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RETINOIDS FOR THE TREATMENT OF EMPHYSEMA

The invention relates to novel retinoid compounds and methods of synthesis thereof.
The invention also relates to the use of such compounds for the preparation of medicaments for
treating or preventing different diseases, methods of using these novel retinoid compounds, and
pharmaceutical compositions thereof.

| The retinoids are structural analogues of vitamin A and include both natural and

synthetic compounds. Retinoid compounds such as all frans retinoic acid (“ATRA”), 9-cis-
retinoic acid, trans 3-4 didehydroretinoic acid, 4-0xo retinoic acid, 13-cis-retinoic acid and
retinol are pleiotrophic regulatory compounds that influence a large number of inflammmatory,
immune and structural celis.

For example, retinoids modulate epithelial cell proliferation, morphogenesis in lung and
differentiation through a series of hormone nuclear receptors that belong to the steroid/thyroid

receptor superfamily. The retinoid receptors are classified into the retinoic acid receptors

(RAR) and the retinoid X receptors (RXR) each of which consists of three distinct subtypes (¢,
B and 7).

ATRA is the natural ligand for the retinoic acid receptors and binds with 'similar affinity
to the ¢, B and 'y subtypes. A quantitative structure-activity relationship has been established

for 2 number of synthetic RAR ¢, B and vy retinoid agonists, which has elucidated the principal
electronic and structural characteristics that provide selective affinity for each RAR subtype
(Douget et al., Quant. Struct. Act. Relat., 18, 107, 1999).

ATRA does not biJ;d to RXR, for which 9-cis-retinoic acid is the natural igand. A

number of synthetic RXR ¢, B and v retinoid agonists have also been described in the art (See,
e.g., Billoni ez al., U.S. Patent No. 5,962,508; Klaus ez al., U.S. Patent No. 5,986,131.

In tissues other than pulmonary tissues, retinoids typically have anti-inflanmatory
effects, can alter the progression of epithelial cell differentiation and may inhibit stromal cell
matrix production. These biological effects of retinoids have led to the development of many
topical agents for dermatological disorders such as psoriasis, acne, and hypertrophic cutaneous
scars. Retinoids have also been used in the treatment of light and age damaged skin, the
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healing of wounds caused, for example, by surgery and burns (Mustoe et al., Science 237, 1333
1987; Sprugel et al., J. Pathol., 129, 601, 1987; Boyd, Am. J. Med., 86, 568, 1989) and as anti-
inflammatory agents for treatment of arthritis. Other medicinal applications of retinoids
include the control of acute promyelocytic leukemia, adeno and squamous cell carcinoma and
hepatic fibrosis. Retinoids have also been used extensively in treatment of premalignant
epithelial lesions and malignant tumors (carcinomas) of epithelial origin (Bollag et al., United
States Patent No. 5,248,071; Sporn et al., Fed. Proc. 1976, 1332; Hong et al., “Retinoids and
Human Cancer” in The Retinoids: Biology, Chemistry and Medicine, M. B. Sporn, A. B.
Roberts and D.S. Goodman (eds.) Raven Press, New York, 1994, 597-630). However, many
retinoids previously studied often lack selectivity and consequently exert harmful pleiotrophic
effects and may cause patient death when used in therapeutically effective amounts. Thus, the
therapeutic use of retinoids in diseases other then cancer has been limited by toxic side effects.
A general review of retinoids can be found in Goodman & Gilman’s “T'he Pharmacological

Basis of Therapeutics”, 9™ edition (1996, McGraw-Hill) Chapters 63-64.

Chronic Obstructive Pulmonary Disease (“COPD”) refers to a large group of lung
diseases which prevent normal respiration. Approximately 11% of the population of the United
States has COPD and available data suggests that the incidence of COPD is increasing.
Currently, COPD is the fourth leading cause of mortality in the United States.

COPD is a disease in which the lungs are obstructed due to the presence of at least one
disease selected from asthma, emphysema and chronic bronchitis. The term COPD was
introduced because these conditions often co-exist and in individual cases it may be difficult to
ascertain which disease is responsible for causing the lung obstruction (1987 Merck Manual).
Clinically, COPD is diagnosed by reduced expiratory flow from the lungs that is constant over
several months and in the case of chronic bronchitis persists for two or more consecutive years.
The most severe manifestations of COPD typically include symptoms characteristic of
emphysema.

Emphysema is a disease where the gas-exchange structures (e.g., alveoli) of the lung are
destroyed, which causes inadequate oxygenation that may lead to disability and death.
Anatomically, emphysema is defined by permanent airspace enlargement distal to terminal

bronchioles (e.g., breathing tubes) which is characterized by reduced lung elasticity, decreased
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alveolar surface area and gas exchange and alveolar destruction that results in decreased
respiration. Thus, the characteristic physiological abnormalities of emphysema are reduced gas
exchange and expiratory gas flow.

Cigarette smoking is the most common cause of emphysema although other
environmental toxins may also contribute to alveoli destruction. The injurious compounds
present in these harmful agents can activate destructive processes that include, for example, the
release of excessive amounts of proteases that overwhelm normal protective mechanisms, such
as protease inhibitors present in the lung. The imbalance between proteases and protease
inhibitors present in the lung may lead to elastin matrix destruction, elastic recoil loss, tissue
damage, and continuous lung function decline. The rate of lung damage may be decreased by
reducing the amounts of toxins in the lung (i.e., by quitting smoking). However, the damaged
alveolar structures are not repaired and lung function is not regained. At least four different
types of emphysema have been described according to their locations in the secondary lobule:
paniobar emphysema, centrilobular emphysema, distal lobular emphysema and paracicatrical
emphysema.

The major symptom of emphysema is chronic shortness of breath. Other important
symptoms of emphysema include but are not limited to chronic cough, coloration of the skin
caused by lack of oxygen, shortness of breath with minimal physical activity and wheezing.
Additional symptoms that may be associated with emphysema include but are not limited to
vision abnormalities, dizziness, temporary cessation of respiration, anxiety, swelling, fatigue,
isomnia and memory loss. Emphysema is typically diagnosed by a physical examination that
shows decreased and abnormal breathing sounds, wheezing and prolonged exhalation.
Pulmonary function tests, reduced oxygen levels in the blood and a chest X-ray may be used to
confirm a diagnosis of emphysema.

