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D-Substi: ituted hydroxycumaranene derivatives as antitumor and antimetastatic agents

The invention relates ta derivatives of 2-alkylidene hydroxycumaranones wherein the
hydroxy group is substituted by a nitrogen-containing residue. These compounds
possess uPA-uPAR antagonist activity and are useful as antitumor and/or
antimetastatic agents.

The serine proteases uPA (urokinase-type plasminogen activator) catalyzes the
activation of plasminogen to plasmin which is involved in a variety of physiological.
and-pathological processes. uPA is a multi-domain protein having a catalytic "B"
chain (amino-acids 144-411) and an amino-terminal fragment ("ATF", aa 1-143)
comprised of a growth factor-like domain (aa 4-43) and a kringle domain (aa 47-135).
uPA is.a multifunctional protein involved in tissue proteolysis, cellular migration,
cellular proliferation and growth factor activation. uPA is released from cells as a
virtually inactive pro-enzyme, pro-uPA. The activation of the single-chain pro-uPA by
plasmin (leading to the active two-chain form) is regulated by tight control
mechanisms which are not completely understood yet. Most of the uPA activities are
confined to the cell surface and the pericellular environment. This is accomplished by
binding to a specific, high-affinity receptor on the cell surface (uPAR). Both forms of
uPA bind to uPAR with similar affinity. The binding interaction is mediated by the
growth factor-like domain [S.A. Rabbani et al., J. Biol. Chem., 267, 14151-56, 1992].

The uPA receptor is a three domain glycoprotein where each triplicated motif
comprizes a cysteine rich consensus sequence of approximately 90 amino acids [M.
Plough et al., J. Biol. Chem., 268, 17539-46, 1993]. uPAR is anchored to cell
membrane by a glycosyl-phosphatidylinositol moiety (GPI anchor). uPAR binds uPA
with KD values between 10-10 and 10-9 M, depending on the experimental system.
The major determinants for uPA binding are located in the N-terminal domain 1.
uPAR can be cleaved by uPA and plasmin, liberating a water soluble domain 1 and by
the action of phospholipase C, three domains uPAR (1+2+3) can be released from the
cell surface. This latter form of uPAR is also water soluble because the GPI-anchor is
missing.

The inhibition of uPA dependent phenomena can principally be approached in two
ways, either by direct inhibition of the proteolytic activity or by inhibition of uPA
receptor binding. The latter strategy has the potential of achieving greater specificity
since inhibition might be localized to the pericellular environment.

Bacteriophage disptay technique and protein engineering have recently been used to
discover peptidic and species-specific uPAR antagonists [Goodson et al., PNAS, 91,
7129, 1994; Stratton-Thomas et al., Prot. Eng., 5, 463-470, 1995, respectively].
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The uPA/uPAR system has been shown to be implicated in a variety of invasive
biological processes such as tumor metastasis, trophoblast implantation, inflammation
and angiogenesis. Therefore, uPAR antagonists block tumor invasiveness, metastasis
and angiogenesis. Formulations containing uPAR antagonists represent therapeutic
treatments for a number of highly invasive and metastazising cancers where uPA and
uPAR have been found to be consistently present at the invasive foci of the tumor
[Dano et al., Proteolysis and Protein Tumover, eds. Barret + Bond, Portlan Press,
1994, London] (e.g. breast, lung, colon, ovarian cancers). In patients with breast
cancer and non-small cell lung cancer increased levels of uPAR in plasma have been
detected. Therefore, the amount of soluble uPAR appears to reflect the degree of '
proteolysis in the tumor and this might be closely related to patient prognosis. Both
uPA and uPAR levels in tumor tissue are prognostic factors in many types of cancers. -

In addition to cancer, other diseases mediated by cell-surface activity of uPA are
addressed by uPAR antagonists. Inhibitors of plasmin generation by receptor bound -
uPA therefore have mechanism-based tumoristatic, anti-invasive, anti-metastatic, anti-
angiogenic, ann-arthnnc. anti-inflammatory, ann-osteoporonc, anti-retinopathic and
contracepuve acnvmes

We have now dxscovered that denvanves of 2-alkyhdene hydroxycumaranones
wherein the hydroxy group is substituted by a nitrogen-containing residue have a
significant activity of inhibition of the uPA/uPAR system functions by antagonizing
the uPA receptor. These compounds are useful as antitumdr and antimetastatic agents.

Some 6- and 4-pxpendmoalkyloxy~'?-alkyhdenecumaranones are disclosed in EP 0 088

986 as antihistaminic agents and as inhibitors of the anaphylactic shock. No anutumor.
or antimetastatic acuvny of those compounds has been teported so far.

- In one aspect, the invention relates the use of a.compound of the formuia (T):

0o O—A==B T
]O)x

RO . (I)

wherein:

R and R’ are independently hydrogeﬁ, G.s-alkyl, styryl or C3.6¥cycloalkyl or, taken
together with the carbon to which they are linked, form a Gs.¢-cycloalkyl group;

xisODorl;

A is -(CHz),-, -CH,CH=CHCH;-, -CH,-CH=CH-CH=CH-CH,-,
-CH,-CH=CH-CH,-CH,-, -CH,-CH,-CH=CH-CHj3-, -CH,;-CH=CH-CH,-CH,-CH;-,
-CHz-CHz-CH=CH-CH__j-CHz-,
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3 ™ i
-CHz-CHz,CHz-CH—CH-CHz- ~CH2-CHOH-CHOH-CH2-, (‘éHz)q-O -(CHa)q-, or
-CH;-A’-CH-, wherein q is an integer from 2 to 3 and n is an integer from 2 to 6, and
A’ is a G.s-cycloalkyl group;

Bis

(i) -NRDH- -(CH2)m-N(R?)-, in which m is an integer from 2 to 6, R' is hydrogen,
methyl, ethyl, propyl, or isopropyl, and R? is C,.¢-alkyl, benzyl, phenyl, naphtyl or
indanyl, unsubstituted or substituted by chlorine, bromine, iodine, fluorine, Ci.¢-
alkyl, hydroxy, aming, carboxy, Ci4-alkoxy, C;.<-mono- or di-alkyl amino, Cy.4-
alkoxycarbonyl, mercapto, C,.s-alkylthio; or

I\
{id) —N<:>—NH- ; —N N— ; -NH N—
—NQ—CHZNH- ' —N N—CH,CH,NH-
—/

T is -CHy-C=CH, -C=CH, -(CHz)R’, -CH=CH-R’, -CHy- NHCO—R -(CH,),-O-R*
or -CH(NH,)-CH:R?, in which pis O or an integer from 1 to 4, Ris phenyl, naphthyl
or biphenyl, unsubstituted or substituted by chlorine, bromine, iodine, fluorine, (C1-
C6)alkyl, cyano, nitro, mono- or polyfluorcalkyl, -SOx(C;.galkyl, -SO-NH;,
-SO;NE(C.4)alkyl, -SO.N[(C).4)alkyl],, -CONH;, -CONH(C,.4)alkyl, hydroxy,
amino, carboxy, Cj.4-alkoxy,

(Ci.ymono- or di-alkyl amino, (C;.4)alkoxycarbonyl, mercapto, or C;-alkylthio, or is
a 5- or 6-membered heterocycle which contains 1 or 2 heteroatom(s) selected from
oxygen, sulfur or nitrogen and which is or is not benzocondensed,

or a pharmaceutically acceptable salt of a compound of formula I
in the manufacture of a medicament.for the treatment of tumors, particularly advanced
solid tumors of breats, lung or colon, and metastases thereof.

The above formula I is understood to comprise enantiomers, diastereomers and
racemates of the compounds of formula I and mixtures thereof which are also
included within the scope of the present invention.

The term “benzocondensed” means that the heterocycle has two carbon atoms in
common with a pheny! ring. Examples of 5- and 6-membered are thiophene, pyridine,
and furane. Examples of benzocondensed 5- and 6-membered heterocycles are
imidazole, quinoline, isoquinoline, indole, benzothiazole and benzoimidazole

In another aspect, the invention relates to a compound of formulaI A
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_ wherem R R’ X, A B and T are as above, provrded the compound of formula IAis
" not 4(3- (4-(4-ﬂuorobenzanndo)p1pendm)propoxy)—”-rsopropyhdencumaran-3-one

Preferably, A is -(CH;)“- -CHZCH-CHCHz- or -(CHz)q-O-(CHz)q ,nis an
integer from 2-6, and q is an mteger from 2 to 3.

Preferably, xisl.

S —N NH-
Preferably, B is the moiety D-

Preferably, T is phenyl or phenyl substituted by one or two trifluoro, bromo,
chloro, fluoro, cyano, nitro, methyl or aminosulfony! groups.

Preferably, R and R’ are G.¢-alkyl.

| ' .—NQ—M_!-
More preferably, x is 1, and B is the mojety - /"

Even more preferably, when R and R’ are G.-alkyl, xis 1, and B s the

N NH-
moiety Q- .

