cooling to abou e%ﬂLBC?@gNT hS(fEiE?T wer e
added while stirring 4 grans lactic acid, 0.05 grafs progyl ene %y,o and 4
grans of the A l.. The solution was cool_f:fi to roomt<
suppl emented with water for injection g.s. ad 1 1,jgjving a solutl ny
corrprlsmg 4 ng/m of A l.. The solution was sterilliZéd by filtratioh
(U S P. XVIl p. 811) and filled in sterile cont ai ndrs

Example 11:

itive inotropy and lusi )} ressure and heart rate in dogs

The test compound was dissolved in an aqueous glucose solution in a concentration of
Img.ml-1. The experiments were peffonncd on 3 Beagle _dogs of either sex and varying
age, ranging in body weight from 11 to 18 kg (median 13 kg). The animals were
intravenously anaesthetized with a mixture of 0.015 mg.kg-! scopolamine and 0.05
mg.kg! lofentanil. The animals were intubated with a cuffed endotracheal tube.
Intermittent positive pressure ventilation was performed with a mixture of pressurized air
and oxygen (60/40), using a volume-controlled ventilator (Siemens Elema). In the
control period the CO5 concentration in the expired air (ET CO2), as determined with a
capnograph (Gould Godart), was kept at 5 vol% by adjustment of the respiratory volume
(resp. rate = 20 breaths.min-!). A continous intravenous infusion of 0.5 mg.kg-1.h-! of
.! etomidate was started immediately after induction. Body temperature was monitored with
a thermistor positoned in the pulmonary artery. To prevent blood clotting heparin, 1000
TU kg! i.v., was administered.
The electrocardiogram (ECG) was derived from limb leads (standard lead 2). Left
ventricular (LVP) and ascending aortic blood pressure (AoP) were measured by
retrograde catheterisation via the femoral arteries with high fidelity cathetertip _
micromanometers (Honeywell). The other femoral vein was cannulated for injection of
saline at room temperature into the right atrium and for injection of the test compound.
Peak ascending aortic blood flow velocity was measured through the right carotid artery
with an electomagnetic catheter-tip probe connected to a square wave electomagnctici flow
meter (Janssen Scientific In'struments). The following variables -inter alia- were
" calculated on-line, usually at 1 min intervals: heart rate (HR), diastolic (AoPd) aortic
blood pressure, left ventricular end-diastolic pressure (LVEDP), the maximum positive
and maximum negative rate of change of isovolumic LVP (LV dp/dt max and mjn,
respectively), the maximum positive first derivative divided by the actually developed
pressure in the left ventricle (LV dp/dtmax/Pd). The time constant (T) of relaxation was
measured with the use of an exponential analysis that also estimated the asymptote.
After a stabilization period, the animals were treated by intravenous bolus injection of the
test compound at 30 min. interval in cumulative doses of 0.0005, 0.001, 0.004, 0.016,
0.064, 0.125 and 0.25 mg/kg.
The test compounds have positive inotropic properties as indicated by the pronounced
and significant increase in the variables related to cardiac performance (LV dp/dtmax, LV
dp/dtmax/Pd). The test compounds have positive lusitropic properties, as evidenced by
the significant decrease in the time constant of relaxation. Upon administration of the test
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compounds, systemic and pulmonary peripheral vascular resistance decrease
significantly. This indicates that the test coriipounds have also additional systemic and
pulmonary vasodilatory properties. This unloading of the heart occurs without altering
_heart rate, but with concomitant increase in cardiac output. These positive inotropic and
lusitropic, and vasodilatory effects of the compounds are long-lasting, since the changes
in the variables last for more than 30 min after the bolus injection.
Table 2 shows the changes in haemodynamic variables measured 5 minutes after
cumulative intravenous bolus administration of some of the present compounds in Beagle
dogs. The variable AoPd (diastolic aortic blood pressure) shows the decrease in blood
pressure (vasodilation), HR the influence of the present compounds on the heart rate,
LV dp/dtmayx (the maximum positive rate of change of isovolumic left ventricular
pressure) shows the positive inotropic effect.

wherei n dr oge orJC[eFr]aI kyl; fand

Table2 '

Calculated dose ( in mg/kg i.v.) producing a 30% increase in cardiac contractility (LV
dp/dt max), a 30% increase in heart rate (HR), a 15% reduction in diastolic aortic blood
pressure (AoPD) and a 15% reduction of total systemic vascular resistance (TSR) relative
to premedication values at 5 min after the i.v. administration to anaesthetized, closed-
chest dogs (n=3 for each compound).