No effective methods for reversing the clinical indications of emphysema currently exist
in the art. In some instances, medications such as bronchodilators, [3-agonists, theophylline,
anticholinergics, diuretics and corticosteroids delivered to the lung by an inhaler or nebulizer
may 1mprove respiration 1mpaired by emphysema. Oxygen treatment is frequently used in
situations where lung function has been so severely impaired that sufficient oxygen cannot be
absorbed from the air. Lung reduction surgery may be used to treat patients with severe

emphysema. Here, damaged portions of the lung are removed, which allows the normal
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portions of the lung to expand more fully and benefit from increased aeration. Finally, lung

transplantation is another surgical alternative available to individuals with emphysema, which

may increase quality of life but does not significantly improve life expectancy.

Alveoli are formed during development by division of sacchules that constitute the gas-
exchange elements of the immature lung. The precise mechanisms governing formation of
septa and their spacing remain currently unknown in primates. Retinoids such as ATRA, which
is a multifunctional modulator of cellular behavior that may alter both extracellular matrix
metabolism and normal epithehal differentiation, have a critical regulatory role in mammals
such as the rat. For example, ATRA modulates critical aspects of lung differentiation through
binding to specific retinoic acid receptors that are selectively temporally and spatially
expressed. Coordinated activation of different retinoic acid receptors subtypes has been
associated with lung branching, alveolization/septation and gene activation of tropoelastin in
neonatal rats.

During alveolar septation, retinoic acid storage granules increase in the fibroblastic
mesenchyme surrounding alveolar walls (Liu et al., Am. J. Physiol. 1993, 263, 1.430;
McGowan et al., Am. J. Physiol., 1995, 269, 1 463) and retinoic acid receptor expression in the
lung peaks (Ong et al., Proc. Natl. Acad. of Sci., 1976, 73, 3976; Grummer et al., Pediatr.
Pulm. 1994, 17, 234). The deposition of new elastin matrix and septation parallels depletion of
these retinoic acid storage granules. Postnatal administration of retinoic acid has been shown to
increase the number of alveoli in rats, which supports the concept that ATRA and other
retinoids may induces alveoli formation (Massaro et al., Am. J. Physiol., 270, 1.305, 1996).
Treatment of newborn rat pups with dexamethasone, a glucocorticosteroid, prevents septation
and decreases expression of some sub-types of retinoic acid receptor. Supplemental amounts of
ATRA have been shown to prevent dexamethasone inhibition of alveoli formation. Further,
ATRA prevents dexamethasone from diminishing retinoic acid receptor expression and
subsequent alveolar septation in developing rat lung.

ATRA has been reported to induce formation of new alveoli and returns elastic recoil 1n
the lung to approximately normal values in animal models of emphysema (Massaro et al.,
Nature Med., 1997, 3, 673; "Strategies to Augment Alveolization,” National Heart, Lung, and
Blood Institute, RFA: HL-98-011, 1998; Massaro et al., United States Patent No. 5,998,486).
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However, the mechanism of action of ATRA in these studies remains undefined, although
Massaro reports that ATRA generates new alveoli. More importantly, the use of ATRA
presents several toxicity or adverse effects concerns.

Thus, novel retinoid agonists useful for treating dermatological disorders, emphysema

and cancer without the toxicity problems of ATRA or other retinoids are highly desirable.

The current invention provides novel retinoid agonists, a method for the synthesis,
the use of such compounds for the preparation of medicaments for treating or preventing
emphysema, cancer and dermatological disorders, methods of treating or preventing such
diseases, pharmaceutical compositions suitable for the treatment or prevention of such diseases,
and methods for delivering formulations of novel retinoids into the lung of a mammal suffering
from emphysema, cancer and dermatological disorders.

In one embodiment, the invention provides compounds having the structural formula

(D:

or a pharmaceutically acceptable salt, solvate or hydrate thereof wherein:
n is an integer from O to 2;
cisOor1;
disOor 1;
A is -C(=0)-, -C(=CHy)-, -C(=NR")- or -CR’R"-;
R*is hydrogen, alkyl, hydroxy, alkoxy or amino; and
R and R® are independently hydrogen, alkyl or together, along with the carbon

to which they are both attached, are cycloalkyl;
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B is -C(0)0-, -OC(0)-, -C(O)NH-, -NHC(O)-, -NHC(O)NH-, -CR’=CR?-,
-R’C=CR8-C(O)-, -C=C-, -C=C-C(O)-, -CH,0-, -CH,S-, -OCH,-, -SCH,-, -COCH,-, or -

CH,CO-;
R’ and R® are independently hydrogen or alkyl;
S with the provisos that:

when A is -C(=0)-, or -C(=NR*-, then B is not -OC(0)-; and
when A is -C(=CH;)-, then B is not -OC(O)- ;

X 1s aryl or heteroaryl;

R' is -C(=0)-R’;

10 R’ is alkyl, cycloalkyl, cycloalkyl-alkyl, hydroxy, alkoxy, aryloxy,

cycloalkyloxy, cycloalkyl-alkyloxy, arylalkyloxy, amino, alkylamino, dialkylamino,
heteroalkyloxy, heteroalkylamino, heteroalkylthio, heterocyclyl or heterocyclylalkyl; and
R” is:
(a) -(CRmR“)m-Yp-Ru;
15 m 1s an integer from 1 to 10;

pisOor 1;

R' and R" are independently hydrogen, alkyl, hydroxy or hydroxyalkyl;

Y 15 -O-, -S(O),4- or -NR"-: and

q is an integer from O to 2; and
20 R is hydrogen or alkyl;

R is hydrogen, alkyl, cycloalkyl, cycloalkyl-alkyl, aryl, arylalkyl,
heteroaryl, heteroarylalkyl, acyl, alkoxycarbonyl, carbamoyl, substituted cycloalkyl,
heteroalkyl, heteroalkylsubstituted cycloalkyl, heterosubstituted cycloalkyl, heterosubstituted
cycloalkyl-alkyl, heterocyclyl or heterocyclylalkyl;

25 with the proviso that when p=0, then R'* is not hydrogen or alkyl;
(b) heteroaryl,;
(¢) -Z-L; where:
Z is -CR"=CR"-, -C=C-, -O-, -NR'’-, or —-C(=0) or -S(O)q;
R', R" and R'® are independently hydrogen or alkyl;and
30 L is heteroaryl, heteroarylalkyl or heteroalkyl
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with the proviso that when A.-Bg is ~C(=0)-CR’=CR®., then L is not
heteroalkyl; or
(d) —CR=CR™-L; where L, is S(O);R"’ or SO,NR**R* where R'” is alkyl and
R'® and RY are independently hydrogen or alkyl;
each R’ is independently hydrogen, alkyl, hydroxy or oxo; and
tisltor2forn=1or?2, and

tisl forn=0.

