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- The retinoids are structural analogues of vitamin A and include both natural and
synthetic compounds. Retinoid compounds such as all rans retinoic acid (“ATRA”), 9-cis-

10  retinoic acid, trans 3-4 didehydroretinoic acid, 4-oxo retinoic acid, 13-cis-retinoic acid and
retinol are pleiotrophic regulatory compounds that influence a large number of inflammatory,
immune and structural cells. )

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

15  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 y).

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

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

ATRA does not b'u;d to RXR, for which 9-cis-retinoic acid is the natural ligand. A
number of synthetic RXR ¢, f and 7 retinoid agonists have also been described in the art (See,

25 e.g.,Billoni et al, U.S. Patent No. 5,962,508; Klaus et al., U.S. Patent No. 5,986,131.

In tissues other than pulmonary tissues, retinoids typically have anti-inflammatory
effects, can alter the progression of epithelial cell differentiation and inay inhibit stromal cell
matrix production. These biological effects of retinoids have led to the development of many

30  topical agents for dermatological disorders such as psoriasis, acne, and hypertrophic cutaneons
scars. Retinoids have also been used in the treatment of light and age damaged skin, the
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therapeutic use of retinoids in diseases other then cancer has been Iimited by toxic side effects.
A general review of retinoids can be fonnd in Goodman & Gilman’s “The Pharmacological
Basis of Therapeutics”, 9% edition (1996, McGraw-Hill) Chapters 63-64.

15
Chroenic Obstructive Pulmonary Discase (“COPD™) refers to a large group of Iung
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.
Curxently, COPD is the fourth leading cause of mortality in the United States.
20 COPD is a disease in which the lnngs 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 6bstruction (1987 Merck Manual).
Clinicalty, COPD is diagnosed by reduced expiratory flow from the lungs that is constant over
25  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 canses inadequate oxygenation that may lead to disability and death.
30  Anatomically, emphysema is defined by permanent airspace enlargement distal to terminal
| bronchioles (e.g., breathing tubes) which is characterized by reduced Iung elasticity, decreased
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15 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 emnphysema include but are not limited to

20  vision abnormalities, dizziness, temporary cessation of respiration, anxiety, swelling, fatigue,
insomnia 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 miay be used to
confirm a diagnosis of emphysema,

25 No effective methods for reversing the clipical indications of emphysema currently exist
in the art. Jn some instances, medications such as bronchodilators, B-agonists, theophylline,
anticholinergics, diuretics and corticosteroids defivered to the lung by an inhaler or nebulizer
may improve respiration impaired by emphysema. Oxygen treatment is frequently used in
situations where lung function has been so severely impaired that sufficient oxygen cannot be

30  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 normat
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exchangeexpnebsal (Coortiipbied gasvation fdifferent retinoic acid receptors subtypes has been
associated with lung branching, alveolization/septation and gene activation of tropoelastin in

neonatal rats.
15 During alveolar septation, retinoic acid storage granules increase in the fibroblastic
mesenchyme surrounding alveolar walls (Liu et al., Am. J. Physiol. 1993, 265, L430;
McGowan et al., Am. J. Physiol., 1995, 269, 1L463) and retinoic acid receptor expression in the
hung peaks (Ong ez 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
20  these retinoic acid storage granules. Postnatal administration of retinoic acid has been shown to
increase the number of alveoli in rats, which sapports the concept that ATRA and other
retinoids may induces alveoli formation (Massaro ez al., Am. J. Physiol., 270, 1.305, 1996).
Treatment of newbormn rat pups with dexamethasone, a glucocorticosteroid, prevents septation
and decreases expression of some sub-types of retinoic acid receptor. Supplemental amounts of
25  ATRA have been shown to prevent dexamethasone inhibition of alveoli formation. Further,
ATRA préevents 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 refurns elastic recoil in
the Iung to approximately normal values in animal models of emphysema (Massaro ef al.,
30  Nature Med., 1997, 3, 675; "Swategies to Augment Alveolzation,” National Heart, Lung, and
Blood Institute, RFA: HL-98-011, 1998; Massaro e al., United States Patent No. 5,998,486).
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or a pharmaceutically acceptable salt, solvate or hydrate thereof wherein:

1 is an integer from O to 2;

B is -C(0)0-, -OC(0)-~, -C(O)NH-, -NHC(0)-, -NHC(O)NH-, -CR’=CR®-,
-R'C=CR.-C(0)-, -C=C-, -C=C-C(O)-, -CH;0-, ~-CH3S-, ~OCHj-, ~SCHy-, -COCH-, or -
CH,CO-;

R? and R® are independently hydrogen or alkyl;

X is aryl or heteroaryi;

R}is -C(=0)}-R’;

R? is alkyl, cycloalkyl, cycloalkyl-alkyl, hydroxy, alkoxy, aryloxy,
cycloalkyloxy, cycloalkyl-alkyloxy, arylalkyloxy, amino, alkylamino, dialkylamino,
heteroalkyloxy, heteroalkylamino, heteroalkylthio, heterocyclyl or heterocyclylalkyl; and

Ris:
(2) (CRIR! 5 YR
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L is heteroaryl, heteroarylalky! or heteroalkyl;

(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
tislor2forrn=1or2, and
tislforn=0,

According to a second aspect, the present invention provides a compound of formula I, or
a pro-drug thereof, according to the first aspect for use as medicament.

According to a third aspect, the present invention provides a use of a compound of
formula I, or a pro-drug thereof, according to the first aspect for the preparation of a medicament
for the treatment of airway disorder, alveoli, cancer and a dermatological disorder.

According to a fourth aspect, the present invention provides a pharmaceutical composition
comprising a pharmaceutically effective amount of a compound, or a pro-drug thereof, according

te the first aspect and, if desired, a pharmaceutical inert carrier.

5a



Treatment of newborn rat pups w th dexanet hasone, a glucocorticosteroid,
prevents septation and decreases expression of sone sub-typgzk OLZ tinoic
acid receptor. Suppl enental anpounts of 25 ATRA have been sho PH ‘?) event
dexanet hasone i nhibition of alveoli formation. Further, ATRA prevents
dexanet hasone from di m ni shing retinoic acid receptor expression and
subsequent al veQl.gh: g%o‘,;ﬁ&i on itnt devel opi ng rat | ung. ATRA has been
reported to induc PRl FrPETt theesentaynflompravides nipsess F s propartirigifia | n
the |ung t9mapmdotfomulel VI, wiekeR! is\Go,HeS CORaRYI, RBls rgdes) ot Ry sem
(Massaro q,tetep(;amSO Nature Med., 1997, 3, 675, "Strategies to Augnent

Al veol i zat1on,™ National Heart, Lung, and Blood Institute, RFA HL-98-011,
1998; Massaro et at., United States Patent No,.5, $88,486). 4 1 April 2005
However, the nechani smof actign gf ATRA in e studi es remains

undefined, although Massaro repse gener ates new al veoli. Mre
i nportantly, the use of ATRA toxicity or adverse effects
concerns. Thus, novel retinoid ful for -treating dermatol ogi cal
di sorders, enphysema and cance he toxicity problens of ATRA or
other retinoids are highly desirable. The current invention provi des novel
retinoid agonists, a nethod for the ¥Wynthesis, the use of such conpounds
for the pr a2l 1.C q%é; eating or preventing enphysens,
cancer anc?lJS f‘%@'%ﬁ'ﬁ%ﬁ?" Ogg&%foé%rret ods of treating or preventing such
di seases, pharnmaceutical conpositions suitable for the treatnent or
prevention of such diseases, and nethods fof Dgring formul ati ons of
novel retinoids into the |lung_of .a mammal ¢ring fromenphysema, cancer
and der mat ol ogi cal di sorders. A6cordi ot o rst aspect, the present

i nvention provides a conpound to structural formula (lI): I or a
phar maceutical |y acceptabl e e ﬁmﬁq,)nyérat e thereof wherein:

where G is a leaving group with a nucleophile R'-H; and when R is CO-alkyl, followed by
hydrolysis with a base.
Disclosed herein, in one embodiment, the invention may provide compounds having the

structural formula (I):

( ABsXR!
®)—

or a pharmaceutically acceptable salt, solvate or hydrate thereof wherein:
nis an integer from 0 to 2;
cisOorl;
‘disQorl;
- Ais <C(=0)-, -C(=CHy)-, -C(=NRY- or -CR°RE.;
R%is hydrogen, alkyl, hydroxy, alkoxy or amino; and
R’ and R°® are independently hydrogen, alkyl or together, along with thie carbon
to which they are both attached, are cycloalkyl; '

5b



nis an integer fromO to 2; Bis -C(OO, -OC(O-, -C(ONH, -NHC(O)
-NHC(O NH, -CR?=CRs-, -RCs-C(O-, -C, -C- C(O) -CH20O,

-SCHr, -COCHr, or - CH2CO; Rl and Rs are |ndependently hydrégﬂ\éﬁ‘? 3?0 IkyI
Xis aryl or heteroaryl; R is -C(--%; R9 is alkyl, cycl oallcyl,

cycl oal | cxvo ad/kaglo hydroxy, all coxy, aryI oxy, cycl oal kyl P01/11017

Cycl oal kyl - al kyl oxy, aryl al kyl oxy, am no, al kyl am no, dial Kyl am no,

het er oal kyl oxy, heteroal kyl am no, heteroal kylthi o, heterocyclyl or

het erocyclylalkyl; and R2 is: (a) -(CRIORI),wi Rr2 5 1 April 2005 inis

A eﬁ%rEi36“53Ck%gx%&kff?&&vﬁl%ﬁg?m-,sp%ﬁomﬁf‘qe ?”de@;'né Qs o

i nteger f.RAMEORL0(G)-, A, R&ZF-Cfo ds%iq oggn, al kyl,
cycl oal kyl cl oal )kyl al kyl ar yI ar yI a—CE{/!F fer oar = o
het eroar qé—l acyl, al koxycar bonyl car barmyl substi tut ed cycloal kyl,

het er oal kyl , het er gal kyl st tut cl.oal k et erosubstituted
cycl oal kyl , hetero(sigbagl??%}b ECP% 6‘&?@ a?lk I terocyclyl or .
het er bcycl yI al kyl ; witl the prosisps ddi:S0 t hat when per, then R12 is not hydrogen

or alkyl; when A is -C(=0)-, or -C(=NR*-, then B is not -0OC(Q)-; and
when A is -C(=CH,)-, then B is not -OC(0Q)- ;
X is 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) (CRlﬂRl l)m _RI?.
15 1 is an integer from 1 to 10;

pisOorl;

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

Y is ~O-, ~8(0)q- or -NR"-; and

g is an integer from 0 to 2; and
20 RY is hydrogen or akyl;

R is hydrogen, alkyl, cycloalkyl, cycloalkyl-alkyl, aryi, arylalkyl,
heteroaryl, heteroarylaikyl, 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:
Zis -CR™=CRY-, -C=C-, -0-, -NR"-, or —C(—O) or -S(0)e
R™, RY and R' are independently hydrogen or alkyl:and
30 L is heteroaryl, heteroarylakkyl or heteroalkyl



(b) heteroaryl; (c) -Z-L; Zis -CR14=CR 5-, -CC, -0-, -NR16 , C(--O or
-S(Og-; Rl14, R15 and R16 are independently hydrogen or al\lf\%l; ?2(% Lis
het eroaryl, heteroarylal kyl or heteroal kyl; (d) t4=CRts-L1 &pd Sis S
O Zj 2vor SOZNRi sR v where nis ( Rialkyl and R18 and R 9 are independently

hydrogen @ro éd¥ds: €ach R3 is independently hydrogen, al If%lriEPW LRXy or
oxo; and tislor2forn=lor2,and tislforn=0. According to a Second aspect,

the present invention provides a conpound of formula I, or a pro-drug

t hereof, according to the first aspect for use as nedi canent. According to
a third aspect, the present invention provides a use of a .conpound of
formula I, or a pro-drulith theDEeiso hatwhed AgBe is —CreOX CRSTCRs ghan L isgiot t he
preparation of a nggis ngy for the treatnent of airway disorder, alveoli,
cancer and a der mat ol ogilcal 5di sorder. According to a fourth aspect, the
present invention ®oGRIeERY-brwheradein SOMR EarS@ANRIRN whemRYY issilkyg and
pharmaceutical |y effs Lwe unt .of oun Or a pro-drug thereof,
according to the fflar (saaﬁaia{sp%%@%%ﬂdcﬁlqyaw%%g&f%ghar maceuti cal inert
carrif®r. ba 1eaﬁp|ili3lisﬁﬂ@ﬁnd&mglhgﬂﬁgeﬁ,qugﬁﬂyﬁfdﬁy@ﬁmtandthe present invention
provi des proce,si fqr. the prsparation of a conpound of fornmula VI, where R
is CORH or C0P I%%If?“fféli% -§%6Rf OR11) ni R12 and R12 is heteroaryl VI

“conprising: tfigatthpw=a conpound of fornmula VII where Gis a |leaving group
wi t h anucl eophil e R12-H;, and when R is CO02-al kyl, followed by

10 “Acyl” means aradical -C(O)R, where R is hydrogen, alkyl, cycloalkyl, cycloalkyl-

- alkyl, aryI 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
15  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 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.,
20  methoxy, ethoxy, propoxy, butoxy, and the like. |
“Afkoxycarbonyl” means a radical -C(0)-R where R is alkoxy is as defined herein.
“Alky]l” means a linear 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, r-butyl, iso-butyl, fer~-butyl, pentyl, and the like.
25 “Alkylamine” 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, l;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.,
30  methylene, ethylene, 2,2-dimethylethylene, propylene, 2-methylpropylene, butylene, pentylene,
and the like. '



hydrolysis with a base. D sclosed herein, in one enbodinent, the I nvention
may provi de conpounds having the structural formula (I): |1
pharmaceutically acceptable salt, solvate or hydrate thereofl\%ﬂ?@}moﬁ nis
an integer fromO to 2; cisOorl; disOorl; Ais -C(=C12)-, -C(=NR)-

- CRSR6-; Mvoe2tsgmr ogen, al kyl, hydroxy, al koxy or am no; ﬁﬁ% popiRpd R6 are
I ndependent|y hydrogen, alkyl or together, along with the carbon to which
they are both attached, are cycloalkyl; 5b 1 April 2005 WD 02/ 28810

PCT/ EPO1/ 11017 B i s -C(O)O OC(O) -C(ONH, -NHC(O -, -NHC(O NH,

-CR7=CRs-, -RiC= : CH2O CH2S- OCH - SCH
-COCHr, or - Cﬁgﬁxg?% %‘]ﬁ%%‘@l %&E%%RWW]Q@@PP&B@I%WIO;MB wi '[ h
the pr 0Vlaﬂq3 gfdﬁﬁhs dm 1lreis e-grinéthylsulfhyT, gﬁ%ﬂ@fonyktﬂ?@}lﬁ]f bity1 10t -0 O) -

and whe then B is not = aryl ot het eroaryl,;
RLis - C?m@)ls nyl,lqycigjaegglsgfqulandctp@hbgl kyl cycl oal kyl -al kyl, hydroxy,
ai koxy, aryl ox¢pvish a A I l.kyl , a a kyl o m no,
ko Y d%ggclyky I%El’ s AN dicRY.SL ) ﬁvgﬁ'ereﬁ i A cyc'iélakky orcylotlicy
5 a]kyl group as defined herem e.g., methylsulfinyl, ethylsulfinyl, propylsulfinyl, butylsulfinyl,
cyclohexylsulfinyl and the like.
“Alkylthio” means a radical -SR wheze R is an alkyl, cycloalkyl or cycloalkyl-alkyl
group as defined herein e.g., methylthio, ethylthio, propylthio, butylthio, cyclohexylthio and the
like.
10 - “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,
15  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
thereof.
“ArylalkyT” refers to an alkyl radical as defined herein in which one of the hydrogen
20  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-paphthylethan-1-yl,
‘naphthobenzyl, 2-naphthophenylethan-1-y1 and the Iike.
“Aryloxy” means a radical -O-R where R is an aryl group as defined herein.
“Arylalkyloxy” means a radical -O-R where R is arylaiky] as defined herein.
‘25 “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.
7 “Cycloalkyl” refers to a saturated monovalent cyclic hydrocarbon radical of three to
30  seven ring carbons e.g., cyclopropyl, cyclobutyl, cyclohexyl, 4-methylcyclohexyl and the like.



het er oal kyl oxy, heteroal kyl ani no, heteroal kyl thi o, heterocyclyl or
heterocyclylalkyl; and R2 is: 15 20 25 30 (a) -(CRLORL1)mY, Rlﬁ IS an
integer fromi to 10; pisOorl;, R10 and R31 are independentl AW‘ ?Q)(g]en,
al kyl, hydroxy or hydroxyalkyl; Y is -0-, -S(Oy- or -NR13-; and g is an
i nteger frREGoihsky 2; and R13 is hydrogen or alkyl; Rl12 iPFJT}H'gflﬂgﬁq’ al kyl,
cycl oal kyl, cycl oal kyl -al kyl, aryl, arylal kyl, heteroaryl,
het eroaryl al kyl , acyl, al koxycarbonyl, carbanoyl, substituted cycl oal kyl,
het er oal kyl , het eroal kyl substituted cycl oal kyl, heterosubstituted
cycl oal kyl, heterosubstituted cycloalkyl-alkyl, heterocyclyl or _
het er ocycl yl al“Rytlpalykdlkylh mepiseMudioalt RERD Wiherk RE5Q an Eikg&ng%x%uﬁ and'Rb j&iydrogen
or al kyl; / heteroaryl;. (c) -Z-L; where: Zis -CR14=Cl15 _C=-C, -0-,
-NR16 , S¥X oG as %‘@ﬁdcf!e;r .82, cyRphenimethyiandthe likgiependent | y hydr ogen
or al kyl ; and_lsinssib@ice 1 &b ek Biydna s i of 2005
90 01 Sabi0. petEstfed; O%Ikly Bt zhl?)} dica®hs H&iﬂ%ﬁ%@llcmrlﬂ’po&, 895 1o}

three (preferably one) hydrogen atoms replaced by -Y-C(O)R (where, Y is absent or an

5  alkylene group and R is hydrogen, acyl, acylamino, alkyl, atkoxycarbonyl, alkyamino,
alkylsulfinyl, alkylsulfonyl, alkylthio, alkoxy, amino, aryloxy, arylalkyloxy, carbamoyl, cyano,
dialkylamino, halo, haloalkyl, heteroalkyl, hydroxy, hydroxyalkyl, nitro or thio)
“Diakylamino” means a radical -NRR’ where R and R independently represent an

alkyl, cycloalkyl or cycloalkyl-alkyl group as defined herein. Representative examples include,

10 but are not limited to dimethylamino, methylethylamino, di-(1-methylethyl)amino,
(cyclohexyD(methyDamino, (cyclohexyl)(ethyl)amino, (cyclohexyl)(propyl)amino,
(cyclohexylmethyD(methyl)amino, (cyclohexylmethyl)(ethyD)amino and the like.

“Halo” means fluoro, chloro, bromo, or iodo, preferably fluoro and chloro.
“Haloalkyl” means an alkyl group substituted with one or more same or different halo
15 atoms, e.g., ~-CH,Cl, -CF;, -CH,CF;, -CH,CCl, and the Jike.
“Heteroary!l” 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
20  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, atkoxy, amino, aryloxy,
carbamoyl, cyano, dialkylamino, ethylenedioxy, halo, haloalkyl, heteroalkyl, heterocyclyl,
hydroxy, hydroxyalkyl, methylenedioxy, nitro and thic. More specifically the ferm heteroaryl
25  inclodes, but is not limited to, pyridyl, furanyl, thienyl, fhiazolyl, isothiazolyl, triazolyl,
imidazoly], isoxazolyl, pyrrolyl, pyrazolyl, pyrimidinyl, benzofuranyl, tetrahydrobenzofuranyl,
isobenzofuranyl, benzothiazolyl, benzoisothiazolyl, benzotriazolyl, indolyl, isoindolyl,
benzoxazolyl, quinolyl, tetrahydroquinolinyl, isoquinolyl, benzimidazolyl, benzisoxazolyl or
benzothienyl and derivatives thereof.
30 “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.



with the proviso that when A -Bd is -C(=0-CR7=CRs-, then L is not
het er oal kyl ; or (d) -CR14=CRis-L1 where L1 is S(OZRi 7 or S NRlngog Wher e
R17 is alkyl and R18 and R19 are independently hydrogen or iAPV 5 each
R3 is independently hydrogen, alkyl, hydroxy or oxo; and

tislor2f owodamsgoand tis 1 forn=0. 10 "Acyr' neans a ra(ﬂ(ﬁ%mi&fo@? R, where
R i s hydrogen, alkyl, cycloalcyl, cycloal kyl- alkyl, aryl or arylal kyl
wherei n al kyl, cycloal kyl, cycloal kyl -al kyl, aryl and aryl al kyl are as
defined herein. Representative exanples include, but are not limted to
fornyl, acety] cyl cohexyl car bonyl , cycl ohexyl net hyl carbonyl, benzoyl,
benzyl car bony Hetgrealkyameang an alkclmatient aseiefinastiesein whertircare or RRTCh@Bzenher e

Cycl oal oAl ool ripfhocd 3 Aubiindt MUBLARER MM po HR Sy donsistng.
cycl oal kof ~QR*kNR RSrand _ﬁiﬂ)nRXWMky[S amriﬁteg&ﬁkﬁﬁ:()neﬂ), h&ﬂﬁh@undlaﬁwiﬁd&@”thﬁi ive

| ' but i m.t 1. No, t 1 NO,
oy cohex DI e B sathinen ¥ SlRiameatfynratieajFs ogtuth o otoanied:, WRRRR i no,

benzy c ahyaogen vyl alkyngcloiyl, bKeyclo t; RFaaRe arcliialont(iethr e R i s |
2 , ethoxy, propoxy,

an al kylgﬂroéjyﬁ@as defined herein e.g., met hox ( [ _
but oxy, At gFP’I@éyl’ W}(GX@%@F)RWIQMITML_ whed n is@ Bf ishydneger, R i s
Pydr ocarpon et brBSCie Ryl S wnBRARY & 2 KOS U LA it

hydr ocar bon r'adi cal of “one on atont of
rmﬂo?/al edlkylhgrding wb'lwnn'l m,anbnna]kyb himnl '_dr;roedab'allqllm' ino.cB.E;krestlnaﬁmxmxlqﬂegmgua@ﬁt hyl ,
et : - .. N- but i.sq- butyl, n-butyl  pentyl, and the
L R N R e R R R R SR DR
cycl il kdd‘hyd?bxypﬁoi@ﬂﬂah%ﬂbXﬁéﬂﬁé}lﬁtﬁS*Pﬂ%y&t%gﬂﬂiet%“2??}#%;&;&}1:@2 BLEROkAE Ve

y :

exanpl es i ude, _but are not limte
et hyl am”:Fi?)tg

C
, zfpmk Prasingethvh Framinopeenyh Sxpehnswisonylateyl: 4veinpsukfony skl ene”
means a duifgairoRAkmy R hdliitdly ibpyl HEAGRRRR AN Gy LT One to ten carbon
methylaminosulfonylethyl, methylaminoseHonylpropyl, and the fike.
“Heteroalkylamino™ means a radical -NHR where R is 2 heteroalkyl group as defined
15  herein.

“Heteroalkyloxy” means a radical -O-R where R is a heteroalkyl group as defined
herein.
“Heteroalkylsubsituted cycloalkyl” means a cycloé}kyl radical as defined herein
wherein one, two or three hydrogen atoms in the cycloalkyl radical have been independently
20 replaced with a heteroalkyl group with the understanding that the heteroalky] radical is attached
to the cycloalkyl radical via a carbon-carbon bond. . Representative examples include, but are
not limited 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
25 substituent independently selected from the group consisting of hydroxy, alkoxy, amino,
acylamino, monoalkylamino, dialkylamino, oxo (C=0), imino, hydroximino (=NOH),
NR’SOR" (where R’ is hydrogen or alkyl and R? is alkyl, cycloalkyl, amino, monoakylamino
or dialkylamino}, -X-C(O)R (where X is O or NR’, R is hydrogen, alkyl, haloalkyl, hydroxy,
alkoxy, amino, monoalkylamino, dialkylamino, , or optionally substituted phenyl, and R’ is H
30  oralkyl) or ~S(O).R (where nis an integer from 0 to 2) such that when n is 0, R is hydrogen,
alkyl, cycloalkyl, or cycloalkyl-alkyl, and when nis 1 or 2, R is alkyl, cycloalkyl, cycloalkyl-

10



atons or a branched saturated dival ent hydrocarbon radical of three to ten
carbon atons, e.g., 30 nethylene, ethylene, 2,2-dinethy|eth¥len?2

propyl ene, 2-methyl propyl ene, butyl ene, pentylene, and the 695, Apr i
2005 WO 02/ 28810 PCT/ EP01/ 11017 "Al kyl sul fonyl"™ neans a radical -S(O) 2R
where R i sy@gyasky! . cycloal kyl or cycl oal kyl - al kyl groqﬂPﬁﬁmﬁﬁﬂhFed
herein, e.g., nethylsul fonyl, ethylsulfonyl, propylsulfony

but yl sul fonyl, cycl ohexyl sulfonyl and the |ike. "Al kylsulfinyl" neans a
radical -S(OR where Ris an alkyl, cycloal kyl or cycloal kyl - 5 al kyl group
as defined herein e.qg., nethylsulflnyl et hyl sul finyl, propylsuffinyl,

but yI sul alkylyaminoaeylagties osoatkylapincerdiakdarhing e Represintat velekarnplep ingkida,

di cal I | oal k I
et nod e REL RIS 208, B Koo Ry RRRSE 2o sEYTeRRa s gy 37%P 2
cyclo heMﬁnhmdamml:lcthhmyll anidehe lill) pleferyhly 4ipdnsyeychobieryly !zlamﬁncﬁuycbhe)m l4-c

aromati c drocarb dical which is optionally substituted with one or
nor e subsé]ﬁ‘é ?(B‘Fﬁﬁerably one, two or three, substituents preferably

seleged fr omﬂdfs%oafbmea @ﬂﬂbaﬁkﬂfbﬂqﬁl’f meéﬂssélmd@smaw.%ﬂyér A% RO,
al koxycar bonyl , al kyl am no, alk ul finyl, alkylsulfonyl, -S2NR R

(where Fbetfaﬁﬂlbmm@ﬁl@y<ﬂﬁaik,ﬁm@a&@n R'?M@B@éqne@ad@ﬂ kyl), alkylthio, alkoxy,
|
am 0. ar ¥1 0t SRR Lans XARG AL ARGy aRBh e APOBUREI 94 v

het er oal kyl, heter hydro ene
ethyle nemtlgna!cyms inwhich osmat tivbiring aMimsars peteiobionalstigcted ﬁ-otxeNnoamﬂ(O)lgc | udes,
but is not limted to, phenyl, chlorophenyl, fl uoroghenyl met ho>8/phenyl ,

| - napht H¥heren i§2p ARtRgar ; ﬁoamjtqiaethe ETABINE Vi aloplsdengrC, WhEry dug dryiwo

o A0 o ool W RBALDBSPhE D, 98 Bk, Y ROBs 20, LT

i ncl ude, optignally 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, Xis O or NR’, nis 0 or 1, R is hydrogen, alkyl,
haloalkyl, hydroxy, alkoxy, amino, monoalkylamino, diatkylamino, or optionally substituted

15 phenyl and R’ is H or alkyl), -alkylene-C(O)R (where, R is hydrogen, alkyl, haloalkyl,

hydroxy, alkoxy, amino, monoalkylamino, dialkylamino, or optionally substituted phenyl) or
—S(O)an {where n is an integer from 0 to 2, and RYis hydrogen (provided that n is 0), alkyl,

haloalkyl, cycloalkyl, cycloalkyl-alkyl, amino, monoalkylamino, dialkylamino, or
hydroxyalkyl). More specifically the term heterocyclyl includes, but is not limited to,

20  tetrahydropyranyl, piperidino, N-methylpiperidin-3-yl, piperazino, N-methylpyzrrolidin-3-yl, 3-
pyrrolidino, morpholine, thiomozpholino, ihiomorpho]jno-l-oxide, thiomorpholino-1,1-dioxide,
pyrrolinyl, imidazolinyl, and the derivatives thereof.

“Heterocyclylalk&l” means a radical -R2RY where R4 is an alkylene group and RPis a
heterocyclyl group as defined above, e.g., tetrahydropyran-2-ylmethyl, 1, 2-, or 3-
25  piperidinylmethyl, 1-piperazinylmethyl, 4—meth§1—piperaiin~1-y1methyl, and the like.
“Hydroxyalkyl” means an alkyl radical as defined herein, substituted with one or more
hyfiroxy groups, provided that the same carbon atom does not carry more than one hydroxy
group. Representative examples include, but are not limited to, 2-hydroxyethyl,
2-hydroxypropyl, 3-hydroxypropyl, 1-(hydroxymethyl)-2-methylpropyl, 2—hyciroxybutyl,
30 3-hydroxybutyl, 4-hydroxybutyl, 2,3-dihydroxypropyl, 2-hydroxy-1-hydroxymethylethyl,

11
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are not limted to, benzyl, 2-phenylethan-I-yl, naphthyl nethyl,

2- napht hyl et han- 1-yl , napht hobenzyl, 2-napht hophenyl et han- 1- yI ? t he
l'ike. "Aryloxy" nmeans a radical -OR where Ris an aryl grou Apgl i ned
herein. "Aryl al kyl oxy" neans a radical -OR where Ris arylaicyl as
defined hergiimssig” Car banoyl " means the radical -C(ONR)3 £188Fh R
group i s independently hydrogen, alkyl or aryl as define erein.

" Car boxy" means the radical -C(OOH "Cyano" neans the radical -CN
"Cycloal kyl" refers to a saturated nonoval ent cyclic hydrocarbon radical of

t hree to 30 seven ri carbons e.g., cyclopropyl, cyclobutyl, cyclohexyl,
4- et hyl ¢ %33 A-ihyrrqesbutg! and Apthy drozposthyih 3eyde @Y POPPCPreERdily 11017

" | oal d
R [ S a *“*W*%%% o e ant T2 o BBl MRS B e
like. " Slmmctmméwwmf‘b@rhgyaﬂqﬁmmseﬁodyﬁﬁmkdbﬁbt of delieralkybgrodgy. i ned herein
ith th " f bl t I d by

LU R (wherdin By oB fhegpeinintsonT ey pUA St K] e GlRic

acyl 5 acyemdfbtng 1eﬁélkﬂﬂom@‘| zslyﬁearpmexbkbelﬁ& &by z?:llu Bt daMddes

al kyl sul fonétue al t hi o, al koxy, am no, oxy, ar | al-kyl oxy, car banoyl ,

cyano, 9F6; b1gmoy aﬂ%@ﬂ@hﬂkﬂesum OBBQ‘P}@’XQJKYMMMW kyl ,

nitro or cet i

|ndependerg]’lz’£/a3?g@)[%?ent aﬁl&? Wé@jlﬁgy%rdyg%ﬁ%%%ﬁn iT‘rﬁém%up as
defi ned mdmmmsw@emmmmmymymwmem not |im ted to
di met hyl am no, mgt hyl et.h 1- met hyl et hyl ) am no,

(cycl ohexyl )(r%’f %&ﬁf‘ﬁﬁi {n@&?ﬂ)@&% ) (et hyl ) am no,

(cycimhexyl) (TPHamydckaitang acceptibtd &G@!&P%&ﬂ%'ﬁ@ﬁﬁﬁéﬁﬂﬁnm%ﬁﬂm rep

(cycl ohexyhnet h%{ (eth Igam no and the |ik " nmeans uorg ?:r#ﬁoro

brono, ofbar@ ewep% 19n that js gencaally sefe mxbtomc and neither bmloglcally nor
otherwise undesirable, and includes excipient that is acceptable for veterinary use as well as

human pharmacentical use. A “pharmaceutically acceptable excipient” as used in the
specification and claims includes both one and more than one such excipient.