Even more preferably, when R and R’ are G.¢-alkyl, x is 1, and B is the

N NH-
moiety D_ , Ais -(CHy)y-, -CHzCH—CHCHz- or -(CHz)q-O-(CHz)q , N 18 an
integer from 2-6, q is an-integer from 2 to 3, and T is phenyl or phenyl substituted by
one or two trifluoro, bromo, chloro, fluoro, cyano, nitro, methyl or aminosulfonyl
groups. . L -

Preferably, when R and R’ are methyl Xis 1 and B is the moiety O_
Ais -(CH),-, -CH;CH=CHCHj;-, or ~-(CHz)q-O-(CH3)q-, n is an integer from 2-6, q is
an integer from 2 to 3, and T is phenyl or phenyl substituted by one or two trifluoro,
bromo, chloro, ﬂuoro, cyano nitro, methyl or ammosulfonyl groups.

Even more preferably, when R and R’ are methyl X 1s 1 and B is the

g -

moiety A is -(CHz)s-, n is an integer from 2-6 and most preferably from



WO 59/06387 5 PCT/EP98/04619

3
LK :’,;

3-4, and T is phenyl or phenyl substituted by one or two trifluoro, bromo, chioro,

fluoro, cyane, nitro, methyl or aminosulfonyl groups.
O
Preferably, when R and R’ are methyl, x is 1, and B is the moiety
A is -CH,CH=CHCH-, and T is phenyl or pheny! substituted by one or two trifluoro,
‘btomo, chloroe, fluoro, cyano, nitro, methyl or aminosulfonyl groups.

O
Preferably, when R and R’ are methyl, x is 1, and B is the moiety .
A is {(CH3)q-O-(CHz)q- and q is an integer from 2 to 3, and T is phenyl or phenyl
substituted by one or two trifluoro, bromo, chloro, fluoro, cyano, nitro, methyl or
aminosulfonyl groups.

The most preferred compounds are:

4-(4-(4-(3,4-dichlorobenz‘amido)pipeﬁdin-1yl)butoxy)-z-isopropylidenecumaran—3-
one;

(E)-4-(4-(4-(3,4-dichlorobenzamido)piperidin-1-yl)-2-butenoxy)-2-
isopropylidenecumaran-3-one;

(Z)-4-(4-(4-(3,4-dichlorobenzamido)piperidin-1-yl)-2-butenoxy)-2-
isopropylidenecumaran-3-one;

‘4—_('3-_(;4—(3-aminosulfonyl-4-chlorobenzamido)piperidin-1 yl)propoxy)-2-
isopropylidenecumaran-3-one;

4-{(2-(2-(4~(4-fluorobenzamido)piperidin-1-yl)ethyl)oxy)ethyloxy]-2-
isopropylidenecumaran-3-one.

Another object of the present invention are pharmaceutical compositions containing a
pharmacologically effective amount of a compound of formula (IA) with the
exception of 4(3-(4-(4-fluorobenzamido)piperidin)propoxy)-2-isopropylidencumaran-
3-one in admixture with pharmaceutically acceptable excipients and/or diluents.

Preparation of the compounds of the invention

The compounds of formula (I) can be prepared according to the two-step process
described in EP 088 986, which is herein incorporated by reference, which comprises
reacting an intermediate of formula (II):

OH

(II)

RI
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in which R and R’ have the above meanmgs, an intermediate of formula (III):
L-A-L". (III)

- in which A has the above meanmgs and L, L’ are leavmg groups, whtch can be the
same or different, and are preferably selected from chlorme, bromine, iodine, mesyl or
tosyl groups, and an intermediate of formula (IV):

" H-—B I (Iv)
: -lo)x '
in which B, T and x have the above meamngs, satd mtermedlates being reacted in two
- possible ways: : - :

(i) reaction of a compouho of t’orrnula (@) with a compound of formula (III),
followed by reaction of the so obtamed product with a compound of formula (IV), or
alternatively : -

reaction of a cornpound of _formula;._ (IV) with a compound'of formula (III), followed
by reaction of the so obtained product with a compound of formula (II).

- In both cases the intermediate product of the first synthesis step is preferentially
isolated before submitting it to the second reaction. In such a process in general the
oxygen-alkylation is performed under strong basic conditions, preferably by means of
an alkoxide of alkaline metal such as sodium ethoxide or isopropoxide, in a suitable
solvent, preferably a (C1.4)alkyl alcohol, and at temperatures ranging from 50°C to the

- boiling temperature of the solvent : -

The mtrogen-alkylanon is performed under mﬂder condmons, in the presence of a
base such as an organic base, preferably a trialkylamine, or an inorganic base,
preferably a carbonate of an alkaline or alkalme-earth metal, at temperatures ranging
from room temperature to 50°C :

The intermediates of formula (I} can be obtamed from the intermediates of formula

(no

OH

(1)
[s]

by reaction with an aldheyde or ketone of formula R-CO-R’, in which R and R’ are as

above defined, in the presence of a base, preferably an hydroxide of an alkaline metal,
in a solvent and at temperatures up to 100°C. A preferred reaction employs potassium
hydroxide at reflux in ethanol. '
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The compounds of formula (II') are known and are described in J. Am. Chem. Soc.,
61, 2328 (1939), which is herein incorporated by reference.

The intermediates of formula (IIT) are commercial products or can easily be prepared
starting from commercial products by known methods such as halogenation of
alcohols or their conversion into mesyl and tosyl derivatives.

The intermediates of formula (IV) can be prepared starting from a suitably mono-
protected diamine of formula P-B-H, in which P is for example a benzyl or tert-
butoxycarbonyl group, by acylation (if x=1) or alkylauon (if x=0) with a compound of
formula (IV’):

L T {zv*)
10') x

in which L, T and x have the above meanings, preferably in the presence of a base and
of an inert solvent and at temperatures ranging from 0°C to 50°C.

Alternatively, the compounds of formula (IV) in which x=0 can be obtained from the
corresponding compounds with x=1 by reduction of the amido group, for example
with lithium aluminium hydride.

The mono-protected diamines of formula P-B-H and the compounds of formula (IV')
are known commercial products or can be prepared from commercial products
according to known methods.

Biological activity of the compounds of the invention

Compounds of the invention were tested (ELISA test) as inhibitors of human
urokinase (uPA) binding to its specific receptor uPAR mAk (BIO-R4), according to
the procedure described in Biol. Chem. Hoppe-Seyler, 376, 587-94 (1995) by
Rettenberger et al.. The assays are performed in Microtiterplates (96 wells). The
following solutions are used:

- washing buffer: PBS-buffer (without Mg** and Ca?*) + 0.05% Tween 20;

- mcubatxon buffer (IP): 1% skimmed milk powder i in PBS-buffer {without Mg2+ and
Ca™y;

- BIO-R4 solution: 50 ng/well (0.5 (g/ml; 100 (I/well) in IP;

- uPAR solution: 3 ng/well (30 ng/ml; 100 (I/well) in PBS-buffer (without Mg®* and
™),
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- blocking solution: 1% skimmed milk powder in washin’g— buffer (dissolved-at 37°C);
- uPA solution: 0.25 ng/well (5 ng/ml; 50 (Uwell) in IP.
Detection soluuons (per rmcrotlterplate)

(1) 6mi(100 mMTns-Cl pH 7 2 +0.15% Tween 80) + 1 5 ml (10 (g)
Plasrmnogen in agua bxdest

(2) 6ml (100 mM Tris-Cl pH 7.2 + 0. 15% Tween 80) + 1.5ml (7.5 mg)
chromozyme PL in aqua bidest.

The detection solution must be continously stirred. Testing substances: the testing
substances are dissolved in DMSO. They are used in the test system with a highest -
concentration of 100 (g/ml. The solutions are prepared using PBS. :

Three controls are performed:
a) positive control: usitrg:"'Z% DMSO in PBS;
b) negative control assay without receptor;
| c) mhrbxtron control: | | | _
1) inhibition (ICss « 0.25 mg/ml) with dextranesulfate (MW = 500.000);

2)  inhibition (ICsat ! (g/ml) with inactivated uPA (175 (g/ml).