“Acyl” means a radical -C(O)R, where R is hydrogen, alkyl, cycloalkyl, cycloalkyl-
alkyl, aryl or arylalkyl wherein alkyl, cycloalkyl, cycloalkyl-alkyl, aryl and arylalkyl are as
defined herein. Representative examples include, but are not limited to formyl, acetyl,
cylcohexylcarbonyl, cyclohexylmethylcarbonyl, benzoyl, benzylcarbonyl, and the like.

“Acylamino” means a radical -NR’C(O)R, where R’ is hydrogen or alkyl, and R is
hydrogen, alkyl, cycloalkyl, cycloalkyl-alkyl, aryl or arylalkyl wherein alkyl, cycloalkyi,
cycloalkyl-alkyl, aryl and arylalkyl are as defined herein. Representative examples include, but
are not limited to formylamino, acetylamino, cylcohexylcarbonylamino, cyclohexylmethyl-
carbonylamino, benzoylamino, benzylcarbonylamino, and the like.

“Alkoxy” means a radical -OR where R is an alkyl group as defined herein e.g.,
methoxy, ethoxy, propoxy, butoxy, and the like.

“Alkoxycarbonyl” means a radical -C(O)-R where R is alkoxy is as defined herein.

“Alkyl” means a Iinear saturated monovalent hydrocarbon radical of one to six carbon
atoms or a branched saturated monovalent hydrocarbon radical of three to six carbon atoms,
e.g., methyl, ethyl, propyl, 2-propyl, n-butyl, iso-butyl, ferz-butyl, pentyl, and the like.

“Alkylamino” means a radical -NHR where R represents an alkyl, cycloalkyl or
cycloalkyl-alkyl group as defined herein. Representative examples include, but are not limited
to methylamino, ethylamino, 1-methylethylamino, cyclohexylamino, and the like.

“Alkylene” means a linear saturated divalent hydrocarbon radical of one to ten carbon
atoms or a branched saturated divalent hydrocarbon radical of three to ten carbon atoms, e.g.,
methylene, ethylene, 2,2-dimethylethylene, propylene, 2-methylpropylene, butylene, pentylene,
and the like.
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“Alkylsulfonyl” means a radical -S(O),;R where R is an alkyl, cycloalkyl or cycloalkyl-
alkyl group as defined herein, e.g., methylsulfonyl, ethylsulfonyl, propylsulfonyl,
butylsultonyl, cyclohexylsulfonyl and the like.

“Alkylsulfiny]l” means a radical -S(O)R where R is an alkyl, cycloalkyl or cycloalkyl-
alkyl group as defined herein e.g., methylsulfinyl, ethylsulfinyl, propylsulfinyl, butylsulfinyl,
cyclohexylsulfinyl and the like.

“Alkylthio” means a radical -SR where R is an alkyl, cycloalkyl or cycloalkyl-alkyl
group as defined herein e.g., methylthio, ethylthio, propylthio, butylthio, cyclohexylthio and the
like.

“Aryl” means a monocyclic or bicyclic aromatic hydrocarbon radical which is
optionally substituted with one or more substituents, preferably one, two or three, substituents
preferably selected from the group consisting of alkyl, acyl, acylamino, alkoxycarbonyl,
alkylamino, alkylsulfinyl, alkylsulfonyl, -SO,NR’R” (where R’ and R” are independently
hydrogen or alkyl), alkylthio, alkoxy, amino, aryloxy, carbamoyl, cyano, dialkylamino, halo,
haloalkyl, heteroalkyl, heterocyclyl, hydroxy, hydroxyalkyl, methylenedioxy, ethylenedioxy,
nitro and thio. More specifically the term aryl includes, but is not limited to, phenyl,
chlorophenyl, fluorophenyl, methoxyphenyl, 1-naphthyl, 2-naphthyl,and the derivatives
thereot.

“Arylalkyl” refers to an alkyl radical as defined herein in which one of the hydrogen
atoms of the alkyl group is replaced with an aryl group. Typical arylalkyl groups include, but
are not limited to, benzyl, 2-phenylethan-1-yl, naphthylmethyl, 2-naphthylethan-1-vl,
naphthobenzyl, 2-naphthophenylethan-1-y1 and the like.

“Aryloxy” means a radical -O-R where R is an aryl group as defined herein.

“Arylalkyloxy” means a radical -O-R where R is arylalkyl as defined herein.

“Carbamoyl” means the radical -C(O)N(R), where each R group is independently
hydrogen, alkyl or aryl as defined herein.

“Carboxy”’ means the radical ~-C(O)OH.

“Cyano” means the radical -CN.

“Cycloalkyl” refers to a saturated monovalent cyclic hydrocarbon radical of three to

seven ring carbons e.g., cyclopropyl, cyclobutyl, cyclohexyl, 4-methylcyclohexyl and the like.
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“Cycloalkyl-alkyl” means a radical -R8RDP where R2 is an alkylene group and Rbisa
cycloalkyl group as defined herein, e.g., cyclohexylmethyl and the like.

“Substituted cycloalkyl” means a cycloalkyl radical as defined herein with one, two or
three (preferably one) hydrogen atoms replaced by -Y-C(O)R (where, Y is absent or an
alkylene group and R 1s hydrogen, acyl, acylamino, alkyl, alkoxycarbonyl, alkyamino,
alkylsulfinyl, alkylsulfonyl, alkylthio, alkoxy, amino, aryloxy, arylalkyloxy, carbamoyl, cyano,
dialkylamino, halo, haloalkyl, heteroalkyl, hydroxy, hydroxyalkyl, nitro or thio)

“Dialkylamino” means a radical -NRR' where R and R' independently represent an
alkyl, cycloalkyl or cycloalkyl-alkyl group as defined herein. Representative examples include,
but are not limited to dimethylamino, methylethylamino, di-(1-methylethyl)amino,
(cyclohexyl)(methyl)amino, (cyclohexyl)(ethyl)amino, (cyclohexyl)(propyl)amino,
(cyclohexylmethyl)(methyl)amino, (cyclohexylmethyl)(ethyl)amino and the like.

“Halo” means fluoro, chioro, bromo, or iodo, preferably fluoro and chloro.

