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1.2 1-(5,5,8,8- TRIAFIL -5,6,7,8- FhSEROFTRLL-2- AL )-1-RB 2,

1H NMR (CDCls): 7.93 (d, J=3.0 Hz, 1H), 7.70 (dd, ]=9.0, 3.0 Hz, 1H),7.38 (d,
J=9.0 Hz, 1H), 2.91 (t, J=7.2 Hz, 2H), 1.65-1.80 (m, 2H), 1.70 (s, 4H), 1.20-1.45 (m,
4H), 1.31 (s, 6H), 1.29 (s, 6H), 0.90 (¢, J=7.4 Hz, 3H).
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2.2 2-RUF)-5,58,8- FThIAFIL -5,6,7,8-ThIEROFTELL,

1H NMR (CDCls): 7.20 (d, J=6.0 Hz, 1H), 7.10 (d, J=2.4 Hz, 1H), 6.94 (dd, ]=8.0,
2.4 Hz, 1H), 2.54 (t, }=7.8 Hz, 2H), 1.67 (s, 4H), 1.50-1.70 (m, 2H), 1.20-1.45 (m,
4H), 1.27 (s, 6H), 1.26 (s, 6H), 0.89 (t, J=6.8 Hz, 3H).
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32 3-T0F -2-RUFL -5,5,8,8- TRSAFIL -5,6,7,8- F72LY,
1H NMR (CDCly): 7.40 (s, 1H), 7.10 (s, 1H), 2.65 (t,]=8.3 Hz, 2H), 1.50-1.70 (m,
2H), 1.65 (s, 4H), 1.20-1.50 {m, 4H), 1.25 (s, 12H), 0.91 (m, 3H).
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1H NMR (CDCl3): 10.19 (s, 1H), 7.75 (s,1H), 7.14 (s, 1H), 2.94 (t, ]=8.3 Hz, 2H),
1.68 (s, 4H), 1.50-1.70 {m, 2H}, 1.20-1.45 (m, 6H), 1.29 (s, 12H), 0.87 (m, 3H}.
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4.2 3-RF ) -5,5,8,8- TEIAFIL-5,6,7,8- TIEROFT2 -2-FILTEFR,

1H NMR (CDCl3): 10.20 (s, 1H), 7.76 (s, 1H), 7.16 (s, 1H), 2.95 (t, ]=8.2 Hz, 2H),
1.69 (s, 4H), 1.50-1.70 (m, 2H), 1.25-1.50 (m, 4H), 1.30 (s, 6H}, 1.29 (s, 6H), 0.90
(t,J=6.1 Hz, 3H).
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- 1HNMR (CDCL;): 7.27 (s, 1H), 7.11 (s, 1H), 467 (d, ] = 5.7 Hz,

©2H),2.59 (t,] = 8.3 Hz, 2H), 1.67 (s, 4H), 1.50 — 1.65 (m, 2H), 1.20 - 1.45 (m, 6H),

© 128 (s, 6H), 1.27 (s, 6H), 0.89 (t,] = 6.6 Hz, 3H).
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© 1HNMR (CDCls): 7.23 (s, 1H), 7.09 (s, 1H), 453 (s, 2H), 26 (1,] = 7.9 Hz, 2H),

[ 1.66 (s, 4H), 1.60 — 1.70 (m, 2H), 1.25 - 1.45 (m, 6H), 1.26 (s, 12. H), 0.90

E (t,] = 7.2 Hz, 3H).
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1H NMR (CDCL): 7.78 (m, 3H), 7.50 — 7.75 (m, 12 H), 6.95 (s, 1H), 6.90 (s, 1H),
514(d, 7= 15Hz,2H), 1.76 (t,] = 7.8 Hz, 2 H), 1.50 - 1.70 {m, 4 H), 1.22 (s, 6 H),
1.30 — 1.05 (m, 8 H), 0.85 (t,] = 6.8 Hz, 3 H), 0.81 (s, 6 H).
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1H NMR (CDCls): 7.69 (d, ] = 4.5 Hz, 1H), 7.48 (s, 1), 7.30 (d, ] = 15.6 Hz,
1H),7.09 (s, 1H), 7.05 (d, ] = 4.9 Hz, 1H), 7.04 (d, ] = 15.6 Hz, 1H), 3.89 (s, 3H),
2.67 (t,] = 8.3 Hz, 2H), 1.68 (s, 4H), 1.2 ~ 1.5 (m, 8H), 1.32 (s, 6H), 1.28 (s, 6H),
0.90 (t,] = 7.0 Hz, 3H).
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1H NMR (CDCl,): 7.66 (d, ] = 4.5 Hz, 1H), 7.47 (s, 1H),7.28 (d,] = 16.5 Hz, 1H),
7.08 (s, 1H),7.05 (d,J = 4.5 Hz, 1H),7.04 (d,] = 16.5 Hz 1H) 4.37 (q,] = 7.0 Hz,
2H), 2.67 (t,] = 7.8 Hz, 2H), 1.68 (s, 4H), 1.2 — 1.5 (m, 6H), 1.38 (t, ] = 7.0 Hz, 3H),
1.31 (s, 6H), 1.28 (s, 6H), 0.91 (t, J = 7.2 Hz, 3H).
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Thiophens retincids

This invention relates to new RAR selective retinoid agonists, to the use of
such retinoic acid receptor agonists, particulerly retinodc acid receptor v {(RARY)
selective agonists for example for the treatment of emphysema and refated

pulmonary diseases.