15 “Pharmaceutically acceptable salt” of a compound means a salt that is 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 Iike; or formed with
organic acids such as acetic acid, propionic acid, hexanoic acid, cyclopentanepropionic acid,

20  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, ethanesuifonic acid, 1,2-ethane-disnifonic
acid, 2-hydroxyethanesulfonic acid, benzenesulfonic acid, 4-chlorobenzenesulfonic acid, 2-
naphthaleneselfonic acid, 4-toluenesnlfonic acid, carnphorsulfonic acid, 4-

25  methylbicyclo[2.2.2)-0ct-2-ene-1-carboxylic acid, glucoheptonic acid, 3-phenylpropionic acid,
trimethylacetic acid, tertiary butylacetic acid, Jauryl sulfaric 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 ejther is replaced by a metal ion,
€.g., an alkali metal ion, an alkaline earth ion, or an aluminum ion; or coordinates with an

30 . organic base such as ethanolamine, diethanolamine, triethanolamine, trometharine, N-
methylglucamine, and the like.
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"Hal oal kyl " neans an al kyl group substituted with one or nore sanme or
different halo 15 atons, e.g., -CH2Cl, -CF3, -CH2CF3, -CH2CCl3 ftﬁg}the
‘like. "Heteroaryl" nmeans a nonocydic or bicyclic radical of 5Apg S ng
atons having at |east one aromatic ring containing one, two, or three ring
het er oat oRGo9ehded €d fromN, O, or S, the remaining ring 2L00Bfe N9 G
with the understanding that the attachnment point of the ﬁeteroaryl radi cal
will be on an aromatic ring. The heteroaryl ring is optionally substituted
20 i ndepéendently with one or nore substituents, preferably one or two
substituents, selected from acyl, acylam no, alkyl, alkoxycarbonyl,

al kyam no, al e aaios i“paprdrug alﬁybm;ﬂNgﬁmy&usedmmnﬁabl)(hdmnmﬂefamla@ are

i-nd d | kyl | t hio | kax

car baroy PopduEigelts Al sy it SupB e e b aa G Wb
het er oal kitlen sthiprodray id admlmsmrt@x‘manhﬂ:ﬂfaﬁ&médﬁ)’hodf@& laya ediﬁpbnﬁa»f nitro
and thio. Mire fo Piafd&%aﬁ%the term heteroaryl 25 incl.udes, but is not

limited figuc PreRagRdEhy AMOdIE ARG oRs] of pmore fctionabFryp(s) mreseat i |
i mi dagol e, cdnﬁﬁiiﬁ&@i* SttnctoPt ForHuYd ¢1- \m)rlaéaéwal wa tﬂeﬁ'foaaqcmog@?mfy%any'

t et rahydrobenzof uranyl , i sobenzofuranyl, benzothi azol
benzoi sofl§r¥eddnyive tp ealense ﬂie@mnwompqm@l modrmgs ichdo meounbseﬁ'zamgmmly l,
qui nol yl

I S.Q | yi
o P o Sorkfihd G ALy, A AP BEAD 18T A6 Bt of SEREIRC X701 Y
S orone e "”‘3“*“-"’@”@ g‘fﬂ“"“‘*‘““"@""‘r@m"e‘"”“"ﬁ’ ‘W@“‘%(%%‘ﬁ%soé’ﬁ 26810
a Yy ace a eteroary I ou ril
PCT/ EPO 1ﬁﬁf8§§ Npﬁpe?réaﬁﬁ%?l SHRUD, ZESREPLLYPIYy walair—&%ﬁ Pra%mawlﬁ% bHEATE PRt
wher g9 N BRfted o, BRER dagd LEGAE foﬂdmn@ﬁééﬁoaeaanraﬁpés@%ﬂaaﬂa{ebg%%%; 'n 5 uent

I ndependent | sel ected fromthe roup consisting oOf , i
-'S(O 1Rd lamiporasbenyl) ofthydeoxy mwua;mmmhumm@fmmmnmlngl t hat

e POl ], Nl ARy o REadShN MR shad, Siler bt BB R ERg 0"

cycl oal kgmnirsl ﬂn;ntuonﬂjgranrpi SXimas acd:tm’ﬂ,dmmmﬂﬂtehyl eafersaﬁddatone and aldehyde
functional groups in compounds of Formula ¥-VII, and the like, see Bundegaard, H. “Design of
15  Prodrugs” pi-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 in Organic Chemistry”, (Wiley, 2" ed.
1991) and Harrison et al., “Compendium of Synthetic Organic Methods”, Vols. 1-8 (John
20  Wiley and Sons, 1971-1996). Representative amino protecting groups include, but are not
Limited to, formyl, acetyl, trifluoroacetyl, benzyl, benzyloxycarbonyl (CBZ), terz-
butoxycarbonyl (Boc), trimethylsilyl (TMS), 2-trimethylsilyl-ethanesulfonyl (SES), trityl and
substituted trity! groups, allyloxycarbonyl, 9-flucrenylmethyloxycarbonyl (FMQC), nitro-
veratryloxycarbonyl (NVOC) and the like. Representative hydroxy protecting groups include
- 25  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, tetrahydropyrany! ethers, trialkylsilyl ethers and
ailyl ethers. |
As used herein, the term “mammal” includes human. The terms “hnman™ and “patient”
are used interchangeably herein, '
30 “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

i3



ot her hydrogen, acyl, alkyl, cycloal kyl, or cycloal kyl -al kyl; and when n is

0, Rd is hydrogen, alkyl, cycloalkyl, or cycloalkyl-alkyl, fg%#ﬁ%ﬁg nis

or 2, Rd is alkyl, cycloal kyl, cycloal kyl- al kyl, am no, acy )
nonoal kyl am no, or dial kyl am no. Representative exanples include, but are

not |1 m twe obessi- hydr oxyet hyl , 3-hydr oxypropyl, ,

2- hydroxy-1| - hydr oxynet hyl et hyl, 2,3 10 di hydroxypropyl, PCTEROVLION

1- hydr oxynet hyl et hyl , 3-hydroxybutyl, 2, 3-di hydroxybutyl, 2-hydroxy-I -
met hyl propyl, 2-ami noethyl, 3-am nopropyl, 2-nethylsulfonylethyl,

am nosul f onyl net hyl ami nosul fonyl et hyl , am nosul f onyl propyl,

met hyl an¥#¥§ éﬂlm ampmreal iyt may hetmdsedﬂmmcﬁmwdeb Itl;el disease but does not yet

t hyl f di cal
TR o R LA B0 B o BE ek bR A LA B R o
means a madembpmeas Efmeemsaor &t 1easheiendfabd iticalkyibiRoms) detlidvath hetRbAe,

"Het er oal.kyl subsi t ut ed ¢l oal kyl" neans a cycl gal kyl radical as defi ned
her ei n e@wzaﬁ%ressmﬁme@w &ng@ﬁ ﬁ%? aflmt@gsm BeavRatingaidi cal -

have Jeepreldnion endaipabss Mﬁ%ﬁ e
understgi?\tdl ng t hat the heteroal Kyl ra |ca n{@oagoﬁg‘lgﬁﬁémg H{)ﬁlgd%%oal kyl

radi cal YPQdE- car bon- car bon bond. Represent ati ve exanpl es include, but are

The 11 ke, o ershedtpl %%V?*%ﬁk%ﬁhﬁ%%s&g%ﬁ@dr°§%?€é$ e e A
defi ned Mmsmmeammmmwmmﬂmeﬂseassthﬁdfeﬁgs@f@&t@mﬂr&uh&ﬁfsmboal kyl

radi cal ave @’F 'i‘F&ﬂ th a 25 substituent independently sel ect ed
from t he s HHFEHB FLRSHYP GRpunta Wl vgry derending oy Pempommd, the

MONOR Kydigeakdhd il g ‘B%"m BR¥H50 (=NOH), _
NR ‘SO2Rd (MerelRS%ﬂmrtgggn@g@lgg%a Oflﬂgg gﬁgb%f‘l cycl oal kyl, am no,

nmonoal kyl ami no  orAsdised hepéiathafeim “comEuaisof thbisventini’ sneﬁnsdihe Nﬁihpmﬁds sf

o al ky! disra el O B A8 SR g ciag o1

or - S( O diRR1¢sath bereinn The canpmlmﬂegﬁtheﬁﬂm& 4re idehtifietCierdii dly thdteshethida3 O, R IS
L B e it S g oy W ford ¥ CommBonth s sterte o By ot a chermical sruoiire -
15  and a chemical name and the chemical structure and chemical name conflict, the chemical '
stracture is 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, or
diastereomers. According to the invention, the chemical structures depicted herein, and

20  therefore the compounds of the invention, encompass all of the corresponding compound’s
enantiomers and stereoisomers, that is, the stereqisome:ica]ly pure form (e.g., geometrically
pure, enantiomerically pure, or diastereomerically pure) and enantiomeric and stereoisomeric
mixtures. Enantioreric and stereoisomeric mixtures can be resolved into their component

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

Preferred compounds of the inventior 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.
30 In one embodiment, nis 1. In another embodiment, A is -C(=0)-. In yet another -
embodiment, ¢ is 0.
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10 1 April 2005 WO 02/28810 PCT/EPOL/ 11017 al kyl, am no, acyl am no,

monoal | cyl ami no or dial kyl am no. Representative exanples i ncme ut are
not limted to, 2-, 3- or 4-hydroxycyclohexyl, 2-, 3- or 4-afi Bbwgohexyl,
2-, 3- or 4- sulfonam docycl ohexyl, and the |ike, preferably

4- hydr oxycwe) @hseiy! ., 2- am nocycl ohexyl, 4- sul f onam docyc) 1019

"Het erosubstituted cycl oal kyl -al kyl" nmeans a radi cal RaRb- ere (ﬂa Is a
het er osubstituted cycl oal kyl radical and Rb is an al kyl ene radical .
"Heterocyclyl" nmeans a saturated or unsaturated non-aromatic cyclic radical

of 3to 8 rin tons in which one or.t ri atpns are heteroat ons
sel ect ed from Kieigably,b @(’W(OQMFQRFF&PS' R%?@B%@(O}-r €@, -C&CE(O)t be

remai ni Ng.¢gx ' —PRE! &,40N8; @ _at t4onally be
replaced b ?&%ﬁ’%ﬁ?@%ﬁ%ﬁ %e’%et er 5@%/2{':%\%73%#93%&11 c@ggé’g%i%oéngl ‘f/m
subst i t ut €drbdepen ternliopemdidty basthe Bvtereavhertisrge substituents sel ected

from al ky I kvl «-heterqal kyl .. hal Nitro,. cyan kyl, hydroxy,

al koxy, airﬁ %%Er?%ﬁ'(%#ﬁ grﬁthﬁ@,’ %%%%F’Eﬁ?ﬂ&m %}Fgﬁ?’b ai‘lgl”(cﬁﬂli"’@’@)“ R’
(wher & Xisshy@rogen. NI anothet SmBodders, RRsh§drdyd 0S8 In 3hK WnbodiRehOR? iikoxy,
hydroxy, al koxy, am nq, mnoal kyl am no, di gl kyl am no, or optionally

subst i tut%‘a%"f)ﬁ‘@%lfﬂ%d Ipyanpthenenghodipanyy R is Bygdrexp- ene- CCO R (where, Ris

hydr ogen, al kyjy, : . AT Lyl I NP,
di al kyl am no, ]l(l)]rong%%?%ﬁy%?boﬁgtﬁﬁggﬁ%&ﬁ%l@ﬁ BIP-O @?c%)q%ﬂgé f %@#@Pn s an
integer ffasmB ™y 2, and Rd is hydrogen (provided that nis 0), alkyl,
hal oal kyl, cycl oal kyl, cycl oal kyl -al kyl, am no, nonoal kyl am no,
di al kyl am no, or hydroxyal kyl). Mre specifically the term heterocyclyl
includes, but is not limted to, 0 petrahydropyranyl, piperidino,
N- et hyl pi peridi n-3-yl, piperazing R ApsBa-HlR di n-3-yl, 3-
pyrrolidino, norpholino, thi ?%folt t hi om)rpholl I no-1 -oxide,
t hi onor phol i no- 1, 1- di oxi de, N Iy nd the derivatives
thereof. "Heterocyclylal kyl" nean @?g%%ﬂﬂv\hy@r_gul?a is an al kyl ene
group and Rb is a

10 I

or a pharmaceutically acceptable salt, solvate or hydrate thereof, wherein A, B, ¢, d, X, R, R?,
n, R, R", m, Y, p and R™ are as previously defined. Preferably, m is 1t04. In one
embodiment, p is 0. In another embodiment, pis 1.

15 In a preferred embodiment of compounds having structural formula (If), mis 1, pisl
and Y is -O-. Preferably, R' is hydrogen, acyl, alkyl, carbamoyl, cycloalkyl, aryl, heteroaryl,
or heteroalkyl. Compounds 1, 5 and 15 in Table 10 exemplify this embodiment.

In another preferred embodiment of compounds having structural formula (IT), mis 1, p
is 1 and Y is -5(0)¢-. In one embodiment, R is alkyl, cycloalkyl or heteroalkyl. Compounds

20 2,3,4,9,17 and 18 in Table 1 exemplify this embodiment. In another embodiment, R'2 is
heteroary], heteroarylalkyl, heterocyclyl or heterocyclylalkyl. Compounds 8, 19, 22, 23, 25, 32,

- 34 and 35 in Table 1 exemplify this embodiment.
In still another preferred embodiment of compounds having stractural formula (II), m is
3,pis land Y is -O-. Preferably, R'? is hydrogen, acyl, alkyl, carbamoyl, cycloalkyl, aryl,

25  heteroaryl, or heteroalkyl. Compounds 10, 11 and 12 in Table 1 exemplify this erabodiment.

15



het erocycl yl group as defined above, e.g., tetrahydropyran-2-ylnethyl, 1,
2-, or 3 25 piperidinylnethyl, 1-piperazinyhnethyl, .

4- net hyl - pi perazi n-1-yl nethyl, and the Iike. "FNdroxyaIkyI"lﬁgﬁhgxén al kyl
radi cal as defined herein, substituted with one or nore hydroxy groups,

provi ded t¥elptdke sane carbon atom does not carry nore th?g'r/ﬁﬁﬁ/ﬁé/ﬂr oxy
group. Representative exanples include, but are not limted to,

2- hydroxyet hyl , 2-hydroxypropyl, 3-hydroxypropyl,

1- (hydr oxynet hyl ) - 2- et hyl propyl, 2-hydroxybutyl, 30 3-hydroxybutyl,

4- hydr oxybutyl, 2, 3-di hydroxypropyl, 2-hydroxy-I-hydroxynethylethyl, 1
April 2005 WO lzfillgeatbermvierpiimbddnEntof Podipoyntisheying sithotural formula QI), m is

3, 4-di hy . ;anGn - ( b hyl )+ 35 hydr axypr .o referably

2- hydr ox%%%?%%?égmydr%%r 3? Eyr?&}&%&y %L}‘f"g‘iwgr%xyet hyl .
Accor di ngheysrocielyl.uCenhphend3din Table It €defiplifisdlpxarmbdavnent] S used to define a
subset of het 0@5%| %rogi%i. "Leayvi ng group" has the neaning

conventi onal | 3{15 LR %eqﬂfoq‘i‘i'e_ (CREPPEdshgwng strugustormela (I), mise. , .
an at @m Qi,pdsglé.ﬁulWﬁaSI@)J-.eP@ferQﬁyngug%%% ?Eaﬁgn]e?y{l%% lﬁy deﬁ%rgah&and i ncl udes

hal o (such as chloro, brono, and i od XY,

ar enesul F5RFPTRY1 ouhateroevalrialkyl SompoundsR4 ank2® inFaple nexehphifytaizy| oxy,

mesyl oxy,enftfeahédXy, trifluoronethanesul fonyl oxy, aryloxy (e.g.,
2, 4-di ni trophenoxy), nethoxy, NO di net hyl hydroxyl am no, and the like. "Oxo"

means di val entln s@ilianther (pfsféired cfbodBhatoR eembimk hxvins SeRhAR!Brofis (19, a1k
nmeans fan-Zeﬁ(ﬂt ﬁl e&.g_g_g_t fgsﬂl@ffﬁz" gyfgreparl ng a pharnmaceuti cal
conmposi tid 4 ¢ 38 Sn drelrrepys Be ds hydsems e, dkyl. ersbamrest, cytlonlisyh, enll y nor
ot herl®i seetefcied] driete@oaliyld doﬂﬁ)b!ﬂf%l 0EdoRl PR ﬂlﬁites'ﬂﬁsA@rﬁg apl e for

man p p

veterinary usi?a_s wel | as human pharnmaceuti cal™ use. arnaceutically .
accept abl e exdR filbsnrothes praferead ambodimeent of compowas havingstchcoiral if ol G s

cal 1" of B0 Ponmet i SORL PRSI Bl anvilod B PoRalpt abl o and
that posdesamsclyhe Itesocyelylaibdr CanpbogisAsl and7iin Thle AfexbRgRHIENt conpound.
embodiment. :

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

In still another preferred embodiment of compounds having structural formula (IT), m is
1and pis 0. In one embodiment, R is heteroaryl, heteroarylalkyl, heterocyclyl or

20 heterocyclylalkyl. Compounds 6, 7, 44, 45, 47, 50, 53, 54, 35, 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 (I}, m is

25 2andpis0. Preferably, R™ is aryl, arylalkyl, heteroaryl, heteroarylalkyl, heteroalkyl,
heterocycly! or heterocyclylaikcyl. Compounds 28, 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 forraula (), m is
3and pis 0. Preferably, R* is aryl, arylalkyl, heteroaryl, heteroarylalkyl, heterocyclyl or

30  heterocyclylalkyl. Compounds 30, 36, 46, 52, 130,131, 135, 141 and 142 in Table 1 exemplify
this embodiment, '
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Such salts include: (1) acid addition salts, fornmed with inorganic acids
such as hydrochloric acid, hydrobromc acid, sulfuric acid, nltri aci d,
phosphoric acid, and the like; or formed with organic aci ds! &weh acetic
acid, propionic acid, hexanoic acid, cyclopentanepropionic acid, 20
glycolic g ébnspir uvic acid, lactic acid, malonic acid, $¢qapd/f1e

malic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzorc
acid, 3-(4-hydroxybenzoyl)benzoic acid, cinnamc acid, nmandelic acid,

met hanesul foni ¢ aci d, ethanesul fonic acid, 1,2-ethane-disulfonic aci d,

2- hydr oxyet ha esul f oni benzen sulfonrc aci d, 4- chl or obenzenesul f oni ¢
acid, 2 - napﬁ? E% QiﬁqPQQﬂWPL ¢ yPRgRaEevidss srrrawnds havigg ior sul f oni ¢
acid, 4 25 nethylblcyclo[Z 2.2]-oct-2-ene-l-carboxylic acid, glucoheptonic
acid, 3-phenylpropionic acid, tamethylacetic acid, tertiary butyl acetic
acid, lauryl sulfuric acid, quc--'c acid, g§ iCc acid, hydroxynaphthoic
acid, salicylic acid, stearic aff (] and the like; or (2)
salts forned when an acidiaﬁh 5 dent in the parent conpound either
is replaced by a netal ion, e.g. |hetemeardll i on, an al kaline earth
ion, or an alum numion; or coordinates with an 30 organic base such as

et hanol am ne, diethanol am ne, triethangl am ne, trometham ne, N
nethylglygﬁmhgg%nﬁ@@(ﬂbe like. 12 1 April 2005 - WD 02/28810 PCT/EP01/11017
The terns "pro-drug” and "prodrug" are used interchangeably herein and
refer to any conpound mhrch rel eases an active parent drug accordrng to

el | o SO ebopudfs St BopalB Bt iR i AT 3 L5, 1)

are ¥ epamdlafeys pfadlduylymigﬁﬁﬂe CompEinds 48|14} 15871d mwwﬁr&zém&aﬁlﬂ&& theh S5 the
conpound of ru formula (1-VI1) in such a way that the

nodi fi cal¥ ﬁﬁ%% 4%%#@8 L. cleaved in vivo to rel ease the parent conpound.
Prodrugs i ncl idgoferaapitimet w3 ihvntiss flovideOk ) trpaﬁfaf

hydr oxy, am no, or sulfhydryl group In thomgﬁﬁé?%# g%#&c ura dil]fnorrrula

(I-vil) Q@Obonded to any group that may be cleaved in vivo to regenerate
the free

> A B+X-R
®)—
ZL

v
10
or a pharmaceutically acceptable salt, solvate or hydrate thereof, wherein A, B, ¢, d, X, R, R® ,l
n, Zand L are as previously defined. In one embodiment, L is heteroaryl or heteroarylalkyl. In
another embodiment, Z is -O- or -S(O),-. Compounds 154, 155, 159 and 160 in Table 1
exemplify this embodiment.
15 | In another embodiment of generic formula (I), cis 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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hydr oxyl, am no, or sulfhydryl group, respectively. Exanples of pr odr ugs
include, but are not 10 limted to, esters (e.g., acetate, and
benzoate derivatives), carbamates (e.g., N N dlnethylanlnoc hﬁm?
hydr oxy functional groups in conpounds of structural formula (I- VIII)
N-acyl dewio/@izesies (e.g. N-acetyl) N-Mannich bases, Schif, E
enam nones of am no functional groups, oxines, acetals, eta and enol

- esters of ketone and al dehyde functional groups in conpounds of Formul a
I-VII, and the |i ke, see Bundegaard, H. "Design of 15 Prodrugs" pl-92,

El esevier, New York Oxford (1985). and the like. "Protecting group"” refers
to a grouping of atons that when attached to Biive . group in a

nol ecul e masks, reduces or preve that reac |Kity Exanpl es of protecting
groups can be found in TTW Ge X halo Protective Goups in
Organic Chemstry", (Wl ey, . 1) and Fﬁrrlson et al., "Conpendium
of Synthetic Organic Methods", Vo hn 20 Wl ey and Sons

1971-1996). Representative am no protectlng groups include, but are not
limted to, fornyl, acetyl trlfluoroHcetyI benzyl, benzyl oxycar bonyl

(ZC'[BI’ZI) et ‘E{% B Q“F‘@‘i%%’g‘iﬂ?;‘ﬁé‘% ?agﬁ%g‘)t’(sggg ﬁa'a?% l %‘lﬁef( I@Ng%%li »Ris Riand R} i

groups, :H;I pryhm@y:@fheﬂlyh anBthkt éiﬁﬁ&ﬁ!ﬁi&ﬂf?&le YAvRANSRHIB KL %&s heVid"
veratrylox car %%¥ {PAKID and the |iKke. Representatlve oXy pro ectlng

groups i re not limted to, those where the hydroxy group is
eithegr acylated or acylated such as benzyl, and trityl ethers as well as
al kyl ethers, tetrahydropyranyl ethers, trialkylsilyl ethers and allyl
ethers. As used herein, the term"manmmal" incl udes hunan The terns "human”
and "patient" are used interchangeably herein. 30, T reating" or
"treatnment" of enphysenmm, cancer or a dernmatg ‘ﬁ di sorder includes
preventing the disease, (i.e i pne of the clinical
synptons of the disease not t( O 02/28810 PCT/ EPOL/ 11017

®R)—t

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):

Rl

[ AN

( /8
Rz "

R2
Vi

or a pharmacentically acceptable salt, solvate or hydrate, thereof, wherein 1, R, R® and R are
as previously defined.

15 Another embodiment of this invention is represented by componndé of stractural
formula VIII,
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develop in a mammal that nmay be exposed to or predisposed to the disease

but does not yet experience or display synptons of the disease). hﬂgibiting
the disease (i.e., arresting or reducing the devel opnment oflzﬁﬁl ease or
at | east one of the clinical synptons) or relieving the disease, (Le.,
causi ng r&@yg&&ﬁ@n_of the disease or at |east one of FheP¢hﬁﬂﬁﬁﬂh7

synpt ons) . 3revent|ng or 5 prevention enconpasses admi nistration

adm nistration prior to manifestation of the disease or disorder. "A
therapeutically effective amount” nmeans the anount of a conmpound that, when
adm nistered to a mammal for treating a disease, is sufficient to effect
such treatnent for the disease. The "therapeutically effective anount"”

will vary depending on the conpound, the 10 disease and its severity and
the age, weight, etc., of the mammal to be treg{ed. As used herein the term
"compounds of the invention" nmeans the conmpounds of _sigeneric fornula (I

VI1) including but not imted to specif g poun within those formul as
di scl osed herein. The conpunds of the
their chem cal structure '
referred to by both a che

ion are identified herein by
me. Where a conpound is

15 and a chem cal nane and the
chem cal structure and chems e ®8nflict, the chemical structure is
determ native of the conpouhd\s identity. The conpounds of the invention
may contain one or nore chiral centers and/or double bonds and therefore,
may exi st as stereoisoners, such ¥HI doubl e-bond isonmers (i.e., geonetric
i somers),. enantioners, or diastereoners. According to the invention, the
chenicafwg¥?ﬁctures depicted herein, and 20 therefore the conmpounds of the
invention, erg®ppasA; all of the corresponding conpound's enantioners and
stereoi soners,,.that_1s, the stereoisonerically pure form(e.qg.

! y
geomdt ri cal | YR (@) hetssrarlkylors hictssoalkylamina, or bpterpalisltiiopdiver i cal Iy pure) and
eantioneric and s Gq}28 J (§ i X INABRS N i i JoX I.SQMEric
m xtures can be rgg%ﬁeﬁd in%gs%'g?FIg%nﬂgﬁgﬂ?ﬁﬁgﬁgﬁ?%gﬂg?%nﬁging;g??her
separation t Rfibicatxyalkykhiral synthesi s techni ques known in the art. 25

g;ﬁl‘grred cor%alﬁgggngteéep%o}nralﬁ%l on are RAR agonists, particularly RAR

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

Tn still another embodiment of generic formula (I), ¢is 0, d is 1, B is -CR’=CR®- and n,
R:, R*R% R7, R%nd X are as previously defined. Preferably, R’ and R? are hydrogen.
15 In a more specific embodiment, X is arylL.
| In all of the embodiments hitherto described, also preferred are those where R!is-
COzH or -CO»-alkyl, particularly ~-CO.H. Furthermore, also preferred are thosg embodiments

where R? is hydrogen and n and t are 1.
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sel ective agonists and bind to the RAR-gamma receptor at |east f

better than they bind to the RAR-al pha receptor.

Bi nding affini
RAR agoni sts are typically less than 10 mcronol ar, preferaﬂ)l‘éspnﬁgé@

m cr onol ar 30 In one enmbodinent, nis 1. In anot her enbodi ment ,

-C(=0) - g fnot her enbodlrrent, cis 0. 14 1 April 2005V\D
- PCT/ EPOL/ 1101 Igreferably, Bis -NHC(O NH, -CR7=CRs-, - RFEEEERUI

-CaC, -CaCG-C(O- or -CH2O, nost preferably -CR7=CRB-, and par

R7 and Rs are hydrogen where Bis trans -CH=CH, i.e.,

has the E-stereochem stry. In one enbodi nent, X is phenyl

ive fold

f or

than 1
Ais

02/ 28810

Y -,

ticularly

t he al kene noi ety
I n anot her

enbodi nent, XPﬁfﬁﬂ&d&ﬂﬁbmwﬂ@oﬂdﬁ@xﬁ@%ﬁ@lﬁ&em%d%:dtéi%ﬂﬁﬁ Jow ! anot her
enbodi ment, R3 is hydroxy or oxo. In one enbodi ne I's al oxy, aryl oxy
or arylal kyl oxy. In another enbodinent, RO is hydroxy. In one preferred
~enbodi nent, the invention provides c ds having structural fornula
(F1): 10 Il or a pharnmaceutically ac |l e salt, solvate or hydrate
thereof, wherei@ME#B, |c, d MOLECULBRR n, [Rlfp R M MoLlo I & R are as,
previ ously defined. PreferabSYRUCTUREL to 4. In one penbodinment, plis O.
In anot her ¢nbodinent, [p is 1. 15 In a prefé¢rred enbodj nent of conppunds
“having strugtural formjla (I'l1), mis 1, pis 1 andy |s -0-. Preferably,
R12 is hydr ¢genr—peyd—atkl—carbanoyl cyél oal Kyl aryl, heteroaryl, or
het er oal kyl | Co unds 1, 5 and 15 in Tabl e|1184228pPify this enbodi nent In
anot her preflerred enbodi rrent of S hqavi ng strucgural formula (I1), m
is 1l p isjl and Y is -3(O)y- e enbodli nent, R12]is al kyl, cykl oal kyl
or heteroal kyl. Conpounds =
2 0 436
5 oH
S 6
4 e,
3 66.1-68.5
‘ He, o, .
ue oy,
4 @f‘ 209.4-211.3
S Qg:}j" 55.9-58.2
6 3 246.5-248
HE S
oy,
7 3 255.6-257.4
“.
ne oy,
8 169.7-171
E, S
AL

2

[=3



exenplify this enbodi nent

| n anot her

20 2,3,4,9,17 and 18 in Table |
enbodi ment, R12 is heteroaryl, heteroaryl al kyl, heterocyclyl %%. 5
het er ocycl yl ai kyl . Conmpounds 8, 19, 22, 23, 25,32, 34 and 35 i hapgh?Q)
exenplify this enmbodinent In still another preferred enmbodi nent of
conpounds wiawi/igest ructural formula (11), inis 3, p |lele¢[}@ MokP - 0-
Preferably, R12 is hydrogen, acyl, alkyl, carbanoyl, cycloa aryl
~heteroaryl, or heteroal kyL Conpounds 10, 11 and 12 in Table 1 exenpllfy
‘this enbodinent is 1 April 2005 WO 02/28810 PCT/EPOL/ 11017 In still another
pref erred enpodinent of conpounds bhaving structural formula (11), inis 3,
pis | and Y i sSCMR#3- .| Pref MOBBCUIAR i s acyMp&Qy| | dMalllsal M4, |aryl,
heteroaryl, [or heterocyclyl STRUECTURE33 in Table 1 efenplifies thls
enbodi nent Ijn still anofher preferred enbodiiment of confpounds having
structural flormula (I1)} inis 5 3, pis| and Yis -S(Oq-. Preferably,
R12 is aryl,aryrgtt-rTheteroaryt—heteroatiaH het-eHocyelyH—or
het er ocycl ylial kyl 7 Conppunds 24 and 283in T bﬁza§48§€ lify this
enbodi ment Iin still ano} her pref e nbodijment of cofpounds havi ng
structural flormula (I11)} inis 2y q; | and Y is -0-f Preferably, |R12 is
hydr ogen, aqyl, alkyl, carbanoyl, cyclfoal kylj, aryl 10{het eroaryl, pr
het er oal kyl .| Co nd 3L Th Tabre I exenptifi &) i stil
anot her preflerred enbodj nent of co S hav?§%22?§ﬁ (rry,
inis 2, plisland Y}s -S(O,r eferablly, R12 is aryl, arylalkyl,
het eroaryl, theteroal kyl}, heterocyc or hdterocyclylal kyl. Conpoupds 26
and 27 in Table 1 exenplify this enbddinment] 15 In stilll another preferred
enbodi ment qf corggounds] having structural fqrmdsy-fd¢ )] ini1s 4, plis |
and Y'is -(Q) -. Preferjably, R 2 |s h gen, acyl, al kyl, carbanoy|,
cycl oal kyl, jaryl, heteroaryl, or eroal | gyl . Conpound 51 in Tablp 1
exenplifies {this enbodijent
12 Egj<j~ 212.8-213.2
13 M 208.6-210.8
Wa Y
14 . 436
KE 04
AL
15 304
B
HE
16 450
L
HE oy
17 i 479

2



In still another preferred enbodi nent of conmpounds havi ng structural
‘formula (11), inis 1 and pis 0. In one enbodinent, R12 is_heteroaryl,
het eroaryl ai |l cyl, heterocyclyl or 20 heterocyclyl al kyl . Cbnpbéﬁﬂ 2005