Co. No. HR AoPD LV dp/dtmax | TSR
15 0.028 0.015 0.002 0.003 ~ )
5 0.033 > 0.25 0.008 0.079

D. Composition examples
“Active ingredient * (A.L) as used throughout these examples relates to a compound of

formula (I) or (II), a pharmaceutically acceptable addition salt thereof or a

- stereochemically isomeric form thereof.
Example 12 : ORAL DROPS
500 Grams of the A.L was dissolved in 0.5 1 of 2-hydroxypropanoic acid and 1.5 1 of
the polyethylene glycol at 60~80°C. After cooling to 30~40°C there were added 35 1 of
polyethylene glycol and the mixture was stirred well. Then there was added a solution of
1750 grams of sodium saccharin in 2.5 1 of purified water and while stirring there were
added 2.5 1 of cocoa flavor and pol}_'g:'thylcnc glycol g.s. to a volume of 50 1, provid'mg
an oral drop solution comprising 10 mg/ml of A.L. The resulting solution was filled into
suitable containers.
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dient per teaspoonful (5 ml). The resulting solution was ﬁlled in su1table containers.

xample 14 : CAPS S
20 Grams of the A.L, 6 grams sodium lauryl sulfate, 56 grams starch, 56 grams lactose,
0.8 grams colloidal silicon dioxide, and 1.2 grams magnesium stearate were vigorously
stirred together. The resulting mixture was subsequently filled into 1000 suitable
hardened gelatin capsules, comprising each 20 mg of the active ingredient.

Example 15 : FILM-COATED TABLETS

Preparation of tablet core'
A mixture of 100 grams of the A L, 570 grams lactosc and 200 grams starch was mixed

well and thereafter humidified with a solution of 5 grams sodium dodecy] sulfate and 10
grams polyvinylpyrrolidone (Kollidon-K 90 ®) in about 200 ml of water. The wet
powder mixture was sieved, dried and sieved again. Then there was added 100 grams
microcrystalline cellulose (Avicel ®) and 15 grams hydrogenated vegetable oil (Sterotex
®). The whole was mixed well and compressed into tablets, giving 10.000 tablets, each
containing 10 mg of the active ingredient.

Coating

To a solution of 10 grams methyl cellulose (Methocel 60 HG®) in 75 ml of denaturated
ethanol there was added a solution of 5 grams of ethy! cellulose (Ethocel 22 cps ®) in
150 ml of dichloromethane. Then there were added 75 ml of dichloromethane and 2.5 ml
1,2,3-propanetriol. 10 Grams of polyethylene glycol was molten and dissolved in 75 ml
of dichloromethane. The latter solution was added to the former and then there were
added 2.5 grams of magnesium octadecanoate, 5 grams of polyvinylpyrrolidone and 30
ml of concentrated colour suspension (Opaspray K-1-2109®) and the whole was
homogenated. The tablet cores were coated with the thus obtained mixture in a coating
apparatus. o '
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BHON ai med in any of clainms 1 to 4,

1.8 Grams methyl 4—hydroxybenzoatc and 0.2 grams propyl 4-hydroxybenzoate were
dissolved in about 0.5 1 of boiling water for injection. After cooling to about 50°C there
were added while stirring 4 grams lactic acid, 0.05 grams propylene glycol and 4 grams
of the A.L. The solution was cooled to room temperature and supplemented with water
for injection g.s. ad 11, giving a solution comprising 4 mg/ml of A.IL. The solution was

~ sterilized by filtration (U.S.P. XVII p. 811) and filled in sterile containers.
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Claims

1. A compound having the formula

H
NN
X L

a pharmaceutically acceptable addition salt thereof or a stereochemically isomeric form
thereof, wherein '

10 L is a radical of formula -O-Alk-(NH)p-C(=0)-R1, wherein

Alkis Cl_salkanediyl;

pisOorl; and

R1 is hydroxy, C;_4alkyloxy or -NR2R3, wherein

R2 is hydrogen or C; 4alkyl; and

15 R3 is C3_cycloalkyl or piperidinyl, which is optionally substituted with C;_4alkyl or
phenylmethyl or C3_7cycloalkylmethyl;

R2 and R3 may also bé joined together to form piperazinyl, optionally substituted with
C;_qcycloalkyl, C3 4cycloalkylmethyl, Cy.galkyl optionally substituted with one or two
hydroxy groups, 2,2-dimethyl-1,3-dioxolanylmethyl, benzyl, halophenylmethyl,

20  (cyclopentyloxy)(methoxy)phenylmethyl, diphenylC;_4alkyl, pyridinyl, pyrimidinyl or
pheny! optionally substituted with C;.4alkyloxy or halo; or ’

R2 and R3 are joined together to form piperidinyl, optionally substituted with

. imidazolylcarbonyl.

2. A compound according to claim 1 wherein R1 is -NR2R3,

8]
v

3. A compound according to claim 2 wherin R2 and R3 are joined together to form a
- piperaziny! substituted with C3.7cycloalkylmethyl.