Chironic obsteuctive pulmonary disease (COPD is 2 major cause of
marbidity and mortality, ranking third and fourth as the leading cause of death in
the Eurcpean Union and North America respectively. COPD} is characterized by
reduced maximum expiratory fiow, which does not change over several months and
which pecsists for 2 or more consecutive years. Patients with the most severs form
of COPD gencrally present with a significant degree of emphyserna. Emphysema is
defined anatomically by permanent airspace enlargement distal to the tevminat
bronchioles. [t 35 cheracterized by gradual loss of lung recodl, alveolar destruction,
decreased alveolar surface area and gas exchange, leading to & reduced FEVI, These
two Features, impaired gas exchange and reduction in expiratory flow, are
characteristic physiological abnormalities from which patients with emphyscma
suffer. The main symplom of patients with severe emphysema is shortness of breath

during minimal physical activity.

The most common cavse of emphysema is cigarette smoking although other
potential environmental toxins may alse contribute. These various insulling agents
activate destructive processes in the lung including selease of active proteases and
free radical axidants in cxcess of protective mechanisms. The ibslance in
proteasefanti-protease levels leads to destruction of the clastin matrix, loss of elastic
recoil, tissue damage and continuous decline in lung fanciion. Rernoving the
injurios agents (Le. quit smoking) stows the rate of damage, however, the damaged

alveolar structures do not repair and lung function is nat regained.

Retinoic acid is a muitifunctional modulator of cellular behavicr, having the
potential to slter both extracellular matrix metabolism and normal epithelial
differentiation. In lung, retinoic acid has been shown to modulate various aspects
of lung differentiation by interacting with specific retinoic acid receptors (RAR)
that are selcctively expressed tempaorally and spatially. Coordinated activation of
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RARJ and RARy has been associated with lung branching and alveclization!
septation. During atveolar septation, retingic acid 5t0rag;: grantles increase in the
fibroblastic mesenchyme surrounding alveslar walls and RARY expression in the
lung peaks. Depletion of these retiryl-cster stores parallels the deposition of new
elastin mairix and septation. In support of this concept, (Massaro et al., Am. .
Physiol.. 1995, 270, L.305-L310) demonstrated that pestnatal administration of
retinoic acid increases the number of alveoli in rats. Furthermore, the capacity of
dexamethasone to prevent the expression of CREP and RARP mRMNA and
subsequent alveolar septation in developing cat lungs was abrogated by ali-trans

retineic acid,

Recent studies demonsirated that all-trans relinotc acid ¢an induce formation
of new alveoli and return elastic recoil 1o near normal in animal models of
emphysema (D. Massara et al. Nature Medicine, 1997, 3, 675}, However, the

mechanism by which this occurs remains unclear.

Retinoids are a class of compounds structurally related to vitamin A,
comprising natural and synthetic corapounds. Several series of retinoids have been
found clinically useful in the treatment of dermatelogical and oncological dissases
Retinoic acid znd its other naturally occurring retineid analogs {2-<is retinoic acid,
all-trans 3,4-didehydro retinoic acid, 4-oxo retinoic acid and retinol) are pleictropic
regulatory compounds that modulate the structure and function of a wide variety
of inflammatory, immune and structural cells. They are important regulators of
epithelial eell proliferation, differentiation and morphogenesis in lungs. Retinoids
exert their biological effects through a sertes of hormoene nuclear receplors that are
ligand indueible transcription factors belonging to the steroid/thyroid receptor
superfamily. The retinoid receptors are classified into two families, the retinoic acid
receptors {RARs) and the retineid X receptors (RXRs), each consisting of three
distinet subtypes {ir, B, and v). Bach subtype of the RAR gene family encodesa
variable number of iseforms arising from differentizl splicing of two primary RNA
transcripts. All-trans retinoic acid is the physiological hormene for the retinoic acid
receplors and binds with approximately equal affinity to all the three RAR subtypes,
but does not bind to the RXI receptors for which 9-¢is retinoic acid 1s the natural
lipand,

In many non-pulmonary tissues, retinoids have anti-inflammatory effects,
alter the progression of epithelial cell differentiation, and inhibit stromal cell matrix

production. These propertias have led to the development of topical and systemic
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retineid thesapeutics for dexmatological disorders such as psoriasis, acne, and
hypertrophic cutaneous sears, Other apphcations include the control of acute
promyelocytic leukemia, adeno- and squamous cell carcinoma, and hepatic fibrosis.
A limitation in the therapeutic use of retinoids oulside of cancer has stemmed from
the relative toxicity observed with the naturally aceurving retinoids, all-trans
retinoic acid and 9-cis retinoic acid. These natural ligands are non-selective and
therafore have pleiotropic effects threughout the body, which are often tode.
Recently vagious retinoids have been described thar interacs selectively ox
specifically with the RAR or RXR reccptors or with specific subtypes (¢, B, )
within a class.

Thus in addition to their use in the treatment of emphysema and other
pulmonary diseases the retinoids according to the avention can be used for the
therapy and prophylaxis of dermatological disorders which are accompanied by
epithclial lesions, e.g. acne and psoziasis, light- and age-damaged skin; as well as for
the promotion of wound healing, for example of incised wounds, such as surgical
wounds, wounds caused by burns and other wounds czused by cutaneous trauma;
and for the therapy and prophylaxis of malignant and premaligant epithelfal
iesions, tumours and precancerous changes of the mucous membrane in the

mouth, tongue, larynx, cesophagus, bladder, cervix and colon.

In one aspect, this invention provides new RAR selective retinoid agonists of

formula [
COOR'
e s
R
i

wherein
R is hydrogen, alkyl, alkoxy, benzyl or phenethyl;
B! is lydrogen or alkyl;
X represeats C{K*R") and m is an Integer 1,2 or 3; or
X represents ¢xygen, sWiur or NH and m is 1;
3L are independently of each other hydrogen or lower alkyl;

and pharrmacentically active salts of the carboxylic acids of formula L.