Incubation is done as follows:

Each well is incubated by 100 (1 of BIO-R4 (¢=0.5 (g/ml) for 1 hour at room
temperature under shaking. After washing threé¢ times with the washing buffer, each
well is incubated for 1 hour (37°C) with 200 (/well blocking solution. After triple
washing each well is incubated for 1 hour at room temperature under shaking with 100
(/well uPAR (c=30 ng/ml), then the wells are washed again three times with the
washing buffer. The testing substance solution and the control solution, respectively,
are added (50 (1/well) and are incubated for 30 minutes at room temperature under
shaking. An additional S0 (1 of uPA solution (c=2.5 ng/ml) are added. After 1 hour at
room temperature a triple washmg is performed :

For detection, the following procedure is used:
Incubation with 50 (1 each of detection solution (1) and (2) at room temperature. After

20 minutes a yellow colour will be visible (the positive control reads an extinction of
1 after 45-60 minutes). The detection is performed at 405 nm (reference is 490 nm)
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using a Dynatech MR 7000 ELISA reader. To obtain the percentage of inhibition the
following formula is used (E stands for extinction):

%- Iﬁhibi!itm =100 - 100 X [Eyest ~ Eneg- coatrot / Epos- controt = Encg- controt]

The data for representative compounds of the invention are shown below

Compound ICS0 [pe/m
4-(4-(4-(3,4-dichlorobenzamido)piperidin-1-yl)butoxy)-
2-isopropylidenecumaran-3-one >0.01

(B)-4-(4-(4-(3,4-dichlorobenzamido)piperidin-1-y1)-2-butenoxy)
~2-isopropylidenecumaran-3-one >0.01

(Z)-4-(4-(4-(3 4-dichlorobenzamido)piperidin-1-yI)-2-butenoxy)
-2~isopropylidenecumaran-3-one >0.01

4-(3-(4-(3-aminosulfonyl-4-chlorobenzamido)piperidin-1yI)
propoxy)-2-isopropylidenecumaran-3-one 0.05

4-[(2+(2-(4-(4-fluorobenzamido)piperidin-1-yl)ethyl)oxy)ethyloxy]-2-
isopropylidenecumaran-3-one - 0.05

The invention also concerns pharmaceutical agents containing one or more
compounds of formula (I).

In order to produce pharmaceutical agents, the compounds of formula (I) are mixed in
a known manner with suitable pharmaceutical carrier substances, aromatics,
flavouring and dyes and are formed for example into tablets or coated tablets or they
are suspended or dissolved in water or an oil such as e.g. olive oil with addition of
appropriate auxiliary substances.

The substance of the general formula (I) can be administered orally or parenterally in a
liquid or solid form. Water is preferably used as the medium which contains the
stabilizing agents, selubilizers and/or buffers which are usually used for injection
solutions. Such additives are for example tartrate or borate buffers, ethanol,
dimethylsulfoxide, complexing agents (such as ethylendiaminotetraacetic acid), high
molecular polymers (such as liquid polyethylene oxide) for the regulation of the
viscosity or polyethylene derivatives of sorbitol anhydrides.

Solid carrier substances are e.g. starch , lactose, mannitol, methylcellulose, talcum,
highly dispersed silicic acid, higher molecular fatty acids (such as stearic acid),
gelatin, agar-agar, calcium phosphate, magnesium stearate, animal and vegetable fats
or solid high molecular polymers (such as polyethylene glycols). Suitable formulations
for the oral route can if desired contain flavourings and sweetenets.
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The administered dose depends on the age, the health and the weight of the patient,
the extent of the disease, the type of treatments which are possibly being carried out
concurrently, the frequency of the treatment and-the type of the desired effect. The
~ daily dose of the active compound is usually 0.1 to 50 mg/kg body weight. Normally ;
" 0.5 to 40 and preferably 1 to 20 mg/kg/day in one or several apphcauons per day are
effective in order to obtam the desired results.

The invention is illustrated further by the following nonlimiting examples:
aration | : N-benz 1-4-(4-fluorobenzamido)piperidi

A mixture of N-benzyl-4-aminopiperidine (30 g) and sodxum bicarbonate (53 g) in
300 ml of dry methylene chloride was cooled to 10°C. To this solution 23.24 ml of 4-
fluorobenzoyl chloride were added dropwise. After one hour at room temperature the

~ reaction mixture was poured into 800 ml of water and extracted with chloroform

~ (2x200 ml). The organic extracts were collected, dried over sodium sulfate and -
concentrated to dryness. The residue (50 g) was treated with 300 ml of diethyl ether -
with stirring for 2 hours, then filtered and dried under vacuum at 50°C to give 45.8 g
of the product, m.p. 163-165°C.

Preparation 2 : 4-(4-fluorobenzamido)pip: e,ridine_. _

To a solution of N-benzyl-4-(4-fluorobenzamido)piperidine (1 g) in 15 ml of dry -

- methanol 0.2 g of palladium on charcoal followed by 1 g of ammonium formate were
added. After 3 hours at room temperature the palladium on charcoal was filtered off -
and the mixture was conce_ntmted to dryness. The residue was dissolved in water,
brought to pH 9, and extracted with chloroform (3x20 ml). The organic extracts were

_ collected, dried over sodium sulfate and concentrated to dryness to give 0.63 g of the
product, m.p. 165-168°C.

Pregaration 3: 4-hydro;cy-2—is'og. ropylidenecumaran-3-one

A mixwre of 4-hydroxycumaran-3-one (35 g) and potassium hydroxide (86.3 g) in
863 ml of absolute ethanol and 120 ml of dry acetone was heated to 50°C for about 1
hour (until the suspension had completely dissolved). The reaction mixture was
brought to pH 4.5 with 37% hydrochloric acid, then concentrated to a small volume.
The remaining suspension was poured into 1250 ml of water; stirred for 1 hour,
filtered and dried under vacuum to give 38.8 g of the product, m.p. 107-109°C.

Preparation 4 : N-tertbutoxycai bonyl-3-(4-flucrobenzamido)propylamine

A mixture of N-tertbutoxycarbonyi-1,3-propylenediamine (1.74 g) in 17 ml of
ethylacetate and 17 ml of saturated aqueous sodium bicarbonate solution was cooled
to 0°C. To this mixture a solution of 1.31 ml of 4-fluorobenzoyl chloride in 3 ml of
ethyl acetate was added dropwise. The reaction mixture was kept at room temperature
overnight, then poured into 50 ml of water. The organic layer was separated and the
aqueous phase extracted with ethyl acetate. The organic extracts were collected, dried
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over sodium sulfate and concentrated to dryness. The residue was treated with 10 ml
of hexane with stirring for 1 hour, then filtered and dried under vacuum at 50°C to
give 2.84 of the product, m.p. 91-93°C,

Preparation 5 : 3-(4-fluorobenzamido)propylamine

A solution of N-tertbutoxycarbonyl-3-(4-fluorobenzamido)propylamine (2.76 g;
preparation 4) in 50 ml of dry methylene chloride and 7.11 ml of trifluoroacetic acid
was stirred at roem temperature overnight. The reaction mixture was then
concentrated to dryness, redissolved in 50 ml of sodium bicarbonate solutien and
extracted with ethyl acetate (2x50 mi). Then the mother liquor was brought to pH 9.5,
and after the addition of sedium chloride extracted again with ethyl acetate (5x100
ml). The organic extracts were collected, washed with saturated aqueous solution of
sodium chloride (50 ml), dried over sodium sulfate and concentrated to dryness, to
give 2.6 g of the product.

Preparation 6 : N-benzyi-(4-tertbutoxvcarbonylamino)piperidine

A solution of N-benzyl-4-aminopiperidine (50 g) in 500 m! of tetrahydrofuran was
cooled to 0°C., To this solution, a solution of ditert-butoxycarbonylether (65 g) in 65
ml] of tetrahydrofuran was added dropwise. The resulting solution was concentrated to
dryness, redissolved in 300 ml of chloroform and washed with 100 m! of brine, then
dried over sodium sulfate and concentrated to dryness. The residue (80 g) was
suspended in 160 ml of hexane and stirred at room temperature for 1 hour to give after
drying under vacuum at 50°C, 72.4 g of the product, m.p. 122-124°C,

Preparation 7 : 4-(tert-butoxvcarbonylamino)piperidine

A mixture of N-benzyl-(4-tertbutoxycarbonylamino)piperidine (71 g), palladium on
charcoal (7.1 g) and ammonium formate (78.6 g) in 1000 ml of dry methanol was
stirred at room temperature overnight. The palladium on charcoal was then filtered off
and the mixture concentrated to dryness and redissolved in 300 ml of water. The pH
was adjusted to about 9 by the addition of 20% sodium hydroxide. The aqueous phase
after the addition of sodium chloride was extracted with ethyl acetate (3x100 ml). The
organic extracts were pooled and dried over sodium sulfate and the solvent evaporated
under reduced pressure. The residue (70 g) was suspended in 140 ml of hexane and
stirred at room temperature for 1 hour to give, after drying under vacuam at 50°C, 48
g of the product, m.p. 150-152°C,

A mixture of (4-tertbutoxycarbonylamino)piperidine (20 g) and potassium carbonate
(20.7 g) in 200 ml of dry dimethylformamide was cooled to 0°C. A solution of 1-
bromo-3-chloropropane (11.8 mi) in 11.8 mi of dimethylformamide was added
dropwise thereto. The mixture was kept at room temperature overnight, then poured in
2000 mt of water and extracted with ethy! acetate (2x200 mi). The organic extracts
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. were pooled, washed with 100 ml of brine, dried over sodium sulfate and concentrated
to dryness The oily residue ( 24 g) was crystallized from 72 ml of hexane to give
11.26 g of the product; m.p. 79-82°C. A further 4 g of the product was obtained by
chromatographxc purification (eluent chlorofonn/methanol 9 : 1) of the mother liquors
of the crystalhzauon ' ; :

aration 9 : 3-(4- i

1.35 ml of 8 N solution of hydrogen chloride in ethanol was added to solution of 3-[4-
(tertbutoxycarbonylamino)piperidin-1-y1}-1-chloropropane (0.5 g) in 5 ml of absolute
ethanol. A precipitate quickly formed. After stirring at room temperature overnight,
the solid was collected by filtration and dned under vacuum at 40°C to glve 04 gof
the product, m. p 266-'768°C