6, 7,44, 45, 47, 50, 53, 54, 55, 138, 139, 143, 146,149 and 150 in Table 1 exenplify
thi s enmboavaeissioConpound 6 is a particularly preferred nghghi ot he
above group of conpounds. In another enbodinment, R12 is aryl, aryﬁalkyl,
cycl oal kyl or substituted cycloal kyl. Conpounds 42 and 54 in Table 1
exenplify this enbodinment In still another preferred enbodi nent of

conpounds having structural formula (11), inis 25 2 and p is 0.
Preferably, [RLCMP#ryl] ar yMOLKBCULAR er oaryl Mlhé’(})ro{ithﬂ.I]]o;dM+
het er oal kyl ,| heterocyclyl oSTREHETUR¥cI yl aill cyL Conpounds
29, 37, 38, 40,41, 132, 134,140,147 and 152 injiTable 1 exenplify this
enbodi nent. |In still another preferred enbodi nent of conpounds havi hg
structural frermtag+—+—ts—3 andp+sO—Preferably—R24s—aryl
aryl al kyl , heter&gryl het er oaryl al kyls het erocyclyl oy 30 305 .
het erocycl yltal kyL Conpdunds 30, *52, 130, 131, 135, 141 and 142 ipn Table
1 exenplify} this enbodi nent. T rh 2005 WO 02/28810 PCTI EPO | 11017
I n anot her Preferred enbodi nent*,“the I nventijon provi def conpounds havi ng
the Ac-Bd- X{R—Hgterogryt structurat formofa () =g o 53
pharmaceuti ¢al | y acceptfabl e sald, S e ol hydrate t1ereo?{ wherejn A B,
c, d, X R} R3 and nijare as f | y defti ned. Conppunds 48, 49,1156 and
157 in Tabl ¢ 1 exenplifly the g enbgdi nent. | njanother enbodi nent,
the inventi n provi des |Jconpounds having struiictural forfula
20 g 428
ooy 'Qq
21 422
He, oK, «
e o
22 251.6-252.6
o
HE @&y
HE
23 218.1-218.5
24 177-177.5
25 462
26 224.3-228.6




A -Bd-X-RI Z-L 10 IV or a pharnmaceutically acceptable salt, solvate or
hydrate thereof, wherein A, B, ¢, d, X Rl, R3, n, Zand L are as
previously defined. In one enbodinent, L is heteroaryl or het é‘PBé%Qﬂsal kyl .
~In another enbodinment, Zis -0- or -S(Ovy . Conpounds 154, 155, 159 and 160
in Table ify this enbodinent. 15 In another enbqgj f_generic
formul a (Bog%ﬁlg@l O, dis | and Bis -CR7/=CR8- and r, . R%Wkﬁ‘%%d X are
as previously defined. Preferably, R7 and Rs are both hydrogen. In one
enbodi ment, Xis aryL In a nore specific enbodi nent, the invention provides
conpounds having the structural formula (V): 17 1 April 2005 WO 02/ 28810
PCT/ EPO1/ 11017 \CM®r# a phar meeOLECELAR accept apirpﬁogyl T} M6l ¥ /1 Qr |hydrate
t hereof, whefein n, Rl, |R2 andTRYUrEREaS préviously defined. |In anqther
enbodi ment, fhe inventi¢n provides conpoundsjhaving thef structural {fornula
(M): 5 VI of a pharmacgutically acceptable galt, solvate or hydratg
thereof, whekein-n R IR2 and R3 are as préviously defined. ln_angther
enbodi nent , is Béteroaryl. In this enbhdi ner244.%-245.2 nventi on provildes 10
conpounds hajving the stijuctural "Bokos & :

L ” /ija,:
28 i 144-145.3
o™ :{s
29 235.3-235.9
re o O’ 0
(1
=8 A
30 . | 181.5-182.5
megmm ,
90
< -
31 ) | MH+ = 379
SV O o
ue Ve,
32 460
" . ot
s
ne ay
33 o 433

34 465

35 % : 513




or a pharmaceutically acceptable salt, solvate or hydrate, thereof, wherein
n, RL, R2 and R3 are as previously defl ned. 15 Anot her enbodi ment of this
invention is represented by conpounds of structural fornmul al ¥pri} 2009 1
April 2005 WO 02/28810 PCT/EP01/11017 VII1 wherein: R20 is alkyl; 5 R2 is:
(a) heteragblgyhspry, heteroal kyl am no, or heteroal kylthio; Igﬂb)

Were Qis -0-, -NR23- or -S- (where e is hydrogen or. alklif?VE igo 2 IS
carboxyal kyl; and n is an integer fromO to 2. These conmpounds are prodrugs
of conpounds of Fornmula VII1 where R21 is hydroxy 10 and are converted in

vivo to conpounds where e is_hydroxy. Corrpounds 56, 57, 58 and 59 exenplify
this enmbodi npnt CMR#ti ||l anMOEECUILAR nent wga d MMM P | C i
0, dis 1, Bjis -CR7/=CR$- an(STRUCRSREZ R3, nd X are as previtously
defined. Preferably, R7|and Rs are hydrogen.|{15 In a ngre specific
enbodiment, Kis aryl. Iip all of the enbodi mepts hithertjo described, |al so
preferred arp—+hose-—whete-R3 is.- C02H or -QP-alkyl, particularly {CO2H.
Furt hernore,| al so3‘f)refel red are those enpodi prents wherle BREHks=4d2dr §gen and,
nand t are 1. 19 1 April 2005 \MO.02/
Lo
37 MH+ = 407
38 | MH+ = 443
W, N Gl '
o,
39 [+] 415
SV AN @ L
(I
L
40 - 215.8-217.5
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(IO
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41 S g 228-228.9
we' Vay
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PCT/ EPO1/ 11017 Preferred conpounds of the invention include those depicted

in Table | below Table 1 CMP #MOLECULARMp (C)MoL lon. M + STRUCTURE
1184.2-1879 ea, 2436 3,66.1-685 xc a, 4209.4-2113 555, 9-58A9nEIHE 5.243
vV a 7TM255.6-257.4 a a 8a ~$169.7-171 20 1 April 2005 WO 02/ 28810

._ _ PCTI EPA [ waﬂzsg}fp #MOLECULARMp (C) Mol . lon. M+ PCT/EPO1/11017
CMP # MOLECULAR Mp (°C) Mol. Ton. M +
STRUCTURE
45 { 168-174 M-H=419
b oH
s o
46 T
47 . 177-179
* gy
48 . 244.5-245.8
e O ™ o
) H,Gl, W
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VN g o
(I
ne' e, J
50 . M-H =414
1
HE oL _ ot
(] N
ne Ve,
51 E- M-H = 405
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we oy,
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STRUCTURE 9K174. 8-175.9 10169. 4-173. 3420 11164.7;166 12212. 8-213. 2

13208. 6-210.8 14Mc o 436 as
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X 21n=0422 +uqg~ 2205 ~ 251.6-252.6 n= os 23218.1-2185 H C 0% 24177-1775

25(xxv~ 462 262243-228.6 n=as n q 22 1 April

2005 WO 02/ 2

10
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. WO 02/28810

PCT/EP01/11017
CMP # MOLECULAR Mp (°C) Mol. Ton. M +
STRUCTURE
132 3 429 (MH)
133 233-233.5
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W
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hy Ly
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Z 28144-1453 n q 292353-235.9 = 301815-182.5 31MH+= 379 32460 n | a n=
q ~ 33x=q | "433 1cC OS/ 34465 ncq/ 35513 23 1 April 2005 WD 02f 28810
PCT/ EPOL/ 11017 I April 200

. WO 02/28810 | PCT/EP01/11017
CMP # MOLECULAR Mp (°C) Mol. Jon. ML +
STRUCTURE
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46- AT177-179 48244.5-245.8 xp ay 49Rc S a242.5-243.6 yc WS 50M H = 414
51M H = 405 52443 53521 N< ~5 25 1 April 2005 WO 02/28810 PCT/EPQ1/11017
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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 therapentic 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 ceriain 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 ase of the compounds of the
invention for treating or preventing emphysema. Further, the instant invention encompasses
the use of pharmaceuntical compositions of the compounds of the invention to treat or prevent
emphysema. Moreover, the invention encompasses the use of electrohydrodynamic aerosol
devices, acrosol 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 Jocal 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. Ina
another aspect, the current invention encompasses pharmaceutical compositions for preventing
emphysema in a human at risk of emphysema through administration of a amount of 2
compound of the invention or pro-drug thereof, in 2 pharmaceutically acceptable carrier, that is

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 ase

of pharmaceutical compositions of compounds of the invention to treat or prevent cancer.
Moreover, the current invention encompasses the use of electrohydrodynamic aerosol devices,
acrosol 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, tongee, 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 is sufficient to prevent cancer. In another aspect, the cuirent
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 acceﬁtable 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 cutancous
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

32
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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 2 amount of a corpound 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 is '
the use of compounds of formula I for the preparation of medicaments for treating or

preventing the above-mentioned diseases.

Another aspect of the invention encompasses a method of treating emphysema in a
mammal which comprises administering to a mammal in need of such treatment a
therapeutically effective amount of a compound of the invention, or pro-drug thereof. In one
embodiment, the emphysema is panlobar emphysema, centrilobular emphysema or distal
emphysema.

Preferably, the therapeutically effective amount of a compound of the invention or pro-
drug thereof, for treating emphysema, is between about 0.1 pg/gd and about 30.0 mg/qd, more
preferably between about 1.0 pg/qd and about 1.0 mg/qd. In one embodiment, especially for
oral administration, the therapeutically effective amount of a compound of the invention or pro-
drug thereof is between about 10.0 pg/qd and about 30 mg/qd, preferably 30.0 pg/gd to about
300.0 pg/qd. In another embodiment, especially for administration by inhalation, the
therapeutically effective amount of a compound of the invention or pro-drug ﬂiereof, is
between about 0.1 pg/qd and about 100.0 pg/qd, more preferably between about 10.0 pg/qd
and about 100.0 pg/qd, most preferably between about 1.0 pg/qd and about 30.0 pg/qd.

This aspect of the invention encompasses a niethod of treating emphysema in a maminal
by repairing alveoli in a mammal. In a preferred embodiment, the mammmal is human.
Preferably, the human was or is a cigarette smoker. In another preferred embodiment, an

electrohydrodynamic aerosol device or a nebulizer device or an aerosol device is used to
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administer the therapeutically effective amount of a compound of the invention, or pro-drug
thereof.

Another aspect of the invention encompasses a pharmaceutical composition for the
treatment of a mammal suffering from cmphyseﬁaa comprising an arnount of a compound of the

5 invention or pro-drug thereof in a pharmaceutically acceptable carrier, with the amount of the
compound being sufficient to alleviate one symptom of emphysema. In one embodiment, the
emphyserna is panlobar emphysema, centrilobular emphysema or distal emphysema. Ina
preferred embodiment, the mammal is human, Preferably, the human was or is a cigarette
smoker.

10 The major symptoms of emphysema include but are not limited to chronic shortness of

| breath, 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, fatigne, insompia and memory loss.

15 Preferably, the amount of a compound of the invention or pro-drug thereof, in the
pharmaceutical composition, is between about 0.1 pg and about 30.0 mg, more preferably
between about 1.0 pg and about 1.0 mg, most preferably between about 100.0 pg and about
300.0 pg.

In one embodiment, the pharmacentically acceptable carrier is suitable for an

20  electrohydrodynamic aerosol device, a nebulizer device or a aerosol device. In one preferred
embodiment, the pharmaceutically acceptable carrieris a liquid such as water, alcohol,
polyethylene glycol or perfluorocarbon. The amount of a compound of the invention, or pro-
drug thereof in the pharmaceutical composition in this preferred embodiment is between about
0.1 pg and about 1.0 mg, more preferably between about 1.0 ig and about 100.0 pg, most

25  preferably between about 50.0 pg and about 150.0 pg.

Another aspect of the invention encompasses a method for treating emphysema and
related disorders by delivering a formulation of a compound of the invention or pro-drug
thereof, into the lungs of a mammal. Preferably, the mammal is a human, more preferably, the
human was or is a cigarette smoker. In one embodiment, the formulation is delivered into the

30 Iungs of the mammal with a nebulizer device. In a second embodiment, the formulation is
delivered into the lungs of the mammal with an aerosol device. In a third embodiment, the
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headache, fever, skin and nenbrane dryness, bone pain, nausea and

voni ting, psychiatric disorders and gastrointestinal disorders. The present
i nvent i ofioraiudasionns deliversd égo thiedungsaf dic mimamabwitihamelsctothyitodynamie atrosh t o
treat or ,pr.event certain chronic obstructive airway disorders, particularly
chronic 8%@9? uctive 5 pulnonary disease including chronic bronchitis,

enphysema and agi Ebf&lfmdiy eRBBEMent, BRFGSRAt N 18 PRAHaddudbal SOREsiO6n sfked
cigarettes. In a preferred enbodinent, the invention _enconpasses the

t r eat menFOPPORIdef dhit inprmtign. BeefirellRrthe apeannl ofa compavnd of BisdpyrligRn iy sema or
of "1 e c DI BBEoRERY S ERRaD AIE TR, ST of BT ERR I cE k) B Pha Rl oses
i nvent i onompositgyEs bewetmabaus b.0¢fg ant @bawsiPdunglanart prefiably between about 10.0
pg and about 1.0 mg, most preferably between about 50.0 ug and about 150.0 pg. In one
preferred embodiment, the pharmacentically acceptable vehicle is a liquid such as water,
alcohol, polyethylene glycol or perfluorocarbon. In another preferred embodiment, a material
10 that alters the aerosol properties of the formulation is added to the formulation. Preferably, the
material is an alcohol, glycol, polyglycol or fatty acid.

In still another aspect, the present invention encompasses a method for treating

emphysema that combines nse of a compound of the invention with one or more additional

15 therapies. The additional therapies include, but are not limited to, smoking cessation,
antibiotics, bronchodilators and oxygen therapy. In a preferred embodiment, a pharmaceutical
composition of a compound of the invention is nsed in combination with other therapies.

In a still another aspect, the current invention provides a method for preventing
emphysema in a human at risk of emphysema by administering 2 amount of a compound of the

20 invention or pro-drug thereof, sufficient to prevent emphysema. In a preferred embodiment,
the human was oris a cigaretic smokér.

In another aspect, the present invention provides a pharmaceutical composition thai:
prevents emphysema in a human at risk of emphysema. The composition comprises an amount
of a compound of the invention or pro-drug thereof, and a pharmaceutically acceptable carmier

25  thatis sufficient to prevent emphysema.

" Another aspect of the invention encompasses a method of treating cancer in a mammai
which comprises administering to a mammal in need of such treatment a therapeutically
effective amounnt of a compound of the invention or pro-dmg thereof. Preferably, the cancer is
of epithelial origin and includes, but is not limited to breast cancer, skin cancer, colon cancer,

30  stomach tumors, laryngeal cancer and lung cancer.
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t hrough adm ni'stration o unt 0 ound of the invention or
pro-drug t herkoefpreferredierpbadimante thel marhiny] iabeasp. dhls@oter prefired Mbbdiinent, 80

suffjgient t revent. enphysema. 31 ril 2005 WO 02/28810 PCT/EP01/11017
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i nvention enconpasses the Use of pharmaceutical conpositions ‘of cdnpounds

of the iH¢€AEion to treat or prevent cancer.
Another aspect of the invention encompasses a pharmaceutical composition for the

treatment of a mammal suffering from cancer comprising an amount of a compound of the

15  invention or pro-drug thereof ina pharmaceutically acceptable carrier, with the amount of the
compound being snfficient to alleviate one symptom of cancer. Preferably, the cancer is of
epithelial origin and includes, but is not limited to breast cancer, skin cancer, colon cancer,
stomach tumors, laryngeal cancer and lung cancer. In a preferred embodiment, the mammat is
human.

20 Preferably, the amount of a compound of the invention or pro-drug thereof, in the
pharmaceutical composition, is between about 250 [1g and about 500 mg, more preferably
between about 2.5 mg and about 160 mg, most preferably between about 10 mg and about 50
mg.

In one embodiment, the pharmaceutically acceptable carrier is suitable for a

25  electrohydrodynamic aerosol &evice, a nebulizer device or a aerosol device. In one preferred
embodiment, the pharmaceutically acceptable carrier is a liquid such as water, alcohol,
polyethylene glycol or perfluorecarbon. The amount of a compound of the invention or pro-
drug thereof, in the pharmacentical composition in this preferred embodiment is between about
50 pig and about 1.5 mg, more preferably between about 150 pg and about 1.5 mg, most

30  preferably between about 150 pg and about 300 jg.
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preventing
embodiment, a material that alters the aerosol properties of the formulation is added to the

15 formulation. Preferably, the material is an alcohol, glycol, polyglycol or fatty acid.

In still another aspect, the present invention encompasses a method for treating cancer
that combines use of a compound of the invention with one or more additional therapies. The
additional therapies include, but are not limited to, chemotherapy, radiation or surgery. Ina
preferred embodiment, a pharmaceutical composition of 2 compound of the invention is used in

20  combination with other therapies.

In a still another aspect, the current invention provides a method for preventing cancer
in a human at risk of cancer (e.g., smokers, asbestos workers and uranium workers) by
administering a amount of a compound of the invention or pro-drug thereof, sufficient to
prevent cancer. Examples of premalignant and precancerous lesions or tumors which may be

25  prevented by compounds of the invention incinde, but are not limited to, actinic and arsenic
keratoses, dysplasias and papillomas of mucous membranes and brecancerous changes of the
bladder

" Another aspect of the present invention provides a pharmaceutical composition that
prevents cancer in a human at risk of cancer. The composition comprises an amount of a
30  compound of the invention or pro-drug thereof, and a pharmacentically écceptable carrier that

is sufficient to prevent cancer.
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The compounds of the invention having formulas (I-VII) may be obtained via the
synthetic methodology illustrated in Schemes 1-7 and methods described in the art (Donget ez
15  al, Quant. Struct. Act. Relat., 18, 107, (1999) and references disclosed therein, which are
herein incorporated by reference). Starting materials useful for preparing compounds of the
invention and intermediates thereof are commercially available or can be prepared by well

known synthetic methods.

20 SCHEME 1
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300.0 g/gd. In another enbodi ment, especially for adm nistration by

I nhal ation, the therapeutically effective anmount of a corrpoyg% 'P% 0éhe
i nvention or pro-drug thereof, is 25 between about 0.1 pg/qd d % ut
100.0 g/ gd, nore preferably between about 10.0 pg/qd and about 100.0

pg/ gd, no ably between about 1.0 pg/gd and about 30.0 pg/qgd. This
aspect of %%Rgilﬁ’%%ntion enconpasses a nethod of treating %q{rdwﬁﬂ in a

manmal- by repairing alveoli in a mammal. In a preferred enbodi nent, the
manmal is human. Preferably, the human was or is a cigarette snmoker. In
anot her preferred enbodi nent, an 30 el ectrohydrodynam c aerosol device or a
nebul i zer device or an aerosol device is used to 33 1 April 2005 WD

02/ 28810 PCT/ EPOL/ 11017 adm nister the therapeutically effective.anmount of

o-drug thereof. Another aspec
Ljcal conposition for the
i sing an’\gfount of a ¢

a conmpound of the invention, or
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5 invention QLA ) ’
with the ano | t7 pound bei ng SUTTI Ai
of enphysena. [ , the enphys Fan| obar enphysena,
centril obul ar al enphysensa. a preferred enbodi nent,
the manmal is human. Preferably, the hunman was or is a cigarette snoker.
10 The maj or synpt ons 8% enphysena include but are n6f linited to chronic
shortness of Dbreath, chronic cough, coloration of the skin caused by |ack
of oxygen, shdérampands67 of foamila () twheram wilyhlor iy s kad Riistalkaxyyalkylthio,

wheezi ng. | 14 [ ON may be associ at ith se
i ncl ude, Iﬁ%ggééﬁléﬁﬁgéocﬁi}iﬂp r'e Ur‘%t %I%"grft%imr r?ﬁ#%dﬁs\gﬁ?c??ﬁlgg,&?gﬁpor ary
cessati orBroafo subsijtied 5/5(8)8-tenamiethy)-5, 65N tdtdahglirodapthalies 62 /PR ATespshdifipnOr y
| oss. 15 Preferably, the anmount of a conpound of the invention qor pro-drug
t her eof , TiVf§ 4nfi geven member ring analognes may be synthesized by a number of methods known to

the skilled artisan. In a preferred embodiment, Friedel-Crafts alkylation of 2-bromotoluene 61

with 2,4-dichloro-2,4-dimethylpentane, 2,5-dichloro-2,5-dimethylhexane or 2,6-dichioro-2,6-

dimethylheptane 60 provides compounds 62. Aryl bromides 62 may be homologated to

t of a
undg'f t he

ate one synptom

10  aldehydes 64 by halogen-metal exchange (i.e., n-butyl lithjum) to form an intermediate
organolithium compound, which is then quenched with N-formyipiperidine. Alternatively,
aldehydes 63 may be made by homologation of bromides 62 (i.e., Cu()CN) to a cyano
compound which may reduced (i.e., diisobutyl aluminum hydride). Other synthetic methods
for effecting conversion of bromides 62 to aldehydes 63 will be apparent to the skilled artisan.

15 Horner-Emmons olefination of aldehydes 63 with an appropriate phosphonate ester may
be used to provide E olefins 64. Corresponding Z olefins may be prepared by conventional
Wittig reactions followed by separation if necessary. Bromination of compounds 64 (i.e., N-
bromosuccinimide, benzoyi peroxide and light) affords the benzyl bromides 65. The bromides
may be displaced with nitrogen, suifur or oxygen nucleophiies to yield the corresponding

20 substituted esters 66 which may be hydrolyzed (acid or base) to provide the acids 67. Acids 67

may be esterified using well known methods to provide a large number of esters.
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pharmaceutical conposition, is between about 0.1 pg and about 30.0 ng, nore
preferably between about 1.0 pg and about 1.0 ny, nopst prefﬁrablg bet ween
about 100.0 jig and about 300.0 g. In one enbodi nent, the p Q%ﬁically
acceptable carrier is suitable for an 20 el ectrohydrodynam ¢ aer osol

device, a nebulizer device or a aerosol device. In one preferred

enbodi nent, the pharnmaceutically acceptable carrier is a liquid such as
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1.0 ng, nore preferably between about 1.0 pg and about 100.0 pg, nost 25
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enbodi ment, the 34 1 April 2005 WO 02/28810 PCT/EPOL/ 11017 formul ation is
delivered into Iungsﬁgf the manmal with a ectr ohgdr odynani c aer osol
3 aryyénbodi nent—thegf or nul gf i O iSSyd@ phar naceufi-cal
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sol vate, or profdrug bhereof in the pharmaceutical 7ggonposition is between
about 1.0 pg and abod? 10.0 ng, nore preferably between about 10.0 pg and
about 1.0 ng, nost preferably between about 50.0 g and about 18qm0 pg. In

one
( CHO
n ‘ (CHy),,OSITBDM

72

9®
{CH2)mOH

76

78

Compounds 78 of formula (I) where n=0, 1 or 2, m is 2-10 and R" is alkoxy, alkylthio,
heteroaryl, heterocyclyl, amino, alkylamino etc. may be prepared as described in Scheme 2.
Hydroxyalkyl substituted 5,5,8,8-tetraalkyl-5,6,7,8 tetrahydronapthalenes 69 are readily accessible by
10 Friedel-Crafts reaction of 2,4-dichloro-2,4-dimethylpentane, 2,5-dichloro-2,5-dimethylhexane or 2,6-
dichloro-2,6-dimethylheptane 60 with hydroxyalkylbenzenes 68. Bromination of hydroxyalkyl-5,5,8,8-
tetraalkyl-5,6,7,8 tetrahydronapthalenes 69 affords aryl bromides 70. The hydroxyl group of 70 can be
protected (i.e., t-butyldimethylsilyl chloride and imidazole) to
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preferred enbodi nent, the pharnmaceutically acceptable vehicle is a liquid
such as water, alcohol pol yet hyl ene gl ycol or perfluorocarbon anot her
preferred enbodi nent, a material 10 that alters the aerosol bﬁﬁﬁegﬁﬁes of
the formulation is added to the formulation. Preferably, the material is
an al coholy, %x &9 Ppolyglycol or fatty acid. In still angfher aHPect t he
pr esent |nven i on enconpasses a nethod for treating enph AL

‘conbi nes use of a conpound of the invention with one or nore addltlonal 15
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snoki ng cessation, antibiotics, bronchodilators and oxygen therapy. In a
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in a humafealanbbs gpl,}y C rrpound of
the 20 invent :{’%2%@&6}3 rﬁ]gg?%g]\rég%ﬂ%s%? i enP?%o prgé/%r%{:edgrr?p ySema I n
a prefer @a)eﬂm growmid 3 muﬁlb andneﬂmnomﬂmvxsdm@(l alogdneh hgdﬁm)) kther inbthadot her
aspect, resent |nv 0 maceut.i cal 05|t|on hat

pr eve%ts r’?ﬁ%c%’r‘énrﬁslap r'?ﬁ?{mg ﬁ@l@iq?gy‘g‘?%rﬁ tbl“ of hosho

conpri segkiflin &gt of a conpound of the invention or pro-drug thereof,

and a phar rraceutl caI I y acce table carrier 25 that is sufficient to prevent

enphysenma. An e of aldehydeo? with anrppRsopriatephesphonfe ester Mawt i ng
i d of
such t r ooy Ssa tVﬁ%%“%Leut AP LSRR R0Ib Bl réfloRq T Bl dORL 2

i nventi oﬁ-@@p@md@ﬂ@u@ﬂanm:ﬁuun?ﬂ%mtd providhelcokvlc 6. ]nsa prefbrradi t hel i al
orig and L pel.u i s .0 breast ca cancer,
col o:llacaﬁl&lg? Bgé‘fdé’H&é?ﬂ%ﬁP@ %ﬁéﬁﬁé@m %‘?’l’crg?c“é’ ﬁlﬁyl?’a\ er. 351
April 2 Oﬁ@h@@@ﬁd@ﬁﬁﬁ&n&’@fédﬁﬁ?&i AZddicartiokAhe) arhiol aﬁab@rst'zlsemenﬁwuhﬁgl ly
effectlvilanount of a conpound of the invention or_ pro-
ternatively, the hydroxyl functionality of compounds 76 may be activated by conversion to
the mesylate (MsCl, EtzN) followed by displacemnent reactions with nitrogen or oxygen
nucleophiles to provide compounds 78 (R = alkoxy, amino, alkylamino, dialkyamino ezc.).
15  Other methods for effecting conversion of alcohols 76 to compounds of the invention are
known to the skilled artisan. Ester hydrolysis may be used to provide the free acids of

compounds 78.
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drug thereof for treating cancer, is between about 50 gg/qd and about 500
ng/ gd, nore preferably between about 300 g/gd and about 30 /gﬂ n one
enbodi ment, especially for oral admnistration, the therapeggﬁ’ PW&_

ef fective amount of a compound of the invention or pro 5 drug thereof is
bet ween ab®oto2@sssy/ gd and about 120 ng/gd. I n another enbpgy ,gﬁ]ym
especially for admnistration by inhalation, the therapeutica gfectlve
anmount of a conmpound of the invention or pro-drug thereof, is betmeen
about 50 p.g/qd and about 500 pg/gd , nore preferably betmeen about 50
p. g/ gd and about 150 p.g/gd. . In a greferred enbodi nent, the manmmal is
human. I n another preferred enbodi ne el ect rohydr odynam c aeroso
device or a nebulizer device or a aerosol device is used to admnister the
t herapeutically,effective anount of a conpound of the |nvent|on or pro-drug.
t hereof . Anot of the inXghtion enconpasses \a/phar maggut i cal

conposition fg ¢ eat nment PELR syf fering ¢l conprising
an amount of pil of the on or pro- eof Hn a .
phar maceuti cal | yacCe€pt &l e—carr Wt e he—erroent Bancpgund bei ng
sufficient to alleviate one symptgmvof cancer. PreferdBly, the'cancer is of
epithelial origigzand includes, b is not limted to _hreast cancer, skin

cancer, colon cancer, stomach tunors, |aryngeal canc&® and | ung cancer. In
a pref erred enbodi msnt,the mammal is human. 20 Preferably, the anount of
a conpound of e |nven|on or pro-drug theregf, in tjhe pharmaceutical
conposi tion, {¥ bett I AN 5QQ A8, ,nore preferably
bet ween about hnd abqut 100 ngy, nosH bI y Bet ween about 10 ngy
and about 50 “ng se=endiodi nent ., 1 he phagpreseptncall y_accept abl e
carrier is suifab 3 el ectrohydrodynai c aer 0Sol devi Ce, a
nebul i zer devi or a aerosol device. In one preferred enbodinent, the
phar maceut i cal Iqi acceptable carrier is aliq such as water, al cohol,

pol yet hyl ene gl ycol or perfluorocarbon. The anpbunt of a conpound of the

i nvention or po O o

L, — 0
el e

. For compounds of formula I, where m = 2, an alternative method is depicted in Scheme
5  3.Bromo substituted 5,5,8,8-tetramethyl-5,6,7,8 tetrahydronapthalenes 62 described in Scheme
1 may converted to bromoaldehydes 82 by benzylic bromination with N-bromosuccinimide and
benzoyl peroxide to afford 80, followed by treatment with 2-nitropropane and sodinm hydride.
Treatment of bromoaldehyde 82 with trimethylsilylacetylene,
dichlorobis(triphenylphosphine)palladium (II), cuprous iodide and triethylamine afforded
10 silyated acetylene compounds 84. Removal of the trimethylsilyl group with base provides. 86
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drug thereof, in the pharnmaceutical conposition in this preferred

enbodi nent is between about 50 g and about 1.5 ng, nore prefé%agé%)betmeen
about - 150 jig and about 15 ng, nost 30 preferably between abbdpr 5g and
‘about 300 g. 36 1 April 2005 WO 02/28810 PCT/EPO /11017 Anot her aspect of
the inventy onpasses a nmethod for treating cancer by delivering a
fornulatiék8§?5§%%onpound of the invention or pro-drug t heYEEROVHUT o t he

| ungs of .a manmal . Preferably, the mammal is a human, nore preferably, the
human has |ung cancer. In one enbodinent, the formulation is delivered
‘into the lungs of the manmal with a nebulizer device. 5 In a second

enbodi nerwhicl isdollowediyataction ivatdeldpépitedheteidaporhdifes) ungs of the mammal with
an aeroiﬁl de%gﬁg. Iq thjrd embodi nent, the formulation is delivered
into t he FHgObisrRheEYIP £) paliediuan(B; @wrouspgddoiaaabylaminede dleldevi ce

| an exeByRi BRRAARN inkRERAQl 8 CbOR: hindeahRRTRCRUYIGA ssRTRR| {1 On

of a conpound of the invention. Preferab he” anount of “a conpound of
t he i nverts wnreied heterogramptic ifermagiatest90. iHornérEmpnannhelcBration af ¢ withtei tion i s

¢
and abourDePrae phoBndfe 8t fiads £ ofins B2 dis 50 theh i AR BE 22 0O

one pr ef ectineil andogd®d4ent, t he pharnmaceutically acceptable vehicle is a
liquid such as water, alcohol, polyethylene glycol or perfluorocarbon. In
anot her preferred enbodinent, a material that alters the aerosol
properties of the fornmulation is added to the 15 fornul ati on. Preferably,
the material is an al cohol, glycol, polyglycol or fatty acid. In stil

anot her aspect, the present invention enconpasses a nethod for treating
cancef that conbines use of a conpound of the invention wth one or nore
addi tronal therapies. The additional therapies include, but are not
limted to, chenotherapy, radiation or surgery. In a preferred enbodi nent,
a pharmaceutical conposition of a conpound of the invention is used in 20
conmbi nation with other therapies.