The term " alleyl” as used herein denotes straight chain or branched alll
residues containing 1 ta 10, preferably 1 to 7 carbon atoms, such as methyl, eihyl,

isobutyl, pentyl, amyl, 3-pentyl, hexyl, heptyl and the like, The texm "lower allyl” as

JP 2004-502767 A 2004.1.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

0

(21)

WO 0IR4439 PUTEPOLAITSIG
- 4 -
used herein denotes alky? residues as defined above, however, with 1 to 5 carbon

atoms.

As used herein, the term " alkoxy" refers to a straight or branched chain
hydrocarbonaxy group wherein the "alkyl” partion is an atkyl group as defined
above. Examples include methoxy, ethoxy, n-prapyloxy and the like.

The compounds of formuta [, wherein R' is hydrogen, form salts with
pharmaceutically acceptable bases such as alkali saits, &g, Na- and K-salts, or
ammeonium or substituted ammonium salts such as frimethylammaonium salts

which are within the scope of this invention.

Preferred compounds of formuta 1, are compounds wherein X is C(R*R?) and
m is 2. Bspecially preferred compounds are the compeunds wherein R\, R2and B
are hydrogen and R is pentyl or hexyl, e the compounds
5| 2-(3-hexyl-5,3,8,8-tetramethyl- 5,6,7,8- tetrahydro-naphthalen- 2-y1)-vinyl) -
thiophene-2-carboxylic acid;
5-[2-(3-pentyl- 5,3,8,8-tevramethyl-5,6,7,8-tetralydra-naphthalen- 2 -y0)-vinyl] -
thiophene-2-carboxylic acid.

The compounds of formula { can be prepared according to the synthetic
scheme 1. The 5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalene, 1, (preparation
according to ULS. patent 4'123'469) can be subjected to a Friedels-Kraftacylation,
follovwed by a reduction of the carbanyl under H; atmosphere in presence of PAIC,

giving the intermediate 2 in high yield.
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Scheme |
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1 2 3

GHO OH
i (K e (X —_—
[al R
4

Br + .
X P'Ph,br
LS COENNTS >
6
z

]

2]

g RCOR' & ~COOR'
(%) —_— (0
R R
8 1

wherein the symbols are a3 defined above.

5 Bromination of compound 2 under Bry/Fe provided 3, which under BuLi
treatment and addition of N,N-dimetbylformamide {OMF), yielded the aldehyde 4.

Reduction of 4 in the presence of BH; THE, at 0°C to the alcohe! 5 and

bromination at the benzylic posiion (CBry/PhaP) gave & in excellent yleld. The
phosphenium salt, 7, can be obtained by treatment of § with PhaP in refluxing

W toluene, A Wittig reaclion of the 5-formyl-2-thiophene carhoxylic methyl ester with
the phosphanium salt 7 provided the olefin 8 in goud yicld with a rativ cis/trans
1:14. The 1somer separation ¢an be achieved by using a medium pressore tiquid
chromatography { MPLC). The desired ester of E configuration can then be
hiydrelysed under standard conditions to the corcesponding acid, i.e. the compound

15 of formutia 1, wherein K’ is hydrogen ,
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b CHO Q g
o ). i N,
R . *
4
\ 1
5 COOR
(%)
a > I

Asan altersative approach to compounds of fornrula [, the aldehyde 4 can be
reacted with the appropriate phosphonale in a Wittig-Ilorner reaction. The olefin
thus ebtained is almost exclusively of E geametry. Hydrolysis under standard
conditions and recrystallization provided the compounds of formula [, wherein R

is hydrogen with exclusive E double bond.

Campounds of formula [ wherein X is oxygen, sulfur or NH and mis 1 can
be prepared in analogy 1o the method desceibed above, starting from the
corresponding 2,3-hhydre-1H-soindele, 1,3-dibydro-benzo[clthiophen and 1,3-
dihydro-benzofuran, respectively (Tetrahedron, 1592, £8, 10569; Aust. ]. Chem.,
1983, 36,397).

Int apother aspect, this invention s concerned with the use of RAR selective
agonist with systemic administratioo being a prefecred mode of delivery for
treating emphysemn and associated pulmenary diseases. It is thus concerned with a
method for treating emphysema and assoclated pulmonary diseases by teeatment of
a mammal with 2 RAR selective agonist with systeric administration bemg a

preferred mode of delivery.

A "therapeutically effective amount” means the amount of a compound that,
when administered to 2 mamumal for treating or preventing a disease is sufficient ¢
effect such treatment or prevention 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.

The RARy agonist selectivity of a compound can be determined by routine
ligand binding assays known to one skilled in the art, such as described in C. Apfel
er al. Proc. Nar. Sci. Acad. (USA)Y, 89:7129-7133 (1992); M. Teng et al., . Med.
Cherm, 40:2445-2451 (1997 and POT Publication W $6/30009,
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The RAR agonists disclased herein might be used for promoting the repair of

damaged alveoli and septation of new alveoli, particularly for the treatment
emphysema. Treatment with RAR agonists, particularly RARY selective agonists, is
useful to promete repair of alveolar matrix and septation. As such, the methods

disclosed herein are vseful for treating diseases such as emphysema.

Typically, the dosage will range between aboul 1 and 100 pg/kg body weight
per day, preferably from ubout 3 ta about 50 pg/kg body weight per day.