Preparation 10 N-benzyl#begzanndoplm'din

A mixture of N—benzyl-4~anunop1pendme (5 g) and sodium bicarbonate (8.83 g) in 50
ml of dry methylene chloride was cooled to 10°C and 3.68 ml of benzoy! chloride was
added dropwise thereto. After 1 hour at room temperature, the reaction mixture was
poured into- 100 ml of water and extracted with methylene chloride (2x100 ml). The
organic extracts were pooled, dried over sodium sulfate and concentrated to dryness.
The residue (10 g) was-suspended in 200 ml of diethyl ether and stirred at room
temperature for 2 hours to glve, after drymg under vacuum, 6, 92 g of the product; m.p.
168-171°C. :

Preparation 11 4-benzam1dogxpendm

A suspension of N—benzyl-4-benzam1doptpendme (6 62 g preparauon 10) and
palladium on charcoal (1 g) in 300 ml of dry methanol was hydrogenated at 49°C for
12 hours (about 750 ml of hydrogen were consumed), then the palladium on charcoal
was filtered off. The solvent was evaporated under reduced pressure and the residue (5
g) is crystallized from 50 ml of diethy! ether and finally dried under vacuum at 50°C.
3.28 g of the product were obtained, m.p. 136-139°C. .

Preparation 12 : 4-hydrox1-2-{4'-heptyhdene)cumm—é-one

A mixture of 4-hydroxycumaran-3-one (1 g), potassium hydroxide (3.46 g) and 4-
heptanone (6.64 ml) in 50 ml of absolute ethanol was heated to 40°C for 4 hours and
at reflux for an additional 4 hours. The reaction mixture was concentrated to dryness,
redissolved in 50 ml of ‘water and the pH adjusted to about pH 4, then extracted with
chloroform (2x50 ml). The organic extracts were pooled, dried over sodium sulfated
and concentrated to dryness. The residue (1.8 g of a red oil) was purified by silica gel
chromatography (eluent hexane/ethyl acetate 5 : 1) togive 1.04 g of the product as a
red oil.
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Preparation 13 : N-benzyl-4-acetamidopiperidine

A mixture of N-benzyl-4-aminopiperidine (5 g) and sodium bicarbonate (8.83 g) in 50
ml of dry methylene chloride was cooled te 10°C. 2.32 ml of acetyl chloride were
added dropwise. After 1 hour at roem temperature, the mixture was poured into 100
“ml of water and extracted with methylene chleride (3x100 ml). The organic extracts
were pooled, dried over sodium sulfate and coencentrated to dryness to give, after -
crystallization from 30 ml of diethyl ether, 5.09 g of the product, m.p. 140-143°C,

Preparation 14 ; 4-acetamidopiperidine

A mixture of N-benzyl-4-acetamidopiperidine (4.89 g; preparation 13) and 0.3 g of
palladium on charcoal in 150 ml of methanol was hydrogenated for 4 hours (about 600
ml of hydrogen were consumed), then the palladium on charcoal was filtered off. The
reaction mixture was concentrated to dryness and the residue crystallized from 50 ml
of diethyl ether to give 2.54 g of the product, m.p. 130-133°C.

A mixture of N-benzyl-4-aminopiperidine (10 g) and sodium bicarbonate (17.65 g) in
50 ml of dry methylene chioride was cooled to 10°C. Then, 9.85 ml of heptanoyl
chloride were added dropwise. The reaction mixture was kept at room temperature for
1 hour, then slowly added to 500 ml of water. The organic phase was separated and
washed with 200 ml of water, dried over sodium sulfate and concentrated to dryness.
The residue (15 g) was crystaltized from 60 mi of diethyl ether to give 11.5 g of the
product, m.p. 92-95°C.

Preparation 16 : 4-heptanoylaminopiperidine

A mixture of N-benzyl-4-heptanoylpiperidine (11 g; preparation 15) and palladium on
charcoal (0.55 ml) in 165 m! of dry methanol was hydrogenated at 50°C for about 3
hours 30 minutes (about 800 ml of hydrogen were consumed), then the catalyst was
filtered off and the reaction mixture was concentrated to dryness, to give 7.6 g of the
product, m.p. 75-77°C.

Preparation 17 : 4-hvdroxy-2-cyclopentylidenecumaran-3-one

A mixture of 4-hydroxycumaran-3-one (1.5 g), potassiom hydroxide (3.7 g) and
cyclopentanone (6.24.ml) in 37 ml of absolute ethanol was heated to 40°C for 2 hours,
then kept at room temperature overnight. The pH was then adjusted to pH 4 and the
solvent evaporated under reduced pressure. 100 ml of water were added to the residue
and the mixture extracted with ethyl acetate (2x50 ml). The organic extracts wete
pooled, dried over sodium sulfate and concentrated to dryness; The residue (10'gof a
red oil) was treated with 50 mi of water to form a solid which was separated by
decantation and treated again with 50 ml of water, then with 10 ml of ethanol. The
solid was finally recovered by filtration and dried under vacuum, to give, after
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recrystallization from 18 ml of hexane and purification by silica ge}chromatography
(eluent hexane/ethyl acetate 10 : 1), 0.89 g of the product. .

A mixture of N-benzyl-4~axmnop1pendme (20 g) and sodium bicarbonate (35 3 g) in
200 mi of dry methylene chloride was cooled to 10°C. 172 mlof -
cyclohexanecarbonyl chiloride were added dropwise. After 1 hour at room

temperature, the reaction mixture was s poured into 300 ml of water,” the organic phase
separated and washed with 100 ml of water, dried over sodium sulfate and
concentrated to dryness. The residue (35 g) was‘crystallized from 200 ml of diethyl -
ether and dried under vacuum at 50°C, to give 26.6 g of the product, m.p. 150-152°C.

Prgparauog 19 4-cyclohexy!mdogxpengne

A mixture of N-benzyl-4-cyclohexylanndop1pendme (20 g; preparation 18) and
palladium on charcoal (1 g) in 300 ml of dry methanol was hydrogenated for 6 hours
(about 2000 ml of hydrogen were consumed), then the catalyst was filtered off and the
solvent was evaporated under reduced pressure: “The residue (14 g) was crystallized -
from 60 ml of diethy] ether to give 12.7 g of the product, m.p. 174-176°C.

. Preparation 20 ; 4-h dl'0"'2-c oloheriideuEQF’ jara '.3-0__ s =

A mixture of 4-hydroxycumaran-3-one:(6.16 g), potassium ‘hydroxide (6.16 g) and -
cyclohexanone (12 ml) in 75-ml of ethanol 96% was heated to 50°C for 2 hours, then
the mixture was concentrated to dryness, 200 ml of water were added and the pH
adjusted to pH 2 by the addition of hydrochloric acid (37%). The mixture was
extracted with methylene chloride (3x100 mli), the organic extracts pooled, washed
with 100 ml of water, dried over sodium sulfate and concentrated to dryness. The
residue (5 g of a red oil) was purified by silica gel chromatography (eluent methylene -
chloride/hexane 5.: 1) to give, after crystallization from 20 ml of hexane- and drymg
under vacuum at 30°C, 1 72 g of the product, m. p 117-120°C ‘

A mixture of 10.65 g of 4-(4-fluorobenzamido)piperidine (preparation 2) and
potassium carbonate (9,93 g) in 160 mi of dry dimethylformamide was cooled to 0°C
and a solution of 1-bromo-3-chloropropane (5.68 miyin 5.68 ml of dry -
dimethylformamide added dropwise thereto. After 3 hours at room temperature the -
reaction mixture was poured into 1600 ml of water and stirred for one hour The solid
which precipitated was recoveted by ﬁltratlon (7 1g).

The mother liquors were extracted with ethyl acetate (2x100 mi), then adjusted to pH
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9-10 and extracted again with chloroform (3x100 ml). The organic extracts were
collected, dried over s%'d__iu_fm sulfate and concentrated to %ry ess to give 5 g of a solid,
which was added to the 7.1 g recovered before. The solid ﬂé -%en'ai was treated
overnight with 50 mi of ethyl acetate with stirring, filtered and dried under vacuum to
give 4 g of the product. :

Example 2

4-[3=(4-(4-fluorobenzamido)piperidin )promxvl-2—isogropxlidenecumaramB-one

* A suspension of sodium metal (0.8 g) in 300 ml of anhydrous isopropanol was heated
to 60°C until all of the sodium was solubilized (about 2 hours 30 minutes), then 5.78 g
of 4-hydroxy-2-isopropylidene cumaran-3-one (preparation 3) were added and the
mixture was refluxed for 1 hour. 3-{4-(4-fluorobenzamido) piperidinyl]-1-
chloropropane (10 g; example 1) was added and the reaction mixture refluxed for3
hours, then kept at room temperature overnight.