“Haloalkyl” means an alkyl group substituted with one or more same or different halo
atoms, e.g., -CH,Cl, -CFs, -CH,CF;, -CH,CCl; and the like.

“Heteroaryl” means a monocyclic or bicyclic radical of 5 to 12 ring atoms having at
least one aromatic ring containing one, two, or three ring heteroatoms selected from N, O, or S,
the remaining ring atoms being C, with the understanding that the attachment point of the
heteroaryl radical will be on an aromatic ring. The heteroaryl ring is optionally substituted
independently with one or more substituents, preferably one or two substituents, selected from
acyl, acylamino, alkyl, alkoxycarbonyl, alkyamino, alkylsulfinyl, alkylsulfonyl, -SO,NR’R”
(where R’ and R” are independently hydrogen or alkyl), alkylthio, alkoxy, amino, aryloxy,
carbamoyl, cyano, dialkylamino, ethylenedioxy, halo, haloalkyl, heteroalkyl, heterocyclyl,
hydroxy, hydroxyalkyl, methylenedioxy, nitro and thio. More specifically the term heteroaryl
includes, but is not limited to, pyridyl, furanyl, thienyl, thiazolyl, isothiazolyl, triazoly],
imidazolyl, isoxazolyl, pyrrolyl, pyrazolyl, pyrimidinyl, benzofuranyl, tetrahydrobenzofuranyl,
1sobenzofuranyl, benzothiazolyl, benzoisothiazolyl, benzotriazolyl, indolyl, isoindolyl,
benzoxazolyl, quinolyl, tetrahydroquinolinyl, isoquinolyl, benzimidazolyl, benzisoxazolyl or
benzothienyl and derivatives thereof.

“Heteroarylalkyl means an alkyl radical as defined herein in which one of the hydrogen

atoms of the alkyl group is replaced with a heteroaryl group.
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“Heteroalkyl” means an alkyl radical as defined herein wherein one or more hydrogen
atoms have been replaced with a substituent independently selected from the group consisting
of -OR?, -NR°R¢, and ~S(0),R? (where n is an integer from 0 to 2), with the understanding that
the point of attachment of the heteroalkyl radical is through a carbon atom, wherein R* is
hydrogen, acyl, alkyl, cycloalkyl, or cycloalkyl-alkyl; R® and R° are independently of each
other hydrogen, acyl, alkyl, cycloalkyl, or cycloalkyl-alkyl; and when n is 0, R® is hydrogen,
alkyl, cycloalkyl, or cycloalkyl-alkyl, and when nis 1 or 2, R% is alkyl, cycloalkyl, cycloalkyl-
alkyl, amino, acylamino, monoalkylamino, or dialkylamino. Representative examples include,
but are not limited to, 2-hydroxyethyl, 3-hydroxypropyl, 2-hydroxy-1-hydroxymethylethyl, 2,3-
dihydroxypropyl, 1-hydroxymethylethyl, 3-hydroxybutyl, 2,3-dihydroxybutyl, 2-hydroxy-1-
methylpropyl, 2-aminoethyl, 3-aminopropyl, 2-methylsulfonylethyl, aminosulfonylmethyl,
aminosulfonylethyl, aminosulfonylpropyl, methylaminosulfonylmethyl,
methylaminosulfonylethyl, methylaminosulfonylpropyl, and the like.

“Heteroalkylamino™ means a radical -NHR where R is a heteroalkyl group as defined

herein.

“Heteroalkyloxy” means a radical -O-R where R 1s a heteroalkyl group as defined
herein.

“Heteroalkylsubsituted cycloalkyl” means a cycloalkyl radical as defined herein
whereln one, two or three hydrogen atoms in the cycloalkyl radical have been independently
replaced with a heteroalkyl group with the understanding that the heteroalkyl radical is attached
to the cycloalkyl radical via a carbon-carbon bond. . Representative examples include, but are
not himited to, 1-hydroxymethylcyclopentyl, 2-hydroxymethylcyclohexyl, and the like.

“Heterosubstituted cycloalkyl” means a cycloalkyl radical as defined herein wherein
one, two or three hydrogen atoms in the cycloalkyl radical have been replaced with a
substituent independently selected from the group consisting of hydroxy, alkoxy, amino,
acylamino, monoalkylamino, dialkylamino, oxo (C=0), imino, hydroximino (=NOH),
NR’SO,R? (where R’ is hydrogen or alkyl and R is alkyl, cycloalkyl, amino, monoalkylamino
or dialkylamino), -X-C(O)R (where X is O or NR’, R 1s hydrogen, alkyl, haloalkyl, hydroxy,
alkoxy, amino, monoalkylamino, dialkylamino, , or optionally substituted phenyl, and R’ 1s H
or alkyl) or —-S(O),R (where n is an integer from O to 2) such that when n is 0, R 1s hydrogen,
alkyl, cycloalkyl, or cycloalkyl-alkyl, and when nis 1 or 2, R is alkyl, cycloalkyl, cycloalkyl-

10



10

15

20

235

30

CA 02422805 2003-03-18
WO 02/28810 PCT/EP01/11017

alkyl, amino, acylamino, monoalkylamino or dialkylamino. Representative examples include,
but are not limited to, 2-, 3- or 4-hydroxycyclohexyl, 2-, 3- or 4-aminocyclohexyl, 2-, 3- or 4-
sulfonamidocyclohexyl, and the like, preferably 4-hydroxycyclohexyl, 2-aminocyclohexyl, 4-
sulfonamidocyclohexyl.

“Heterosubstituted cycloalkyl-alkyl” means a radical R*R°- where R%is a
heterosubstituted cycloalkyl radical and R® is an alkylene radical.