In particular dosage of a RAR selective egonist required 1o treat lung
emphysema will depend on the severity of the condition. This dosage may be
delivered in a canventional pharmacentical compasition by 2 single administration,
by multiple applications, or via controlled release, as necded to achieve the most
effective results. Dosing will continue for as lony as is medically indicated, which
depending on the severity of the disease may range trom a faw weels to several

meonths,

“lypically, a pharmaceuticalty acceptable compasition, such as a salt, of the
RAR agonist of formula [ in a pharmaceutically acceptable carrier or diluent is
administered. In the context of the present invention, pharmacentically acceptable
selts include any chemnically suitable salt known in the art of retinoid agonists as
zpplicable for administration to human patients. Examples of conventional salls
kaown in the art include the alkali metal salts such as sodinm and potassium salts,
the alkaling earth metal salts such as celcium and magnesium salts, and ammonium

and alkyl ammonium salts.

Represcratative delivery regimens include oral, parenteral (including
subcutaneous, intramuscular and intravencus), rectal, buceal {inclnding
sublingual), transdermal, pulmonary and intranasal. One method of pulmonary
administration involves zevosolization of a solution of an RAR agonist. Aerosolized
compusitions may include the compeund packaged in reverse micelles or
liposomes, Typical pulmonary and respiratory delivery systems arc described in
V.5 Patents Mos. 5,607,215, 5,236,643, 5,292,499, and 5,364,613,

The treatment metheds of this invention alse Inglude systemic
admiinistration of RAR agonists in simultaneous or sequential combination with a
further active ingredient.

RAR agonists will typically be adminmistered as pharmaceutical compositions

in admixture with a pharmaceutically acceptable, non-loxic carrier. As mentivned
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above, such compusitions may be prepared for parenteral (subcutanecus,
intramnscular or intravenous) administration, particularly in the form of liquid
solutions or suspensions; for oral or buccal administration, particularly in the form
of tablets or capsules; for intranasal administration, particularly in the farm of
powders, nasal drops or aerosols; and for rectal or transdecmal administration. Any
conventional carrier material can be employed. The carrier material can be any
organie or inerganic carrier material, such as water, gelatin, gure arabic, lactose,

starch, magnesium stearate, talc, polyalkylene glycols, petrolenm jelly and the like.

Liguid formulations for parenterel administration may contain as excipients
sterile water or saline, alkylene glycals such as propylene glycol, polyalkylene glycels
such as polyethylene glycol, oils of vegetable origin, bydrogenated naphthalenes and
the like. They may employ slightly acidic buffers in pH ranges of about § to about &.
Suitable buffers include acetale, ascorbate and citrate at concentrations ranging
from about 5 mM to about 50 mM. For oral administration, the formuolation can be

enhanced by the addition of bile salts or acylearnitines.

Eormulations for nasal administration mey be solid and may contain
excipients, for example, lactose or dextran, or may be agqueous or oily solutions for
use in the form of nasal drops or metered spray. Particular nasal formulations
incluade dry powders suitable fur conventional dry powder inhalers (DPDs), iquid
solutions or suspensions suitable for nebulization and propellant formulations
suitable for use in metered dose inhalers (M5}, lior buccal administration typical
excipients incdlude sugars, ealcivm stearate, magnesium stearate, pregelatinated

starch, and the ke,

When. formulated for nasal administration, the absorption across the nasal
mucous membrane may be enhanced by surfectant acids, such as for example,
glycocholic acid, cholic acid, tauracholic acid, ethacholic acid, deoxycholic acid,
chenodeoxycholic acid, dchydracholic acid, glycodeoxycholic acid, cyclodextring
and the lilke in an amount io the ranye between about 0.2 and 15 weight percent,
preferably between about 0.5 and 4 weight percent, must preferably about 2 weight

percent.

Solid forms for oral administration indlude tablets, hard and soft gelatin
capsules, pills, sachets, powders, granuies and the like. Each tablet, pill or sachet
may contain from ghout 1 to about 50 mg, preferably from 5 to about 10 mg of
RAR agonist, Preferred solid oral dosage forms include tablets, twe-plece hard shell
capsules and soft clastic gelatin (SPRG) capsules. SEG eapsies are of particular
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interest because they provide distinct advantages over the other two forms (see
Seager, H., "Soft gelatin capsules: a solution to many tableting problems”;
Pharmaceutical Technology, 9, (1985). Some of the advantages of using SEG
capsules are: a) dose-content uniformity is optimized in SEG capsules because the
ding is dissolved or dispersed in a liquid that can be dosed into the capsules
accurately b} drugs formulated a5 SEG capsules show good bicavailability because
the drug is dissalved, solubilized or dispersed in an aquecus- miscible or ofty liquid
and therefore when released in the body the solutions dissolve or are emulsified to
produce drug dispersions of high surface area and <) degradation of drugs that are
sensitive to oxidation during long-term storage is prevented becausc of the dry
shell.

Delivery of the compeunds of the present invention to the subject over
prolonged periads of tima, for example, for periods of one week to one year, nray be
accomplished by a single administration of a controlled release system contalzing
suffident active ingredient for the desired release period. Various controlled release
systems, such as monotithic or resexrvoir type microcapsules, depot implants,
osmatic pumps, vesicles, micelles, liposomnes, transder mal patches, iontophoretic
devires and alternative injectable dosage forms may be utilized for this purpose.
Lacalization at the site to which delivery of the active ingredient is desired is an
additional fearure of sume controlled release devices, which may prove beneficial in

the treatnrent of certain disorders.

The following are representative pharmaceutical formutations tor using RAR
selcetive agonists as described herein for promoting elastin mediated miatrix repair

apd alveolar septation.
Tablet formulation

The following ingredients are mixed intimately and pressed into single scored
tablets,

Quantity per Ingredient ‘ tablet, mg
RAR agonist .10
cornstarch I 50
crascarmellose sodivm 25

lactose 120
magnesium stearale 3
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The following ingredients are mixed intimately and loaded into a hard-shell gelatin

capsule,

[npredient Quantiiy per capsule, mg
RAR agonist 5

lactose, spray-dried 148

magnesium stesrate Z

Suspension forpulatio

The following ingredients are mixed to form a suspension for aral administration.