15

20

25

30
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In a still another aspect, the current invention provides a nethod for
preventing cancer in a human at risk of cancer (e.g., snokers, . @ﬁstos
wor kers and urani um workers) by adm nistering a anount of aléﬁﬁgg d of
the invention or pro-drug thereof, sufficient to prevent cancer. Exanples
of premali d precancerous |esions or tunors which F 5
preventedwﬁe%?%ﬁggunds of the invention include, but are ﬂ@ﬁE{ﬁﬁ%péd to,
actinic and arsenic Kkeratoses, dysplasias and papillomas of nucous
menbranes and precancerous changes of the bl adder Another aspect of the
~present invention provides a pharmaceutical conposition that prevents
cancer in a human at risk of canS€HEMEh&b conposition conprises an anount of
a 30 conmpound of the invention or pro-drug thereof, and a pharmaceutically
acceptable carrier that is sufficient tqo.preeng cancer. 37 1 April 2005
WO 02/ 28810 PCT/ EPOL/ 11017 [~ thé invention enconpasses a
nmet hod of treating dermt 5 in a mammal which conpri ses
admi ni steri#§ t oMMl uch”treatment a therapeutically
effective anount of a co he invention or pro-drug thereof.
- Preferably, the dermat ol ogi : i nclude, but are not limted to,
damage to the skin 5 caused by _light and age, surgical wounds, bum wounds,
wounds caused by cut aneous traéﬁa, acne and psoriasis. Preferably, the
therapeutically effective amount of a compound of the inventio r.. pro-
drug thereof for treating dermatglogical disorders, is begnegr t 5
gg/ qd and about 50 ny/ad, pr ef er abl y ,b&¥ween abgut i}. g/ gd and
about 5 ng@gd. Topi ¢al i Yt T3 S

1€ , T 3 Sreans, |otions
or oi ntment’'s cont ai ni ;&; hout_ 1% t o 0.10859 ef;r,abl y 0.5%to 0.01%
nost preferably 0.05% a0 0F7%~FT1e\, conpoundyoi~the~rnirgnti on having
formulas (1-VII) nmay be/o®bt ai ned vi & t he

L)

83 85
COoH
: o)
~ L
TR o '
P =~
, SO.Me SO-Me
87 89

|

82 — @O X -S0NH; - SOoNH,
e ’
Br i‘l'ﬂlii OH
91 03
@ O - SOsNH, - SO,NH,
SoT—-
e . 00 ~
95 “~CO,H

97



synt hetic nethodology illustrated in Schenes 1-7 and nmet hods described in
the art (Douget et 15 aL, Quant. Struct. Act. Relat., 18, 107, (.1999) and
ref erences di sclosed therein, which are herein incorporatedléyn}gxérence).
Starting materials useful for preparing conpounds of the invention and

I nternmedi ates_thereof are commercially available or can be prepared by well
known synt‘ﬁéf’%’%"s?{’et hods. 20 SCHEME 1 60 64 61 62 65 63 38"%‘0’1‘;&8 19005 WO
02/ 28810 66 67 PCT/EPOL/ 11017 Conpounds 67 of formula (1) where n =0, 1 or
2, mis 1 and R is al koxy, alkylthio, heteroaryl, heterocyclyl, am no,

al kylam no etc. may be prepared as described in Schene 1. 5 Brono

substituted 5For SorSpoualis afRiriviax Bwheré 8= hdtyladiananibakgnes sfodmand t he

~correspondi ng _five and seven nenber ring anal-(r)gues may_ be synt hesized by a

nunber ofSChERh 3R ntRIRsAte 85 map be deated sades HomesFmmpensol¢fination qaaditionh Bifhnent
Fri edel - @& | 2 | ; ‘o
2 45di onls SRR ial to enBEATHR A fduepityhirolyzed o provide retinoid
2, 6- di chlapalogs®816- di net hyl hept ane 60 provi des conpounds 62. Aryl broni des
B R e e
be treated with trans-1,2-bis (tri-n-butylstannyl)ethylene and tetrakis
(triphenylphosphine)palladium in toluene under reflux, followed by addition of halo

=

beteroaromatics to afford olefin 83. Horner-Emmons olefination of 83 with the appropriate
phosphonate ester followed by hydrolysis provides retinoid analogs 85. Alternatively for Ri=

10 vinylsulfone, treatment of intermediate 82 with methyl vinyl sulfone,
tetrakis(triphenylphosphine)paliadium and TEA in DMF affords vinyl sulfone intermediate 87.
Olefination, followed by hydrolysis provides retinoid analogs 89. Alternatively for R? =
vinylsulfonamide, treatment of intermediate 82 with tert- '
butyl{diphenylphosphorylmethyl}suifonylcarbamate and NaH in DMF affords

15  vinylsulfonamide intermediate 91. Treatment of 91 with tributylstannylmethane and
tetrakis(triphenyl phosphine) palladium in dioxane gave hydroxymethyl intermediate 93.
Oxidation of 93 with 1,1,1-triacetoxy-1,1,1-1,1-dihydro-1,2-benziiodoxol-3(1H)-one, affords
aldehyde 95 and olefination, followed by hydrolysis gives retinoid analog 97.
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organol i t hi um conpound, which is then quenched with N-fornylpiperidine.
Alternatively, aldehydes 63 nay be made by honol ogati on of bro des 62
(i.e., Cu(l)CN) to a cyano conpound which may reduced (i. Hl%@ﬁuty
al um num hydride). Qher synthetic methods for effecting converS|on of
brom-des & bsgdodehydes 63 will be apparent to the skil lg %q/ﬁ;k :
Honer - Emmons ol efi nati on of al dehydes 63 with an appropriate phosp onate
ester may be used to provide E olefins 64. Corresponding Z ol efins may be
prepared by conventional Wttig reactions followed by separation if
necessary. Brom nation of conpounds 64 (i.e., N bronosuccinimde, benzoyl
peroxide and light) affords the benzyl brom des 65. The brom des may be
di spl aced with nitrogen, sulfur or oXYEENBMIC| eophiles to yield the
correspondi ng 20 substituted esters 66 which nay be hydrolyzed (acid or )
base) to provide the acids 67. ACId may be esterified using well known
2005 SCHEME 2 60 70
*s 2-10 .
Kytam no
: ' substi tuted
5,5,8,8-tetfaunl kyl -5,6, 7,8 tetrahydron accessi bl e
by 10 FriedehjgCrafts rggction of 2,4g glchloro 2, 4- dlneﬁﬂglpentane,
2, 5-di chl oro-2, 5-di net hyl hexane or dlchloro 2,6-d t hyl hept ane 60
with hydroxyalkylbenzenes 68. Bronlnatlon of hydroxyal kyl -5, 5, 8, 8-

106 108

5 Compounds 108 where R is a nitrogen-heteroaromatic, with nitrogen directly attached
to the aromatic ring or a thio-heteroaromatic, with sulfur directly attached to the aromatic ring
may be prepared by the method depicted in Scheme 4. Fluoro substituted 5,5,8,8-teteramethyl-
3,6,7,8-tetrahydronaphthalenes 98 can be prepared by Friedel-Crafts reaction of 2,3-dichloro-
2,5-dimethylhexane with 2-fiuorotoluene 96. Fluoro aldehydes 102 may be made by benzylic

10 bromination of 98 with N-bromosuccinimide and benzoyl peroxide to give 100, followed by

' treatment of bromide 100 with the anion ‘of 2-nitr0propane. Direct displacement of the fluoro
group of 102 with a nitrogen heteroaromatic molecule under basic conditions (potassium
carbonate) in an aprotic solvent with heating, affords interinediates 164. Horner—Emmons



tetraal kyl -5, 6, 7,8 tetrahydronapt hal enes 69 affords aryl brom des 70. The

hydr oxyl group of 70 can be protected (i.e., t-butyldi nmethy]|si I_a chl ori de
and inidazole) to 40 1 April 2005 WD 02/28810 PCT/ EPOL/ 11017! APEL4We
conpounds 71. Brom des 71 can be converted to al dehydes 72 in one step
(i.e., hal ogen- metal exchange with n-butyl lithium followed by treatnent
with NfoRWEP38ri dine). Alternatively, aldehydes 72 nBYTERUEYE from
brom des 70 by a two step procedure (i.e., Cu(l)CNto provide a nitrile
and reduction with di-isobutyl alum num hydride). O her nethods 5 for
effecting conversion of bromdes 70 to al dehydes 72 are within the

capabi | i . . SKJ 11 - ] ef | i f
al dehydeéﬁggguv?nhia ﬁigtln&f 36‘3? g%ért‘%ra € o%ﬁ%tp ioﬁr?aﬁggggﬂgxg@@g%s %8@2 h@é&?g{’%r ovi de
E ol ef i nwitl4n arbatip riog sebstingedywithy p niteogeipketereamwenticy r om conpounds 74 (i . e.,

aqueous tetrabutyl.a niumfluoride) to provide lco)c%ﬂs 76. Ilna .
preferred 10 %ﬁﬂvﬁ%ﬂeﬂﬁ#}ﬁ? %gr% Sé’ﬂ_ﬁl@ﬁi"éﬂ _.dR/I“%%B‘HGWmuC
react i onsoltent Pollowad ky hditioh 8f fludrba1BERAY @D EERDEIBREdigicl S04OKRPY |

azodi carboxyl ate) to thiol anal ogs 7ng = alkylthio). Alternatively, the

hydr oxy| thiqhgisrqagreaticgyouss ditesHy atiaahed wetheragpmslc g i betors VlomeriEsmaonsn t o
the mesyl; . i LOL L nitrogen
or - oxygunerietoBE b otk bt MEele 30 RYBREHED b P o Mo

al kyl ami progduati Hi8kwigdnamaroettc ying $&bsGiiel witkea budfbs hétsroasdnhact i ng conver si on of
al cohols 76 to conpounds of the invention are known to the skilled

artisan. Ester hydrolysis may be used to provide the free acids of
conpounds 78. 41 1 April 2005 WO 02/sZ88M\E 62

10

111 113

— 116

Compounds 116 where m is 1 and R" is a heteroaryl group linked throngh carbon or an
aryl group can be prepared according to the method depicted in Scheme 5. Bromoaldehyde
'intermcdiates 84, previously described, can be protected as acetals 110. Treatment of 110 with
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84 r> PCT/EPO1/11017 SCHEME 3a 80 82 86 Jr 90 92 94 For conpounds of
formula I, where m= 2, an alternative nethod is depicted in Sch 5 3.
Bromo substituted 5,5,8,8-tetranethyl-5,6,7,8 tet rahydronapthéﬂ’ﬁ‘ﬁ@sm
described in Schenme 1 may converted to bronpal dehydes 82 by benzylic
brom nat i ogoWd,h.Bs bt Prondsucci ni m de and benzoyl peroxide to afford 80,
fol l owed by treatment with 2-nitropropane and sodi um hydr PGREPOMAIQLY pent  of
br onpal dehyde 82 with trinethylsilylacetyl ene,
~di chl orobi s(tri phenyl phosphi ne) pal | adium (11), cuprous iodide and
triethylamne afforded 10 silyated acetyl ene conpounds 84. Renoval of the

t ri met hyl & orghnametalfic riagént vacheas pr BullidRAloREd B addidt bl heRDSioy WRBYAR88HS

PCT/EPOl/é%ﬁ,lOL ! |%s.foldlrome b_é reaction with .

hal ogenat 2dSt et Gat GHlY iy droggrlysty B neplemetH sailysis i e iprrsgucs #f hudrogen

(1), cupfepivved nsdh € Bahxy] § ' | ' romatic -

I nt er medi at e3688. Cat agtx?cgﬁﬁﬁaﬁcgﬂgﬁgﬁ%%r%&%&%ggf@l?g%é}so%%#ﬁ%@d% )
Horner-Emmons olefination with an appropriate phosphonate ester followed by ester hydrolysis

5  provides compound 116.

Alternatively, treatment of 84 with an aryl zinc reagent under palladium catalysis
affords aldehyde 114 where R is substituted aryl, after removal of the acetal under acidic
conditions. Horner-Emmons olefination of 114 with an appropriate phosphonate ester followed
by ester hydrolysis provides compound 116.

10 Alternatively, dibromo intermediate 80 may be treated with NaCN , followed by
reaction with an organometallic heteroarmatic reagent to give 111. Hydrolysis of 111 to the
corresponding acid, followed by decarboxylation gives intermediate 113. Double Heck
reaction, first with trimethoxyvinlysilane and then with methyl-4-bromobenzoate, followed by
hydrolysis gives retinoid analogs 116. '

15 '

SCHEME 6

Compounds 120 where R'2 is a heteroaryl group or an aryl group directly attached to the
20  aromatic ring of the tetrahydronapthalene can be prepared according to the method depicted in



-the saturated heteroaromatic internmedi ates 90. Honer-Emmons ol efination of
90 with the 5 appropriate phosphonate ester yields E ol efins 3%1% ester
may then be hydrolyzed to provide retinoid analogs 94. 10 2b/PE 43 WO
02/ 28810 88 82 82 83 87 SCHEME 3b 81 SO2NH2 95 91 SO02NH2 44 CO2H 85 93 89 1

April 2005
- WO 02/28810 PCT/EPG1/11017

Scheme 6. Homer-Emmons olefination of 84 with an appropriate phosphonate ester provides

bromide 118. Treatment of 118 with heteroaryl boronates or aryl boronates in the presence of

palladium catalyst affords the respective heteroaryl substituted analogs or aryl substituted

analogues, which upon ester hydrolysis gives compounds 120 with an heteroaryl group or an
5 aryl group directly attached to the aromatic ring.

SCHEME 7

Br

AcO

122 124

CO,Et
g

— I
AcO

128

l OEt
\
AcO . E Br

126
10
Compounds of formula I where R? is hydroxy may be prepared as exemplified in

Schemes 7 and 8. Tetralone 122 may be prepared by condensation of dihydro-2,2,5,5
tetramethyl-3(2H) furanone with toluene. Reduction and protection using standard reagents
provides acteate 124. Bis-palladium cross coupling using 4-bromo-ethyl-benzoate and

15  trimethoxyvinylsilane provides compound 126, which may be converted to bromide 128 by free
radical bromination. Bromide 128 may be directly displaced With an appropriate nucleophile to
provide compounds where m = 1 or may be homologated with appropriate carbon nucleophiles

to provide compounds where m is greater than 1.

20



PCT/ EPOL/ 11017 1 April 2005 WO 02/28810 PCT/ EPOLl/ 11017 For conpounds of

Formula | where Z = acetylene and L = heteroaryl, as shown ip Sgﬂg}rre 3b,
i nternedi ate 88 nay be treated under Horner-Enmons ol efi nat i bAPELHYPt i ons
with the appropriate phosphonate to give E ol efins and subsequently

hydr ol yzedyh@aR9yi de retinoid analogs 81. 5 For conpounds of Fornula 1
where Z = olefin and L = heteroaryl, intermediate 82 may TbEEPPEYd with
trans-1,2-bis (tri-n-butylstannyl)ethylene and tetral ds :
(triphenyl phosphi ne)pall adiumin toluene under reflux, followed by addition
of halo heteroaromatics to afford olefin 83. Honer-Emmons ol efinafion of
83 with the appropriate phosphonateSEHBME ol | owed by hydrol ysis provides
retinoid anal ogs 85. Alternatively for R2 = 10 vinyl sul fone, treatnent of
internediate 82 with nethyl vinyl sulfone,

tetrakis(triphenpyl phosphi ne) pal | adi um and TEA in DVF affords vinyl sulfone -~
internmedi ate 8 e ‘ ¢ hydrol ysi s prayides getinoid

anal ogs 89. A ti vel y—FoP~R2 = suI f onammde, t @@ Of—m

i nter medi at€°827Nith tert AcO Br AcO o

but yl [ di phenyl phosphoryl ) net hyl ] sul f onyl car bamat e and NaVI™in DWW affords
15 vinyl sul fonan ¥& i nternmedi ate 91Ty eat ment of 91 withies

tributyl stannyl net hane and tetrakis(triphenyl phosphine) palladiumin

di oxane gave h hyl internediate 93 Oxi dation of 93 with
1,1,1-tri acet og 1, 1- di hydroml , 2- benzi at8( 1H) - one, affords

al dehyde 95,4 Qi f Ol | owed by hy gi ves ret i-aolg anal og
97. 45 1 April 3/ 28

174

Alternatively, compounds of formula I where R is hydroxy may be prepared as exemplified in
5  Scheme 8. Intermediate acetate 124 can be brominated to prepare 166, followed by treatment
with the anion prepared from 2-pitropropane to afford aldehyde 168. Horner-Emmons
olefination provides compound 170 and Stille coupling with hydroxymethyltributyltin affords
172. NBS bromination of 172 affords bromide 174. Bromide 174 may be directly displaced
with an appropriate ancleophile to provide compounds where m =1 or may be homologated

10 with appropriate carbon nucleophiles to provide compounds where m is greater than 1.

50



PCT/ EPOL/ 11017 100 5 Conpounds 108 where R is a nitrogen-heteroaromatic,
with nitrogen directly attached to the aromatic ring or a .
t bi o-heteroaromatic, with sulfur directly attached to the arbﬁﬁ??%xping
may be prepared by the nethod depicted in Schene 4. Fluoro substituted
5J5,8,8-tQ@8rapethyl- 5,6, 7, 8-tetrahydronapht hal enes 98 can be Eregared by
Fri edel - Cr9P%?¥%¢ct i on of 2, 3-dichloro- 2, 5-di net hyl hexaffe/HRoH101
2-fluorotoluene 96. Fluoro al dehydes 102 rmay be made by benzylic 10
brom nation of 98 with N bronosuccini m de and benzoyl peroxide to give 100,
followed by treatnent of bromde 100 with the anion of 2-nitropropane.
Direct displacenent of the fluoro ogseMEMEo 102 wWith a nitrogen
het eroaromati ¢ nol ecul e under basic conditrons (potassium carbonate) in an
aprotic solvent with heating, affords internediates 104. Honer-Emmons | 48
96 102 106 98 104 108 1 April 2005 WD 02/28810 PCT/EPQOL/ 11017 ol efi nati on
of 104 provides ester i , disat es 106 and ester hydrolysigb%ields

n

products 108 th an a Htic ring substituted with a
het er oar omat# A Naatyvel y, treatnent ofd hi gar!omatics with
sodi um hydr | pol ar aprotic golvent y addition ef——

af f orded i nternedi atgs ;
group directlfy attached to the aromatic ri As before, Honer-Emons

126 176
Q OgMe CO,Me
OCC — K
.
)

178 180

Compounds of formula I where R? is oxo may be prepared as exemplified in Schemes 9 and 10.
5 Acetate ester 126 is cleaved under basic conditions and then reesterified to give 176 using
trimethysilyldiazomethane. Oxidation of 176 with Dess-Martin reagent affords ketone 178,
which may be converted to bromide 180 by free radical bromination. Bromide 180 may be
directly displaced with an appropriate nucleophile to provide compounds where m = 1 or may
be homologated with appropriate carbon nucleophiles where m is greater than 1,
10

15

20
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ol efination of 104 provided ester internediate 106 fol |l owed by ester
hydrolysis to afford products 108 with an aromatic ring substityted wth,
a sulfur heteroaromatic. 10 84 114 80 111 SCHEME 5 110 116 112prii30®6
Conpounds 116 where in is 1 and R12 is a heteroaryl group |inked through
carbon or an aryl group can be prepared according to the nmethod depicted in
Schene 5. Bronval dehyde internedi ates 84, previously described, can be
protected as acetals 110. Treatnent of 110 with 47 1 April 2005 WD 02/ 28810
PCT/ EPOL/ 11017 an organonetal lic rgzaggi such as n-Bull, followed by
addi ti on of heteroaryl al dehydes & 03l cohol s 112. Catal ytic

hydr ogenol ysis with noble netal catalysts in the presence of hydrogen

renoves both the hydroxyl group and the acetal protecti roup to provide
al dehyde 114. mons ol ef i nation w ty, an\ap at 2 phosphonate
ester followed %Y “Glysis 5 providey s I46. Al ternatively,

treatnment of 84 w
af fords al dehyde 17T+
acetal under acidic

B, i S substituted ary}  ersr emoval of the

184 . 185

188

194

Alternatively, compounds of formula I where R? is oxo may be prepared as exemplified in
5>  Scheme 10. Aldehyde 168 can be protected as acetal 182 by treatment with ethylene glycol

under acidic catalysis and the acetate cleaved under basic conditions to give alcohol 184.
Oxidation with Dess-Martin reagent provides ketone 186 and acetal cleavage under acidic
conditions gives aldehyde 188. Horner-Emmons olefination with the appropriate phosphonate
provides 190 and Stille coupling with hydroxymethyltributyltin affords 192.

10 NBS bromination provides bromide 194, which may be directly displaced with an appropritate
nucleophile to provide compounds where m = 1 or may be homologated with appropriate

carbon nucleophiles to provide compounds where m is greater than 1.
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condi tions. Honer-Emmons ol efination of 114 with an appropri ate phosphonate
ester followed by ester hydrol ysis provides conpound 116. 10 .
Al ternatively, dibrono internediate 80 nay be treated with N& &l 2605 | oned
by reaction with an organonetallic heteroarmatic reagent to give 111.
Hydrolysis of 111 to the corresponding acid, followed by decarboxyl ation
gives internediate 113. Double Heck reaction, first with
trimet hoxyvinlysilane and then with nethyl -4-bronobenzoate, followed by
hydrol ysis gives retinoid anal ogs 116. SCEEME 120 SCHEME 6 118 Conpounds 120
where R12 is a heteroaryl group or an aryl group directly attached to the
20 aromatic ring of the tetrahydronapthal ene can be prepared according to
48 1 April 2005 WO 02/28810 PCT/ ERQL, Schene 6.
" of 84 with ‘ Pat e phospheths Bar

provi des bro Tr eatrent of het eroart or ary™
bor onat es Adw1 he ce of pal g at-al st affords ™ spective
het er oaryl subs d anal ogs or aryl bstituted anal ogues, which upon

ester hydrolysis gives conpounds 120 w 9 %r an 5 aryl
group directly13dtached to the aromati ing. SCHEME 7 122 12080t

206

210

Compounds of formula I where R’ is a diol may be prepared as exemplified in
5  Schemes 11 and 12. Saponification of acetate intermediate 124 under basic conditions gives
alcohol 196 and dehydration upon treatment with POCl; and pyridine provides olefin 198.
Epoxidation of 198 with MCPBA affords 200 . The epoxide can be open opened under acidic
conditions to give the trans acetate diols which can then be hydrolysed under basic conditions
to give the trans diol 202. Protection of the diol as the dimethyl ketal 204 using 2,2
10 dimethoxypropame under acidic conditions is followed by conversion to aldehyde 206 by
treatment with n-butyl lithium and N-formyl piperidine. Horner-Emmons olefination of
aldehyde 206 with the appropriate phosphonate gives 208, which may be converted to
bromide 210 by free radical bromination. Bromide 210 may be directly displaced with an
appropriate nucleophile to provide compounds where m = 1 or may be homologated with

15  appropriated carbon nucleophiles to provide compounds where m is greater than 1.
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10 126 128 Conpounds of forrmula | where R3 is hydroxy may be prepared as
exenplified in Schenes 7 and 8. Tetral one 122 may be preparjnlﬁg
condensation of dihydro-2,2,5,5 tetranethyl-3(2H) furanone £8uene
Reducti on and protection using standard reagents provides acteate IN.

Bi s-pal | adi um cross coupling using 4-brono-ethyl-benzoate and 15

tri met hoxyvi nyl si | ane provi des conpound 126, which may be converted to
brom de 128 by free radical brom nation. Brom de 128 may be directly

di spl aced with an appropriate nucl iElve provi de conpounds where in =
| or may be honpl ogated with appropriate carbon nucl eophiles to provide
conpounds whgre mis greater thansl.,r 20 49 1 April 2005 WQ 02/28810 12A 170
174 SCHEMES 166 AceRrPCTI EP01/ 140, 7468 Al t.Br nati vel y

| where R oxy Tray™be prep exenplifi ed e .

I nt er nedi a e 124 can 3] ab2d_to prepar owed by
treat nent h the ani on prepared om 2-ni tropropane o N ord al dehyde
168. Hor ner - Emmons

198 212 214
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ol efi nation provides conpound 170 and Stille coupling with

hydr oxymet hyl tri butyhin affords 172. NBS brom nation of 172 affords
brom de 174. Bromide 174 may be directly displaced with an hpprib#idsat e
nucl eophil e to provi de conpounds where m =1 or may be honol ogated 10 with

appropri at nucl eophil es to provide conpounds where mis greater
t han 1. so‘%?%g(%&?‘? 2005 WD 02/28810 SCHEME 9 PCT/ EPQ / 110Y¢T/EPH{114Y6 178

2Me 176 180 Compounds of fornula? where R3 is oxo nay be prepared as
exenplified in Schenmes 9 and 10. 5 Acetate ester 126 is cleaved under
basic conditions and then reesterified to give 176 using

trimethysi |yl dilerenstivarempoiiddaf fauBi1 wilde W idl @868 MBE rle%‘a:éc?é’egem

af fords keton 78, . Whi be converted to bromde 1 y free radical
br om nat !egﬁmpﬁﬁ%rmé}eha%e 329@%% 198ipanchertrapted; vigh espeiumyptroriderto affprdbe Siat e
PPT OB | Al 6 T B P ¥ Follbozh by et IR CPR "5
Apri | 20@5quental treatment with n-butyl lithium and N-formylpiperidine. Horner-Emmons olefination
5  with the appropriated phosphonate provided 218 and deprotection was followed by reprotection

to the bis-acetate 220 with acetic anhydride in pyridine. Free radical bromination of 220 gives

bromide 222 which may be directly displaced with an appropriate nncleophile to provide

compounds where m = 1 or may be homologated with appropriate carbon nucleophiles to

provide compounds where m is greater than 1.

10

SCHEME 13

GO 600 ¢

L OH_F O Ro—@—cozH

230

Compounds of Formula 1 where A = CH, and B = CH,0 may be prepared as described
15  in Scheme 13. Treatment of intermediate 80 with an appropriate heteroaromatic nucleophile
under basic conditions(e.g. pyrazole, and potassinm tert-butoxide in THF) affords 224.
Treatment of 224 Wlth trimethoxyvinylsilane , palladium acetate, tri-o-tolulyphopsine in NMP
gives vinyl intermediates 226. Hydroboration-oxidation of 226 with 9BBN in THEF, followed
by oxidation with 30% hydrogen peroxide gave hydroxyethy! intermediate 228. Mitsonobz
20  coupling of 228 with methyl —4-hydroxybenxoate with triphenylphosphine and
diethylazodicarboxylate in THEF, followed by ester saponication affords retinoid analogs 230.



" SCHEME 10 168 184 188 192 182 186 190 194 Alternatively, conpounds of
formula | where R3 is oxo nay be prepared as exenplified in 5 Sch 10.

Al dehyde 168 can be protected as acetal 182 by treat nent V\Atﬁmg&éne

gl ycol under acidic catalysis and the acetate cl eaved under basic

condi tion ' al cohol 184. Oxidation wth Dess-Mrtin reagent

provi des i‘%{’gﬁ’g‘ésﬁa and acetal cleavage under acidic co o(injﬂ“%% 1Gdf’ves

al dehyde 188. Honer- Emmons ol efination with the appropriate phosphonate

provi des 190 and Stile coupling with hydroxynethyltributyltin affords 192.

10 NBS brom nation provides brom de 194, which may be directly displaced

wi th an appr opdsapoddedischehphof grepaing reoinpeumbofifonndl Vihehercinandk ags 1,nay

where Tn i & GPaSPt ORI R S SC He b BoH 0 ish R E 11 166 Cooe

90
®)— ° R?

5  comprising: freating a compound of Formula VII

(CRyoR11)mM-G

10 where G is a leaving group with a nucleophile R™-H; and when R is CO,-alkyl, hydrolysis with

a base.

Compounds of the invention disclosed herein are useful for promoting the repair of
damaged alveoli and septation of alveoli. Thus, methods of the invention may be employed to
15  treat pulmonary diseases such as emphysema. The methods of treatment using a compound of
the invention disclosed herein also may be used to treat cancer and dermatological disorders.
The retinoic acid receptor agonist selectivity of a compound of the invention may be
determined by using ligand binding assays known to the skilled artisan (Apfel et al., Proc. Natl.
Acad. Sci., (1992), 89, 7129; Teng et al., J. Med. Chem., (1997), 40, 2445; Bryce et al., United
20  States Patent No. 5,807,900 which are herein incorporated by reference). Treatment with RAR
agonists, particalarly RAR y agonists may promote repair of alveolar matrix and septation,
which are in important in treating emphysema. Preferably, compounds of the invention are y
selective agonists that bind to the y receptor with affinities between about 25 nm and about
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198 204 1 206 CO2Me 208 210 Compounds of fornmula | where R3 is a diol maybe
prepared as exenplified in 5 Schenmes 11 and 12. Saponification of acetate
i'ntermedi ate 124 under basic conditions gives alcohol i96 ah&ratar at i on
upon treatnment with POC13 and pyridine provides olefin 198. Epoxidation of
198 with M¢BBAagkhid ords 200. The epoxi de can be open openeg §£ﬂ§F @ﬁidic
~conditions to give the trans acetate diols which can then 5 d? ysed
under basic conditions to give the trans diol 202. Protection of the diol
~as the dinethyl ketal 204 using 2,2 10 di nmet hoxypropanme under acidic
conditions is followed by conversion to al dehyde 206 by treatnment with
n- but yl  150P%noand showa five by ten foldeeledtivity. ovebbinding fumile IRAR batdepair) Brhaild
riate hosphonate gi ves 208, which maybe

.al dehyd t h.ot
20 n\e/ e?lt g&)%%gte 6??1’%2 3?%??“0@%4’%30 Taleciye BEphY Sfftctiyein wpagRg eeplvsemany be
di rect | y TdusptiBaesh, Whidh idfhe &BR&%P&&&E@:J‘[H% phdng t’éﬂgﬁi’g& Hfefgapounds

where m= 1 or nmay be honol ogated wth appropr‘i’ate on nuc‘i’eophl | es
to provi WBMG@UW p¥ thn bindigg ofia hgand}tarthelpanﬁ:ﬁlat réinoid acR8CeptiTites 12

198 230 %nghd,z&ngy be determined by using methods described in the art (Apfel et al., Proc. Natl. Acad.,
Sci., (1992), 89, 7129; Bemard ef al., Biochem. And Biophys. Res. Comm., (1992), 186, 977
which is herein incorporated by reference

The suitability of the compounds of the invention in treating dermatological disorders
caused by light or age and wound healing may be determined by methods described in the art

10 (Mustoe ef al., Science 237, 1333 (1987); Sprugel et al., J. Pathol., 129, 601, (1987), which are

- herein incorporated by reference). Methods described in the art niay be used to determine the
usefalness of the compounds of the invention to treating dermatological disorders such as acne
or psoriasis (Boyd, Am. J. Med., 86, 568, (1989) and references therein; Doran er al. , Methods
in Enzymology, 190, 34, (1990), which are herein incorporated by reference). Finally, the

15 ability of the compounds of the invention to treat cancer may also be determined by methods
described in the art (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, which are herein mcorporated by
reference).

20 When used to treat or prevent emphysema or related diseases, cancer or dermatological
disorders, compounds of the invention may be administered or applied singly, in cornbination
with other agents. The compounds of the invention may also be administered or applied singly,
in combination with other pharmaceutically active agents inclnding other compounds of the
invention. A compound of the invention can be administered or applied per se or as

25  pharmaceutical compositions. The specific pharmaceutical formulation will depend upon the
desired mode of administration, and will be appaient to those having skill in the art. Numerous
compositions for the topical or systemic administration of retinoid agonists are known in the
art. Any of these compositions may be formulated with a compound of the invention.

Pharmaceutical compositions comprising a compound of the invention may be

30  manufactured by means of conventional mixing, dissolving, granulating, dragee-making,

levigating, emulsifying, encapsulating, entrapping or Iyophilizing processes. Pharmaceutical
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214 53a 1 April 2005 WD 02/28810 PCT/EP01/11017 Alternatively, conpounds of
formula | where R3is a diol may be prepared as exenplified in.@:d& me 12.
Oefin 198 can be treated with osniumtetroxide to afford t hk?8R i ol

212. Protection of 212 as ketal 214 was followed by conversion to al dehyde

216 by s .al treatment with n-butyl lithiumand N-fornmylpiperidine.
I—bner-EmTﬁgsg#égﬁ nation 5 with the appropriated phosphorré:tTEPﬂﬁ)"bﬁ’ﬂied 218
and deprotection was followed by reprotection to the bis-acetate 220 with
acetic anhydride in pyridine. Free radical brom nation of 220 gives

brom de 222 which may be directly displaced with an appropriate nucl eophile
to provi dempesitivpe g de Shaidatsd wlcoaventivyal Meanh oI ef nwrd PhydRisdityat e

car bon nucl eophil es t%%é)rovi de conpounds where mis greater than 1. 10

SCHEME 18°9Btaple samers, SHRCnis promants shauaglianiss euchrciligyeprogessingof FRnpoundet
and B = GHBOuWRY HGSGH! e SRhA of

I nt ernmedi ate 80 %&ﬁﬁ%ﬁ%ﬁggﬁ ate hgggsegap;h%{bfc nug{ag%%ﬁﬁgé&aﬁﬁﬁgbasi C
condi t i oAercadet upnn the sowe o inistratim adwsemer t - but oxi de in THF) affords 224.

5 For topical administration a2 compound of the invention may be formulated as solutions,
gels, ointments, creams, suspensions, efc. as are well-known in the art.