“Heterocyclyl” means a saturated or unsaturated non-aromatic cyclic radical of 3 to 8

ring atoms in which one or two ring atoms are heteroatoms selected from N, O, or S(O)p

(where n is an 1nteger from 0 to 2), the remaining ring atoms being C, where one or two C
atoms may optionally be replaced by a carbonyl group. The heterocyclyl ring may be
optionally substituted independently with one, two, or three substituents selected from alkyl,
haloalkyl, heteroalkyl, halo, nitro, cyanoalkyl, hydroxy, alkoxy, amino, monoalkylamino,
dialkylamino, arylalkyl, -(X),-C(O)R (where, X is O or NR’, nis O or 1, R is hydrogen, alkyl,
haloalkyl, hydroxy, alkoxy, amino, monoalkylamino, dialkylamino, or optionally substituted
phenyl and R’ is H or alkyl), -alkylene-C(O)R (where, R 1s hydrogen, alkyl, haloalkyl,
hydroxy, alkoxy, amino, monoalkylamino, dialkylamino, or optionally substituted phenyl) or

-S(O)nRd (where n 1s an integer from O to 2, and R%is hydrogen (provided that n 1s 0), alkyl,

haloalkyl, cycloalkyl, cycloalkyl-alkyl, amino, monoalkylamino, dialkylamino, or
hydroxyalkyl). More specifically the term heterocyclyl includes, but 1s not limited to,
tetrahydropyranyl, piperidino, N-methylpiperidin-3-yl, piperazino, N-methylpyrrolidin-3-yl, 3-
pyrrolidino, morpholino, thiomorpholino, thiomorpholino-1-oxide, thiomorpholino-1,1-dioxide,

pyrrolinyl, imidazolinyl, and the derivatives thereof.

“Heterocyclylalkyl” means a radical -RaRD where Rais an alkylene group and RD js a
heterocyclyl group as defined above, e.g., tetrahydropyran-2-ylmethyl, 1, 2-, or 3-
piperidinylmethyl, 1-piperazinylmethyl, 4-methyl-piperazin-1-ylmethyl, and the like.

“Hydroxyalkyl” means an alkyl radical as defined herein, substituted with one or more
hydroxy groups, provided that the same carbon atom does not carry more than one hydroxy
gréup. Representative examples include, but are not limited to, 2-hydroxyethyl,
2-hydroxypropyl, 3-hydroxypropyl, 1-(hydroxymethyl)-2-methylpropyl, 2~hydroxybutyl,
3-hydroxybutyl, 4-hydroxybutyl, 2,3-dihydroxypropyl, 2-hydroxy-1-hydroxymethylethyl,
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2,3-dihydroxybutyl, 3,4-dihydroxybutyl and 2-(hydroxymethyl)-3-hydroxypropyl, preferably
2-hydroxyethyl, 2,3-dihydroxypropyl and 1-(hydroxymethyl)-2-hydroxyethyl. Accordingly, as
used herein, the term “hydroxyalkyl” is used to define a subset of heteroalkyl groups.

“Leaving group” has the meaning conventionally associated with it in synthetic organic
chemistry, i.e., an atom or a group capable of being displaced by a nuclepphile and includes
halo (such as chloro, bromo, and 10do), alkanesulfonyloxy, arenesulfonyloxy, alkylcarbonyloxy
(e.g., acetoxy), arylcarbonyloxy, mesyloxy, tosyloxy, trifluoromethanesulfonyloxy, aryloxy
(e.g., 2,4-dinitrophenoxy), methoxy, N,O-dimethylhydroxylamino, and the like.

“Ox0” means divalent radical (C=0).

“Pharmaceutically acceptable excipient” means an excipient that is useful in preparing a
pharmaceutical composition that is generally safe, non-toxic and neither biologically nor
otherwise undesirable, and includes excipient that is acceptable for veterinary use as well as
human pharmaceutical use. A “pharmaceutically acceptable excipient” as used in the
specification and claims includes both one and more than one such excipient.

“Pharmaceutically acceptable salt” of a compound means a salt that 1s pharmaceutically
acceptable and that possesses the desired pharmacological activity of the parent compound.
Such salts include: (1) acid addition salts, formed with inorganic acids such as hydrochloric
acid, hydrobromic acid, sulfuric acid, nitric acid, phosphoric acid, and the like; or formed with
organic acids such as acetic acid, propionic acid, hexanoic acid, cyclopentanepropionic acid,
glycolic acid, pyruvic acid, lactic acid, malonic acid, succinic acid, malic acid, maleic acid,
fumaric acid, tartaric acid, citric acid, benzoic acid, 3-(4-hydroxybenzoyl)benzoic acid,
cinnamic acid, mandelic acid, methanesulfonic acid, ethanesulfonic acid, 1,2-ethane-disulfonic
acid, 2-hydroxyethanesulfonic acid, benzenesulfonic acid, 4-chlorobenzenesulfonic acid, 2-
naphthalenesulfonic acid, 4-toluenesulfonic acid, camphorsulfonic acid, 4-
methylbicyclo[2.2.2]-oct-2-ene-1-carboxylic acid, glucoheptonic acid, 3-phenylpropionic acid,
trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric acid, gluconic acid, glutamic acid,
hydroxynaphthoic acid, salicylic acid, stearic acid, muconic acid, and the like; or (2) salts
formed when an acidic proton present in the parent compound either is replaced by a metal ion,
e.g., an alkali metal ion, an alkaline earth ion, or an aluminum ion; or coordinates with an
organic base such as ethanolamine, diethanolamine, triethanolamine, tromethamine, N-

methylglucamine, and the like.
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The terms “pro-drug” and “prodrug” are used interchangeably herein and refer to any
compound which releases an active parent drug according to structural formula (I-VI1I) in vivo
when such prodrug is administered to a mammalian subject. Prodrugs of a compound of
structural formula (I-VII) are prepared by modifying one or more functional group(s) present in
the compound of structural formula (I-VII) in such a way that the modification(s) may be
cleaved in vivo to release the parent compound. Prodrugs include compounds of structural
formula (I-VII) wherein a hydroxy, amino, or sulfhydryl group 1n a compound of structural
formula (I-VII) is bonded to any group that may be cleaved in vivo to regenerate the free
hydroxyl, amino, or sulfhydryl group, respectively. Examples of prodrugs include, but are not
limited to, esters (e.g., acetate, formate, and benzoate derivatives), carbamates (e.g., N,N-
dimethylaminocarbonyl) of hydroxy functional groups in compounds of structural formula (I-
VIII), N-acyl derivatives (e.g. N-acetyl) N-Mannich bases, Schiff bases and enaminones of
amino functional groups, oximes, acetals, ketals and enol esters of ketone and aldehyde
functional groups in compounds of Formula I-V1l, and the like, see Bundegaard, H. “Design of
Prodrugs” p1-92, Elesevier, New York-Oxford (1985). and the like.