Ingredient Amount

RAR agonist log

furmaric acid N5g

sodium chloride 26g

methyl paraben 0l5g

propyl paraben 'onsg

granulated sugar : 255g

sorbitol {70% solution) L 12.85¢ :
Veegum K (Vanderbilt Co.) ‘log ‘
favoring i Q.035 ml

colorings i 3.5 my

distilled water q.5. 10 100 ml

The following ingredients are mixed to form an injectable formulation,

water {distilled, sterile)

Ingredient Amount

RAR agonist 0ig

sodium acetate buffer solution, 0.4 M 2.0ml

HC(IN} or NaOH (1) .5 to suitable pH

Q.5 tw 20 ml

JP 2004-502767 A 2004.1.29
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Nasal formulation

The following ingredients are mixed to form a suspensia.n for nasal administration.

Ingredient Amount

BAR agonist | 26 mgim?
citrie aeid 0.2 mg/m}
sodium citrate 2.6 mg/ml
benzalkonium chloride 0.2 mg/mt
sorbitol 35 mgfml
sodium tavrocholate or glycocholate 10 mg/ml

‘The following preparstions and examples are given to enable those skilled in

the art to more clearly understand and to practice the present invention.

Example 1

1.1 Preparaiion of 1-(3,5.8 B-tetramethyl-5.6,7.8-tetrabydro-naphthalen-2 -vl}-1-
hexanone

A solution of 5.6 ml of hexanoyl chloride in 35 ml of methylens chloride was
treated portiomwise, at 0°C, with 7.9 g of aluminium chioride. The mixture was
stitred at 0°C for 30 min. then a solution of 10.0 g of 5,5,8,8-tetramethyl-5,6,7,8-
tetrahydronaphthalene in 12 ml of methylene chloride was added dropwise to the
cooled reaction mixture, The reaction mixture was kept at 0°C for four hours, then
ponred emto 100 mi dcefwater. The mixture was extracted with 3 portions of 200 ml
of merhylene chloride. The combined organic extracts were washed with one
portion of 200 ml of saturated aquecus sodium bicarbonate solution, one portion
of 200 ml water and ene portion of 200 ml of saturated agqueous sodium dhleride
solution. The organic phase was drled over MgS0, and concentrated n vacus,
giving an orange oil. The crude product was distilled under vacuum, vielding 13.8 g

of a pale yellow ofl. B.p. 138-140°C at 0.1 bar.

In analogy to example 1.1, the following compound was prepared using pentanoyl

¢hiloride:

1.2 1-(5,5,8,8-teteamnethyl-5,6,7,8- tetrahydronaphthalen- 2-yl)-1-pentanone,

1H NMR {CDCl): 7.93 (4, ]=3.0 Hz, 1H), 7.70 (dd, J=%.0, 3.0 Hz, 1H},7.38 (d,
J=9.0 Hz, 1H), 2.91 (1, ]=7.2 1k, ZH), 1.65-1.80 (m, 2H), 1.70 {5, 4H}, 1.20-1.45 {ns,
4H), 1.1 (s, 6H), 1.29 (8, 5H), 0.90 (t, [=7.4 Hz, 3H).
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Example 2
2.1 Preparation of 2-hexyl-5,5.8,8-tetramethyl-5,5,7.8-tetrahydronaphthalene
A solution of 13.8 g of 1-(5,5,8.8-tetramethyl-3,6,7,8-tetrabydronaphthalen-2-y1)-

1-hexanomne in 200 ml sthanol abs., containing 2 g of palladium on carbon 109% apd

3 drops of HC] 23%0, was subjected to Hi atmosphere for 3 hours (until
conswmption of theoretical amount H is reached and thin layer chromatography
shows no more starling material is present). The mixture was filtered and
concentrated in vacuo. The residue was diluted in 200 ml ether, dried over Mg50y,
filtered and concentrated in vacuo, giving a yeflow oil. The crude product was
distiliad under vacuum (T = 120°C at 0.08 bar), yielding a pale yellow ofl (12.3 ).
B.p 120°C at 0.08 bar.

In analogy to example 2.1, by using the compound in example 1.2, the following

product was prepared:

2.2 2-pentyl-5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalene,

1H NMR {CDClL): 7.20 (@, T=4.0 He, 1H), 7.10 (d, J=2.4 Hz, 1H), 6.94 {dd, ]=8.0,
2.4 Hy, 1H), 2.54 (t, }=7.8 Hz, 2H), 1.67 (s, 4H}, 1.50-1.70 (m, 2H}, 1.20-1.45 {m,
4H), 1.27 {5, 651), 1.26 (s, 6H), 0.89 [t, ]=6.8 Hz, 3H).