The mixture was concentrated to a small volume (about 50 ml) then 1000 mi of water
were added and the pH brought to 9. The resulting basic mixture was extracted with
chloroform (3x300 mi) and the organic extracts collected, dried over sodium sulfate
and concentrated to dryness. The residue of 13.8 g was treated with diethyl ether (138
) with stirring and at reflux for 30 minutes, then filtered and purified by silica gel
chroinatography (eluent chloroform/methanol 9 : 1) to give 9.3 g of the product, m.p.
188-190°C. .

‘The product was converted to the hydrochloride by treatment of an ethanol solution
with a 5.5 M solution of hydrogen chioride in ethanol and precipitation from diethyl
ether, M.p. of the hydrochloride 235-238°C.

Example 3
4-(3-chloropropoxy)-2-isopropylidenecumaran-3-one

A mixture of 4-hydroxy-2-isopropylidenecumaran-3-one (19.2 g; preparation 3),
potassium carbonate (13.95 g) and 1-bromo-3-chloropropane (11.8 ml) in 250 ml of
dry dimethylformamide was heated to 50°C for 3 hours, then the reaction mixture was
poured into 2500 mi of water and extracted with chloroform (3x100 ml). The organic
extracts were collected, washed with saturated aqueous solution of sodium chloride
(100 ml), dried over sodium sulfate and concentrated to dryness.

The residue (28 g) was purified by silica gel chromatography (eluent methylene
chloride) to give, after drying under vacuum at 40°C, 19.36 g of the product, m.p. 78-
80°C.
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A mixture of 4-(3-chloropropoxy)-2-isopropylidenecumaran-3-one (1.69 g; example
3), 3-(4-fluorobenzamido)propylamine (2 g; preparation 5) and potassium carbonate :

. (0.88 g) in 50 ml of dry’ drmethylformarmde was heated to- 50°C overnight, then the
reaction mixture was poured into 500-ml of water and extracted with ethy! acetate-
'(3x100 ml). The organic extracts were collected, washed with 50 ml of water, dried
over sodium sulfate and concentrated to dryness. The residue (3 g) was purified by -
silica gel chromatography (eluent chloroform/methanol 9: l) togive0.11 g of the
product.

. ExampleS - -
4~(3-glgemzmopropgw)-Msomgx!tdenecumargn-S-g

A suspension of prperazme (5 47 g)in42:ml of dry dtmethylfonnarmde was heated to -
50°C until the solid had comipetely dissolved, then the reaction mixture was cooled to -
-room temperature. 2.84:g of 4—-(3-chloropropoxy)-z-tsopropyhglenecumaran-3-one '
(example 3) were added. After 1 day of stirring the mixture was poured into 420 ml of
water and extracted with-ethyl acetate’ (2x100 ml) and chloroform (‘7x 100 ml), dried -
over sodium sulfate and concentrated to dryness :

The residue (3.3 g) was punﬁed by sﬂxca gel chromatography (eluent: - : '
chlorofonn/methanol/ammomum hydroxide 80 : 20 : 1), to grve 2.87 of the product as
ared oil.

A mixture of 4-(3-piperazinopropoxy)-2-isopropylidenecumaran-3-one (0.318 g;
example 5), 4-fluorobenzoyl chloride (0.156 ml) and saturated aqueous sodium
bicarbonate solution (5 ml) in 5 ml of dry methylene chloride was stirred for 2 hours
at room temperature. The organic phase was separated, dried over sodium sulfate and
concentrated to dryness. The residue (0.47 g) was crystallized from diethyl
ether/hexane to give 0.274 g of the product, m.p. 97-99°C.

Example 7
4-(4-chlorobutoxy)-2-i sogrogxlidenecumaran-3—on

A mixture of 4-hydroxy-2-isopropylidenecumaran-3-one (0.56 g; preparation 3), 1-
bromo-4-chlorobutane (0.41 ml) and potassium carbonate (0.4 g) in 10 ml of dry
dimethylformamide was heated to 50°C for 3 hours. The reaction mixture was then
poured into 100 mi of water and, after the addition of sodium chloride, extracted with
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ethyl acetate (4x100 ml). The organic extracts were collected, dried over sodium
sulfate and concentratqd to dryness to give 0.75 g of the gro%ct as a dark red oil.

A mixture of 4—(4-chlorobutoxy)-’7-1sopropyhdenecumaran-3-one (0.7 g; example 7),
potassium carbonate (0.34 g) and 4-(4-fluorobenzamido)piperidine (0.72 g;-
preparation 2) in 10 ml of dimethylformamide was heated to 50°C for 3 hours, then a
further0.25 g of 4-(4—ﬂuorobenzaxmdo)p1pendme was added and stirring continued at
50°C overnight.

The reaction mixture was poured into water (150 ml), sodium chloride was added and
the mixture extracted with ethyl acetate (2x100 mi). The organic extracts were
collected, swashed with brine, dried over sodium sulfate and concentrated to dryness.
The residue (1.5 g) was purified by silica gel chromatography (eluent:
chloroform/methanol 9 : 1), to give, after crystallization from dxethyl ether/hexane,
0.17 g of the product, m.p. 150-154°C,

Example 9
34 4—!.4-mefhxlbenzamido) piperidinyl]-1-chloropropane

A mixture of 3-(4-aminopiperidin-1-yl)-1-chloropropane (1g; preparation 9), sodium
carbonate (0.42 g) and toluoyl chloride (0.58 ml) in 20 ml of ethyl acetate and 20'ml
of saturated aguoeus sodium bicarbonate solution was stirred at room temperature for
3 hour, then poured into 100 ml of water. The organic phase was separated, dried over
sodium sulfate and concentrated to dryness. The residue (1.4 g) was crystallized from
20 ml of hexane and the collected solid dried under vacuum at 50°C to give 1.05 g of
the product, m.p. 150-152°C.

Example 10
4-[3-(4-(4-methylbenzamido)piperidinyDpropoxy]-2-isopropylidenecumaran-3-one

A mixture of 4-hydroxy-2-isopropylidenecumaran-3-one (0.61 g; preparation 3), 3-[4-
{4-methylbenzamido) piperidinyl]-1-chloropropane (1.05 g; example 9) and potassium
carbonate (0.44 g) in 15 ml of dry dimethytformamide was heated to 50°C overnight,
then cooled to room temperature and poured into 100 ml of water. The aqueous phase
was extracted. with chloroform (3x100 ml), then the organic extracts were pooled and
washed with 50 ml of brine, dried over sodium sulfate and ¢oncentrated to dryness.
The residue (7.5 g) was purified by silica gel chromatography (eluent
chloroform(methanol/triethylamine 9 : 1 : 0.2) to give, after recrystallization from 15
ml of diethylether/hexane and drying under vacuum at 50°C, 0.95 g of the product,
m.p. 198-202°C.



WO0.99/06387 - 18 '  PCT/EP98/04619

Ex ple 11
3-(4-benzamidopiperi dmv!)-l-chlomgp n e" '

- A mixture of ~4-benzamidopiperidine (3.2'g; preparation 11), triethylamine (5.67 ml)
and 1-bromo-3-chloropropane (2.31 ml) in 150 m! of tetrahydrofuran was refluxed

- overnight, then concentrated to a small volume and treated with 100 mi of chloroform.
The solution was washed with 50 m! of agueous saturated solution of potassium
carbonate, dried over sodium sulfate and concentrated to dryness. The residue (6 g)
was purified by silica gel chromatography (eluent chloroform/methanol 9 : 1) to give,

after recrystallization from 20 ml of diethyl ether, 1 63 g of the product, m. p 145- -
147°C. .

0.098 g of sodium metal was added to 50 ml of dry isopropanol and the mixture was
kept at 60°C until all of the sodium had dissolved. The reaction mixture was then
.treated with 0.67 g of 4-hydroxy-2-isopropylidenecumaran-3-one (preparation 3),

. refluxed for 30 minutes then treated.-w_ith 3-(4-benzamidopiperidinyl)-1-chloropropane
- (1.01 g; example 11) and again refluxed for a-further 3 hours. The reaction mixture.
. was concentrated to a small volume, treated with 100 m! of aqueous saturated

_ potassium carbonate solution and extracted with ethyl acetate. The organic extracts -

- were pooled, dried over sodium sulfate and concentrated to dryness. The residue (1.55
g) was purified by silica gel chromatography (eluent chloroform/methanol 15: 1)to

give, after recrystallization from ethy! acetate, 0.79 g of the product, m.p. 195-198°C.