Systemic formulations include those designed for administration by injection, e.g.,
subcutaneous, intravenous, intramuscular, intrathecal or intraperitoneal injection, as well as
those designed for transdermal, transmucosal, oral or pulmonary administration. Systemic

10 formulations may be made in combination with a further active agent that improves
mucociliary clearance of airway mucus or reduces mucous viscosity. These active agents
inclade but are not limited to sodium channel blockers, antibiotics, N-acetyl cysteine,
homocysteine and phospholipids. ‘

For injection, a compound of the invention may be formulated in aqueous solutions,

15  preferably in physiologically compatible buffers such as Hanks’ solution, Ringer’s solation, or
physiological saline buffer. The solution may contain formulatory agents such as suspending,
stabilizing and/or dispersing agents. _

Altemnatively, compounds of the invention may be in powder form for constitution with
a suitable vehicle, e.g., sterile pyrogen-free water, before use.

20 ~ For transmucosal administration, penetrants appropriate to the barrier to be permeated
are used in the formulation. Such penetrants are generally known in the art.

For oral administration, a compound of the invention can be readily formulated by
combination with pharmaceutically acceptable carriers well known in the art. Such carriers
enable the compounds of the invention to be formulated as tablets, pills, dragees, capsules,

25  liquids, gels, syrups, slurries, suspensions and the like, for oral ingestion by a patient to be
treated. For oral solid formulations such as, for example, powders, capsules and tablets,
suitable excipients include fillers such as sugars, such as lactose, sucrose, mannitol and
sorbitol; cellulose preparations such as maize starch, wheat starch, rice starch, potato starch,
gelatin, gum tragacanth, methyl cellulose, hydroxypropylmethyl-cellulose, sodium

30  carboxymethylcellulose, and/or polyvinylpyrrolidone (PVP); granulating agents and binding

- agents. If desired, disintegrating agents may be added, such as the cross-linked



Treatment of 224 with trimethoxyvinylsilane, palladium acetate,

tri-o-tolul yphopsine in NMP gives vinyl internedi ates 226. .

Hydr obor ati on-oxi dati on of 226 with 9BBN in THF, foll owed b}r £g%31 4995 on

- Wi th 30% hydrogen peroxi de gave hydroxyethyl intermedi ate 228. M t sonobu

20 coupl i ngooknes28 W th met hyl -4-hydroxybenxoate with ”IbEJBEQ 1I/ﬂm),sphi ne
and di et hyl azodi carboxylate in THF, followed by ester saponication affords
retinoid anal ogs 230. 54 1 April 2005 WD 02/28810 PCT/EP01/ 11017 Al so
provided is nmethod of preparing a conpound of Fornmula VI, where n and t are
1, Rl is COZ2H or C02-ajcyl, R2is -(CRIOR 1)mRl12 and R3is Hand R 2 is
het er oar yEOXHIRYIBYTEQlidone.cighry or algiain acithona salirthereefisuch aFsndinm sigivbte. ODddsited,

where G i&k ' ] e [ -H. and en R i

C0r i kgt | 8 oY iAol e BB LBAAR e L bR SR Begiod
her ei n arfer {esmfilating oetingidorgonisgor drel adeyinistratidn hava BgGedbsaibéd & fhe aRdSee,
Croat polontP o Riiion s Aotreiart Hiantiga Hesk etrenee A0 Bhop. 201 ALARDN Lsi ng
a conpgound of For bfal hgudpképarhidhssicR 58 GoPeitigle, 3h§RndiBk, Bl SEfsdiRiddseat

cancer and. dermatol ogi cal disorders. The rétinoic acid receptor agoni st

sel ect i viSHfAYE CUTIES neimientyer dilpents inpdade; voricrnsaling calkid eneghyicole (k. by propylane

| i gand bigpgh t Ll e l.sa qet at. Proc.
et ACHEOEAT AR R OV eyl SRORe . Sl B,
2445; Br yeevesn pht 4 andhpHl 6de. g2 8ceBite tcimtBakatbatblat bdtwE&HabaaiE MMt olt $TEG €i N

I ncor por y Agference) o Treatnment W th RAR agonists, particularly RARY
agoni st s%nlg@e%'r (‘)b’hd@f 0“?@%3%"0%% %ﬁe{%{)‘i’rﬁ%"fﬂ?’)@ SRR OGS, which are in
i nporiantacyloamhit®ad dDthe MRO2¢ BB addef er abl y, conpounds of the invention are
y -

For buccal administration, the compositions may take the form of tablets, lozenges, etc.
formulated in conventional manner.
A compounds of the invention may also be administered directly to the lung by
imhalation for the treatment of emphysema (see e.g., Tong er al., PCT Application, WO
15 97/39745; Clark et al., PCT Application, WO 99/47196, which are herein incorporated by
reference). For admiristration by inhalation, a2 compound of the invention may be conveniently
delivered to the lung by a number of different devices. For example, a Metered Dose Inhaler
(“MDI") which utilizes canisters that contain a snitable low boiling propellant, e.g.,
dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide or
20  other suitable gas may be used to deliver compounds of the invention directly to the lung. MDI
devices are available from a number of suppliers such as 3M Corporation, Aventis, Bochringer
Ingleheim, Forest Laboratories, Glaxo-Welicome, Schering Plough and Vectura.
Alternatively, a Dry Powder Inhaler (DPI) device may be used to administer a
compound of the invention to the lung (See, e.g.,. Raleigh ez al., Proc. Amer. Assoc. Cancer
25  Research Annual Meeting, (1999), 40, 397, which is herein incorporated by reference). DPI
devices typically use a mechanism such as a burst of gas to create a cloud of dry powder inside
a container, which may then be inhaled by the patient. DPI devices are also well known in the
art and may be purchased from a number of vendors which include, for example, Fisons,
Glaxo-Wellcome, Inhale Therapentic Systems, ML Laboratories, Qdose and Vectara. A
30  popular variation is the multiple dose DPI (“MDDPI) system, which allows for the delivery of

more than one therapeutic dose. MDDPI devices are available from companies such as
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sel ective agonists that bind to they receptor with affinities between about
25 inn and about 55 1 April 2005 WO 02/28810 PCT/ EP01/11017 100Q and
show a five to ten fold selectivity over binding to the RAR 5APEk%%E
should be noted that RAR agonists that are not y selective nay be
effective j ting enphysema. Transactivation, which.is the abhility of
a retinoia+$8b%%ﬂ1vate gene transcription when gene traﬂ?@ﬁ?ﬁP’Hﬂ7.s
initiated by the binding of a ligand to the particular retinoic acid
receptor being 5 tested, may be determ ned by using nethods described in
the art (Apfel et at, Proc. Natl. Acad Sci., (1992), 89, 7129; Bernard et
at, Bi ochamzdc, BRWEIoRESVASe @&mﬂgﬁﬂ%@%ﬁ SBGePhidifa anth W &hurh SEHeErein
|ncorporated by reference The suitabili t he conpounds of the invention

in treat ﬁxgnﬂemmlmsegﬂ@ermdﬂew‘rmf%man paler gms@ﬂatag@aﬁh@l wound
heal i n e et
S BER B L

I C ar ax dﬁtOSHQ]!G yser@teme.nce ods escri pe I N e ar
may be used t term ng.the usef t he conmpounds. of the i nvention
o e BRGEE B, Prdanis g be Yot SeLVel o rEmpB P eyne il P Am
J. Med, g i8Bquili 8! heﬂe%js upSlQRL, ERERIMPREGEARIAPCBFoRItioAl Li

Enzym)l ogy, 190, 34, vvhl ch are herein |ncorporat ed by reference)

Fi nal |y, SYWW&WWWS npralechaigsda peroselize tigwididmgformplations thatanay Bemcer
may al sogegfgﬁ%wé@gm%e fhods described in the art (Sporn et at, Fed.

Proc. ng et dat, "Retinoids and Hunan Cancer" in The
Reti noi ds: Bi &l agpreféhredembodimanda Mhﬂhzérrﬂeyic&/is u8ed Spdeliner afcontpoubbithe s and

odman. ( eds Ra Pre New Yo 1 7-630,. wh h are herein
ool Gor i Bidio i oMz B opiaArayal I S S s BF BB B o1
rel at ed Smﬁﬂsmaseﬁiaeﬁérgpfoﬂﬁﬁmte9mle§a{at y BOFEANE intaRARQKRYS, Of the

|nvent|onrra be adm ni stered Bglle |ngg% in conbination wth other

agents. YRE &\ Ahel Brieh £ r(émmw@ﬁ JoB: FHPPL 2 20 Wichhig kereiinsorperatd bippl i ed
SINgly, reference). Examples of nebulizers include devices supplied by Sheffield/Systemic Pulmonary

Delivery Ltd. (See, Armer et al., United States Patent No. 5,954,047; van der Linden ef al.,
15  United States Patent No. 5,950,619; van der Linden et al., United States Patent No. 5,970,974,
which are herein incorporated by reference), Aventis and Batelle Pulmonary Therapeutics.

In another preferred embodiment, an electrohydrodynamic (“EHD”) aerosol device is
used to deliver a compound of the invention to the lung. EHD aerosol devices use electrical
energy to aerosolize liquid drug solutions or suspensions (see e.g., Noakes ez al., United States

20  Patent No. 4,765,539; Coffee, United States Patent No. 4,962,885; Coffee, PCT Application,
WO 94/12285; Coffee, PCT Application, WO 94/14543; Coffee, PCT Application, WO
95/26234, Coffee, PCT Application, WO 95/26235, Coffee, PCT Application, WO 95/32807,
which are herein incorporated by reference). The electrochemical properties of a compound of
the invention formulation may be important parameters to optimize when delivering this

25 compound to the lung with an EHD aerosol device and such optimization is routinely
performed by one of skill in the art, EHD aerosol devices may more efficiently deliver drugs to
the lung than existing pulmonary delivery technologies. Other methods of intra-pulmonary
delivery of a compound of the invention will be known to the skilled artisan and are within the
scope of the invention. |

30 Liquid drug formulations suitable for use with nebulizers and liquid spray devices and
EHD aerosol devices wﬂl typically include a compound of the invention with a
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I n conbination with other pharmaceutically active agents including other
conpounds of the invention. A conpound of the invention can Bg.
adm ni stered or applied per se or as 25 pharnmaceuti cal corrpog' ALY The
speci fic pharmaceutical fornmulation will depend upon the desired node of
adm ni st r afoemssand Wi Il be apparent to those having ski I% b’g‘f‘ﬁaﬁ“grt'
Numer ous conpositions for the topical or systemc adm ni S | f
retinoid agonists are known in the art. Any of these conpositions may be
formul ated with a conpound of the invention. Pharmaceutical conpositions
conprising a conpound of the invention may be 30 manufactured by neans of
convent i PAAagetCcHly acteplable camigr. Brefomtilytbapharninceydeatlyadctdgable dagidrgad i ng,
enul si f ykngs. [ entr ing or |lyophjlizing processes.
* phar mmcotiria FRERRRAEL Wity SRR Hudl o $okrspistrbon OPEsbbIOReNS my
be f or nunzteiil inay boaddedith alnetheaeol prophifiss 6NBeRbInABN &r #Y:Rkish egi cal |y ‘

acceptable carriers, .diluyents, excipients or auxiliaries,”which facilitate
processi WB?%H{)‘SEWUQH- krpterably; dbis maeriahisdigyidesugh as amaleohshiglroban be

uSed Shapomerublcealdy dit 008k: kBN & folthufine AFRE RAT oLBACLNS Lo @ ©f

adm ni stration chosen. For topica m ni sttatron & conpou
i nvent i ofUIFARIE forusedn Aenosal daviaes asokunvimteshosegifiskill inithi are@es ¢ gf; BeaEBLI,

suspensi PRged || = 0 £ t. st eni ¢ rmul at.i ons

i ncl ude those esF%%%%ﬁ&oélf\ﬁ 2 r%é hﬁs 1@?11 ttes gé?’f‘ﬁﬁjje%gzﬁ?i which are
subcut anberain in¢omporaied bowaferehé) r amuscul ar, intrathecal or intraperitoneal
I njection, as,well as %#tﬂose desi gned for transdermal, transnucosal, oral

or pul monary S¢RPRPEIG ofttheiventin raay alsobe fosmplatesin esetal onyaging! aempositions
conbimat e a¥ighofickies | { bt mycaciliar

cl earance of aiﬂri‘,owag/ wgﬂgeﬁﬁé%ﬁ%@gggﬁ%us vgggéég%ﬁtﬁépalT"réJé’glt&g{%?‘%@S’éc ent s
i ncl ude #ifoces Rutisper other glyesrides.sodi um channel bl ockers, antibiotics, :

N-acetyl cystgi . | nd._.phosphol i.pi ds. For .ipjection, a
conmpound of t ﬁeaﬁfﬁ hoR E‘??}égglﬁrié@étg)gs ﬁ SSr%HgF‘ng&wPﬂ teRnund SF iRyfaton may
also be formulated as a depot preparation. Such long acting formulations may be administered
by implantation (for example subcutaneously or intramuscularly) or by intramuscular injection.
15  Thus, for example, a compound of the invention may be formnlated with suitable polymeric or

hydrophobic materials (for example as an emulsion in an acceptable oil) or ion exchange resins,
or as sparingly soluble derivatives, for example, as a sparingly solublc salt.
Alternatively, other pharmaceutical delivery systems may be employed. Liposomes and

emulsions are well known examples of delivery vehicles that may be used to deliver a

20  compound of the invention. Certain organic solvents such as dimethylsulfoxide also may be
employed, although usually at the cost of greater toxicity. A compound of the invention may
also be delivered in a controlled release system. In one embodiment, a pump may be used
(Sefton, CRC Crir. Ref. Biomed. Eng., (1987), u, 201; Buchwald ez al., Surgery, (1980), u, 507;
Saudek ez al., N. Engl. J. Med., (1989), 321, 574). In another embodiment, polymeric materials

25  can be used (see Medical Applications of Controlled Release, Langer and Wise (eds.), CRC
Pres., Boca Raton, Florida (1974); Controlled Drug Biocavailability, Drug Product Design and
Performance, Smolen and Ball (eds.), Wiley, New York (1984); Ranger and Peppas, J.
Macromol. Sci. Rev. Macromol. Chein., (1983), 23, 61; see also Levy et al., Science (1985),
228, 190; During et al., Ann. Neurol., (1989), 25, 351; Howard ef al., (1989), J. Neurosurg. 71,

30  105). In yet another embodiment, a controlled-release system can be placed in proximity of the
target of a compound of the invention, e.g., the lung, thus requiring only a fraction of the



15 preferably in physiologically conpatible buffers such as Hanks'
solution, Ringer's solution, or physiological saline buffer, Th | ution
‘may contain fornmulatory agents such as suspending, stabili z}ﬁﬁ“g%@%or

di spersing agents. Alternatively, conpounds of the invention may be in
powder forghfg@hssgpnstitution with a suitable vehicle, e. sterile
pyrogen-free water, before use. 20 For transnucosal adm Pzﬂ"i‘ﬁ’ﬁ?
penetrants appropriate to the barrier to be perneated are used in the
formul ati on. Such penetrants are generally known in the art. For oral

~adm nistration, a conpound of the invention can be readily fornul ated by
conbi nat i Systemic dosp lbseenmg cGoodsah, iy MiiibApplietiomr of Gongrolle] Reldasq whipranvéihe

art. Suc ryd4 nahl e t he..c ounds. of the invention_to be_ fornul ated
as tabl e[bs?’8&]15?@,58‘8%%@8‘2?0“6‘88%‘8%@3 tqnfﬁ’ﬁffﬁgtlse&é?@,&gs’}@%ﬁz Sciqnger i es,
suspensi db89@nzug, b&2Mi ke, for oral ingestion by a patient to be treated.
For oral soli d‘ggormjl ations _such as, for_ exanple, powders, capsules and

t

~tablets, suit3BFE? EXEPPIRE of Deiimeanderisiaridie itgnas ke inplgdes ig arysof Beehrvas
| act 0%e, @RYGIRE SorntMHIE N hehde a&&rﬁﬁgﬁﬂn&mﬁﬁ lagct?egFa@F?esgﬁ,gaZ[frbﬂﬂfc 3G R 2S

mai ze starch, wheat starch, rice st , potat atri; “gum
t r agac antof bydsateh Fhageacendoally acaspeablesglty subytamtisllyyrbtainahd adtiogwpof the fieei acid0

car boxy I ' Lyvin rrolidone (PVP); granulating
agent s e mAtdh i el PoRtdoRech i Sockertil s S Sy "R
such as tknewnrsuisabld satds efirefirioit adigh khovdOREh YDt Bt/2d B8k Qran6eT R RAMA%017

pol yvi nyl pyrrolidone, agar, or alginic acid or a salt thereof such as

sodi um al 8?“‘18?8%’@&%3&8 be moz $Qfuble naquequs apd othgrpiotic silyrats thanthed or :
ent enpc- ¢cegtedndint : ' ok; hii | retinoid
agoni sts fo%ggr al bg%cﬁiﬁ?;%ﬁlgﬁgﬁgvag& g%é@@?%@%ﬂ%%%@@%%? 39

e. g., théfthsrabayerdessribestfopmpelaticnsas a)solvileykydrite nsprofirek Referedpoedrbds’ Ed. |

. 2610, : ' ' ti h f |
Puspanai dEatsaror bR ath LS REFREL Bl Rl Sy v BT esist pnd IR kg
di | uent s estenslsucteasnahyly cyckpkityberc.aDRiet procgiey ot Endn & thodelob Bl &N@e

pharmaceuntical arts.

15
A compound of the invention, or compositions thereof, will generally be used in an
amount effective to achieve the intended purpose. Of course, it is to be understood that the
amount used will depend on the method of administration.
For use to treat or prevent emphysema, cancer or dermatological disorders, compounds
20  of the invention or compositions thereof, are administered or applied in a therapeutically
effective amount. Therapeutically effective amounts of componnds of the invention for
systemic administration may be found in the detailed disclosure provided herein.
The pharmacokinetic profile of the compounds of the invention is predictable and can
be described by using linear pharmacokinetic theory. Importantly, the pharmacokinetics of
25  compounds of the invention in humans may be rmdily determined by one of skill in the art.
The skilled artisan may determine a range of standard pharmacokinetic parameters after single
oral dosing with a compound of the invention using procedures described in the art (see e.g.,
Khoo et al., J. Clin. Pharm, (1982), 22, 395; Colbum et al., J. Clin. Pharm, (1983), 23, 534;
Colburn et al., Eur. J. Clin. Pharm., (19), 23, 689). The skilled artisan may also measure
30 values of these pharmacokinetic parameters after multiple dosing, following procedures
described in the art, to determine whether induction or accumnlation of the comf)ound of the
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glycol), polyal kyl ene glycols (e.g., polyethylene glycol) oi |l s, alcohols,
slightly acidic buffers between pH 4 and pH 6 (e. g acetatg
ﬁpph#i ly.

ascorbate at between about 5.0 mMto about 50.0 ‘etc

flavoring agents, preservatives, coloring agents, b| |l e salts,

acyl carni twoeg2epal the |i ke may be added. For buccal adm Pt?/hf'ﬁ? t he
conpositions nmay take the formof tablets, |ozenges, etc. ormJ at ed I n

conventional manner. A conpounds of the invention may al so be adm nistered
directly to the Iung by i nhal ation for the treatnment of enphysema (see
e.g., Tong et al., A&pllcatlon WO 15 97/39745; Cark et al., PCT
Appl i cat i YF"“V@%F%@E@B e%%ﬁmaﬁﬁ@ceﬁ@@mlleﬁ%rﬁmrbm Bharmef(#9830.Qd) . For

adm ni st rgalki ven

conveni er?ij%gg%f{l/me%iéﬁ?o tﬁeﬁﬁgﬁgpgy%)mﬁégf 'ig?%s%i? ?@?E‘I}E‘ga&ﬂa@es. For
exanpl e, eaumdneappmpmtel sybterierdos¢geNtBre]s moﬁipouhdé Jf ERSinOétiof nefegsdri &
contain e | ow boil ‘ia-L .ant d| chl or odi f | uor onet hane,
trichl oro uor BB TaRCT P ‘iﬁng"f’ﬁ%f @F‘EFSP‘@ ﬂ%@ﬁﬁ@ﬁt@%’é W&O
ot her 5suithepHaemgakineay phemsgadictomdRh by the MB?, MRS mtceﬁ%
directly to the ll;{}%%@ﬁ? | devices are.availablfe froma n

such as dagyentis, Boehri nger I ngl eheim Forest

Laboratori es, ra. AIte ati.ve a
Dry Powder | nhal er (DPI %%gggf%@rgra%{/ay a&%ﬁ&cﬁg{g ﬂﬁﬁéﬁ 5?#8%%0
t he i nvegtcompouns aftthe inveniop Sdich we gufﬁmeﬁaﬂoan@hmﬁtth&hpeuu%ﬁsct i aﬁ&ﬁoc

Ca Me 99 40 397, which h
i ngg(ra[)or a?e g‘iﬁ)%&églgﬁgﬁﬁ@} by ’Beﬁ;[‘:h@gfﬁlné%g 1 1813ng abaug lé%l%féz%ﬁgéﬁiyguch as a
bur s10 of bem&et about £t ddabeutd @fnc%ﬁre@i&!‘é&!bly 'Béﬂw@@n albuf ?@{(@ggﬁﬁd aﬂ&hc h may

t hen be B@g Iedﬂgg@t he, pati ent. DBl devices are al so wel Int art
and may ﬁ&ﬁc pewticaliy effestiviserus develsaey ke Wbilf@‘bd by edmigisteringa singdenpl e,

Fi scus, dsitypadie Yl doskd\0ad, §aJ herapeutic Systens, M Laboratories, Qdose
and Vectura. A 30 popul ar varlat ‘on is the multiple dose DPI ("I\/DDPP')
system whi chTh¢ &pountiobna compowdlammrmvmmon admmmaam@]m,&)fwﬁsam dependeise.

MDDPI - dey}, Geatn@ ofhef kdtdrd e su]; ecf the sug_; Seisy welght, the severity of the

15  affliction, the manner of adlmmsu'auon and the judgment of the prescribing physician. For

suppllers

example, the dosage may be delivered in a pharmaceutical composition by a single
administration, by multiple applications or controlled release. Dosing may be repeated
intermittently, may be provided alone or in combination with other drugs and wili continue as
long as required for effective treatment of emphysema.

20 Preferably, a therapeutically effective dose of a compound of the invention described
herein will provide therapeutic benefit without causing substantial toxicity. Toxicity of
compounds of the invention may be determined using standard pharmacentical procedures and

~ may be readily ascertained by the skilled artisan. The dose ratio between toxic and therapeutic
effect is the therapeutic index. A compound of the invention will preferably exhibit particularly

25  high therapeutic indices in treating emphysema, cancer or dermatological disorders when
compared to other retinoid agonists. The dosage of a2 compound of the inventions described
herein will preferably be within a range of circulating concentrations that include the effective
dose with little or no toxicity. The dosage may vary within this range depending upon the
dosage form employed and the route of administration utilized. The exact formulation, route of

30  administration and dosage can be chosen by the individual physician in view of the patient's
condition (see, e.g., Fingl et al., 1975, In: The Pharmacological Basis of Therapeutics, Ch.1,
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cconpound |@omphenti nventi on for nul at| on Ieadiiy petaBbledhgPar aneters to

1 April 2005 WO 02/28810 PCTIEPO /11017 AstraZeneca, G axoWellcone, WAX
Schering Pl ough, SkyePharma and Vectura. For exanple, caps% S .gﬂﬁs
cartridges of gelatin for use in an inhaler or insufflator %p

formul ated contai ning a powder m x of a conpound of the invention and a

‘sui tabl e pey@Eeksgbase such as |actose or starch for thes«;&,ﬁ&gﬁgr{,
0

Anot her type of deV| ce that may be used to deliver a conpound

invention to the lung is a liquid spray device supplied, for exanple, by
Aradi gm Corporation. Liquid spray systens use extrenely small nozzle hol es
to aerosolize liquid drug formul ations that may then be directly inhaled
into thePlll)l-nBOI dxmpheaﬁ:emaenm@diyefﬂaMcrmMQf acompbuitd afethe thewitinn may tesed t o
del i ver % 8?"’5} é‘}‘?ﬁ]f o to the lung. Nebulizers create

aer 0sol s “FPOR T TR grals o %“By using, for exanple, ultrasonic
energy to formfine particles that may be readlly |nhal ed (see e.g.,

Ver schoyl e etgﬁ Briti sh J. Cancer, (1999), u, pl. 2, 96, which is
herei n i ncor poRGI¥En @T@{f’ﬁ by psfgiepeete Qﬁfoﬂéﬁ%lei@mﬂﬁfﬁﬁsp%ég%w ces
suppl 4 ed gl aﬂﬁ%%y ( t at,
United States atent 95 047 van @8{ eé/nmlg%ﬁgtn‘ ﬁ%&b’%‘ g?‘{r St at es
Pat ent N thgsegkiled mthe\aatrth@tenanmmqrbﬁcaemalbmh tumatmsndmmmtmﬁ beNo.

5,970, 97 - Whi gl reference), Aventis and

Batel | e é’mlc%%grqgﬁgwﬁgepapeﬁtfﬁé&% elPV 8erred enbodi ment, an

el ectrohydrodynami ¢ ( EBD') aer osol deV| ce is wused to deliver a conpound
of the ip t ) EBD aerosol devi ces use eI ectrl cal energy to
aer osol | #& '- ML s ONPQURDQRIEE INVENBHER: s et at,
Unitggl St atpggleg T ::di’en nJNO.
4,962, 885: COffge‘Rq% CT Appl |catzgﬁgﬁ§%?’lag§§a%9§’5’§%héo’?‘? (gg}éa‘g\p&%}bc'ati on,
V\D 94/ 14543; Coffee, PCT Application, WO 95/26234, Cof f ee

Application, WO 95/26235, Coffee, PCT éﬁggl cation, WO 95/ 32807, whi ch are
herein incorporated by reference). ctrochem' cal properties of a

optim ze Jéh-en—del-q—v-er- Ag—t-hi-s
ompound of the invéntion 0.1-10.0

Lactose 1250
| Corn Starch 50

Magnesium Stearate 0.5

Croscarmellose Sodium 25

The active ingredient (i.e., 2 compound of the invention) is blended with the lactose
» 15 until a yniform mixture is formed. The remaining ingredients are mixed intimately with the
lactose mixture and are then pressed into single scored tablets.

EXAMPLE 2: ORAT FORMULATION OF A COMPQUND OF THE INVENTION
Capsules of a componnd of the invention suitable for the treatment of emphysema may
20  be made using the ingredients provided in Table 3:

Tabie 3
| Component Quantity per capsule (mg)
Compound of the invention 10.1-5.0




25 conpound to the lung with an Eli D aerosol device and such opti m zation
is routinely perfornmed by one of skill in the art. END aero pfdbl ces may
nore efficiently deliver drugs to the lung than existing pu nary
delivery technol ogies. Qther nmethods of intra-pulnonary delivery of a
conpound oWwdadesgmvention will be known to the skilled aripic§apepilgh2r e
within the scope of the invention. 30 Liquid drug fornul ations suitable for
use with nebulizers and Iiquid spray devices and EHD aerosol devices wl|
typically include a conmpound of the invention with a .59 1 April 2005 WO

02/ 28810 n%gpg;,q_m_g_phaimmm ically acceptable carrier. Preferably,
t he phar mht84P5¢cal | y acceptabl e carrier ¥8a |iquid such as al cohol,

wat er, po VeI YL O or—a perttuorpparborn—SptionaH-y—anether
mat eri al “be adgmgllto alter the aerosiol properties of the solution gr

suspensi on of conpounds of the |nvent| on. Preferably, This materrtal 1S

i quid such as.,an.al cohol,, % 5 pol ygl ycol or a fatty acid. Qher
met hods of f or MaIRAPYEgeTeiisnr arety ﬁdéltﬁlttﬁt%ﬁe &adei@&mbﬁdﬁhelégﬁhm@s&lgr
use in aerosol devices are known to those of skill in the art (see, e.g.,

Bi esal ski United Stat €S Patent No 5, 112 598 B| esal ski , Un| ted St at es
Pat ent NEAAMILE SPENSIONFG; A ¢x COMP@RY :

conmpoynd of the i nvention may al so be forrrul at ed in. rectal or vagl nal
conpositions 10 such as suppositories or retention enemas, e.g.,

contai ni ng conventional suppository bgaer4such as cocoa butter or ot her

gl yceri dep=——rA—addi-ti-on—to-—the—formilations described previously a
conpound pFOER®EANyention may al so be floMROMDAL ed as a depot prepar at| on.
SUCh I ong e&&l?(ﬂﬁdTO? Eg'ﬂl?éﬂltlgﬁ]s may be—adt Ii ll Uy ] II|J| ant-att+on \I of .
exanpl e subcutaneously or 1ntramuscul arl d)‘ % % i ntramuscul ar i njecti¢n.
15 Thus, fEnnmcamdl e, a conpound of the |ig@wgntion may be formulated wih
sui t abl e Rt Rydrophobilc—raterial.s (for exanple as an enulsidn in
an accept a%(?dé ﬁ‘l)’r‘é? i on exchange resi 1£08

Methyl paraben 015¢g

Propyl paraben 005¢g

Granulated sugar 255¢g

Sorbitol (70% solution) 1285¢

Veegum K (Vanderbilt Co.) 10g

Flavorings 0035 ml

Colon'ngs 05 mg

Distilled water g.s. to 100 mi

The above ingredients listed in Table 4 are mixed to form a suspension for oral
administration



or as sparingly soluble derivatives, for exanple, as a sparingly sol uble
salt. Alternatively, other pharnaceutical delivery systens n?égbr (ﬁgpl oyed.
Li posonmes and enul sions are well known exanpl es of delivery H% s t hat
may be used to deliver a 20 conmpound of the invention. Certain organic

sol vent s %@2@?1 odi met hyl sul foxi de al so may be enployed,, féPQﬂPlng usual |y
at -the cost of greater toxicity. A conpound of the |nvent| on may al so be
delivered in a controlled rel ease system In one enbodi ment, a punp may be
used (Sefton, CRC Crit. Ref. Bionmed Eng., (1987), u, 201, Buchwald et at,
Surgery, (1980), u, 507; Saudek et aL, N Engl. J. Med, (1989), 321, 574).
| n anot hEXAVMPDRI4BIECDABYEFRORMURIATION OF 25COMPRENDSSEITHE SN VIHRHTOR
Applications of Controlled Release, Langer and Wse (eds.), CRC Pres.,
Boca Raton, Florida (1974); Controlled Drug Bioavailability, Drug Product
Design and Performance, Snolen and Balle(s£ds.), Wley, New York (1984);
Ranger and Peppas, J. Macronol Sci. R&v. Macropmol Chem ., (1983), 23. 61,
see al so | €empaenial ., Science (1985), 228nd@8; During et aL, Ann. Neutol .,
(1989), 25%-5—1——4—1%" et—gtr—{1+989)—3- NeHf-esg-g—7Fi—30 05 —t-A—ye
anot her ehBUBPIREALE the IRYTREOR| | ed-r el casd %@%éﬁ?@an be placed in proxifrity
of the tpsqmim fctRe BRABOWIHICAI0EANE | NVERIGHA, €. 0., the Tung, thus
requiringlonly a fraction of the 60 1 Adril 2005 WD 02/28810 PCT/FPQ1/11017
system c dH§b(ll‘BeeNa@I'Ig(lN)Goodson in Md- & subighleipht i ons of Control | &d
Rel ease, 2~ 151984 )—O-her—cont+oH—ed-r+elease—sysiem
may be us 'L“ ééie“’% g. Langer Sci ence, %M’,ﬂmg, 1527). Wien a
conmpound of the |nvent| on Is acidic, 1t may be Tncluded 1n any of the above
5 descrl bed fornul ations as the free acid, a pharmaceutically acceptable
sal't,3a pro- diligaboys|ingredicnts fistad in Tahlc 5 pregmixgd taformaninj plaions g t s
substantlally retain the activity of the free acid and nay be prepared by
reaction with bases Phar rraceutl cally accept able salts i ncI ude any known
sui t abl e EEAME : I A ' ATRONTOF A ) T ]

manmal s.
. | Table 6
Component Amount (mg/ml)
Compound of the invention 2.0-20
Cittic acid 02
Sodium citrate 26
Benzalkonium chloride 0.2
Sorbitol _ 35
Sodinm taurocholate or glycholate 10
10

The above ingredients are mixed to form an injectable formulation.