3.1 Preparation of 3-

tetrahydronaphthalene
A solufion of 2-hexyl-5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalene (12.1 g) in

80 ml of carbon tetrachloride, containing 327 mg of pulverised fron powder, was

cooled 1o 0°C and treated dropwise with a solution of 7.84 g of Bry in B ml of
carbon tetrachlozide, The mixture was stirred at 0°C for 4 hours. The reaction
mixture was ilrered and then poured into 208 ml icefwater. Extraction of the
biphasic mixture with 3 portions of 100 ml of methylene chloride was followed by a
washing of the combined organic extracts with 100 mi of saturated aqueous
sodium bicarbonate solation and 100 ml water, The crganic phase was dried over
MgS0, and concentrated in vacue, giving  yellow oil. The crude product was
distilled under vacuum, yielding 14 g of a pale yellow oil. B.p. 148°C at 0,09 bar.
In analogy to example 3.1, using the compouad from example 2.2, the following
product was obtained:

3.2 3-bromo-2-pentyl-5,5.8,8- tetramethy!-5,6,7,8-naphthalene,

1H NMR {CDCla): 7.40 (s, 1H), 7.10 {s, IH), 2.65 (t, ]=8.3 Ha, 2F), 1.50-1.70 {m,
2H), 1.65 (s, 48}, 1.20-1.50 (1o, 4H), 1.23 (s, 12H), 0.91 {m, 3H).
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Example 4
4.1 Preparation of 3-hexyl-5,5,8.8-tetramethyl-5,6.7.8-tetrabvdronaphth-2-
ldehyde
A solution of 5.43 g of 3-brame-2-hexyl-5,5,8,8-tetramethyl-5,8,7,8-tetrahydro-
paphthalene in 110 ml of THE was cooled to -78°C with an acetone/dry ice bath
and treated dropwise with 14.5 ml of butyllithiun1 1.6M in hexane (1.5 ¢q.). The
mixtuee was kept at -78°C for 1 hour. DMF (2.4 ml) was added at -78°C. The
reaction mixture was stirred at -78°C for 15 min. then was allowed to warm to
room temperature for 2 howrs. The mixture was quenched swith water (100 ml) and
the pH was adjusted to 2 with hydrochlovic acid 25%. The mixture was extracted
with 3 portions of 100 ml of ether. The combined arganic extracts were washed
with water {100 ml) and saturated aqueous sodium chlaride solution (100 w1}, The
organic phase was dried over MyS0y, filtered and concentrated in vacua, piving &
yellow oil. The product was purified by flash chromatography (310, hexane then
5% ethyl acetate/hiexane) yielding 4.41 g of 2 pale yellow oil.

1H NME (CDCls): 10.19 (5, 1H), 7.75 {s,1H), 7.14 (s, L), 2.94 (1, ]=86.3 Hz, 2H),
1.63 (s, 451}, 1.50-1.70 {m, 2103, 1.20-1.45 {m, 6H), 1.29 (s, 12H), 0.87 (m, 3H).

In analegy to cxample 4.1, using the compound from example 3.2, the following
product was obtained;

4.2 3-pentyl-5,5,8,8-tetramethyl-5.6,7,8-tetrahvdronaphth-2-aldehyde,

1H NMR {CDClyY: 1020 (s, LH), 7.76 (s, 1H), 7.16 (s, LET), 2.95 (t, ]=8.2 Hz, 210),
1.69 (s, 4H), 1.50-1.70 (m, 250}, 1.25-1.56 (m, 4H), 1.30 {5, 6H), 1.29 {s, 6H),0.20
(1, J=6.1 Hz, 3H).

methano}

A solution of .34 g of 3-hexyl-5,5,8,3-tetramnethyl-5,6,7,8-tetrahydronaphth-2-
aldehyde in 20 ml of THE was cooled to 0° C and treated with 13.8 ml of barane-
THF complex sel. 1M in THE {3 Y eq.}. The mixture was sticred at room

temperature for S0 min., then coulsd back at 0" C and quenched carefully by the
addition of 30 m] of hydrochloric acid 314 The mixture was stirred at room
temperature for 30 rain., then was extracted with 3 pertions of 100 ml ether. The
combined extracts were washed with water {100 ml) and a saturated aqueous
sodium chloride solution {100 ml). The organic phase was dried over Mg80,,
filtered and concentrated in vacuo, giving a pale yellow oil. Flash chromatography
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{5102, 10 % ethyl acetate/hexane) afforded 3.8% g of the title compound as a
colourless oil. 1 H NMR (CDXCly): 7.27 fs, 1H), 7.11 (s, 1H}, 4.67 (d, ] = 5.7 Hz,
2H), 2.59 {t,] = 8.3 1z, 2B), 1.57 (s, 4H), 1.50 — 1.65 (1, 2H), 1.20 — 1.45 (m, 6H),
1.28 {5, §H), 1 27 (s, 6FD), 0.89 {1, | = 6.6 Hz, 3H).

Example 6
6.1. Preparation of Z-bromomethl-3-hexv]-5,5,8,8- tetramethvl-5,6,7,8-
tetyahydronaphthalene
A solution of 3.43 g of (3-hexyl-5,5.8,8-tetramethyl)-5,6,7 8-tetrzhydro-
naphthalen-2-ylj-methancl in 100 ml THF was treated with 3.72 g of
triphenylphosphine and 4,70 g of tetrabromomethane. The mixture was stirced at

room temperature for 3 hours. The reaction mixture was diluted with water {100
ml) and extracted with 3 portions of 100 ml of ethyl acetate. The combined organte
phascs were dried (Mg80,), filtered und concentrated in vacae. The resulting
yellow ol was triturated in pentane (100 nil) and the solid was removed. The
filtrate was concentrated in vacun, giving a pale yellow oil. Flash chrematography
{8i0;, hexane) gave 2.58 g of the title product as a colourless oll. TH NMR {CDCls):
7.23 (s, 1H), 7.09 (s, 1H), 4.53 {s, 2H), 2.66 (%, ] = 7.9 Hz, 211}, 1.66 5, 4H), 1.60 —
L.70 {rn, 2H), 1.25 — 145 {m, 8H), 1.26 {5, 12 H), 0.90 {t, ] = 7.2 Hz, 3H).