A suspension of 0.11 g of sodium metal in 50 ml of dry isopropanol was heated at
60°C until all of the sodium had dissolved, then a solution of 4-hydroxy-2-(4'-
heptylidene)cumaran-3-one (1.02 g; preparation 12) in 50 mi of dry isopropanol was
added and the reaction mixture refluxed for 30 minutes. 1.77 g of 3-[4-(4-
fluorobenzamido) piperidinyl]-1-chloropropane was then added. The mixture was
heated to 80°C for 4 hours, then poured in 150 ml of aqueous saturated potassium

carbonate solution and extracted with ethyl acetate. The organic phase was dried over

sodium sulfate and concentrated to dryness to give 2.3 g of an oily residue which was
purified by silica gel column chromatography (eluent chloroform/methanol 9 : 2).

After recrystallization from 20 ml of dxethyl ether, 1.12 g of the product are obtained,
m.p. 140-143°C.
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Exampie 14 s
2-[4-(4-fluorobenzamido) piperidinyl}-1-chloreethane

A mixture of 4-(4-fluorobenzamido)piperidine (2 g; preparation 2), triethylamine
(3.75 ml) and 1-bromo-2-chloroethane (1.11 mi) in 150:ml of dry tetrahydrofuran was
refluxed overnight, then further triethylamine (3.75 ml) and 1-bromo-2-chloroethane
(1.11 mi) were added. The mixture was refluxed for an additional 5 hours, treated.
again with 3.75 ml of triethylamine and 1.11 ml of 1-bromo-2-chieroethane and
refluxed overnight. The reaction mixture was concentrated to a small volume, treated
with.ethyl acetate (200 ml) and the mixture washed with an aqueous saturated-
potassium carbonate solution. The organic phase was dried over sodium sulfate and
concentrated to dryness. The residue (1.3 g) was crystallized from 10 ml of diethyl
ether and dried under vacuum at 50°C, to give 1.06 g of the product, m.p. 220-225°C.

Example 15

A suspension of 0.08 g of sodium metal in 50 ml of dry isopropanol was heated at
60°C for 30 minutes (all of the sodium had then dissolved) and 0.55 g of 4-hydroxy-2-
isopropylidene-cumaran-3-one (preparation 3) were added. After a further 30 minutes
at reffux 1 g of 2-[4-(4-fluorobenzamido) piperidinyl}-1-chloroethane (example 14)
was added and the reaction mixture refluxed for 4 hours. The solvent was evaporated
under reduced pressure and the residue redissolved in 100 ml of methylene chloride
and washed with 50 ml of aqueous saturated potassium carbonate solution. The
organic phase was dried over sodium suifate, concentrated to dryness and the residue
(3 g of.a red oil) purified by silica gel chromatography (eluent chloroform/methanot 9
: 1) to give, after crystallization from 10 ml of diethyl ether, 0.4 g of the product, m.p.
158-160°C.

E le 16

3-(4-acetamidopiperidinyl)-1-chl ropane

A mixture of 4-acetamidopiperidine (1.4 g; preparation 14), triethylamine (3.56 ml)
and 1-bromo-3-chloropropane (1.45 ml) in 50 m! of tetrahydrofuran was refluxed
overnight, then an additional 3.5 ml of triethylamine and 1.45 ml of 1-bromo-3-
chloropropane were added. After a further 3 hours at reflux, the mixture was
concentrated to a small volume, treated with chloroform and washed with aqueous
saturated solution of potassium carbonate. The organic phase was dried over sodium
_ sulfate, concentrated to dryness and the residue (2.3 g of a green oil) was purified by
silica gel chromatography (eluent chloroform/methanol 9 : 1) to give 0.67 g of the
product, m.p. 74-77°C.
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A suspension of 0.07 g of sodium metal in 50 ml of dry isopropanol was heated to
60°C until all of the sodium had dissolved, then 0.47 g of 4-hydroxy-2- _
isopropylidenecumaran-3-one (preparation 3) was added and the mixuwre refluxed for
30 minutes. 3-(4-acetamidopiperidinyl)-1-chloropropane (0.6 g; example 16) was then'
added and the reaction mixture again refluxed for 6 hours and finally concentrated to
dryness. The residue was treated with 1060 ml of chloroform and washed with 50 ml of
aqueous saturated potassium carbonate solution. The organic phase was dried over
sodium sulfate and concentrated to dryness and the residue (1.1 g of a red oil) punﬁed
by silica gel chromatography (eluent chloroform/methanol 9 : 1) to give, after
crystallization from diethyl ether and drymg under vacuum at 50°C, 0.48 g of the
product, m.p. 150-153°C.

| Easmple_l_&
3:{4—hep§anoylamihommdm l-yl)-L-chlgrgp;gpan |

A rmxture of 4-heptanoylanunop1pendme (7. 49 g; preparation 16), tnethylatmne (9.79
ml) and 1-bromo-3-chloropropane (5.38 ml) in 200 ml of dry tetrahydrofuran was
refluxed for 4 hours, then a further 9.79 ml of tnethylamme and 5.38 ml of 1-bromo-

. 3-chloropropane were added. The reaction mixture was refluxed overnight, then
concentrated to dryness, treated with 100 ml of saturated aqueous potassium carbonate
solution and extracted with ethyl-acetate (2x100 ml). The organic extracts were -
pooled, dried over sodium sulfate and concentrated to dryness to give 15 g of an oil
which was purified by silica gel chromatography (eluent chloroform/methanol 9 : 1) to
give, after crystallization from 30 ml of hexane, 6.12 g of the product, m.p. 68-70°C.

0.1 g of sodium metal in 50 ml of dry isopropanol was heated to 60°C until all of the
sodium had dissolved, then 0.7 g of 4-hydroxy-2-isopropylidenecumaran-3-one
(preparation 3) was added and the mixture refluxed for 30 minutes. 3-(4- '
heptanoylaminopiperidin-1-yl)-1-chloropropane (0.7 g; example 18) was then added
and the reaction mixture refluxed overnight. The mixture was then concentrated to
dryness, redissolved in methylene chioride, washed with 100 ml of saturated aqueous
potassium carbonate solution, dried over sodium sulfate and concentrated to dryness. -
The residue (2 g) was purified by silica gcl chromatography (eluent methylene
chloride/methanol 9 : 1) to give, after crystalhzatxon from 20 m! of diethyl ether, 0.5 g
of the product, m.p. 151-153°C.
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A mixture of 4-hydroxy-2-cyclopentylidenecumaran-3-one (0.89 g; preparation 17), 3-
[4-(4-fluorobenzamido) piperidinyl]-1-chloropropane (1.23 g; example 1) and
potassium carbonate (0.56 g) in 10 ml of dry dimethylformamide was heated to 60°C
for 6 hours. The reaction mixture was then poured into 200 ml of water and the solid
which separated recovered by filtration and purified by silica gel chromatography
(eluent chloroform/methanol 9 : 1), The residue was crystallized from 20 mf of diethyl
ether and dried under vacuum at 40°C, to give 0.45 g of the product, m.p. 160-162°C.

Example 21

3-(4-cyclohexylamidopiperidin- 1-yl)- 1-chloropropane

A mixture of 4-cyclohexylamidopiperidine (3 g; preparation 19), triethylamine (5.16
ml) and 1-bromo-3-chloropropane (2.1 ml) in 100 mi of tetrahydrofuran was refluxed
overnight, then a further 5.16 ml of triethylamine and 2.1 ml of 1-bromo-3-
chloropropane were added. The mixture was refluxed for an additional 4 hours, then
concentrated to a small volume, treated with 100 ml of saturated aqueous potassium
carbonate solution and extracted with 100 ml of chloroform. The organic phase was
dried over sodium sulfate and concentrated to dryness and the residue (8 g)
recrystallized from 50 ml of diethyl ether to give 2.43 g of the product, m.p. 152-
155°C.

0.09 g of sodium metal in 50 ml of dry isopropanol was heated to 60°C until all of the
sodium had dissolved, then 0.63 g of 4-hydroxy-2-isopropylidenecumaran-3-one
(preparation 3) was added and the reaction mixture refluxed for 30 minutes. 3-(4-
cyclohexylamidopiperidin-1-yl)-1-chloropropane (1.43 g; example 21) was then added
and the mixture refluxed for an additional 5 hours, then concentrated to dryness and
redissolved in 100 mi of chloroform. The resulting organic phase was washed with 50
ml of saturated aqueous potassium carbonate solution, dried over sodium sulfate and
concentrated to dryness. The residue (2 g) was purified by silica gel chromatography
(eluent chloroform/methanol 9 : 1) to give, after crystallization from a little ethyl
acetate, 0.65 g of the product, m.p. 193-196°C.