“Protecting group’ refers to a grouping of atoms that when attached to a reactive group
in a molecule masks, reduces or prevents that reactivity. Examples of protecting groups can be
found in T.W. ‘Green and P.G. Futs, “Protective Groups 1in Organic Chemistry”, (Wiley, 2™ ed.
1991) and Harrison et al., “Compendium of Synthetic Organic Methods™, Vols. 1-8 (John
Wiley and Sons, 1971-1996). Representative amino protecting groups include, but are not
limited to, formyl, acetyl, trifluoroacetyl, benzyl, benzyloxycarbonyl (CBZ), tert-
butoxycarbonyl (Boc), trimnethylsilyl (TMS), 2-trimethylsilyl-ethanesulfonyl (SES), trityl and
substituted trityl groups, allyloxycarbonyl, 9-fluorenylmethyloxycarbonyl (FMOC), nitro-
veratryloxycarbonyl (NVOC) and the Iike. Representative hydroxy protecting groups include
but are not limited to, those where the hydroxy group is either acylated or alkylated such as
benzyl, and trityl ethers as well as alkyl ethers, tetrahydropyranyl ethers, trialkylsilyl ethers and
allyl ethers.

As used herein, the term “mammal” includes human. The terms “human” and “patient”

are used interchangeably herein.

“Treating” or “treatment” of emphysema, cancer or a dermatological disorder includes

preventing the disease, (i.e., causing at least one of the clinical symptoms of the disease not to
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develop in a mammal that may be exposed to or predisposed to the disease but does not yet
experience or display symptoms of the disease) inhibiting the disease (i.e., arresting or reducing
the development of the disease or at least one of the clinical symptoms) or relieving the disease,
(i.e., causing regression of the disease or at least one of the clinical symptoms). Preventing or
prevention encompasses administration administration prior to manifestation of the disease or
disorder.

A therapeutically effective amount” means the amount of a compound that, when
administered to a mammal for treating a disease, is sufficient to effect such treatment for the
disease. The “therapeutically effective amount” will vary depending on the compound, the
disease and its severity and the age, weight, etc., of the mammal to be treated.

As used herein the term “compounds of the invention” means the compounds of
generic formula (I-VII) including but not limited to specific compounds within those formulas
disclosed herein. The compounds of the invention are identified herein by their chemical
structure and/or chemical name. Where a compound is referred to by both a chemical structure
and a chemical name and the chemical structure and chemical name conflict, the chemical
structure 1s determinative of the compound’s identity. The compounds of the invention may
contain one or more chiral centers and/or double bonds and therefore, may exist as
stereoisomers, such as double-bond isomers (i.e., geometric isomers), enantiomers, oOr
diastereomers. According to the invention, the chemical structures depicted herein, and
therefore the compounds of the invention, encompass all of the corresponding compound’s
enantiomers and stereoisomers, that is, the stereoisomerically pure form (e.g., geometrically
pure, enantiomerically pure, or diastereomerically pure) and enantiomeric and stereoisomeric
mixtures. Enantiomeric and stereoisomeric mixtures can be resolved into their component

enantiomers using either separation techniques or chiral synthesis techniques known in the art.

Preferred compounds of the invention are RAR agonists, particularly RAR-gamma
selective agonists and bind to the RAR-gamma receptor at least five fold better than they bind
to the RAR-alpha receptor. Binding affinities for RAR agonists are typically less than 10

micromolar, preferably less than 1 micromolar.

In one embodiment, n is 1. In another embodiment, A is -C(=0)-. In yet another

embodiment, ¢ is 0.
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Preferably, B is -NHC(O)NH-, -CR’=CR®-, -R’C=CR®-C(0O)-, -C=C-, -C=C-C(O)- or
-CH;0-, most preferably -CR’=CR®-, and particularly R’ and RS are hydrogen where B 1S frans
-CH=CH-, 1.¢., the alkene moiety has the E-stereochemistry.

In one embodiment, X is phenyl. In another embodiment, X is thienyl. In one embodiment, R’
is hydrogen. In another embodiment, R’ is hydroxy or oxo. In one embodiment, R’ is alkoxy,
aryloxy or arylalkyloxy. In another embodiment, R’ is hydroxy.

In one preferred embodiment, the invention provides compounds having structural

formula (II):

Ac-B d--X-R1

(Rt
(CR,,R,,)m-Yp-R,,

or a pharmaceutically acceptable salt, solvate or hydrate thereof, wherein A, B, ¢, d, X, R!, R’
n, R",RY, m, Y, p and R'? are as previously defined. Preferably, mis 1 to 4. In one
embodiment, p 1s 0. In another embodiment, p 1s 1.

In a preferred embodiment of compounds having structural formula (II), mis 1, pis 1
and Y is -O-. Preferably, R'? is hydrogen, acyl, alkyl, carbamoyl, cycloalkyl, aryl, heteroaryl,
or heteroalkyl. Compounds 1, S and 15 in Table 10 exemplify this embodiment.

In another preterred embodiment of compounds having structural formula (II), mis 1, p
1s 1 and Y 15 -S(O)q-. In one embodiment, R'* is alkyl, cycloalkyl or heteroalkyl. Compounds
2,3,4,9, 17 and 18 in Table 1 exemplify this embodiment. In another embodiment, R'“ is
heteroaryl, heteroarylalkyl, heterocyclyl or heterocyclylalkyl. Compounds 8, 19, 22, 23, 25, 32,
34 and 35 1n Table 1 exemplify this embodiment.

In still another preferred embodiment of compounds having structural formula (II), m is
3,pis1land Y is -O-. Preferably, R'* is hydrogen, acyl, alkyl, carbamoyl, cycloalkyl, aryl,
heteroaryl, or heteroalkyl. Compounds 10, 11 and 12 in Table 1 exemplify this embodiment.
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In still another preferred embodiment of compounds having structural formula (IT), m is
3,pis 1 and Y is -NR"-. Preferably, R'? is acyl, alkyl, cycloalkyl, aryl, heteroaryl, or
heterocyclyl. Compound 33 in Table 1 exemplifies this embodiment.

In still another preferred embodiment of compounds having structural formula (II), m is
3,pis 1 and Y is -S(O),-. Preferably, R* is aryl, arylalkyl, heteroaryl, heteroalkyl,
heterocyclyl or heterocyclylalkyl. Compounds 24 and 28 in Table 1 exemplify this
embodiment.

In still another preferred embodiment of compounds having structural formula (II), m is
2, pis 1 and Y is -O-. Preferably, R'* is hydrogen, acyl, alkyl, carbamoyl, cycloalkyl, aryl,
heteroaryl, or heteroalkyl. Compound 31 in Table 1 exemplifies this embodiment.