30 4. A compound according to claim 3 wherein the compound is 1-(cyclohexylmethyl)-
4-[4-[(2,3-dihydro-2-oxo-1H-pyrrolo[2,3-b]quinolin-6-yl)oxy]-1-oxobutyljpiperazine
or 1-(cyclohcxylmcthyl)-4—[5-[(2,3-dihydr6—2—oxo-1_I-_I-pyrrolo[2,3-b]quinolin-6-y1)
oxy]-1-oxopentyl]piperazine, a pharmaceutically acceptable addition salt thereof or a
stereochemically isomeric form thereof.



and, if desired, conver onpounds of fornul a [( IBEPLACEMENTC BHBEThgr

follow ng art- Bmm H”IHWH onal group transfor | pr—-reacttonsTjand
further, if des t he conmpounds of} fr i,ntlo fa
sal t for m by tr sa mar maceutical ly al cepp?oﬁgeaiglg ar

base, or conversely, converting the salt forminto the free base or tlheg

—

free acid by treatment with al kali, respecppvely an afid; and/or preparfing
stereochem cal ly i someric forms thereof.
- 23- 5. A pharmaceutical composition comprlsmg a pharmaceutically acceptable carrier and as

active ingredient an effective positive inotropic and lusitropic amount of a compound as

 claimed in any of claims 1 to 4.

5 6.A procéss for preparing a composition as claimed in claim 5 characterized in that a
therapeutically effective amount of a compound of formula (I) as claimed in any of claims
1 to 4 is intimately mixed with a pharmaceutically acceptable carrier.

" 7. A compound as claimed in any of claims 1 to 4 for use as a medicine.
10 _
8. A process for preparing a compound as claimed in any of claims 1 to 4,

characterized by

¢/ a) reacting an intermediate of formula (II) in the presence of a dehydrooenaunv reagent
15  inareaction-inert solvent

H H
NN | NN
< T I,— =<K
L L
@

- b) reacting an intermediate of formula (IIT) in the presence of a suitable catalystin a ;
20  reaction-inert solvent

- o)

CH NH

.L—QNH; o) —_ (D

(1)

and, if desired, converting the compounds of formula (I) into each other following art-
25  known functional group transformation reactions, and further, if desired, converting the
compounds of formula (I) into a salt form by treatment with a pharmaceutically
acceptable acid or base, or conversely, converting the salt form into the free base or the
free acid by treatment with alkali, respectively an acid; and/or preparing stereochemlcally
isomeric forms thereof. : o
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9. A compound having the formula

N._N
oa\m am,
L

5 : _
an addition salt thereof or a stereochemically isomeric form thereof, wherein L is as
defined for the compounds of formula (I) in claim 1.
10. A compound having the formula
10

an addition salt thereof or a stereochemically isomeric form thereof wherein L is as
defined for the compounds of formula (I) in claim 1 and Z is nitro or amino.
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ABSTRACT

POSITIVE INOTROPIC AND LUSITROPIC PYRROLOQUINOLINONE
DERIVATIVES

The present invention relates to novel positive inotropic and lusitropic compounds of
formula
i N
N~
@
NS
L

the pharmaceutical acceptable acid addition salts thereof and the stereochemically
isomeric forms thereof wherein L is a radical of formula -O-Alk-(NH)p-C(=O)-R1f
pharmaceutical compositions thereof, methods of preparing said compounds and

" intermediates in the preparation thereof.
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It is especially advantageous to formulate the aforementioned pharmaceutical
compositions in dosage unit form for ease of administration and uniformity of dosage.
Dosage unit form refers to physically discrete units suitable as unitary dosages, each unit
containing a predetermined quantity of active ingredient calculated to produce the desired
therapeutic effect in association with the required pharmaceutical carrier. Exaniples of
such dosage unit forms are tablets (including scored or coated tablets), capsules, pills,
powder packets, wafers, injectable solutions or suspensions and the like, and scgﬁ:gated
multiples thereof. | -

In view of the usefulness of the subject cornpounds in the treatment of Congestive
Heart Failure it is evident that the present invention provides a method of treating warm-
blooded animals suffering from Congestive Heart Failure, said method comprising the
systemic administration of a phannaceuticélly effective amount of a compound of
formula (I) or (II) or a pharmaceuticaily acceptable addition salt thereof or a
stereochemically isomeric form thereof in admixture with a pharmaceutical carrier. In
general it is contemplated that an effective daily amount would be from 0.01 mg/kg to 4
rhg/kg body wéight, morg preferably from 0.04 mg/kg to 2 mg/kg body weight.

It is evident that said effective daily amount may be lowered or increased depending
on the response of the treated subject and/or depending on the evaluation of the physician
prescribing the compounds of the instant invention. The effective daily amount ranges
‘mentioned hereinabove are therefore guidelines only and are not intended to limit the
scope or use of the invention to any extent.

The following examples are intended to illustrate the present invention.

Experimental part
A. Preparation of the intermediates

Example 1 .

a) A mixture of ethyl 5-(3-formyl-4-nitrophenoxy)pentanoate (0.60 mol) and (4,5-di-
hydro-2-hydroxy-5-oxo-1H-pyrrol-3-yDtriphenylphosphonium, hydroxide, inner salt
(0.57 mol ) in ethanol (1500mI) was stirred and refluxed for 1 hour. The solvent was
removed. The residue was stirred in methylbenzene. The rcsillﬁng precipitate was
filtered off, washed with memylbenzené, 2,2'-oxybispropane and dried, yielding 137.3g
(61%) of (E)-ethyl 5-[3-[(2,5-dioxo-3-pyrrolidinylidene)methyl]-4-nitrophenoxy]-