Elem. Anal. (calcd/found %): C 70.88/67.70; H 8.24/8.22; 6.36/6.30.
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According to the methods described in the previous preparations and examples,
starting from the appropriate reactants, the following benzocumaranones were
prepared:

- 4-[3-(4-mcotmanndop1pendm— -yl)propoxy]-2-1sopropyhdenecumaran—3—one, :
m.p. 187-191°C; : '

- 4-[3-(4-(4~mﬂuorometanbenzanndo)p1pendm- -yl)propoxy]-z-
1sopropyhdenecumaran—3-one, m. p 191 193°C : :

- 4-[3-(4-(2-naphthoyla1mdo)p1pendm— -yl)propoxy]—Z-nsopropyhdenecumaran
. 3-one, m.p. 160-162°C -

- 4-[3-(4-(34 S-mmethoxybenzanndo)p1pendm- -yl)propoxy]—z-
1sopropyhdenecumaran—3-one, m. p 195-198°C;

- 4-[3-(4-(4-bromobenzanudo)p1pendm— -yl)propoxy]-z-
1sopr0pyhdenecumaran-3-one, m.p. 176-179°C

- 4-[3- (4-(2-(O-phenoxy)acetamldo)pxpendm- -yl)propoxy]-z-
xsopropyhdenecumaran—3-one, m.p. 1 15-1 18°C;

- 4-[3-(4-(4—methoxybenzatmdo)p1pendm- -yl)propoxy]-z-
isopropylidenecumaran-3-one, mp 148-151°C '

- 4-[3-(4-(4-cyanobenzam1do)p1pendm— -yl)propoxy]—2- T
isopropylidenecumaran-3-one, m.p. 175-178°C;. - '

- 4-[3-(4-(2-(3-indolyl)acetamido)piperidin-1 -yl)propoxy]-z-
1sopropyhdenecumaran—3-one, m.p. 196-201°C (dec.);

- 4-[3-(4»(2-(phenyl)acetaxmdo)p_lpcndm- _-y_l)propo:(y];z-
isopropylidenecumaran-3-one, m.p. 139—142‘?C;-

- 4-[3-(4-(2-thenoylamido)piperidin-1 -yl)propoxy]-2-1sopropyhdemcumaran -3-
one, m.p. 215-218°C;

- 4~[3-(4-(2-(4—ﬂuorobenzamido)ethyl)piperidin-l-yl)propOXy]-Z-
isopropylidenecumaran-3-one, m.p. 151-153°C;

- (E)4-{4-(4-(4-flucrobenzamido)piperidin-1-yl)-2-butenoxy]-2-
isopropylidenecumaran-3-one, m.p. 150-152°C;

- (Z)-4-[4-(4-(4-fluorobenzamido)piperidin-1-yl)-2-butenoxy]-2-
isopropylidenecumaran-3-one, m.p. 88-90°C;
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- 4-{3-(4-(4-methylbenzamido)piperazin-1-yl)propoxy}-2-
isopropylidenecumarap-3-one; - ﬂé’

- 4-[3-(4-((4-fluorobenzamido)methylpiperidin-1-yl)propoxy]-2-
isopropylidenecumaran-3-one, m.p. 175-179°C;

- 4-[(5-(4-(4-fluorobenzamido)piperidin-1-yl)pentyl)oxy]-2-
isopropylidenecumaran-3-one, m.p. 135-137°C;

- 4-[(3-(4-4-nitrobenzamido)piperidin-1-yl)propoxy]-2-isopropylidenecumaran-
3-one, m.p. 223 -225°C; -

- 4-f(3-(4-(2,5-dichlorobenzamido)piperidin- 1 -yl)propoxy]-2-
isopropylidenecumaran-3-one, m.p. 130 -133°C;

- 4-[(3-(4-(4-(methylsulfonyl)benzamido)piperidin- 1-yl)propoxy]-2-
isopropylidene-cumaran-3-one, m.p. 220 -222°C;

- 4-[(3-(4-(4-methylbenzamido)piperidin-1-yl)propoxy]-2-
isopropylidenecumaran-3-one, m.p. 198 -202°C;

- 4-[(3-(4-(4-chlorobenzamido)piperidin-1-yl)propoxy}-2-
isopropylidenecumaran-3-one, m.p. 204 - 205°C;

- 4-[(4-(4-(3-bromobenzamido)piperidin-1-yl)butyl)oxy]-2-
isopropylidenecumaran-3-one, m.p. 145 - 148°C;

- 4-[(4-(4-(4-trifluoromethylbenzamido)piperidin-1 »yI)butyl)oxy]-Z-
isopropylidene-cumaran-3-one, m.p. 145 - 148°C;

- (+)-4-[(3-(4-(4-fluorobenzamido)piperidin- [ -yl)-2-hydroxyprop-1-yloxy]-2-
isopropylidenecumaran-3-one, m.p. 207 -209°C;

- 4-[(3-(4-(4-acetylaminobenzamido)piperidin-1-yl)propoxy]-2-
isopropylidenecumaran-3-one, m.p. 243-245°C;

- 4-[(3-(4-(1-naphthoylamido)piperidin-1-yl)propoxy]-2-
isopropylidenecumaran-3-one, m.p. 173-175°C;

- 4-[(3-(4-(3,4-dichlorobenzamido)piperidin-1-yl)propoxy]-2-
isopropylidenecumaran-3-one, m.p. 188-190°C;

- 4-[(3-(4-(3,5-dichlorobenzamido)piperidin- i-yl)propoxy]-2-
isopropylidenecumaran-3-one, m.p. 203-205°C;

- 4-{(3-(4-(3,5-bis(trifluoromethyl)benzamido)piperidin-1-yl)propoxy]-2-
isopropylidenecumaran-3-one, m.p. 170-172°C;
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- (8)-4-[(3-(4-(4-((2-amino-1-oxo-3-phenylpropyl)amino)piperidin-1-
yl)propoxy]- 7-1sopropylxdenecumaran-3-one dxhydrochlonde m.p. 215-‘7 17°C;

- 4-[(3-(4~(’7-(4—ﬂuorobenzaxmdo)ethyl)p1pemzm— -yl)propoxy]—"
1sopropyhdenecumarm-3-one, mp 158-160°C;

- 4—[(2-(4~(2-(4-ﬂuorobenzanndo)ethyl)plperazm-1 yl)ethyl)oxy]-z- '
xsopropyhdenecumaran-B—one, m.p. 103-105°C :

- 4-[(3-(4-(4-(methoxycarbonyl)benzamldo)pxpendm- -yl)propoxy]-‘?-
xsopropyhdenecumaran—S-one,mp 226-228°C; '

- 4—[(3-(4-(3-cyanobenzanndo)p1pendm- -yl)propoxy]-z-
isopropylidenecumaran-3-one, m.p. 188-190°C '

- 4—[(_.-(4-(phenylacetyl)plperazm- -yl)ethyl)oxy]-2-1sopropy11denecumaran 3-
one, m.p. 108-110°C;

- (S)-4-[(2-(4-(2-amiho—l-oxo-3-phenylpropyl)pi§erazin- -yl)ethyl)oxy]-z-
1sopropyhdenecumaran-3-one dxhydrochlonde m.p. 160-163°C

- 4-[(3-(4-(4-(d1methylannno)benzanndo)pxpendm- -yl)propoxy}-"-
1sopropyhdenecumaran-3-one, mp 210-212°C '

;- 4-[(3- (4-(2-bromobenzanndo)p1pendm— -yl)propoxy]-z-
: isopropylxdenecumaran-B-one, mp 140-142°C

- 4-[(3-(4-(3~chloro-4»ﬂuorobenzaxmdo)p1pendm— -yl)propoxy]-z-
xsopropyhdenecumaran-3-one, m.p. 188-190°C

- 4-[(4-(4—(3 4-d1ch]orobenzanndo)plpendm- -yDbutyl)oxyl-2-
isopropylidenecumaran-3-one, m. P. 163-165°C

- 4-[(3-(4-(3 4~d1ﬂuorobenzanudo)p1pendm— -yl)propoxy]-z-
150propylldcnecumaran-3-one, m.p. 206-208°C;

- 4-[(3-(4-(2,3 4-mﬂuorobenzanndo)p1pendm— -yl)propoxy]-2-
isopropylidenecumaran-3-one, m.p. 168-170°C; o

- _4—-[(3-(4-(3-MnGSulfonyl-4»-ch10robénzamido)pipeiidin-l-yl)propoxy]-z- '
isopropylidenecumaran-3-one, m.p. 255-258°C;

- 4-[(3-(4-(3-bromo-4-fluorobenzamido)piperidin-1-yl)propoxy]-2-
xsopropyhdene-cumaran—B-one, m.p. 206-208°C;

- 4—[(6-(4-(4-ﬂuorobenzanudo)p1pendm— -yl)hexyl)oxy]-Z-
isopropylidenecumaran-3-one, m.p. 105-107°C;
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- 4-[(3-(4-(3-aminocarbonylbenzamido)piperidin- 1-yl)propoxy}-2-
isopropylidenecumaran-3-one, m.p. 154-156°C;

- (Z)-4-[(4-(4-(3,4-dichlorobenzamido)piperidin-1-yl)but-2-en-1-yl)oxy}-2-
isopropylidenecumaran-3-one, m.p. 155-158°C;