In still another preferred embodiment of compounds having structural formula (II), m is
2,pis1and Y is -S(O)4-. Preferably, R is aryl, arylalkyl, heteroaryl, heteroalkyl,
heterocyclyl or heterocyclylalkyl. Compounds 26 and 27 in Table 1 exemplify this
embodiment.

In still another preferred embodiment of compounds having structural formula (IT), m is
4,pis1and Yis-(O) -. Preferably, R*is hydrogen, acyl, alkyl, carbamoyl, cycloalkyl, aryl,
heteroaryl, or heteroalkyl. Compound 51 in Table 1 exemplifies this embodiment.

In st1ll another preferred embodiment of compounds having structural formula (ID), m is
1 and p is 0. In one embodiment, R'* is heteroaryl, heteroarylalkyl, heterocyclyl or
heterocyclylalkyl. Compounds 6, 7, 44, 45, 47, 50, 53, 54, 55, 138, 139, 143, 146,149 and 150
in Table 1 exemplify this embodiment. Compound 6 is a particularly preferred member of the
above group of compounds. In another embodiment, R'* is aryl, arylalkyl, cycloalkyl or
substituted cycloalkyl. Compounds 42 and 54 in Table 1 exemplify this embodiment.

In still another preferred embodiment of compounds having structural formula (ID), m is
2 and p is 0. Preferably, R'* is aryl, arylalkyl, heteroaryl, heteroarylalkyl, heteroalkyl,
heterocyclyl or heterocyclylalkyl. Compounds 29, 37, 38, 40, 41, 132, 134, 140, 147 and 152
in Table 1 exemplify this embodiment.

In still another preferred embodiment of compounds having structural formula (II), m is
3 and pis O. Preferably, R™is aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl or
heterocyclylalkyl. Compounds 30, 36, 46, 52, 130,131, 135, 141 and 142 in Table 1 exemplify

this embodiment.
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In another preferred embodiment, the invention provides compounds having the

A.-B;X-R'

n
(R3 -
k heteroaryl

structural formula (III):

or a pharmaceutically acceptable salt, solvate or hydrate thereof, wherein A, B, ¢, d, X, R', R’

and n are as previously defined. Compounds 48, 49, 156 and 157 in Table 1 exemplify the

preceding embodiment.

In another embodiment, the invention provides compounds having structural formula

(IV):

or a pharmaceutically acceptable salt, solvate or hydrate thereof, wherein A, B, ¢, d, X, R', R’
n, Z and L are as previously defined. In one embodiment, L is heteroaryl or heteroarylalkyl. In

another embodiment, Z is -O- or -S(O)4-. Compounds 154, 155, 159 and 160 in Table 1

exemplify this embodiment.

In another embodiment of generic formula (I), ¢ is 0, dis 1 and B is -CR’=CR®- and n,
R', R*R? and X are as previously defined. Preferably, R’ and R® are both hydrogen. In one

embodiment, X is aryl. In a more specific embodiment, the invention provides compounds

having the structural formula (V):
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n halo
(Rg)tm

\Y%

or a pharmaceutically acceptable salt, solvate or hydrate thereof, wherein n, R', R* and R’ are
as previously defined. In another embodiment, the invention provides compounds having the

structural formula (VI):

Rl
( NS ‘
(Rs)t_ ‘ R2 °

V1

or a pharmaceutically acceptable salt, solvate or hydrate thereof, wherein n, R', R* and R’ are
as previously defined.
In another embodiment, X is heteroaryl. In this embodiment, the invention provides

10  compounds having the structural formula (VII):

or a pharmaceutically acceptable salt, solvate or hydrate, thereof, wherein n, R', R and R’ are

as previously defined.

15 Another embodiment of this invention is represented by compounds of structural
formula VIII,
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wherein:

R¥ is alkyl;

R is: (a) heteroalkyloxy, heteroalkylamino, or heteroalkylthio; or

(b) Q--R22 where Q is —O-, -NR*- or —S- (where R* is hydrogen or alkyl) and

R* is carboxyalkyl;

and n 1s an integer from O to 2.

These compounds are prodrugs of compounds of Formula VIII where R*! is hydroxy
and are converted in vivo to compounds where R*! is hydroxy. Compounds 56, 57, 58 and 59

exemplify this embodiment.

In still another embodiment of generic formula (I), cis0,dis 1, B is -CR’=CR®- and n,
R, R? R>, R’ R®and X are as previously defined. Preferably, R’ and R® are hydrogen.

In a more specific embodiment, X 1s aryl.

In all of the embodiments hitherto described, also preferred are those where R’ is -
CO;H or -CO,-alkyl, particularly -CO,H. Furthermore, also preferred are those embodiments

where R’ is hydrogen and n and t are 1.
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Preterred compounds of the invention include those depicted in Table 1 below.

Table 1
CMP# | MOLECULAR Mp (°C) | Mol.Ton.M + |
STRUCTURE
1 184.2-187.9
2 436
3 66.1-68.5
4 209.4-211.3
5
| 6
7 .. 255.6-257.4
8 169.7-171
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MOLECULAR
STRUCTURE

~ Mp (°C)

174.8-175.9

21

169.4-173.3

164.7-166

212.8-213.2

208.6-210.8

PCT/EP01/11017

Mol. Ton. M +

420

436

364

450

479
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CMP # ]

18

19

20

21

22

PCT/EP01/11017
MOLECULAR Mp (°C) | Mol.Ton.M +
STRUCTURE
0 505
HC CH, . O OH
H
. 458
428

| 422
HG CH O OH
G
He CH, ™™
: 251.6-2352.6
SUNY
@
He' oy, » /

218.1-218.5

177-177.3
- )

224.3-228.6
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CMP # MOLECULAR Mp (°C) | Mol.Ion. M +
STRUCTURE
”
28
29 235.3-235.9
30
31
32
33
34
35 - 513
sesedl
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38

39

40

41

42

43
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MOLECULAR Mp (°C)
STRUCTURE

2135.8-217.5

228-228.9

216.3-217.3

204.3-205.7

229.1-229.6

Mol. Ion. M +

MH+ =442

MH+ = 407

MH+ =443

415
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| CMP# - MOLECULAR - Mp (‘3_(3‘) Mol. Ion. M +
STRUCTURE
45 M-H = 419
46
47 177-179
“
“”
50 - M-H = 414
51 - M-H = 405
” R
53 - . 521
S ,
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i