Pharmaceutical salts tend to be nore soluble in aqueous and other protic
solvents than the 10 corresponding free acid form Simlarly, .a. ound of
the invention nmay be included in any of the above-descri bed! ¥ ﬁg@tions
as a solvate, hydrate or pro-drug. Preferred pro-drugs include

‘hydr ol yzablve @stss derivatives such as aromatic esters, bee%%t,%]?ﬁggfrs and

| oner al kyl esters such as ethyl, cyclopentyl etc. Clher pro- are
known to those of skill in the pharmaceutical arts. 15 A conpound of the

i nvention, or conpositions thereof, will generally be used in an anount
effective hi eve the |ntended ose. Of course |t Is to be

under st 0@ i NASALHORMUL A ' FEIR

adm ni stration. For use to treat or prevent errphysema cancer or
dermat ol ogi cal disorders, conpounds 20 of the invention or conpositions
t hereof, are adm ni st ered or applied iXabke T herapeutically effective
anount . blcla teaty—ef-fFecti-ve—arouni-s—of—conpounds of the invention for
systen g (ﬁjicijtt ration may be found in tA*HE’“BEt ai | ed disclosure providgd
her ei n. 'ﬂtﬁ[@ﬁmﬂﬁﬁgﬁkj}%ﬁbﬁ ProfTiTE Of [fg Lonmpounds of the TnventTon—|s
predi ct ghle-and can _be described by uysingfinear pharnacokinetic t heorjy.
| nport af t&oglmﬁf@%hvfﬁﬁ@muﬁem,l%%f 25 Z.Grmiounds of the invention in

hunmans ernmrned-by—orerof—skit++—n-the—art—The-skille

artisan nggﬁhgggﬁ?ange of standal &SPRAMHANR neti ¢ paraneters aflter
single Dlﬂiﬂadaﬁlst&gle/wﬁhr a conpound of Iltgztdﬂyg@t ron usi ng proceaures
descri béed—+n—the—-art—(seee-g—Khoo e 1l din. Phann. (1982). 23,

395; Colburn et at, J. Ain. Phann (1983) 23 534; Colbumet al., Eur.
J. A kn. Phanmy [Lis | so_neasure 30
val ues of theseegﬁar ma%o%cﬁ%tg%c égga%{—&lﬁggﬁflg?n%lnﬁ%ﬁ g% f ol I owi ng

procedures described in the art, to determ ne whether induction or
| at W 05 WO 02/ 28810
accum' a L BARTROHRR RSRkAS Siok AL LAINSLIE S22 THE INVENTION

Table §

Component Percentage by weight
Compound of the invention (stabilized with | 1.0

O~ tocopherol)

1,1,2-tricholoro-trifluoroethane 26.1
40% by weight dichlorodiflucromethane and | 72.0
60% by weight 1,2-dichioro-1,1,2,2
tetraflouroethane

10
A compound of the invention is dissolved carefully in 1,1,2-tricholoro-1,2,2
triflnoroethane without evaporation of any solvent and the resultant solution is filtered and
stored in a sealed container. The resultant solution and the propellant gas may be introduced
into aerosol cans for dispensation in the percentages shown in Table 8 using methods known to
15  the skilled artisan. A metering valve which is designed for a discharge of between 100 pg and

300 p g per spray shot may be employed to deliver the correct dosage of the compound of the
invention.



i'nvention occurs under these circunstances (Brazzel et at, Eur. J. dip.
Pharm , (1983), 24 695; Lucek et at, din. Pharnacokineticslé§é?§ﬁ%, 10,
38). Those of skill in the art may estinate the appropriate c
dosage | evel s of conpounds of the invention necessary to treat enphysens,
cancer or | ogi cal disorders in mammal s (preferabl u5|ng 5
t he pharngﬂg |n%@|c paraneters determ ned by the above p&gggﬁﬁﬁg®
-conjunction with animl nodel dosage data. Dosage anobunts and |ntervals
may be adjusted individually to provide plasma | evels of a compound of the
invention which are sufficient to maintain therapeutic effect. Usual

pati ent EXAOMBER 8f INH ANATIONIFORMULATMON'DEA COMPGUED OF PREONETTR
about 10.0 ny, preferably, 10 between about 1.0 g and about 1.0 ng, nore

- preferably, between about 100.0 pg and about 300.0 pg. Therapeutically
effective serumlevels may be achleveqmgg adm nistering a single daily
dose or multiple doses each_day. The ont _of a conpound of the invention
admi ni st diGempapent, of cour se, be dependeRﬁrmmEemmmeMDther factors, tihe

subj ect bPermotreated the—s4 the—sevefty—ot—t-he—15
afflicti CEOII&HBE%"EEPVSPU% 'gf'? .{ﬁomdgnd t he judgnent of the
prescri bijmg tpdyphérel)an. For exanple, the dosage may be delivered in a
phar macelt-iecal—conmposition hyv_a si I"Iﬂ' e adm ni stration by multi Dl e

appl i cat i Mﬁfc{bﬁt Cesmaphor BHAR e Dosi AgOmay be repeated internmittently,

may be p OF Tconbrmatton tHh—other—drtgs—antd—wtHH—ecoenyi nue
as longia Q)Ql[g &?Hreé’éllﬁfoor effective treal %‘(Qnt of enphysema. 20 Preferally, a
therapeuthérlaﬁdeiﬁecgasve dose of a conpaanehwby Welnt nventon describgd

her ei n witH—p+ovi-de—t-herapeutic benefitiwi thout causing substantial

toxicity. Toxicity of corrpounds of the |nvent| on may be determined usi ng
standard phar@ﬁﬁﬁglﬁ 4@&& y L by t he
skilled artisan ose r et ween | C a%@?ﬁ?ér aﬁpg%%fntéﬁsﬁn &t is
the ther Mﬂs@rﬂmtom@cnﬁduﬂdnﬂiemmmnmmdw withd aqmemis@blarbhg&nﬁeddl bi t
parti cul eut | dices.in tr se cer or
der mat olgfgrg(:"% ific?}l]l sordéars Bﬂm‘g‘e}‘lﬁﬁ%’r"g&ﬂ*ﬂ% &R ef’gtg%wgggg%"ggﬁ?‘g Y The
dosage ofvater are miveddgetherttd Eorin W MR THEQBEY M formulation may be used, for
example, in a pressurized gas aerosol with an appropriate carrier gas (e.g., nitrogen or carbon
10 dioxide).

EXAMPLE 9: EHD FORMULATION OF A COMPQUND OF THE INVENTION

Table 10
Component Percentage by weight
Compound of the invention (stabilized with | 0.1
O- tocopherol)

Emulsifier (i.e., Cremophor RH 40) 10.0
Polyethylene glycol 30
Water 86.9

15

A compound of the invention, emulsifier, polyethylene glycol and water are mixed
together to form a solution. The above liquid formulation may be used in typical EHD devices
known in the art.
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‘herein will preferably be within a range of circulating concentrations that
I nclude the effective dose with l[ittle or no toxicity. The ﬂgsaggm y vary
wi thin this range dependi ng upon the dosage form enployed a ' out e of
adm nistration utilized. The exact fornulation, route of 30 adm ni strati on

and dosaggg@hsh@ chosen by the individual phy5| ci an |n *Fﬁ%ﬁ
patients condition (see, e.g., Fingl et al., 1975, ar macol ogi cal

Basis of Therapeutics, Ch.1, 62 1 April 2005 WO 02/ 28810 PCT/ EPO1/ 11017
p.1). For exanple, a therapeutically effective dose of a conpound of the
I nvention may be adm ni stered either orally or di rectly [ nto the | ung. The
i nvent i obXiadviPLl L SATRTS \ o

descri b'@rmﬁﬁﬂ@ﬁ“ I preparation of the corrpound -ad corrp05| tions of
the inve &%?'é‘%ﬁ.l.t to those skilled in the art that many
nodi fi cat i onsColapéinds @f HRGievdnabS maf Be BRI or f&iﬁ eﬁ%ctslaﬁ%%bﬁ? Wi LUt

departi [}gaéilr ogm the scope of the invention. EXAMP LATI ON OF A

COVPOUN ofifof clastaserindncedoempltypama(Masearp geel., i\rq@zrp,n@ﬁédV@lns,sN 0.8 625:t abl et -
oo (ol oSG RS RS HAIRIIANR e
Magnesi wﬁmmm o5 amroumtaheelghb iﬂmsmﬂamrﬁ&io]ihﬁd abebleddnpeankiydnt (i .
35?3??#%9?( reﬁﬁ%&%&%&ﬂ&ﬂ ‘i{]gﬁe‘ 1ns ﬁ'ﬂ?t o, é'}fgrs@ 5 %ﬂ%ﬁl‘?{lﬁsﬁﬁt ely
with t hq:anbmﬁ@ﬂ%tﬁﬂe)(pbm@e@@ﬁvﬁ; €atbiRBemy £ssed | nt 0 single scored tablets.
Animals may be treated with a compound of the invention prepared in Capmul at
10 convenient oral dosage ranges (preferably, between about 10.0 mg/kg and 0.0001 mg/kg) and
will be dosed orally once per day starting 21 days post injury. Control groups are challenged
with elastase and 21 days later are treated with vehicle (Capmul solution) for 14 days.
Animals are sacrificed 24 hours after the last dose by exsanguination under deep anesthesia.
Blood was collected at time of exsanguination for analysis.
‘15 The lungs are inflated with 10% neutral buffered formalin by intratracheal instillation at
a constant rate (1 m¥/gram body mass/min). The lung is excised and immersed in fixative for

24 hours prior to processing. Alveolar measurements are made in four regions of the Inng/rat.
The mean value/treatment group may be determined by summing the average area/rat for all
eight rats relative to the elastase+ vehicle treated group. In some cases, the variability between
20  rats within a treatment group was too large for the group average to be statistically significant.
Standard methods may be used to prepare 5 um paraffin sections. Sections are stained with
‘Hematoxylin and Eosin. Computerized Morphometric analysis was performed to determine the
average alveolar size and alveolar number.
Quantitation of triglycerides contained in rat plasma may be performed using
25  established procedures. Briefly, plasma triglycerides may be converted to dihdroxyacetone and
hydrogen peroxide by sequential treatment of plasma with lipase and glycerokinase according
directions described by the manufacturer of triglycerides/GPO kit (Boehringer Mannheim
#1488872). Hydrogen peroxide may be quantitated colorimetrically in a Hitachi 911 Chemistry
Analyzer. In rats normal triglyceride levels are between about 75 mg/dl and about 175 mg/dl

30  Triglyceride values are a convenient measuxe of toxicity.



EXAMPLE 2: ORAL FORMULATI ON OF A COVPOUND OF THE | NVENTI ON Capsul es of a
conpound of the invention suitable for the treatnent of errphi;%grrfz y 20 be
made using the ingredients provided in Table 3: Table 3 Conp antity
per capsule (nmg) Conpound of the invention 10.1-5.0 63 1 April 2005 5 - WO
02/ 28810 418 Magnesi um St earate2 PCT/EPO1/11017 T

I ngr edi en'l?gsgir?%sge% xed intimately and | oaded into a hard-gﬁcﬁ&?’ g’[(’é&i n
capsul e. EXAMPLE 3: SUSPENSI ON FORMULATI ON OF A COVPOUND OF THE | NVENTI ON
Tabl e 4 Conponent Amount Conpound of the invention0.1 g-1.0 g Funaric

aci d0.5 g Sodium chloride2.0 g Methyl paraben0.15 g Propyl paraben0.05 g
G anul at ed sudae f8lldving Sanplesoles¢i@dysthlsis ofpar il Sompherly ofith ifveathster bi | t

Co. _) 1.0 Yncluding many compounds illustrated in Table 1.

EXAMPLE 11: PREPARATION OF (E)- METHYL-4-[2-(3-BROMOMETHYL-5.5.8.8-
5 TETRAMETHY]-5.6,7.8-TETRAHYDRO-NAPHTHALEN-2-YLYVINYLIBENZOATE.

STEP A: PREPARATION OF 2.5-DICHLORO-2.5-DIMETHYIL HEXANE

10
HCI gas was added by bubbling throngh a gas dispersion tube to a solution of 100 g
(684 mmol) of 2,5-dimethyl-2,5-hexanediol in 300 mL of ethanol. The reaction mixture slowly
warmed from room temperature to 60 °C over 3 hours. The reaction mixture was cooled in a
wet ice bath and a white solid was filtered off. The solid was washed with water and cold
15  ethanol, then dried to give 65.2 g (65%) of 2,5-dichloro-2,5-dimethylhexane (M' = 181).

STEP B: PREPARATION OF 2-BROMO-3-METHY1 -5.5.8.8-TETRAMETHY] -5.6,7.8-

TETRAHYDRONAPHTHALENE
Br
20 To a solution of 20 g (117 mmol) of 2-bromotomene and 14.4 g (97.4 mmol) of 2, 5-

dlchloro—Z S-dimethylhexane in 100 mL of dichloromethane was added 1.56 g (16.9 mmol) of
aluminum chloride and the mixture heated at reflux. After 16 hours, the mixture was cooled to
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Fl avorings0.035 m Colorings0.5 ng Distilled waterg.s. to 100 ml The above
ingredients listed in Table 4 are mxed to forma suspension f.or. S@gl
adm-nistration 64 1 April 2005 WO 02/28810 PCT/EP01/11017 ExhOBEE

| NJECTABLE FORMULATI ON OF A COVPOUND OF THE | NVENTI ON Tabl e 5

Conponent 4igisksgonpound of the invention0.02 g - 0.2 ¢ ate
buffer solution, 0.4 M.0 mM HCA (1IN) or NaCH (IN)g.s. §82)E?Fié§ﬁg}pH

Distilled waterg.s. to 20 mMl 5 The above ingredients I|sted in Table 5 are
m xed to forman injectable fornulation EXAVPLE 5: | NJECTABLE FORMULATI ON

OF A COVPOUND OF THE | NVENTI ON Tabl e 6 10 Conponent Amount (ng/m ) Conpound
of the imosntempe@tle, diREdGHH 150 nik ofiBexdnSash 100 181 bf ahedcPwReniaad kepd um

chlori deO 2 S?ar téll.' %vgé ge?:arated and the aqueous layer was extracted with hexane. The combined
organic layers were washed with satarated NaCl solution, dried over sodinm sulfate and
concentrated under reduced pressure. The product was Puriﬁed by filtration through a pad of
5 silica gel with elution with hexane and afforded 23.9 g (87%) of 2-bromo-3-methyl-5,5,8,8-

teu*amethyLS,6,7,8—teu*ahyci:onaphthalene as a solid. (m.p.: 81.1-85 °C).

STEP C: PREPARATION OF 2-FORMYL-3-METHYL.5.5.8.8-TETRAMETHYL-5.6.7.8-
TETRAHYDRONAPHTHAIENE

10
22.2 ml (35.2 mmol) of n-butyl Kithium (1.6 M in hexanes) was added. After 1 hours, a

solution of 3.95 mL (35.5 mmol) of N-formylpiperidine was added to a solution of 5 g (17.8
mmo}} of 2-bromo-3-methyl-5,5,8,8-tetramethyl-5,6,7 ,8-tetrahydronaphthalene in 50 mL of
tetrahydrofuran, cooled in a dry ice/acetone bath. After 30 minutes 30 mL of saturated aqueous

15  ammonium chloride was added to the reaction mixture. The reaction mixture was warmed to
room temperature and extracted with ethyl acetate. The organic phase was separated, washed
with brine, dried over sodium sulfate and concentrated under reduced pressure. The residue
was purified by flash chromatography on silica gel with gradient elution (hexane-10% ethyl
acetate/hexane) to provide 3.5 g (85%) of 2-formyl-3-methyl-5,5,8,8-tetramethyl-5,6,7,8-

20  tetrahydronaphthalene (m.p.: 82.4-84.1 °C).

AN ALTERNATIVE PREPARATION OF 2-FORMYI-3-METHYL-5.5.8.8-
TETRAMETHY] -5.6,7.8-TETRAHYDRONAPHTHALENE,

25 28.9 g (322 mmol) of copper() cyanide was added to 22.7 g (80.7 mmol) of 2-bromo-
3-methyl-5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalene in 270 mL of N-methy] pyrollidine.
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Sodi um t aurochol ate or gl ychol atel0 The above ingredients are mxed to form
an injectable fornmulation. 65 0 1 April 2005 WO 02/ 28810 PCT{I_ESO&@U%ON
EXAMPLE 6: NASAL FORMULATI ON OF A COVPOUND OF THE | NVENTI ON i

Conmponent Amount Conpound of the invention0.2 g Sodi um acetate buffer

sol ution, ot P M  HCI(IN) or NaOH (1IN)g.s. to sui tablg%gﬁc?%ﬁlltl' |1 ed or
€

- sterile waterq.s to 20 m 5 The above ingredients are m X a
suspensi on for nasal adm nistration. EXAMPLE 7: | NHALATI ON FORMULATI ON COF

A COVPOUND OF THE | NVENTI ON Tabl e 8 10 Conponent Percent age by wei ght

Conpound of the invention (stabilized wthl.0 - tocopherol)

1, 1, 2- t r Thbodactian mivitdrk was bediaa26 °C. 4094 by nosis aht nieR WisQabikd Hoemet hane

and72.0 60% by weight 1 2-dichloro-i,1,2,2 tetrafl| ouroethane A conpound of

the 1 nvelTRSHTE apd Eepd, ith 600 . 0f 10% sueogs smpenigmdiydraxide, The reaction

mixture was filtered to remove salts and the solids were extracted with hot ethyl acetate. The

combined organic fractions were washed with brine, dried over sodium sulfate and
5  concentrated under reduced pressure. The product was purified by gradient elution throu cha
pad of silica gel (hexane-5 % ethyl acetate/hexane) to give 18 g (95%) of 2-cyano-3-methyl-
5.5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalene (M™ = 227).
To a solution of 18.7 g (82.3 mmol) of 2-cyano-3-methyl-5,5,8,8-tetramethyl-5,6,7,8-
tetrahydronaphthalene in 280 mL of dichloromethane, cooled at -78°, was added 123 mL (123
10 mmo}) of diisobutyl aluminum hydride (1.0 M in tolnene). The reaction mixture was stirred
and allowed to gradually warm to room temperature. Afier 16 hours, the reaction mixiure was
treated with 30 mL of acetic acid added dropwise, followed by 150 mL. of water. The organic
layer was separated, diluted with 200 mL of hexane, washed with brine, dried over sodium
sulfate and concentrated under reduced pressure. The residue was purified by flash
15  chromatography (gradient elution 5-10% ethyl acetate/hexane) on silica gel to afford 11.8 g
(63%) of 2-formyl-3-methyl-5,5,8,8-tetramethyl-5,6,7, 8-tetrahydronaphthalene.

STEP D: PREPARATION OF METHYL 4-[(E)-2-(3.5.5.8.8-PENTAMETHYL-5.6.7.8-
TETRAHYDRO-NAPHTHALEN-2YI )VINYL] BENZOATE

20

0
e
gse
To a solution of 3.5 g (13.5 mmol) of dimethyl-4-methylcarboxylbenzylphosphonate in
80 mL of toluene at 0°, was added 7.6 mL (23 mmol) of potassium tert-pentylate (Fluka
Chemical Co.). After 15 minutes a solution of 2.3 g (10 mmol) of 2-formyl-3-methyl-5,5,8,8-

tetramethyl-5,6,7,8-tetrahydronaphthalene in 20 mL of toluene was added and the reaction was
25 allowed to stir and warm to room temperature. After 16 hours, the reaction mixture was poured
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|

trifluoroethane w thout evaporation of any solvent and the resultant
solution is filtered and stored in a sealed container. The Lgﬁ)uu@gt
solution and the propellant gas may be introduced into aero 1 for
di spensation in the percentages shown in Table 8 using nmethods known to 15
t he skill agoeasbissn. A netering valve which is designed f | arge of
bet ween 100 pg and 300 pg per spray shot may be enpl oyeaﬁgTéch?g}II?@Zr t he
correct dosage of the conmpound of the invention. 66 1 April 2005 WO

- 02/ 28810 PCT/ EPOL/ 11017 EXAMPLE 8: | NHALATI ON FORMULATI ON OF A COVPOUND OF

THE | NVENTI ON Tabl e 9 Conponent Per cent age by wei ght Conpound of the
i nvent i ofntp SPani £ NHELaxtracted with ethybarsiakee wabhied Brithl byinkj dried(dversodiuin eutfaphor

G omapoP PR HEER RERE S kel Ao oS inat Wi T8l bl T s

or sol ufilleedandthe fiiratercoheentrhes anddr reédtictd pre@duich he rési@RMaTRNrrbewaddeg to

‘th | i f.Cremaphor RH 40, A d of th
| nvent| offL G BFE IGO0 5 pEyPLER ) S 1 S R2 RAGER) GABIRIACES Bt her

to fosm 3,58l98-haitamdiigl 69 Wetelrhiidk slnd iy ﬁ?ﬁéﬁ@até'g\gg: ?Eé)r. exanpl e,

In a pressurized gas aerosol with an appropriate carrier e.g.,
nitrogen or carbon 10 di oxide). EXAVMPLE 9: EHD FORMJLATI ON OF A COVPOUND

OF THE | AYENE. PNEPARATION OF METHYI4-[(E)-2-(3-BROMOMETHYL-5.5.8.8-
5.6.7.8-TETRAHYDRO-NAPHTHALEN-2-Y1)VINYLIBENZOATE.

10 A mixture of 1.0 g (2.76 mmol) of (B)-methyl-4-[2-(3-methyl-5,5,8,8-tetramethyl-
5,6,7,8-tetrahydro-naphthalen-2-yI) vinyl]benzoate, 0.64 g (3.6 mmol) of N- bromosuccinimide
and 0.033 g (0.13 mmol) of benzoyl peroxide in 20 mL of carbon tetrachloride was heated
under reflux, under a high intensity lamp. After 2 hours, the reaction was cooled to room
temperature and poured into 10% aqueous sodium bisulfite solution. The organic layer was

15 - separated, washed with brine, dried over sodium sulfate and concentrated under reduced

| pressure. The residue was stirred with methyl alcohol to afford 0.88 g of Methyl-4-{2-(3-
bromomethyl-5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-naphthalen-2-yl)vinyl]benzoate (72%)
M =440).

20
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Tabl e 10 15 Conponent Per cent age by wei ght Conpound of the invention
(stabilized with 0.1 ~-tocopherol) Emulsifier (Le., Crenophor éﬁlo 0
Pol yet hyl ene gl ycol 3.0 Water86.9 A conpound of the |nvent|on1A@ﬁh? fier,
pol yet hyl ene gl ycol and water are m xed together to forma solution. The
above liquid fornulatron may be used in typical EHD devices known in the
art. 67 1%QP¥3Yo5 wWo 02/ 28810 PCT/ EPO /11017 EXAMPLE IRETBREKEORENVENT OF
ALVEOLAR REPAIR I N RAT LUNG WTH A COVPOUND OF THE | NVENTI ON Conpounds of
the invention nay be evaluated for their effects on alveolar repair in the
rat nodel of elastase-induced enphysema (Massaro et alL, Nature, 1997, Vol.
3, No. 6pxaRiee1¥meas e Rindk o i esd SLALesRR AT SpIRAARO).
Pr ef er abTy, antmars are grvrded 11to treatmemnt gr LJpo Of —appr oxr mat el y
ei ght. YOI Vi 6 THAG EN
Spr ague Damﬁey rats by a single |nst|IIat|on of about 2 ngranrbody mass of
pancreatic el astase (porcine derived, Calbiochem . Animals nmay be treated
wi th a conpound of the invention prepared in Capmul at 10 convenient oral
dosage ranges (preferably, between about 10.0 ngjkg and 0.0001 ny/kg) and
wi |l be dosed orally once per day starting 21 dgyys post injury. Control
groups are chal | enged

A mixture of 2.0 g (4.5 mmol) of (E)- methyl-4-[2-(3-bromomethyl-5,5,8,8-tetrarmethyl-
5  5,6,78-tetrahydro-naphthalen-2-yl)vinyljbenzoate and 0.65 g (9.5 mmol) of pyrazole in 15 mL
of N-methyl pyrrolidine was heated at 100°. After 2 hours, the reaction mixiure was cooled to
room: temperature, poured into brine and extracted with ethyl acetate. The organic extracts
were washed with brine, dried over sodinm sulfate and concentrated under reduced pressure.
The residue was stirred with hexane and the product was filtered off, washed with hexane and
10  dried to give 1.6 g (83%) of methy1-4-[2-(5,5,8,8-Tetcamethyl—3—pyrazol—1-yhnethy1-5,6,7,8-
tetrahydro-naphthalen-2-yl)vinylJbenzoate (M™ = 429).

A mixture of 27.6 g (64.4 mmol) of methyl-4-[2-(5,5,8,8-tetramethyl-3-pyrazol-1-
ylmethyl-5,6,7,8-tetrahydro-naphthalen-2-yl)vinyllbenzoate and 97 mL (193 mmol) of 2N
sodium hydroxide in 300 mL of ethyl alcohol was heated at reflux. After 1 hour, the reaction

. 15  mixture was cooled to room temperature and diluted with 900 ml. of water. The reaction
mixture was acidified with 2 N HCI and the product was isolated by filtration, washed with
water and pentane and dried to give 25.9 g (97%) of 4-[(E)-2-(5,5,8,8-tetramethyl-3-pyrazol-1-
ylmethyl-5,6,7,8-tetrahydro-naphthalen-2-yl)vinylibenzoic acid (m.p. = 246.5-248 °C) 6.

Proceeding as described in the example above but substituting pyrazole with pyrrole, 4-

20  methylpyrazole, 1,2,4-triazole, morpholine, 2-pyrrolidone, 3,5-dimethylpyrzole,
8 — valerolactone, 2-methylimidazole and 4-methylimidzole gave 4-[(E)-2-(5,5,8,8-tetramethy}-
3-pymrol-1-ylmethyl-5,6,7,8-tetrahydro-naphthalen-2-yi)vinyibenzoic acid 7, 4-{(E)-2-[5,5,8.8-
Tetramethyl-3-(4-methylpyrazol-1-ylnethyl-5,6,7,8-tetrahydro-naphthalen-2-yl)vinyljbenzoic
acid 20, 4-[(E)-2-(5,5 ,8,8-Tetramethjl—3-[i,2,4]triazol-l-ylmemy1-5,6,7,8-tcttahydro-

25  npaphthalen-2-y1}vinyl}benzoic acid 39, 4-[(E)-2-(5,5,8,8-tetramethyl-3-morpholin-4-ylmethyl-
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with el astase and 21 days later are treated with vehicle (Capnmul sol ution)
for 14 days. Aninals are sacrificed 24 hours after the | ast_dose_ b
exsangui nati on under deep anesthesia. Blood was collected at Aprikgd
exsangui nation for analysis. 15 The lungs are inflated with 10% neutral

buf fered s ésky by intratracheal instillation at a co lﬁﬁﬁ; (1

m /gram body mass/mn). The lung is excised and i mersed in fixative for
24 hours prior to processing. Alveolar neasurenents are made in four
regions of the lung/rat. The nean value/treatnent group may be determ ned
by sunn13%yige average area/rat_ for_all rats relative to the

el ast ase @YWE@%PM)WBH]®W@% é%s 410-2-6%.5.8 8itetrayethgiInd2n 20
rats wit ks P?n&ﬁ&ﬁl“ﬁ%eﬁ&@%?ﬁg%\ﬁ&mﬂ aie%'lz-{vﬂgkﬁnﬂi& HPiE%88 396, 4O be

statistical ni f1 cant O prepdre 5 m

paraf finf{ -[55h 8-'&@@!16@11&-36(66-@@@@:%01-lh-ylﬂ:rlethﬂtfoﬁg?JSﬂetr&hydkoE@@hmalen-

Conput er n eter e the average
al veol ar QME% veo‘{i §4§ AEL(#Z'P 5@%&? nﬁgé{z'of‘?'l’@e? ‘ﬁé@e@%ﬁt ai ned -
in raf pEmwmhydle-mphﬁimrcm@l}mylmeﬁﬁwﬁ@MG hge)- D198 %@Ul‘&&meﬁi}*l-%f-d?y
plasma tri .ce Idfi g be_converted to di hdroxyacetone and hydrogen
per oxi de%ﬁ’%@d‘&%‘? Almethyly o Frtegrhygremanbtialen2-v) iagdbearic gﬂQéé?@dl‘ﬁ-nase
accordin |

Ol Bk A onaaeast s R ACHYL 26 LU ALY SN 270,
col or i me¥ybvigzilbepzoiq agidiS0aespectdely. Chermi stry  Anal yzer. In rats nor mal
triglyceride | evels are between about 75 ng/dl and about 175 ng/dL 30

Triglyceride values are a convenient neasure of toxicity. 69 1 April 2005
WO OB 28BEXANIRIIE ERHREBAR ATION ORAIENNG-BRTVDTERONENHYING sRy/alt hesi s of

parti cul Qunds of _th |n—Fud|n conpounds
|IIustraiéEﬁ§Sﬁ?.’M:c 3.0.75¢ bk ] INCE TR

[2 (3- BROVOVETHYL-5 5 8 8- 5 TETRAI\/ETHYL 5 6 )
. 8- TETRAHYDRO- NAPHTHALEN- 2- YL) VI NYLTBENZOATE

A solution of 445 mg (1 mmol) of Methyl-4-[(E)-2-(3-Bromomethyl-5,5,8,8-
15  tetramethyl-5,6,7,8-tetrahydro-naphthalen-2-yl)vinyljbenzoate, 418 mg (3 mmol) of potassium
' carbonate and 180 mg (2 mmol) of 1-butanethiol in 10 mL dimethylformamide was heated to
reflux. After 40 minutes, the reaction mixture was cooled to room temperature, then diluted
with water. The mixture was extracted with ethyl acetate, the organic extracts washed with
brine, dried over sodium sunlfate, then concentrated under reduced pressure. The residue was
20  purified by flash chromatography on silica gel (5% ethyl acetate/hexane) to give 263 mg (58%)
of Mcthyl-4~{(E)-2-(3-Buty1thiomeﬂ1y1—5,5,8,8—tetramethy1~5,6,7,8-tetrahydro-naphrhalen-2-
yhvinyllbenzoate.
This above compound was taken up in 10 mL methyl alcohol and § mL 1 N LiOH and
heated to reflux. After 2 hours the reaction mixture was cooled to room temperature, diluted
25  with brire and acidified with concentrated HCL. The mixture was extracted with ethyl ether
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STEP A: PREPARATI ON OF 25- DI CHLORO 2, 5- DI METHYLHEXANE 10 HCI gas was added
by bubbling through a gas dispersion tube to a solution of 11_,29{ g1 200584
mol ) of 2,5-di nethyl-2,5-hexanediol in 300 mM, of ethanol e"reaction
‘m xture sIowa war med fromroomtenperature to 60 C over 3 hours. The

reaction g) LUEe was cooled in a wet ice bath and a white solid was
filtered Bf%° ‘liﬁfﬁg solid was washed with water and cold 15CETREWHPY  hen

- dried to give 65.2 g (65% of 2,5-dichloro-2,5-dinmethyl hexane (W= 181).

STEP B: PREPARATI ON OF 2- BROMO 3- METHYL 5 5 8 8- TETRAMETHYL-5 6 7 8-
TETRAHYDRONAPHTHALENE To a solution of 20 g (117 mmol ) of 2-bronot ol uene

and 14. [Eéln 5 a of

di chl or gaﬁlgtt& b%odl(e)&’dasidrgg ngll %’ghjgﬁg ﬁf%ﬂfggﬁﬁgé%%ﬁg%ﬁ?l%t%g‘gn%d t he
m xture ﬂaéwdedqbrea*sureed gluxzomingeﬁ?S%)SofmmE}z (BiBatyithidraethyMB.S, SRowtradethol- 69 1
Apri | 810.P /.1 7roomt ure, diluted with 150 nL
of hexanggg:ﬁotfég ?Hhﬂg{%%"’%éﬁ e acd fﬁﬁp ‘%‘%g'anl c layer was separated
and the aquequBcdedi@las deveriBed ;aks 14 dbove kan@bsttheh LRBRIAGRIO! RitRani ¢

| ayers were washed with saturated solution, dried over sodiumsulfate

and Scorf@ERDH a%e&‘emﬁdbmer@awc%&pmr@ggwel et Zaredhylaanes ur i f i ed by

1 OBt Aoy nh b, Aol st fhi'S BBt AR

tetr arretd:gﬁyﬁmﬁ;@tl@hn;bzrm dmubbtﬁl\j/zEﬂfammlmhygmgmaptah 1|_ zslme('o_?_tpmfyréﬁmnf;e 85 O).
STEP C. PREPARATI ON - - , - - 7. 8-

T A PR ey aE T ‘rﬂﬁ_%"’(@ggﬁﬁo? il %f‘g;%ql%’l ?}H‘P’eg 6 Min
hexanes)m#esptaddaethyliitassle, Jz-ﬁetbhﬁwlame@hﬂﬁda@ae%m%m%tdﬂ&aio%ﬁémm@ ) of

N—forrryl pi peri di ne. was added to a solution of 5 82
mercaptobenzothiazole gaves 9,3,4,13, 14,16, 17, 18, 19, 21, 22, 23, 25, 32, 34 and 35

respectively.