- (E)-4-[(4-(4-(3,4-dichlorobenzamido)piperidin-1-yDbut-2-enl-yl)oxy]-2-
isopropylidenecumaran-3-one, m.p. 179-181°C;
- 4-[(3-(4-(2,4,5-trifluorobenzamido)piperidin-1-yl)propoxy]-2-

isopropylidenecumaran-3-one, m.p. 156-158°C;

4-[(2-((2-(4-(4-fluorobenzamido)piperidin-1-yl)ethyl)oxy)ethyloxy]-2-
isopropylidenecumaran-3-one, m.p. 157.5-158.5°C,
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1 The useof  compound fﬂ,fma, NS -
. :.._i.i;o' R 1 O—A_BT

AX)

wherein:

Rand R’ are mdependently hydrogen, 5-a1kyl styryl or C3 s-cycloalkyl or, taken
together with the carbon to which they are linked, form a Cg.s-cycloalkyl group;

x1sOor1

:A is (CHp)g-, -CHgCH-CHCHz- -CHz-CH-CH-CH-CH-CHz
-CH,-CH=CH-CH,-CHj=, -CH;-CH;-CH—CH-CH;— -CH,-CH=CH-CH,-CH;-CH;-,
CHz-CHz-CH-CH-CHz-CHz- -CHz-CHz.CHz-CH—CH-CHz-

-CH;,- CHOH-CHOH—CH:— ‘(CHz)q'O'(CHZ)q » or -CH,-A’-CH-, wherein g is an
integer from 2 to 3 and nis an mteger from2to6,and A’ is a q_-,-cycloalkyl group;

Bxs

@) -NR! )-(CHz)m-N(R )-, in which m is an integer from 2 to 6, Rlis hydrogen,
methyl, ethyl, propyl, or 1sopropyl ‘and R is Cy.¢-alkyl, benzyl, phenyi, naphty! or
indanyl, unsubstituted or substituted by chlorine, bromine, iodine, fluorine, Cy.¢-
alkyl, hydroxy, amino, carboxy, Cis-alkoxy, Cy4-mono- or dl-alkyl amino, CM~ .
alkoxycarbonyl, mercapto, Cy4-alkylthio; or

(ii) —-NC>—.NH- i —N N— ; -NH— N—
.
——O—.CHZNH- ;  —N  N—CH,CH,NH-
\—/

T is -CH,-C=CH, -C=CH, -(CHz),-R -CH-CH—R3 -CH,-NHCO-R?, -(CHy),-O-R*
or -CH(NH,)-CH;R?, in which p is 0 or an integer from 1 to 4, R is phenyl, naphthyl
or biphenyl, unsubstituted or substituted by chlorine, bromine, iodine, fluorine,
(Ch1.s)alkyl, cyano, nitro, mono- or polyfluoroalkyl, -SO:(C;.galkyl, -SO:NH;,
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SO;NH(Cy.4)alkyl, -SON((C,.)aifly i £60NEG, -CONH(C, alkyl, hydroxy,
amino, carboxy, Cy.s-alkoxy, (C1ymono- or dx-alkyl aming, (Ci.+)alkoxycarbonyl,
mercapto, or Cy.4-alkylthio, or is a 5- or 6-membered hetefo&?“cle which contains 1 or
2 heteroatom(s) selected from oxygen, sulfur or nitrogen and which is or is not
benzocondensed,

enantiomers, diastereomers and racemates of thé compounds of formula I and
mixtures thereof as well as pharmaceutically acceptable salts of a compound of
formula in the manufacture of a medicament.for the treatirierit of tumors, particularly
advanced solid tumors of breats, lung or colon, and metastases thereof.

2. The use as in claim 1 wherein in the compound of formula I A is -(CHa)-,
-CH,CH=CHCH,-, -CH,-CH=CH-CH=CH-CH;-, -CH;-CH=CH-CH;-CH>-,
-CH,-CH,-CH=CH-CHj;-, -CH,-CH=CH-CH,-CH,-CHy-,

LR IGG CRORSTOST AN

(@) -NRY- (CHz)m-N(R )-, in which m is an integer from 2 to 6, Rlis hydrogen,
methyl, ethyl, propyl, or isopropyl, and R is C,.¢-alkyl, benzyl, phenyl, naphtyl or
indanyl, unsubstituted or substituted by chlorine, bromine, iodine, fluorine, Cy.¢-
alkyl, hydroxy, amino, carboxy, C;.4-alkoxy, Ci.4-mono- or di-alkyl amino, C;..;—
alkoxycarbonyl, mercapto, C;.4-alkylthio; or :

/N
{ii) —N NH- ; —N N— ; -NH —
—/

T is -CH,-C=CH, -C=CH, -(CH),-R’, -CH=CH-R’, or -CH,-NHCO-R’ in which p is
0 or an integer from 1 to 4, R}is phenyl, naphthyl or biphenyl, unsubstituted or
substituted by chlorine, bromine, iodine, fluorine, (C1-C6)alkyl, cyano, hydroxy,
amino, carboxy, C;4-alkoxy,
(C1ymono- or di-alkyl amino, (Cy.¢)alkoxycarbonyl, mercapto, or C;s-alkylthio, or is
a 5- or 6-membered heterocycle which contains 1 or 2 heteroatom(s) selected from

\ oxygen, sulfur or nitrogen and which is or is not benzocondensed,

'- and wherein R,R’, R',R?, p and x are as in claim 1
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3.A oompound of formﬁla IA ' o : o s

IR

wherein

RR’,A,B, Tand x are as in claim 1, px_-ovided the compound of formula IA is not
4(3-(4-(4-fluorobenzamido)piperidin)propoxy)-2-isopropylidencumaran-3-one. '

4. A compound of claim 3, wherein A is -(CHz).- -CH;CH—CHCH;— or
-(CHz)q-O-(CHz).I »Nis an integer from 2-6 and q is an mteger from 2t03.

S. A compound of claxm 3 wherein x is L.

. o - . "“C)'““’
6. A compound of claim 3, wherein B is the moiety

7. A compound of claim 3, wherein T is phenyl or phenyl substituted by one or
two trifluoro, bromo, chloro, fluoro, cyano, mtro, methyl or armnosulfonyl groups.

8. A compound of claim 3, wherein R and R’ are G ¢-alkyl.

' S —'ND—NH-
9. A compound of claim 3, wherein x is 1, and B is the moiety :
10. A compound of claim 9, whet.ein. Rand R’ are G.¢s-alkyl.
11. A compound of claim 10, wherein A is -(CHy)-, CH,CH=CHCHj-, or
-(CHz2)4-0-(CHz)q-, n is an integer from 2-6, - and q is an integer from 2 to 3, and Tis
pheny! or phenyl substituted by one or two tnfluoro, bromo, chloro, fluoro, cyano,
nitro, methyl or aminosulfony! groups.

12. A compound of claim 11, wherein R and R’ are methyl.

13. A compound of claim 12, wherein A is a -(CHz)a- group and n is an integer
from 2-6.

14. A compound of ¢laim 13, wherein n is an integer from 3-4.
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AL Y ."l ;A
15. A compound of claim 14, wherein T is phenyl substituted by one or two
trifluoro, bromo, chloro, flucro, cyano, nitro, methyl or aminosulfonyl groups.

16.  4-(4-(4-(3.4-dichlorobenzamido)piperidin-1-yl)butoxy)-2- l 1“'“' m'" I"""m" l“l
* c L L] $ *

isopropylidenecumaran-3-one.

17. 4—(3-(4-(3-atmnosnlfonyl—4-chlorobenzamldo)plpenmn-lyl)propoxy)-Z-
isopropylidenecumarafi-3-one.

18. A compound of claim 12, wherein A is -CH;CH=CHCH,-.

19. A compound of claim 18, wherein T is phenyl substituted by one or two
trifluoro, bromo, chloro, fluoro, cyano, nitro, methyl or aminosulfonyl groups.

20. (E)-4-(4-(4-(3,4-dichlorobenzamido)piperidin-1-yl)-2-butenoxy)-2-
isopropylidenecumaran-3-one.

21. (Z)-4-(4-(4-(3,4-dichlorobenzamido)piperidin-1 -y])-2-butenoxy)~2-
isopropylidenecumaran-3-one.

22. A compound of claim 12, wherein A is -(CHa)q-O-(CHa),- and q is an integer
from2to 3.

23. A compound of claim 22, wherein T is phenyl substituted by one or two
trifluoro, bromo, chloro, fluoro, cyano, nitro, methyl or aminosulfonyl groups.

24.  4-(4-(4-(4-fluorobenzamido)piperidin-1yl)ethoxyethoxy)-2-
isopropylidenecumaran-3-one.

25.  Pharmaceutical compositions containing a compound according to any one of
claims 3 to 24 in admixture with pharmaceutical excipients and /or diluents.

26.  The novel use, compounds and compositions as described hereinbefore,
especially with reference to the Examples.