54

33

56

S7

S8

S9

130

131

CMP #

~ MOLECULAR | Mp (O

STRUCTURE

26

Mol.ﬁlon._l_\rd +

459

492

521 (MH")

457 (MH")
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. CMP# " MOLECULAR Mp (°C) | Mol.Ton. M + |
STRUCTURE
132 j 429 (MH")
|
133 233-233.5
]
134 506 (M-H™)
135 457 (MH")
136 430 (MH")
| 137
138 434 (MH")
139 432 (MH")
140 443 (MH")
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 CMP# " MOLECULAR " Mp (°C) Mol. Ton. M +
STRUCTURE

141 443 (M-H)
142 445(MH")
143 443 (MH")
144 264.8-265.9
145 447 (MH")
146 444 (M-H)"
147 457 (MH")

,. 148 238.5-241.5

|
149
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' CMP# |  MOLECULAR “Mp (°C) | Mol Ton. M +
STRUCTURE
150 428
151 H 444 (MH")
CHy CH,
N
CHy Ch,
152 444
154 450 (MH™)
283-283.5
1535
156 401 (MH")
157 415(MH")
158 or <:> gor
(@
.
CH \
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CMP # MOLECULAR T Mp (°C) | Mol Ion. M +
STRUCTURE
159 436(M+)
160 437(M-1)
161 437(M-1)
162 437(M-1)
163 427
164 489 (MH")
165
166 ; 171.6-172.5
N
> 0
S

The Invention encompasses treating emphysema and related disorders, cancer and
dermatological disorders, preferably while reducing or avoiding adverse effects associated with
natural and synthetic retinoids when used at therapeutic levels. Adverse effects associated with

5 retinoids at therapeutic levels include, but are not limited to, the toxic effects of
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hypervitaminosis A, such as headache, fever, skin and membrane dryness, bone pain, nausea
and vomiting, psychiatric disorders and gastrointestinal disorders.

The present invention also encompasses the use of the compounds of the invention to
treat or prevent certain chronic obstructive airway disorders, particularly chronic obstructive
pulmonary disease including chronic bronchitis, emphysema and asthma in mammals,
especially humans that smoke or smoked cigarettes. In a preferred embodiment, the invention
encompasses the treatment or prevention of panlobar emphysema, centrilobular emphysema or
distal lobular emphysema in mammals using therapeutically effective doses of the compounds
of the invention.

In one embodiment, the present invention encompasses the use of the compounds of the
invention for treating or preventing emphysema. Further, the instant invention encompasses
the use of pharmaceutical compositions of the compounds of the invention to treat or prevent
emphysema. Moreover, the invention encompasses the use of electrohydrodynamic aerosol
devices, aerosol devices and nebulizers to deliver formulations of compounds of the invention
into the lung of a mammal suffering from or at risk of emphysema.

The invention encompasses the systemic use as well as the local use of the compounds
of the invention or both in combination. Either or both can be achieved by the oral, mucosal or
parenteral modes of administration. As mentioned above, means of delivering compounds of
the invention directly into the lung by nebulizer, inhaler or other known delivery devices are
encompassed by the invention.

A method for treating emphysema by combining compounds of the invention with one
or more additional therapies such as smoking cessation (where appropriate) bronchodilators,
antibiotics, oxygen therapy and the like is also encompassed by the invention.

In another aspect, the current invention encompasses methods for preventing
emphysema in a human at risk of emphysema through administration of an amount of a
compound of the invention, or pro-drug thereof, that is sufficient to prevent emphysema. In a
another aspect, the current invention encompasses pharmaceutical compositions for preventing
emphysema in a human at risk of emphysema through administration of a amount of a
compound of the invention or pro-drug thereof, in a pharmaceutically acceptable carrier, that 1s

sufficient to prevent emphysema.
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In another aspect, the present invention encompasses the use of compounds of the
invention for treating or preventing cancer. Further, the instant invention encompasses the use
of pharmaceutical compositions of compounds of the invention to treat or prevent cancer.
Moreover, the current invention encompasses the use of electrohydrodynamic aerosol devices,
aerosol devices and nebulizers to deliver formulations of compounds of the invention into the
lung of a mammal suffering from or at risk of cancer. Cancers include solid tumours such as
breast, lung, prostate and liver cancer, promyelocytary leukaemias, precancerous changes of
the mucosa in the mouth, tongue, larynx, oesophagus, bladder, cervix and colon.

A method for treating cancer by combining compounds of the invention with one or
more additional therapies is also encompassed by the invention. Additional therapies include
DNA intercalating agents such as cis-platin and immunotherapeutic agents such as gamma
interferons and other cytokines.

In another aspect, the current invention encompasses methods for preventing cancer in a
human at risk of cancer through administration of an amount of a compound of the invention,
or a pro-drug thereof, that 1s sufficient to prevent cancer. In another aspect, the current
invention encompasses pharmaceutical compositions for preventing cancer in a human at risk
of cancer through administration of a amount of a compound of the invention or pro-drug
thereof, in a pharmaceutically acceptable carrier, that is sufficient to prevent cancer.

In another aspect, the present invention encompasses the use of compounds of the
invention for treating or preventing dermatological disorders. Further, the instant invention
encompasses the use of pharmaceutical compositions of compounds of the invention to treat or
prevent dermatological disorders. Dermatological disorders include acne, psoriasis,
photodamaged skin and other dermatoses accompanied by cornification. Also included are
wound healing, e.g., cuts, burns, operation wounds and other wounds associated with cutaneous
trauma.

A method for treating dermatological disorders by combining compounds of the
invention with one or more additional therapies and the like is also encompassed by the
invention.

In another aspect, the current invention encompasses methods for preventing
dermatological disorders in a human at risk from dermatological disorders through

administration of an amount of a compound of the invention, or a pro-drug thereof, that is
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sufficient to prevent dermatological disorders. In a final aspect, the current invention
encompasses pharmaceutical compositions for preventing emphysema in a human at risk from
dermatological disorders through administration of a amount of a compound of the invention or
pro-drug thereof, in a pharmaceutically acceptable carrier, that is sufficient to prevent
dermatological disorders.

Also part of the present invention is the use of compounds of formula I for the
preparation of medicaments for treating or preventing emphysema, cancer and dermatological
disorders. Whenever within the present invention it is referred to a method for the prevention or
treatment of above-mentioned diseases, also part of the present invention 1s
the use of compounds of formula I for the preparation of medicaments for treating or
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