EXAMPLE 14: PREPARATION OF 2-FLUORO-4-[(E)-2-(5.5.8.8-TETRAMETHYT -3-
PYRAZOL-1-YLMETHYI5,6,7.8-TETRAHYDRO NAPHTHALEN-2-YLIVINYL}-
15 BENZOIC ACID

A0 °C, 3M tetrahydrofuran solution of 350 mg (1.62 mmol) of 2-formyl-3,5,5.8,8-
pentamethyl-5,6,7,8-tetrahydro-naphthalene and 541 mg (1.78 mmol) of diethyl 2-fluoro-4-
carbomethoxybenzylphosphonate was treated with 84 mg (2.10 mmol, 60% wt. in mineral oil}

20 NaHin 10 mg portions over 10 minutes. The reaction mixture was stirred at room temperature
for 2 hours before diluting with ethyl acetate and washing with brine. The organic extracts
were dried over magnesivm sulfate, concentrated in vacuo and triturated with methanol to
provide 330 mg (54%) Methyl 2-finoro-4-[(E)-2-(3,5,5,8,8-pentamethyl-5,6,7,8-tetrahydro-
naphthalen-2-yl)vinyl]benzoate. ‘
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mol ) of 2-brono-3-nethyl-5,5,8,8-tettanmethyl -5, 6,7, 8-tetrahydronapht hal ene
in 50 nL of tetrahydrofuran, cooled in a dry ice/acetone baf%ri dos’ 30
m nutes 30 nL of saturated aqueous 15 ammoni um chl ori de was a B3 the
reaction m xture. The reaction mxture was warned to roomtenperature and

extract edwi ddhsgiohy! acetate. The organi c phase was separﬁxgﬁ‘%l yashed with
brine, dried over sodiumsulfate and concentrated under re ucecf pressure.

The residue was purified by flash chronmatography on silica gel with

gradi ent el ati on (hexane-10% ethyl acetate/hexane) to provide 3.5 g (85%
~of 2-fornyl-3-nmethyl-5,5,8,8-tetranmethyl-5,6,7,8 20 tetrahydronapht hal ene

(np.: 82. 4- 84 Aushayy of AN Sang ERRATinVE) FIREShRCHIGMoSF(B)-EQRISNA,8,8-Perivinittyl- 5 5 8

8- TETPANETHYL - . 8- Y HTHAT . 2 . 9 322. mol.), . of
copper (170 A bR BANREL ), PPmelor Ropofhiiffidd S0y
3- net hy| obbénzBylPetoedidedinest h.lof barbor tetratiftbidd wi1Rarp S KRR akd éxposedQo e,  Of
N- et hyl rol Li di ne. ril 2005 WO 02/28810 PCT/ EPOL/ 11017 The

70
‘reaction Of (om, 2 Tingsigh t gumslapp fog .2 hours, hBgsesclonRIXpr Was Bemas :
ot I = : .
PO o R & AT ﬂﬁ%ﬁ%wehguﬁ%éemvﬁsai tgﬂfang %%gﬂgpm o

hydroxi de. The reaction mxture was filter
sol i ds weRé&iliss gel f¢Pcthxliacetatadn hesang) to powvide 247 1E 665%) of Mletksd 2dtmwami-(E)-

fraction i ' rd r,.sodi sul.fate d>5
concentr gf(e "on %&Sg%\#t%%t%%} "g té’ﬁ%é"%éﬁ%"aﬁ'@gl’ e?)—ngfi}angg'gwo@tp.ad i ent
el uti (i)g t hr oughniature ef231f mgi(1508 aurgel) of MethslBfibo£[(By-L-(3@babrkigkane) to
gi ve

0 f_.2- -3- hyl -
2t e 5. Pt ramenS LS S sl R e b s Ao eragRte<120mg (176 maodatut i on
f 187 | < - 3. ' , ; hyl -
Cetr i Byteide hd W19 nll. Of NanCHIATOERE Whs hiluoh (3195 S/FHACEARY The Bt
added 128upry was patiticGedhetwiencdthyliacetate abd watt. UTheergaiiy thyerheas(viasBedivitn

R T A R T R T
(92%) of Methy! 2-fluoro-4-[(E)-2-[5,5,8,8-tetramethyl-3-pyrazol-1 ylmethyl-5,6,7,8-tetrahydro
naphthalen-2-ylivinyl }benzoate.

15 A slurry of 199 mg (446 mmol) of Methyl 2-fluoro-4-[(E)-2-[5,5,8,8-tetramethyl-3-
pyrazol-1-ylmethy!-5.6,7,8-tetrahydro-naphthalen-2-yl)vinyllbenzoate, 1.5 ml. ethanol and 1
mL of 2M aqueous sodium hydroxide was stirred for 16 hours, The mixture was neutralized

with aqueous ammonium chloride and extracted with ethyl acetate. The organic layer was then

washed with brine, dried over magnesium sulfate and concentrated in vacuo. The resulting 145
20  mg of residue was triturated in methanol to provide 85 mg (44%) of 2-Fluorc-4-[(E)-2-[5,5,8,8-

tetramethyl-3-pyrazol-1-ylmethyl-5,6,7,8-tetrahydro naphthalen-2-yl)vinyljbenzoic acid 47.

EXAMPLE 15: PREPARATION OF S5-[(E)-2-(5.5.8.8-TETRAMETHYL 3-PYRAZOI -1-
YIMETHYL-5.6.7.8- TETRAHYDRO-NAPHTHALEN-2- Y1) VINYL]-THIOPHENE-2-
25 CARBOXYLIC ACID
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treated with 30 nL of acetic acid added dropw se, followed by 150 nL of
water. The organic |ayer was separated, diluted with 200 rrngfpﬁ ne,
washed with brine, dried over sodium sulfate and concentrated under
reduced pressure. The residue was purified by flash 15 chronat ography
(gradi ent m 5- 10% et hyl acetate) hexane) on silica rd 11.8
g (63% V?bgh?%rrrylﬂ nmet hyl %T/ﬁ%lﬂogp
5,5,8,8-tetranethyl -5,6,7, 8-tetrahydronapht M ene. STEP D. PREPARATI ON COF
METHYL-4-f(E)-2-(3 5 5 8 8- PENTAVETHYL-5 6 7 8-

TETRAHYDRO- NAPHTHALEN— 2YL) VI NYLI BENZQATE 20 To t o) 135
nmrol ) of di net¥M ﬁ#&é‘?@%@&/?fb@ﬁﬂgg Hé’f Z%Ipﬁml’l%‘i %&f&@fmﬁ]{yﬁhene
at 0, Y 2 SRRy ot(1 BE RarHAIRb i€ty

Chem cal E%gﬂﬁ 55%’%83% es a&gg%%%%ﬁ&lgm%tﬁg K fb Sl

2-for nylcaﬂmmbmhmﬁha-xya-mmlpmpmmtwso 8C g teated mﬂﬁm lrmméhe in 20

m. of t t_h { t
o ORER S S e e S e b
Aprils 2%5[11%%@1%&‘&92 RGeS EPRY fekdibh mixir®wadtheh diutbd Hﬁh,eﬂgl(auemﬂad Wi t h

et hyl acetate,” washed with brine, dried over sodi um sul fate

concent reashed withisieter apd beee. prhesganic 1a ﬁ@%%@%@%ﬁ%@ﬂs&%ﬁ%o nL of
REXaN, it ! M bl GO Wi A sbas o . cosur o, The

resi due was met hyl al cohol and the product filtered
off to glve2329(64% of rrethyl 4[(E) 2- (35588pentarrethy|
A

5,6,7,8- .
PREPARATIAMELE Jor P ‘
5. 6.10 8- STEEEPSW@FFHBEFNTEM}VM@BWZ -of 1.0 g

(2.76 mol E)-nethyl-4-12-(3-nmethyl 5,5, 8,8-tetranet hyl -
5,6,7, S-M@napht hal en-2-yl ) vi nyl ] benzoate, 0.64 g (3.6 mol) of N

brom)succi ni m de
\ O

To a mixture of 63 mg (1.57 mmol) of sodium hydride in 5 mL of tetrahydrofuran was
added 110 mg (1.47 munol) of 2-methoxyethanol, followed by 16 mg (.098 mmol) of potassium
15 jodide. The reéction mixtare was cooled to -30° and a solution of 434 mg (.98 mmol) of
Methyl-4-[(E)-2~(3-bromomethyl-5,5,8,8-tetramethyl-5,6,7 ,8-tetrahydro-naphthalen-2-
ylvinyljbenzoate in 5 mL of tetrahydrofuran was added. The reaction mixture was allowed to
slowly warm to room temperature. After 5 hours the reaction mixture was dituted with water

%/

and extracted with ethyl acetate. The organic fraction was washed with brine, dried over
20 sodium sulfate and concentrated under reduced pressure. The residue was purified by flash
'chromatography on silica gel (13% ethyl acetate/hexane).
The above product was taken up in 10 mL methyl alcohol and 5 mL of INLIiOH. The
reaction mixture was heated to reflux. After 4 hours, the reaction mixture was cooled to room
| temperature, diluted with water and ethyl ether and then acidified with concentrated HCL The
25  mixture was extracted with ethyl acetate, the organic extracts washed with brine, dried over

i



and 0.033 g (0.13 nmol ) of benzoyl peroxide in 20 nL of carbon

tetrachl oride was heated wunder reflux, under a high intensijy lf 5 After
2 hours, the reaction was cooled to room tenperature and pourg Into 10%
aqueous sodi um bisulfite solution. The organic | ayer was 15 separ at ed,
washed w. o firdgeR, dried over sodium sul fate and concent r‘?‘;ﬁﬂ’“?ﬁﬂ’?@ reduced
pressure. The residue was stirred with nethyl alcohol to a 8 g of
Met hyl - 4- 2- ( 3-

br onmonet hyl -5, 5, 8, 8 tetranet hyl -5, 6, 7, 8-t et rahydr o- napht hal en- 2-yl ) vi nyl ] be
nzoate (72% M"= 440). 20 25 72 1 April 2005 WO 02128810 PCT/ EPO1/11017
EXAMVPLE Spedi ORcepRatedina@rr2duct] pressuse. TERRANETG-hs BerfpdHBZEed (ethyl

s R TR A g 00 © 2
5,5, 8, 8- eramehyit5)§)7; s-ﬁu&ﬁ:@ngptﬁmm%qhﬁ nsatrolad p)4 3508y blbgnzoat e
and 0.65 g (95 mml) of pyrazole in 15 ni of N-nethy pyrroI|d| ne" was

heated at 100. After 2 hours the reaction mxture was cooled to room

t enpey atpR AV G BPREHAR DFI0I ORI @X L RGE S8 ale. The
organic extracfs WEr e wasned W tiT D ttf at e and

concent rBBRAL ; W DS (}Nma-mmmmmamane
and t he product was flltered off, washed with hexane and 10 dried to give
1.6 g (83% of

met hyl -4-[ 2-(5, 5, 8, 8-Tetranet hyl - 3- pyrazol -1 -yl nethyl -5, 6, 7, 8-

t et rahydr o- napht hal en- 2-yl ) vinyl ] benzoate (M= 429) A m xture of 27.6 g
(64.4 mol ) of methyl-4-[2-(5,5, 8, 8-tetranet hyl - 3-pyrazol -1 -

STEP A: PREPARATION OF 2-(3-HYDROXYPROPY1)-5.5.8.8- TETRAMETHYL-5.6.7.8-
TETRAHYDRO-NAPHTHALENE

OH

10

To a solution of 14 g (103 mmol) of 3- phenyl-I-propanol and 18.2 g (123 mmol) of
2,5-dichloro-2,5-dimethylhexane in 100 mL of dichloromethane was added 15 g (113 mmol) of
aluminum chloride. After the addition of aluminum chloride was complete, the reaction was
heated to reflux. After 16 hours, the reaction mixture was cooled to room temperature and 100

15 mL of water was added, followed by 100 mL of 1N HCL The reaction mixture was stirred for
2 hours, filtered through a Celite pad and the layers were separated. The aqueo.us layer was
extracted with diethyl ether and the combined organic fractions were washed with brine, dried
over sodium salfate and concentrated under reduced pressure. The residue was purified by
flash chromatography on silica gel (30% ethyl acetate/hexane) to afford 13.45 g (53%) of 2-(3-

20 hydroxypropyl)-5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-naphthalene
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- 4-[(E)-2-(5,5, 8, 8-Tetranet hy

yl met hyl -5, 6, 7, 8-t et rahydr o- napht hal en- 2-yl ) vi nyl ] benzoate and 97 nL (193
nmol ) of 2 N sodi um hydroxide in 300 nL of ethyl al cohol ma§ gﬁpﬂﬁﬁ at
reflux. After 1 hour, the reaction 15 m xture was cooled to

tenperature and diluted with 900 nL of water. The reaction nlxture was
aci di fi edw N HCl and the product was isolated by fi washed
wth matgﬁmgﬂﬁggentane and dried to give 25.9 g (97% Fkﬁh&%hﬂﬂ”
4-[(E)-2-(5,5,8,8-tet|ranethyI-S-pyrazoI-I-

yl met hyl -5, 6, 7, 8-t et rahydr o- napht hal en- 2-yl ) vi nyl ] benzoic acid (mp. =
246. 5- 248 C 6. Proceedlno as described in the exanple above but
subst i t VST BaREPARATIO] BROMO-3-C3IDYBROKNFROPY 8B-PEHR £
mor phol i g i zple, 8 - valerolactone

2-met hy| T 4-1(E)-2- (5,5, 8, 8-tetranet hyi -
3- pyrrol-l-ylnethyl 5 6 7, 8- tetrahydro naphthalen 2-yl)vinyl]benzoic acid
7, 4-{(E)-2- [5 5, 8, 8-
Tetranethyl 3- (4- net hyl pyrazol -
)vinyl]benzoic acid 20,

-yl met hyl - 5, 6, 7, 8-t er ahydr o- napht hal en- 2-vyl

Friazol -1-yl methyl -5, 6, 7, 8-t et r ahydr
0 25 napht hal en-2-yl ] vi nyl } bg -
4-1(E)-2- (5,5, 8, 8-tetranet hyl =g -4 Ii‘ﬂethyl 73 1 Aprit 2005 WO
02/ 28810 PCT/ EP01/ 11017 5,6, 7/8\t et rahydro napht hal en- 2-yl ) vi nyl ] benzoi c
acid 138, 4-[(E)-2-(5,5,8,8-tetranmethyl -3- (2-
oxo-pyn:olidin-1-yl-nethyl-5,6,7,8-tetrahydro-napht hal en-2-yl)vi nyl ] benzoic
aci d 5139, 4 {Toasolution of 123 g (49.8 mmol) of 2-(3-hydroxypropyl)-5,5,8,8-tetramethyl-5,6,7,3-

Pl o S o B e o ol IR b ™ ot
4-[(E)- %dw%e?f&lo%eﬁ%&%%@iﬁﬁ@ﬂbf §76 21949 n%l@?ﬁfﬁb fink i% gofﬁé 8darbon

5,6, 7, 8-t etrahydro- napht hal en-2-yl")'vi ny enzo6i c acl
4-{( E) Aetrahkrgie 8 After #érimurgat OSC(tEe reacuon mixtore was warmed 1o room temperature.
nme

t hyl i Inet 5,6,7 apht Ien I vi I benzoi c
aci d 1433‘12‘?{?‘%9“{3 %/té g %Ep%é%“esﬂ*?é #F&F HE? | et hyl
5, 6,10, 8- mmawﬂémmwm@mo&maﬂiahw Mt b @ra@u@swﬁls ﬂr&@ec[ maﬁhe,vel y. 10
EXAVPLE 13: PREPARATI N OF 4-[ (E)- (3 BUT LTTROVETHYL -5 58

| ETRAME oxergsodiug § E’fmﬂ%mﬂm ERiured presapsg. B’EP@ZG“@E’I waspurified
by flash chromatography on silica gel (30% ethyl acetate/hexane) to give 10.2 g (63%) of 2-

bromo-3-(3-hydroxypropyD-5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-naphthalene. (M’ = 324).

15 STEP C: PREPARATION OF 2-BROMO-3-(3-t BUTYI DIMETHYLSILOXYPROPYL
8.8-TETRAMETHY] -5.6.7.8-TETRAHYDRO-NAPHTHALENE.

4

To a solution of 10.2 g (31.55 mmol) of 2-bromo-3-(3-hydroxypropyl)-5,5,8,8-
20 tetramethyi—i ,0,7,8-tetrahydro-naphthalene in 80 ml of dimethiformamide was added 9.46 g
(138.8 mmol) of imidazole and 10.46 g (69.4 mmol) of tert-butyldimethylsilyl chloride. After
- 4 hours the reaction mixture was diluted with diethyl ether and washed with 1 N aqueous

ammonium chloride and brine. The organic fraction was dried over sodinm sulfate and then

Br



A solution of 445 ng (1 mmol) of Methyl-4-[(E)-2-(3-Bronmonethyl-5,5, 8, 8 15
tetramet hyl -5, 6, 7, 8-t etrahydr o- napht hal en-2-yl ) vi nyl ] benzoati {%?Oqgg

mmol ) of potassium carbonate and 180 ng (2 mmol) of 1-butan tpﬂ) n 10 L
di net hyl f ormam de was heated to reflux. After 40 minutes, the reaction

m xture wasooRekfid to roomtenperature, then diluted vvit?, ?@%WH il%pe

m xture was extracted with ethyl acetate, the organic ext & Hed with
brine, dried over sodiumsulfate, then concentrated under reduced pressure.
The residue was 20 puri fied by flash chromatography on silica gel (5% ethyl
acet at e/ hexant%l ive 263 ng (589 of

Met hy| - 4-Gopgsntat trWWml : Bsigngwaepwrifiedtbiyyilasih cigpma®staphy ey dr o- n

mothy ol e g anf‘*“‘%i%ﬁg‘?‘qv?? oA SSRGS 193 GO AR A0 T,
react i on triudtidinethydsilozypropy))-5.6,8,% tatnatrethyd 526, 1)8-ectraliydrotnaphthaléneni t h brine and

acidified wwth concentrated HCL The m xture was extracted with ethyl ether
74 1 April 2005 - WD 02/28810 PCT/EP01/11017 and the organic fraction was

dr i ed 50V TERD PREBARATION dmcmmum.m@mmmmﬁmwﬂw ed
pressure 0 gl > 200 _no. (78% p

5,6,7, 8 tetrahydro naphthalen 2 yI)V|nyI]ben20|c acid (M = 456).
Proceedlng as described in the exanpl e above but substituting 1-butanethiol
with, 5 furfuryl nercaptan, rcapto 2, 3- propanedi ol ,

1- mer capt o- 2- net hyl but ane, ; FENc apt an, |sopropylnercaptan

i sobutyl mercaptan, 3-nethylb e , 2- di et yl am noet hyl ner capt an,
2- cycl ohexyl am noet hyl mer capt'q 2- D pEQP YOI pr opyl mer capt an,
4-met hyl -4H 1, 2, 4-tri azol e- 3-t N h| adi azol e-2-thiol, 5-

nmer capt o- 1- net hyl-tetrazol e, 2-nercapto-.1- nethyllnldazole
2- mer capt ot hi azoline and 2 10 nercapt obenzot hi azol e gave 8,9,3, 4, 13,

14,16, 17,18, #Qnainbidn %?9 0?g2(28§ n%%oﬁ of %%rgnnlg-BBé-t-bu?yﬁ&m%%hyﬁ%o%ypropyl)-

5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-naphthalene in 70 mL of N-methyl pyrollidine was

10 added 7.36 g (82 mmol) of copper (I) cyanide and the reaction mixture was heated to 175 °C.
After 16 hours the reaction mixtare was cooled to room temperature and diluted with 10%
aqueous ammoniurm hydroxide. The resulting salts were removed by filtration and washed with
hot ethyl acetate. The filtrate was extracted with ethyl acetate and the combined organic
fractions were washed with brine, dried over sodium sulfate and concentrated ender reduced

15  pressure. The residue was purified by flash chfomatography on silica gel (gradient elution: 3-
25% ethyl acetate/hexane) to give 4.8 g (61%) of 2-cyano-3-(3-t-butyldimethylsiloxypropyl)-
5.5.8,8-tetramethy}-5,6,7 8-tetrahydro-naphthalene.

STEP E: PREPARATION OF 2-FORMYL -3-(3-t BUTYLDIMETHYLSILOXYPROPYL)-
20 558 8-TETRAMETHYL-5.6.7.8-TETRAHYDRO-NAPHTHALENE

See
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EXAMPLE 14: PREPARATI ON OF 2- FLUORO-4-f(E)-2-(5,5, 8, 8- TETRANETHYL 3-

PYRAZOL- 1- YLMETHYL- 5, 6. 7, 8- TETRAHYDRO NAPHTHALEN- 2- YLI VI NYL} - lgIZO C
ACID A0 C 3Mtetrahydrofuran solution of 350 ng (1.62 mml}
2-fornyl-3,5,5,8,8- pentanethyl-5,6,7, 8-tetrahydro-napht hal ene and 541 ny

(1.78 mo thyl 2-fluoro-4- carbonet hoxybenzyl pho S
treated w %g%fgioe (2.10 mol, 60%w, in mneral oil) prﬁmﬁ ny
portions over 10 minutes. The reaction m xture was stirred at room
tenperature for 2 hours before diluting with ethyl acetate and washi ng

with brine, The organic extracts were dried over magnesi um sul fate,
concentrated Mo amaluuanaﬁdﬁtg(ﬂlQmane]gloﬂ@%yanm-(ﬁanhhymeﬂwmmmoﬁﬁﬁ} ng (54%

l\/EthIZfI 4- 35588 t anet tt
,naph%/bal ro h&?ftﬁ’hé Fhglene indds 9&3%9%? T d7r§P§1V/aP1017

A slurr Ya&HedQJVEBIBE(ﬁ g%ﬁnman %u&ﬁﬂiﬁihum hydride (1 OMmtoluene) The reaction
2-fluoro-4 E)-2-(3,5,5, 8, 8-pent ahet hyl -

5,6,7,8- mmmwwmdpm N&Jveﬂdiﬁzsl]?ml)owm }cb@nmdamperamzw Afier 36 hours, acetic
tetr i A g fhdarBihsd ol ERERYE SARE BN Sfupelle S dRRE

t ungst enfracticnneast sepamteﬂ,amshédmtﬂ brihg drisd o?éteomamlfm am sdncemtraraisuideen 5

filtered ncentr n vacuQ S It|n id was purified by
lash cnreErbaRs S piBed B o e rich EEHEPATE pr ov) de
247 ng ( SRHn: Otf-z%%\yh aé’eﬁté/ﬂ%ﬂe 4o EaffEx)crz 48 g gss%) of 2-formayl -3-(3-t- _
2- (3-Brononet hyl -5, 5,8, 8- tetraneth | -5 t et rahydro- naphtN%Iegéf-yl)V|n

yl ] benzobwtaldimethyitlonpranDagis, ﬁgemghrkﬁ;67 Sdetrapydepymaphthalene
2-flyoro-4-[ (E)-2-(3-Brononet hyl -
5,5,8,8-tetranet hyl -5, 6, 7, 8-t et rahydr o- napht hyl en- 2-yl ) vi nyl ] benzoate, 120

mg (1. 76;MWAMW-FDMBH@PW was heat ed
to 125 C S, L hyl
acet ate " uy S nWas vvoto ot ﬁé% Crt rtrllﬁu""‘

magnesi um sul f at e and concentrated under reduced pr essure yielding 207 nyg
To a solution of 14 g (32 mmol) of 2-bromo-3-(3-t-butyldimethylsitiloxypropyl)-

15  5,5,8,8-tetramethyl-5,6,7,8-terahydro-naphthalene in 200 mL of dry tetrahydrofuran at —78 °C
was added 24.9 mL (64 mmol) of »-Buli (2.5 M in hexane) via syringe under N, atmosphere.
The reaction mixture was stirred at this condition for 1 hour. Then it was quenched with a
solution of 7 mL (64 mmol) of N-formy! piperidine in 10 mL of dry tetrahydrofuran. The
resulting solution was stirred for an additional 30 minutes, when it was quenched with 100 mL.

20 of NH4CI solution. The reaction mixture was extracted with 3 x 100 mL of ethy! acetate. The
organic layers were combined, dried over MgSO; and the solvent was removed under redaced
pressure. The residue was purified by flash chromatography on silica gel (gradient elution :
30% ethyl acetate/hexanes) to afford 11.1 g (90%) of 2-formyl-3-(3-t-
butyldimethylsililoxypropyD-5 ,5,8,8-teixamethyl-5,6,T,S-wuahyﬂro-naphthalene. M*=386).

30
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(929% of Methyl

2-fluoro-4-[(E)-2-[5,5, 8, 8-tetranet hyl - 3-pyrazol -1yl net hyl - Fg(fetrahyd
ro naphthal en-2-yl]vinyl}benzoate. 15 A slurry of 199 ngy (. Af@

Met hyl 2-fluoro-4-[(E)-2-[5,5,8, 8-tetranet hyl - 3-

pyrazol -1 -yl methyl -5, 6, 7, 8-t et rahydr o- napht hal en-2-yl )vi nyl ] benzoate, 1.5
nm. ethanol and 1 nlL of 2M aqueous sodi um hydroxi de was stirred for 16
hours. The nlxture was neutrallzed wi th aqueous ammoni um chl ori de and
extracted masQed mnth

‘brine, dr ER AR MHQEMET L B o L& DIMETISIL

resul ti ngp&@@yz; 5 afrnmﬂmm%m%%dlﬁ%ﬁﬂm@ ovide 85 ny

AYEnet hyl - 5, 6, 7, 8-t et r ahydr o
napht hal en- 2-yl ) vi nyl ] benzoi c acid 47. EXAVPLE 15: PREPARATI ON OF
5-1(E)-2-(5S 8 8- TETRANMIHYL- 3- PYRAZOL- 1- YLMETHYLr5.6.7.8- TET

RAHYDRO- NAPI  EN- 2- YL) VI NYLI - Tf ROPHENE- 2- 25 CARBOXYLIC ACID 76 1 April 2005
WO 02/ 28810 PCT/ EPOL/ 11017 A 3Mtetrahydrofsa 8Iution of 434 nmg (1.46

1-y|nethyl5,6,7,8-tét}ahydro 3 8 ¥94 ng (1.61 mmol ) of diethyl

(5- carboet hoxyt hi ophen- 2- O Cwas treated with 76
ng (1.91 mmol, 60%w in portions over 10
nperature for 2 hours. The

m nutes. The slurry was then/§
reaction mxture was then dil1uted wth ethyl acetate and washed with water

and brine. The organic |ayer was then dried over nagnesiun1su|fate and

g PRl AR AL nef St TS LB SR T
4- 1(E) - 2-4 8825, @TWA\@M Phth&lgnélré(ﬁ'nﬁ dﬁﬁﬂl\@lfbmw 400> Owds
8- TETRAHYDRG NAPHTHA RN- 2Z-"YLI VI NYLT - BENZQ'C

added a solution of 6.25 g (21.8 mmol) of dimethyl-4- methylcarboxylbenzylphosphonate in 20

mL of dimethyl sulfoxide. After 2 hours a solution of 4 g (10.4 mmol) lithium diisopropyl-
amide in 10 mL dimethyl sulfoxide was added. After 3.5 hours, the reaction mixture was

10 poured into ice. The aqueoué solution was acidified with 1 N HCl and extracted with ethyl
acetate. The organic fraction was washed with brine, dried over sodium sulfate and
concentrated under reduced pressure. The residue was purified by chromatography through a
short plug of silica gel (4 % ethyl acetate/hexane) to afford 4.22 g (78%) of Methyl-4-{(E)-2-
[3-(3-t-butyldimethylsiloxypropyl)-3,5,8,8-tetramethyl-5,6,7,8-tetrahydro-naphthalen-2-

15 yl}vinyl}benzoate (m.p.:73.2-76.5 °C).