Fxample 7
7.1. Prepacation of (3-hexyl-5,5.8,8-tetramethyl-5,6,7.8-tetrahydronaphthalen-2-
¥l)-methyl triphenylphosphonivm bromide
£ solution of 2,58 g of 2-bromomethyl-3-heiyl-5,3,8,8-tetramethyl-5,6,7.8-

teteahydronaphthalene and 1.54 of triphenylphosphine in 50 mt of toluene was
heated to reflux (oil bath at 115* G) for 3 hours. The infxture was cooled to -5° C
for 1 hour and the white solid was filtered off. Concentration in vacuo of the filirate
gave a pale yellow residue, which was crystallized from toluenc. The combined
white solids were dried, giving 4.0 g of the title product. 1H NMR (CDCla): 7.78
(m, 3H), 7,50 - 7.75 (m, 12 H), 6,95 (5, 1TH), 6.90 {5, 100, 5.34 (4, T = 15 Bz, 2H),
176 (1, ] =7.8 He, 2 H), 1.50— L.70 (my, 4 H}, 1.22 (s, 6 H), 1.30 - 1.05 (m, &},
0.85 (1, ] = 6.8 Hz, 3 H), 0.81 (s, 6 H).
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tetrahvdyonaphtalen-2-v]3-vinyl| -thiophepe ~2-carbaxylate

A suspension of 1.917 g of (3-hexyl-5,5,8,8-tetramethyl-5,6,7,8-tetrabhydro-
naphthalen-2-yl}-methyltriphenyl phosphonium bromide in 40 ml THE was cooled
to -78° G and treated with 1.91 mi of butyllithium 1.6 M in hexane. The mixture
was allowed to warm to raom temperature for 30 min. then was ¢ooled back ta —78°
C. A solution of 495 mg of methyl

S-formylthiophene-2-carbaxylate in 10 ml THF was added. The mixture was kept
at —78* G for 30 min. then was allowed ta warm to room temperature for 30 min.
The reaction mixture was diluted with 50 ml of 2 saturated ammonium chloride
solution and extracted with 3 portions of 50 ml of ethy! acetate. The combined
organic extracls were deied (MgSQy), Altered and concentrated in vacue, giving =
yellow solid. Flash chromatograpity [550:, 3 % ethyl acetater/hexane) gave 1.2g of a
mixture {E/Z) of the desired prodict. Chromatography on a medium pressure
liquid chromatography system (3 % ethyl acetate/hexane) provided 1.12 g of the
title product without trace of the 7 isamer. IH NMR (CDNCl); 7.69 {d,] = 4.5 Hz,
LH}, 7.48 (s, 11, 2.30 (d, ] = 15.6 He, TH), 7.09 {5, 1H), 7.05 (3, ] = 4.9 Hz. 1H),
7.04(d,] = 15.5 He, 1H), 3.8% (5, 3H), 2.67 (1, ] = 8.3 Hz, 2H), 1.68 (s, 4H), 1.2 -
L.5 (m, 8H), 1.32 (3, 6H), 1.26 {s, 6H), 0.50 {1, F = 7.0 Hz, 3H}.

5.6,7.8-tetrabydronaphthalen-2-y1)-vinyl ] -thiophene-2-carboxvlate
Asolution of 1.027 g of disthyl (5-ethuxycarbonylthiophen-2-y1)-metinl
phosphonate in 15 mi THF was cooled at —25° C and treated with 3.35 m] of
lithivm hexamethyldisilazide

1.0 M in lrexane. The mixture was kept at—25° C for 15 min. then a solution of 733
mg of 3-pentyl-5,5,8,8-letramethyl-3,6,7,8-teteahydranaphth-2-aldehyds in 7 mt
THE was added. Tha mixture was allowed to warm to room temperaturs for 2
hours. The reaction mixture was diluted with 15 ml water and 15 ml of a agueous
saturated ammonium chloride sokition. The mixture was extracted with 3 portions
of 15 ml of ethyl acetate. Combined arganic extracts were dried (MgSh), filtered
and concentrated in vacuo, giving a yellow oil. 111 NMR (CDCL): 7.66 (d. ] = 4.5
Hz, 1H), 747 (s, 1H), 7.28 (d, = 16.5 Hz, 1H), 7.08 (5, 1F}, 7.05 (&, ] = 4.5 Hz,
1H),7.04 (d,] = 6.5 He, tH) .37 (4, ] = 7.0 Hz, ZH), 2.67 (] = 7.8 Hz, 2H), 1.68
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(5, 4H), 12 = 1.5 (m, 6H), L38 {t, | = 7.0 Hz, 3H}, 1.31 (s, 6H), 1.28 (s, 6H), 0.81 {1,
T =7.2 Hz, 3H).

Example 9
9.1 Preparation of (E)-5-(2-[3-hexyl-5,5,8,8- tetramethyl-5,5,7 8-
tetrahydronaphthaten-2-yl}-vinel-thjophene-2-carboxglic acid
A solution of 1.084 g of methyl (E)-5-(2-(3-hexyl-5,5,8,8-tetramethyl-5,6.7,8-
tetrahydronaphthalea-2-71)-vinyl]- thiophene-2-carboxylate in 15 mi ethanol was
treated with a solution of 2.77 g KOH in 8 ml HaO, followed by the addidon of 7 ml
THE, The mixture was stirred at 45° C for 2.5 hours. The reaction mixture was
diluted with 40 ml water and acidified to pH 2 with HCl 25 %. The mixture was
extracted with 4 portions of 50 ml of ethyl acelate. The combined extracts were

wazhed with 50 m) water and 50 ml of aqueous saturated sodium chloride solution.
Drying {Mg50y), filtration and concentration in vacno gave a pale yellow solid.
Trituralion in pentane and Bltration afforded $52 mg of the title product as a pale
yellow solid. M.p. 164 —165°C.

Tranalogy to example 9.1, the following acid was also prepared.

9.2 {1)-5-[2-{3-pentyl- 5,5.8,8-tetramethyl- 5,6,7 8-letrahydro-naphthalen-2-y1)-

vinyl)ihiophenc-2-carboxplic acid. M.p. 176 - 177° C.

Effects of RAR selective retinoids an repuit of alveoli in elastase-induced

emphysema
RAR selective agonists were evaluated for its effects on afvealar repair in the rat

mode] of elastase-induced emphysema ig rats (D, Massaro ef al. Nature Medicipe
(1997, 3, 675). Animals were divided into treatment groups of approximately eight.
Lung inflammation and alveolar damage was induced in male Sprague Dawley rats
by a single instillation of pancreatic elastasefpozcine derived, Calbiochern) 2
Uigram body mass. Three weeks past injury, all-trans retinoic acid or RAR agonist
was dissolved in dimethylsulfoxide (20 mg/ml} and stored at -20 C. Frash working
stocks were prepared daily by dilution in P13S ta a final concentration of 2mg/mi.
Animals were dosed once daily with the retinoid by intraperitoneal injection or
orally, starting 21 days post injury. Control groups were challenged with dastase
and 21 days later treated with Vehicle (IDMSO/PBS) for 14 days. Animals were

sacrificed 24 hours after the last dose by exsanguination under deep anesthesia.

The lungs were inflated with 10% neutral buffered formalin by intratracheat

instillation at a constant rate {1 ml/gram body mass/min). The lung was excised

JP 2004-502767 A 2004.1.29
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and immersed in fixative for 24 hours prior to processing. Standard methods were

used to prepare 5 um paraffin sections. Sections were stained with Herpatoxylin and
Eosin (H%E). Computerized Morphometric analysis was performed to determine
the average alvealar stze and alveolar number {Table 1.

Tablel
Data is given for 3-[2-(3-hexyl-5,5,8 8 tetramethyl-5,6,7 8-tetrahycro-naphthalen-
2-y1}-vinyl]-thiophene-2-carbaxylic acid;

Dose [mg/kg] | Y repair area
0.1 po. : 42
0.01 po. 18
0.001 po. 12
2.0001 p.o. 38

The foregoing invention has been described in some detail by way of
illustration and example, for the purposes of clarity and understanding. Tt will be
obwriois to one of prdinary skill in the ar{ that chanpes and modifications may be
practiced within the scope of the appended claims, Therefore, it is to be understood
that the abeve description is intended to be illustrative and not restrictive. The
scope of the invention should, therefore, be determined with reference to the
fullowing apperided claims, along with the {ull scope of equivalents to which such

claims are entitled.

The patents, patent applications and publications cited in this application are
hereby incorporated by reference in their entirety fox all purpases ta the same
extent as If each Individual patent, patent application or publication were so
individually densted.
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Claims

1. Compounds formula 1

QOR
e s
(]
I

wherein
R is hydrogen, allyl, alkoxy, benzyd or phenethyl;
&} is hydrogan or allgl;
X represents CIRE'R?) and m is an integer 1,2 ar 3; or
X represents oxygen, sulfer or NH and myis 13
RYR? are independently of each ather hydrogen or lower alkyl;

and pharmaceutically active salls of carbonylic acids of formula 1.

2. Compaunds of farmula I according to claim 1, wherein X is CR*R” and m
is 2.
3. Compounds according to daims 1 or 2, wherein R',R%*and R? are

hydrogen.

4. The compuund according to claim 1
5-12-(3-hexyl-5,5,8,8-tetramethyl- 3.6,7,8-tetrahydro-naphthalen-2-y1j-vinyl)-
tiiophene-2-carboxylic acid.

5. The compound according to claim 1
5-[2-{3-pearyl-5,5,8,8-tetramethy)-5,6,7,8-tetralipdro-paphthalen-2-v1)-vinyl -
thiophene-2-carboxylic acid.

6. A compound of formula I according to anyonce of claims 1 te 5, wherein the
pharmaceutically acceptable salt of componnds of formula I with B! is hydrogen is
asalt fermed from a pharmaceutically acceptable base such as alkali or ammonium
o substituted ammonium salts.

7. A medicament containing one or more compounds as claimed in any one
of claims 1-6 and pharmaceutically acceptable excipients.

8, A medicarment according te claim 7 for the treztment of emphysema and

associated pulmonary disenses.

. The use of a compound claimed in any ene of claims 1-6 for the treatment
of for treating emphysema and associated pulmonary diseases o for the

manufacture of a medicament useful in the treatmant of such diseases.
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a Llzlms Nos.:

bacause they are depsndent claims and a-w nut drafted in accordatcs wilh U second wnid hi serlences of Ruld b4}
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see additional sheet
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“avers aaly 1nese claims Aarwhic fees wara paid, specilicelly aims Nos.:
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4. . Mo squired =dditional s¢arch tees were timaly paid b)
i it is covered by claims Nas.:

reziricted ta the invention st mantcned in tha dsim

1-10 f{all partially)

Remark on Proteat [ he adiiona search fees were secomoanied by the apglieants praiasl.
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FURTHER INFORMATION CONTINUED FROM  PCT/ISAr 210
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treatment ¢f pulmonary diseases

2. Clatms: 1-16 {all partially)

Compounds of formula [ of claim 1 wherein X represents
oxygen, sulfur or NH and m is 1, and wherein X represents
C(RZR2) and m is an integer 1 or 3 as RAR salective rtineid
agonists for the treatment of pulmonary diseases
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