STEP G: PREPARATION OF METHYL-4- {(E)-2-[3-(3-HYDROXYPROPYT.)-5.5.8.8-
TETRAMETHYI-5.6.7.8-TETRAHYDRO-NAPHTHALEN-2-YL]VINYL}BENZOATE
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O OH To a mxture of 63 ng (1.57 mol) of sodium hydride in 5 nL of
~tetrahydrofuran was added 110 ng (1.47 mmol) of 2-nethoxyet ﬁ]g{%ﬁkzo(fsol | oned
by 16 ng (.098 mmol) of potassium 15 iodide. The reaction m xture was
‘cooled to -30 and a solution of 434 ng (.98 nmol ) of

Met hyl - 4-{yoFehrgg163- br ononet hyl -5, 5, 8, 8-t et ranet hyl -5, 6, 7?@'[1:25151? dr o- naphd
Wen-2- yl)vinyl)benzoate in 5 nL of tetrahydrofuran was a ge ) e reaction
m xture was allowed to slowy warmto roomtenperature. After 5 hours the
reaction mxture was diluted with water and extracted with ethyl acetate.
The organic fraction was washed with brine, dried over 20 sodium sulfate
and concent r dKosaisaktiter of de@g B4 nonael} ol MethyFe (Erg{31@twas purified by flash

chr omat Qn.silica gel %.e 1§ above product
was tak3’%@%‘%“@%@‘%&‘%@?’%%‘g%%ﬁe@%‘é ﬁ%%ﬁy%%g}ge reaction
m'xlt u(r:I e ﬂp@ﬁlﬁﬁhﬁﬂt&ﬁ%%&ﬁmﬁﬂgﬂm ! ﬁdahdilﬁﬁﬁreﬁtﬂiﬁm.lr(s.m;mmﬂlh B \évash '
cooled to room tenperature, diluted wt ter _and ethyl ether and then
aci di fi dEFARUEHRERARSM ugrids (P&M%EWW%%-&M&%%%E{%“%%? hyl

acet &t €, wiiEnRHGAN GafX PSSR SAAEMVI hEbtRE | THS ordhdiS fraliRwat fvadheibitd 2005
WO 02/28810 PCT/EPQ /11017 sodi um sul fate and concCentrated under reduced

pr essur dringhéiedeyerisndivg suifae andeancenizated upderoduced presare/ Holssidde was gi ve 50

129 -2-[3- (2. i
19\ a2 el by i Gicbilad Ry BE RS BACKHITBEONIE) &1y 87 o (85%) of Methyla-
55. 9- 58.{ZEL)-[S(3-hydusahfrbpy1)-5,5, REAARSHHyOS (8- thtrtahydro-naphthalen-2-
(E)-2-[3-(3- HYDROXYPROPYLI -5 5 8 8- TETRAMETHYL-5.6 7 8- TETRAHYDRO NAP T. F.
8

- 2- YLI IYUvinsiipzgags (Reprr §9%=p1nd “PREPARATI ON OF 2- ( 3- HYDROXYPROPYL) - 5S
8- TRHRAVETHYLS 6 7 8- TETRAHYDRO-NAPr- TI|AT. TER 10

STEP H: PREPARATION OF 4-{(E)-2-[3-(3-HYDROXYPROPY1)-5.5.8.8-
TETRAMETHYI -5.6.7.8-TETRAHYDRO-NAPHTHAT EN-2- YT [VINYLIBENZOIC ACTD

O
oh
S
OH

(I

To a solution of 27.0 g (0.66 mmol} of Methyl-4-{(E)-2-[3-(3-hydroxypropy)-5.5,8,8-
~ 15 tetramethyl-5,6,7,8-tetrahydro-naphthalen-2-yljvinyl}benzoate in 10 mL of methyl alcohol was
| added 5 mL of 1 N LiOH. The reaction mixture was heated to reflux. After 4 bours, the
reaction mixture was cooled to room temperature, diluted with diethyl ether and acidified with
 concentrated HCL. The organic layer was separated, washed with brine, dried over sodium
sulfate and concentrated under reduced pressure. The residue was purified by crystallization
20  (hexane/ethyl acetate) to give 200 mg (76%) of 4-{(E)-2-[3-(3-hydroxypropyl)-3,3.8,8-
tetramethyl-5,6,7,8-tetrahydro-naphthalen-2-y1}vinyl }benzoic acid (m.p.: 212.8-213.2 °C) 12.
Proceeding as described in the Example above but substituting 3-hydroxypropylbenzene
with 2-hydroxyethylbenzene gave 4-{(E)-2-[3-(2-hydroxyethyl)-5,5,8,8-tetramethy}-5,6,7,8-
tefrahydro-naphthaien-2-y1}vinyl}benzoic acid 31.
25



To a solution of 14 g (103 mmol) of 3- phenyl-I-propanol and 18.2 g (123
mol ) of  2,5-dichloro-2, 5-di net hyl hexane in 100 nL of dichl rorrg%b%ne was
added 15 g (113 mmol ) of alum numchloride. After the addit | um num
chl oride was conplete, the reaction was heated to reflux. After 16 hours,
the react yapodHgsfpur € was cool ed to room tenperature and %&@{ﬁg?" f water
was added, followed by 100 nL of IN HCL The reaction m xt Hirred
for 2 hours, filtered through a Celite pad and the | ayers were separat ed.
The aqueous | ayer was extracted with diethyl ether and the conbi ned
organic fra tlonswere washed wth bri ne, dr| ed over sodi um sul fate and
concent r EEM GRS P FRELARE 2k id 3~ 3oNETT fl ash
chr ot gEARIETTLLS £9 ek Tk ARSI AEE b8 -‘fﬁﬁw;ﬁéﬁﬁb?ck%:ﬁ 9

(53% of “2-(3 20 NydroxXypropyl)-5o, o, 8, 8-tetra
5,6, 7, 8-tetrahydro-naphthalene 78 1 April 2005 V\D 02/ 28810 PCT/ EPOL/ 11017

STEP B: PREPARATI ON OF 2- BROMD- 3- | 3- HYDROXYPROPYLI - 53 8 8- TETRA- METHYL
~-5.6,7, 8- TETRAHYDRO- NAPHTHALENE 5 To a sol utiongof 12.3 g (49.8 mmol) of
2- (3- hydroxypropyl)-5,5,8,8-tetranet hyl -5,8 3 6ﬁt r ahydr o- napht hal ene in

100 nmL of carbon tetrachl or Ndé& ed a“t'race of iron powder
foll owed by a solution of 8- Q48 DF of bromne in 80 nL of carbon
tetrachloride. After 4.5 h J C the reaction mixture was warnmed to

roomtenperature. After 3Youks_ gt Jgewq t drperature, the reaction mxture
was poured into ice water an® the 10 m xture was extracted with

di chl oronet hane. The organi raction was washed with brine, dried over
sodi um sul fate and concentrated under reduced pressure. The resi due was

Pur 118,29 10" 6 38pe 6 0836 8P Rtecf ot 59 ¥ hyd BUEHN s AL RLSLAGK)

to gi ve 10. 2
br ono- 3-$,6; wﬁu&h@ﬂmmﬂthﬂ&-ﬁyayﬁyx}ewzamms ImI5 ofdivhefirylfoiniammyiel vas AaRriat bal en

BUTVLD! VPR e TR by o Ywes #doad IB A WRORRbs iR siride
(60% oil dispersion). After 4 hours, the reaction mixture was diluted with saturated aqueous
ammonium chloride and extracted with dichloromethane. The organic fraction was washed

10 with brine, dried over sodium sulfate and concentrated under reduced pressure. The residue
was purified by flash chromatography on silica gel (6% ethy! acetate/hexane) to give 200 mg of
~ product. This material was taken up in 10 mL methyl alcohol and 5 mL of 1 N LiOH and
heated to reflux. After 2 hours, the reaction was cooled to room temperature, diluted with
water and acidified with concentrated HCL. The reaction was extracted with ethyl acetate, the
15 organic fractions were washed with brine, dried over sodium sulfate and concentrated under
reduced pressure. The residue was purified by flash chromatography on silica gel (40% ethyl
acetate/hexane/0.5% acetic acid) to 100 mg of 4-{(E)-2-[3-(3-methoxypropyl}-5,8,8-
tetramethyl-5,6,7,8-tetrahydro-naphthalen-2-y1}vinyi} benzoic acid 11.
Proceeding as in the Example above but substituting methyl iodide with ethyl iodide
20  gave 4-{(E)-2-[3-(3-cthoxypropyD-5,8,8-tetramethyl-5,6,7,8-tetrahydro-naphthalen-2-
yl}vinyl}benzoic acid 10.



To a solution of 10.2 g (31.55 mml) of 2-brono-3-(3-hydroxypropyl)-5,5,8,8
20 tetranethyl -5,6, 7, 8-tetrahydro-naphthal ene in 80 nL of digﬁ%ﬁ%% 5rram'de
was added 9.46 g (138.8 mmol) of im dazole and 10.46 g (69. @gof
tert-butyldinmethylsilyl chloride. After 4 hours the reaction m xture was
di | uted wWigidgisgiohy! ether and washed with 1 N aqueous %{’@"Qﬂg f,{ﬂ oride
and brine. The organic fraction was dried over sodi um sul Tt hen 79 1
April 2005 WO 02/28810 PCT/ EP01/ 11017 concentrated under reduced pressure.
The residue was purified by flash chromatography on silica gel (gradient
elution: 1- 296ethy| acetate/hexane) to afford 9.17 g (669 of 2-brono-3-(3-
A AMBLE 19 BREPARAMNVION OFS-8(F)-2-[5 9.8 Bl AMEEH YT 3-( 1A REIMIIL M NA =napht ha
- DL SENOPROPYLI -
T ] > I FNE TO a sotdatron or- 9.0 ¢
(20 5 mﬁﬁﬂl of 2- bronD 3- (3 t butyld|nethyI5|onypropyI)
5,5,8,8-tetranethyl -5, 6, 7, 8-tetrahydro-napht hal ene in 70 nL of N- nethyl
pyroui dine was 10 added 7.36 g (82 mmwl) of cepper (1) cyanide and the
reaction mxture was heated to 175 C. After 3p hours the reaction mxture
% agueous anmmoni um
by filtration and washed with
1 3ed with ethyl acetate and the
'*shed with brine, dried over sodium
sul fate and concentrated : : re. The residue was
purified by flash chromat ogi\aphy on S|I|ca g I radient elution: 3- 25%
et hyl acetate/ hexane) to give 4.8 g (61 % cyano- 3-(3-t
but yl di net hyl si | oxypr opyl) -
5,5,8,8-tetranethyl -5, 6,7, 8-tetrahydro-napht hal ene. STEP E: PREPARATI ON COF
2- FGRWL - 3-4 ShiktuP8 B2 0060 BhloDp o ARARTLY)- 08)-3-[5-(8 hifdr biyrép s )8:5 6 7

8- TETRAFI YDRO NAPHTHALENE 80 1 April 2005
tetramethyl-5,6,7,8-tetrahydro-naphthalen-2-yljvinyl }benzoate, 1 ml. (4.9 mmol) of

diisopropyl azodicarboxylate, 1.3 g (4.9 mmol) of triphenylphosphine and 550 mg (4.9 mmol)

hydr oxi de. The resulting s
hot ethyl acetate. The fil
conbi ned organic fractio

of 2-mercaptopyrimidine in 10 mL tetrahydrofuran was stirred at room temperature. After 48
hours, the reaction mixture was poured into brine and exiracted with ethyl acetate, the organic

I0  extracts were washed with brine, dried over sodium sulfate and concentrated under reduced
pressure. The residue was purified by flash chromatography on silica gel (10% ethyl
acetate/hexane).

The purified material was taken up in 20 mL of methyl alcohol and 10 mL of 1 N LiOH
and heated to reflux. After 1 hour the reaction mixture was cooled and methanol was removed

15  under reduced pressure. The solution was acidified with acetic acid, extracted with ethyl
acetate, washed with brine, dried over sodium sulfate and concentrated under reduced pressure.
The residue was purified by flash chromatography on silica gel (gradient elution:10-20% ethyl
acetate/hexane) and the product was recrystallized (ethyl acetate/hexane) to give 160 mg (55%)
of 4-{(E)-2-[5,5,8,8-tetramethyl-3-(pyrimidin-1-ylthiopropyl)-5,6,7,8-tetrahydro-naphthalen-2-
20 yl)vinyl}benzoic acid 24 (m.p. =177-177.5 °C).

Proceeding as above but substituting 2-mercaptopyrimidine with 5-methyl-1,3.4-
tﬁiadiazoleZ—thiol gave 4-((E)-2-{5,5,8,8-Tetramethyl-3-[3-(5-methyl-[1,3,4]thiadiazol-2-
ylsulfanyD-propyl]-5,6,7,8-tetrahydro-naphthalen-2-y1} vinyDbenzoic acid 28.

Proceeding as above but substituting (B)- methyl4-[2-(3-{3-hydroxypropyl}-5,5.8,8-

25  tetramethyl-5,6,7,8-tetrahydro-naphthalen-2-yl)vinyiJbenzoate




WO 02/ 28810 PCT/EPOL/ 11017 To a solution of 4.6 g (11.9 mmol ) of
2-cyano- 3- (3-t-butyl di net hyl si | oxypropyl) - ] 12005
5,5,8,8-tetranethyl -5,6,7, 8-tetrahydro- napht hal enein 40 m :, oPr

di chl oronet hane at -78 C was added 17.9 nL (17.9 mmol) of

di i sobut yl hydride (1.0 Min toluene). The reaction m xture was
stirred ar}gbg%%v@d to slowy warmto room tenperature. ﬁqTé]FPO?L’él"I’l?)urs
acetic 5 acid was added dropw se, followed by addition of water and

di chl oronet hane. The organic fraction was separated, washed with brine,
dried over sodium sulfate and concentrated under reduced pressure. The

resi due wy&s(ﬂ;)umletﬁ;yled-[ilys-f{ 2-agdroRPBTBL S8 RABYaridth $1L3,6,¢ %—ﬁ&éhyﬁﬂif’-ﬁ?hf
0 or ny

el uti on: 25% et hg/ acet at e/ hexane) to afford 2. 48 539
-3-(3-t ‘9-}1 (ianZ ate gave 4-{(E)-2-[3,5,8, tetramethyl—?:—(pynmdm 2-y1th10methy1)—5 6,7, 8-

rret hyl si 7, 8-tetrahydro-napht hal ene. it
389). té XH%E%RI%T%\@&FQEE'S Wé@ig%éFCRWL 3-(3-t-BUTYLDI METHYL-
SILI| AX‘?Fﬁ@P?ﬁﬁi%S-EmthXB?’{{S T3-St HRABMBRIBANOPE yIfulfaiG-cliy1]e5,6,8)8ut | on of

14 0s(3 t - hut met hyl silil oxypropyl) 15

g %?&E ﬁh@a@n—%’@}%n{@qw F%d%me hal ene in 200 nL of dry
tetrahydrofuran at -78 C was added 24 9 nm (64 mol) of n-BuU (2S Min
hexane) ) . The reaction m xture was stl rred
at t hi s=&9#eh o SRS : Srd R RAMETHY T3 (3 BYRAZOL-3f 7 ni
(64 mm@mio#ﬁps gyls.Pi iNABATHiAE FRY2 by pher a8y, The
resulting solution was stirred for an addrtion t was
guenched with 100 nL 20 of NH4ACI solution. The reaction M xture was
extracted with 3 it 100 nL of ethyl acetate. Tae organi c | ayers were
conbi ned, dried over MgSO4 and t he sol vent wasjjrenoved under reduced .
pressure. The residue was purified by fl 5E|tography on silica gel
(gradient elution : 30% et\hy afford 11.1 g (90% of
2-formyl -3-(3-t
but yl di met hyl si lil oxyprop
| ene. (C= 386). 25 30

-5,6,7,8-tetrahydro- napht ha

10

To a solution of 210 mg (0.54 mmol) of methyl4-{(E)-2-[3-(3-hydroxypropyD-5,5,8,8-
tetramethyl-5,6,7,8-tetrahydro-naphthalen-2-yl)vinyl }benzoate in 20 mL of dichloromethane at
| 0 °C was added 0.22 ml. (1.62 mmol) of triethylamine and 0.083 mL (1.1 mmol) of

15 methanesulfony! chloride. After 3 hours at 0 °C the reaction mixture was diluted with water
and extracted with dichloromethane. The organic fraction was separated, washed with brine,
dried over sodium sulfate and concentrated under reduced pressure. The residue was purified
by chromatography through a short plug of silica gel. Toa mixture of the productin 5 mL of
tetrahydrofuran was added a mixture of 65 mg (0.25 mmol) of 18-crown-6 and 28 mg (027

20  mmol) of potassium-tert-butoxide in 5 mL of tetrahydrofuran at 0 °C. The reaction mixture
was stirred and aliowed to warm to room temperamr';e overnight. After 16 hours the reaction
mixture was diluted with water and extracted with ethyl acetate. The organic fraction was
separated, washed with brine and concentrated under reduced pressure. The residue was
puriiied by flash chromatography on silica gel (25% ethyl acetate/hexane). The purified

25  product was dissolved in 10 mL of methyl alcohol and 5 mL of 1 N LiOH. The reaction
I_nixtu:e was heated at reflux. After 1.5 houfs, the reaction was cooled to room temperature,

86



81 1 April 2005 STEP F: PREPARATI ON OF

METHYL- 4- 1(E) - 2- [ 3- (3- t - BUTYLDI METHYLSI LOXY- .
PROPYL) - 5, 5, 8, 8- TETRAMETHYL-5, 6 7 8- TETRAHYDRO- NAPHTHALEN- 2- 1 April 2005
YL] VI NYL} BENZOATE 5 To a suspension of 0.85 g (21.3 mml) of

2-fornyl -3-(3-t-butyldi nethyl sil oxypropyl) -
5;5,8,8-t§¥&§ﬁ@ﬁﬁyl-5,6,7,8-tetrahydro-naphthalene i n 20 PRIEEPHELHY |

sul foxide at 0 C was added a solution of 6.25 g (21.8 nmol) of

di et hyl - 4- met hyl car boxyl benzyl phosphonate in 20 niL of dinethyl sulfoxide.
After 2 hours a solution of 4 g (10.4 mml) lithiumdiisopropyl- amde in

10 nL digifefed WithSideb:nddRidie il @ & HEL UPlie réactiol Mtkfure WhSextra@Ed With efiiykt Ur e

was 10 poured into ice. The aqueous solution was acidified wth 1 N'HO and

ext r act @eetgies waskedyith baive:dried ovanediinysuliate gnd£onsenivaid anges seduerd yressutsr i ne,
dri ed odi L. nd . The
s dus (kTR Blieh By, PR cof ANREALDA! GEHACER (REHERS P °5Tci i o gel
(4 % et hjdohaifitiatreiethonitp dive 84 1hg (249, G 24-§(E) 7B, 5,8 8- thiednitytyl 3-(B (5 azal-

[ 3-(3-t-butyld nethyl siloxypro M-S,S 8,8-tetramet hyl -5,6,7 8-tetr%3ydro-n
apnt Bal drppyly e PR a e Y Vit i BoigB0 (icp 18] SPHERARAT| O
OF METHYL- 4- s [ 30 (R N0 5, 6,7,

8- TETRAHYDROP{NAdCPééHTm%ﬁ«%%I{IIE%? EYL%;EVEEE%I E@EL}EMEQE@E)%@F %@'2‘ 1 Apmrml Fﬁlﬁ_‘go% - W0

02/ 2881 emiEptFEREL. A1lomopYrazele shingthytpyrarled 4 anaghyipyrazeieand) tetpfzolvigabig #~ 4- { (E)
2-1 3- (3-

but 1 o BN BB > B0l VRPN - SRvdrop bR 2ar o napht hal o

n-2- yl yiviayljbbepicrid36,4-Z8)- 15158, 3-adupeieafyl 3 JB-preylatidesopyisskims-on of 8
m, . (8.08 mpl) t trabutyl_am‘mni umfluoride (1.0 Min tetrah){drgfuran).
Af 1 40" sEetraRHitpanhBalen 2oyh Aipylibgpapic acid 33, 4-{()-2-75.5,8.8-tetramethyl-3-13-(

bromopyrazol-1-yl)-propyl]-5,6,7,8-tetrtahydro-naphthalen-2-yl}vinyl }benzoic acid 130, 4-
{(E)-2-{5,5,8,8-tctramethy}-3-[3-(3-methylpyrazol-1-y1)-propyll-5,6,7,8-tetrahydro-naphthalen-
2-yl}vinyl}benzoic acid 131, 4-{(E)-2-[5 ,S,S,S—tetramethyi-?}-[3-(4—methy1pyrazol—l-yl)-
propyl]-5,6,7,8-tetrahydro-naphthalen-2-yl]vinyl }benzoic acid 135, 4-{(E)-2-{5,5.8,8-
15 tetramethyl—S-G—teu'azol-B-yl);propyl)-S,6,7,S-tetrahydro-naphthalen-z-yllvinyl}benzoic acid
141, and 4-{(E)-2-{5,5,8,8-tetramethyl-3-(3-tetrazol-1-y1)-propyl)-5,6,7,8-tetrahydro-
-naphthalen-2-yl}vinyl}benzoic acid 142 respectively.

Proceeding as in the above example but substituting Methyl-4-
{(E)-2-[3-(3-hydroxypropyD-5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-naphthalen-2-

20 yllvinyl}benzoate with ( Methyl-4-{ (E}-2-[3-(2-hydroxyethy]}-5,5,8,8-tetramethyl-5,6,7,8-
tetrahydro-naphthalen-2-yl}vinyl}benzoate utilizing pyrazole, 4-methylpyrazole, 4-
bromopyrazole, imidazole, friazole, 3-methylpyrazole and 3,5-dimethylpyrzole gave 4-{(E)-2-
[5,5,8,8-tetramethyl-3-(2-pyrazol-1-ylethy])-5,6,7,8~tetrahydro-naphthalen-2-yl}vinyl }benzoic
acid 29, 4-{(E)-2-[5.5,8,8-tetramethyl-3-[ 2-(4-methyl-pyrazol-1-yl)ethyl}-5,6,7,8-tetrahydro-

25 naphthalen-2-yIlvinyl}benzoic acid 38, 4-{(E)-2-[3,5,8,8-tetramethyl-3-[2-(4-bromopyrazol-1-

 yhethyl}-5 ,6,7,S-tetrahydro-ﬁaphthalen-z-yllvinyl}bcnzoic acid 134, 4-{(E)-2-[5,5,8,8-
tetramethyl-3-[2-(imdazol-1-ylethyl]-5,6,7,8-tetrahydro-naphthalen-2-yijvinyl }benzoic acid
132, 4-{(E)-2-[5.5 ,8,8-tetramethyl-3-(2-[1,2,4]triazol-1-ylethy1)-5,6,7,8-tetrahydro-naphthalen-
2-yllvinyl}benzoic acid 136, 4-{(E)-2-[5,5,8,8-{ctramethyl-3-[2-(3-methyl-pyrazol-1-yhethyll-

30 5 ,6,7,S-teu:ahydro-naphthalen-i-yl] vinyl}benzoic acid 140 and-4-{(E)-2-[5,5,8,8-tetramethyl-



5 was diluted with water and extracted with ethyl acetate. The organic
fraction was washed with brine, dried over sodiumsulfate aEg\ CPhe@Nt rat ed
under reduced pressure. The residue was purified by flash chromatography
on silica gel (ethyl acetate) to give 2.67 g (85% of Methyl-4-

{(E)-2-[ 3-wa-obysduoxypropyl )-5,5, 8, 8-tetranet hyl -5, 6, 7, 8- t@git@daydisa7s napht hal
en-2- yl]vinyl}benzoate (np. = 109-115.5 C). 10 STEP H PREPARATI ON OF
4-{(E) - 2-f 3- ( 3- HYDROXYPROPYL) - 5. 5, 8, 8-

TETR. AVETHYL- 5, 6, 7, 8- TETRAHYDRO- NAPHTHALEN- 2- YLI VI NYL} BENZO C ACID OH To a

:/tca)!t ﬁ;: ?2-‘9’?[%553%‘&g?%%ﬁ#@éb@fﬂﬁ@#@@O—Whthalen—z-yl}vinyl}benzoic acid

t et r anet hyy r&pkotively: t et r ahydr o- napht hal en- 2-yl ] vi nyl } benzoate in 10 niL of
met hyl al cohol was added 5 nL of 1 N L1OH The reaction m xture was heated -
to reflux. After 4 hours, the reaction mxture was cooled to room

t enper at e vpt £Wh ePRrEb i r (of i centrated

HCl . The Bobak ARATIGN R _§’ S ﬁ&@?ﬁé@ lwfégﬁ—bver sodi um
sul f af e ARTRANYBRO-2NAPHIIAT DEEXYI0Ed pressure. The residue was purified
by crystallization 20 (hexane/ethyl acetate) to give 200 ng (76% of 4-{
(E)-2-[3-(3-hydroxypropyl)-5,5,8, 8-

tetramet hyl -5, 6, 7, 8-tetrahydro- napht hal en-2-yl ] vi nyl } benzoic acid (mp.:
212.8-213.2 C) 12. Proceeding as described iCh the Exanpl e above but
substituting 3-hydroxypropyl benzene\/m dr oxyet hyl benzene gave 4-{
(E)-2-[3-(2-hydroxyethyl)-5,5,8,8 ' '
t et r ahydr o- napht hal en- 2-yl ] vi nyl }
02/ 28810 PCTI EPO1/ 11017 EXAMPLE 13\ _PF = ON OF
4- 4(E) - 2- 1 3- ( 3- METHOXY- PROPYL1) 5 8 A r
TETRAVETHYL- 5. 6, 7, 8- TETRAHYDRO- NA HALEN 2- YLi VI NYLI BENZO C ACI D

Step A

10 To a solution of 12.0 g (281 mmol) of 2-bromo-3-methyl-5,5,8,8-tetramethyl-5,6,7,8-
tetrahydronaphthalene in 84 mL carbon tetrachioride was added 7.59 g (42.7 mmol) of N-
bromosuccinimide and 0.310 g (1.28 mmol) of benzoyl peroxide. This was heated to refiux for
40 minutes and then cooled to room temperature. To the cooled solution was added 170 mL
petroleum ether and the solution was filtered and concentrated in vacuo to give 17.3 g of 2-

15  bromo-3-bromomethyl-5,5,8, 8-tetramethyl-5,6,7,8-tetrahydronaphthalene which was nsed
without further purification.

Step B
0.981 g (42.7 mmol) of sodium was dissolved in 50 mL of ethanol. To this solution was

20 added 4.94 g (55.5 mmol) of 2—nitr0pr6pan§ followed by 17.3 g (42.7 mumo}) of crude 2-bromo-
3-bromomethyl-3,5,8,8-tetramethy!-5,6,7,8-tetrahydronaphthalene in 75 mL ethanol. After 8
hours, this mixture was concentrated in vacuo and then partitioned between ethyl acetate and
water. The organic layer was sequentially washed with IM aqueous sodinm hydroxide, water,
brine, dried over anhydrous sodinm sulfate and concentrated in vacuo. The product was

25  purified by flash chromatography on silica gel with gradient elution (1-2% ethyl

83




OH'5 To 390 nmg (0.96 mmol ) of

Met hyl - 4-[ (E) - 2-[ 3- ( 3- hydr oxypropyl ) -5, 5, 8, 8-t et ramet hyl )

5, 6, 7, 8-t et rahydr o- napht hal en- 2-yi j vi nyl }Ybenzoate in 5 niL of I April2005

di et hyl f or mam de was added 480 ng (4.78 mmol) of nmethyl iodide at 0 C was
added 38 %(@ 26 mol ) of sodium hydride (60% oil dispersi oné. After 4
hours, t hi 48800n m xture was diiuted with saturated adG&8E&18noni um
chl oride and extracted with dichl oronet hane. The organic fraction was
washed 10 with brine, dried over sodium sul fate and concentrated under
reduced pressure. The residue was purified by flash chromatography on
silica gsdetadiiexehd)\d aF6@7243Y (6295 b B-Br6mei /58 BAGrMkRf-5,4)7, QetRhydrdlp- S
material was taken up in 10 nL nethyl al cohol and 5 nL of I N LTOH and
heat ed "t B2phieldghydeAmmrl 18.%d14-3 °Ch.he reaction was cool ed to room
tenperature, diluted with water and acidified with concentrated HCL The
reaction was extracted wth ethyl acetate, the 15 organic fractions were
washed VEKAMRIIE22: RREPAR ATION OFH- K V.8 8.8under

reduced pres ique rifi chr ortat ogr aphy on
sili %: gv”%@géiu& ﬁm%ﬁggﬁm ) to 100 ny of
4-{(E)-2-[3-(3-net hoxypropyl }-5, 8, 8-
tetranet hyl -5, 6, 7, 8-t et rahydr oc ngpht hal e® 2-yl ] vi nyl } benzoic acid 11.
Proceeding as in the Exanple abgve but sdpstituting nmethyl iodide with
ethyl iodide 20 X H
gave4- { (E- 2-[ 3- ( 3- et hoxypr op B 8-tetranethyl -5, 6,7, 8-tetrahydro-naphth
al en-2- yl]vinyl}benzoic acid B4 April 2005 WO 02/ 28810 :
PCT/ EPOL/ 11017 EXAMPLE 19: PREPARATI ON OF<x_ i/
(E)-2-[5.5, 8. 8- TETRANMIHYL- 3- (PYRD | N- 2- Si ]
YLTHI OPROPYL) - 5, 6. 7. 8- TETRAHYDRO- NAPHTH. Al EN/2-YL1 VI NYL}BENZOC ACID 5 A
m xture of 250 ng (0.62 mmol) of
met hyl - 4-{(E) - 2- [ 3- (3- hydr oxypropyl)-5,5, 8, 8-

A solution of 6.97 g (23.6 mmol) of 3-bromo-5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-2-

naphthaldehyde, 4.66 g (47 4 mmol) of trimethylsityacetylene, 700 mg (0.997 mmol) of
dichlorobis(triphenylphosphine) palladiom(IT), 350 mg (1.84 mmol) of cuprous iodide, and

10 3.60 g (35.5 mmol) of triethylamine in 95 mL dimethylformamide was heated to 45 OC for 2.5
hours, cooled and partitioned between ethyl acetate and water. The organic phase was washed

ry

with brine, dried over anhydrous sodinm sulfate and concentrated in vacuo. The product was

purified by filiration through a pad of sitica gel with elution with 10% ethyl acetate/hexane and

afforded 7.23 g (98%) of 3-(2-trimethylsilyl-ethynyD)-5 ,5,8,8—tetramethy1—5,6,7,'8~teu'ahydro-2—
15  naphthaldehyde (m.p. = 78.4-82.0 °C).

EXAMPLE 23: PREPARATION OF 3-ETHYNYL-5.5.8.8-TETRAMETHY1-5.6,7.8-
TETRAHYDRO-2-NAPHTHAIL DEHYDE
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tetranmethyl 5,6, 7,8-tetrahydro-naphthal en-2-yl]vinyl}benzoate, | nL (4.9
mml ) of diisopropyl azodicarboxylate, 13 g (4.9 mol) of 1 April 2005

‘tri phenyl phosphine and 550 ng (4.9 mml) of 2-mercaptopyri mé‘Pne I'h 10 nL
tetrahydrofuran was stared at roomtenperature. After 48 hours, the

reacti on nyglobsgipvas poured into brine and extracted wt tate,
the organic 10 extracts were washed with brine, dried ovrg@%f%%(ﬂlﬁ%ﬁzm fate
and concentrated under reduced pressure. The residue was purified by flash
chromat ography on silica gel (10%ethyl acetate/ hexane). The purified

mat eri al was faken up i of t hyl .al.cohol ..and 10 .of | N Lj and
heated to ref*‘?& .Saﬁtﬁ‘%b?&légﬁg#'l( Wéﬂﬁ}g%%ﬂ} %YSHS"E'EWQ: ’%égdtcgﬁﬂe‘hﬁ “hanol
was I enpy,gd,s-telbhydnslenapiHLIBdB 1e $50HE. -of Teehab O wid A0ed\8.33 2¢4612 hirksh e t h
acetic acid, extracted wWwth ethyl acetate, washed with brine, dried over
sodi um SRS earbpnatss Adtaridony thgwsastiondeigrsevay payseyligto waerand ezragied was

1 gt SR, 5 LS k0%

acet &t e/ svifatne)d ¢copcegimaced i6 Oacny. (ThsHyoduof was purified by flash chromatography on silica

4-{(E)-2- , -tetranmet hyl - 3- i mdin-1-ylthiopr 1)-5, 6, -1 etrahyd
‘o napnt SRR By P s ARReY ptR i bt BB e PE s st s £ 7
Proceedi ABAWShtEMHeE B $hipt YidstPoLs AEy. capt opyrim dine with

5-met hyl -1, 3, 4- thiadi azol e2-thi ol gave

4-((E)-2-{5,5,8,8-Tetranet hyl -3-[3-(5-nmethyl [1, 3, 4]thiadiazol - 2-

y1 UL aryNRBLOOYL L e § o et RrGe L Rk A ADRI PHbRARS 2c1 ¢

28. ProcCeedring as apove put Substrtatr i

met iy - 45.62:8-BER AHWIDR Oy N APBRITHAGENS BY BYVIRY LIBENZOIC ACID

tetramet hyl'5, 6, 7, 8-t et rahydr o- napht hal en- 2-yl ) vi nyl ] benzoate 85 1 April

2005 - WD 02/28810 PCT/EP01/11017 with (E)- nethyl-4--[2-(3-{2-hydroxyet hyl

}-5,5,8,8-tetranmet hyl -5, 6, 7, 8-t et r ahydr o- napht hal en- -yl )vi nyl ] benzoat e

gave 4-{(E)-2-[5,5,8,8-tetranethyl -3-(pyrimdin-2-yl thi onet hyl )-5, 6, 7, 8-
OH

STEP A: PREPARATION OF 35.5.8.8-TETRAMETHYI-3-PYRIMINDIN-2-YI ETHYNYT -
15 5.6.7.8-TETRAHYDRO-2-NAPHTHAILDEHYDE

A solution of 0.400 g (1.66 mmol) of 3-ethynyl-5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-
2-naphthaldehyde, 0.278 g (1.75 mmol) of 2-bromopyrimidine, 0.053 g (0.075 mmol) of
dichlorobis(triphenylphosphine)palladinm(Il), 0.026 g (0.14 mmol) of cuprouns iodide, and



t et rahydr o- napht hal en- 2-y1] vi nyl } benzoi ¢ acid 26 and
4-((EB)-2-{5,5,8,8-tetranethyl -3-[3-(5-nethyl -[1, 3, 4] t bi adi zol 2y sadsf anyl ) -
ethyl]-5,6,7,8- 5 tetrahydro-napht hal en-2-yl }vi nyI)ben20| c acid 27. EXAVPLE
20: PREPARATION OF 4-f (E)-2-15 5 8 8- TETRAMETHYL- 3- ( 3- PYRAZOL- | -
 YLPROPYL) wiy 3124318 TETRAHYDRO- NAPHTH(LFN-2 YUVI NYL} BENZO G Afpb) Ao 10 To a
solution of 210 ng (0.54 mol) of nethyl -

(E)-2-[3-(3-hydroxypropyl)-5,5,8, 8-

tetranet hyl -5, 6, 7, 8-t et rahydr o- napht hal en- 2-yl ] vi nyl } benzoat e in 20 mL of

- di chl or oret hane at 0 C was added 022 m, (1.62 mml) of triethylamne and
0. 083 nf-2p3 g12.A%Empolpef ukthyientinninsid mbey Hiresthydfarmami W@rhea:eqh %"Caforo C
the rea
di chl orgtlr%é ané’&%g"%@g"éﬂg. c%‘rr%ac %‘ﬁnxv\gésdeﬂse%ar get&g’é% E{]h §r | ne,

dri _eg oumwen?sgm?mmmm“emﬂﬁdwwﬁwmﬁuﬁaﬂ, fﬂee’ﬁm&?ﬂeﬁ be |
resi due was rirti.e thro a..short u Sii1CcCa gel.
To a mi X{%fe ?P{ﬂgcwgﬁyg%ﬂgﬁa%&g ?@Pﬁﬁ%%we& Qt%é{’gded a i x? ure
of 6% nNhcetsle/Rxali®iRb hiofa .87 %@‘)@f@tﬂ}h,@ﬁe&&n&@y@ py#Rnid0}-yleMynyl-5,6,7,8-

potassiumtert-butoxide in 5 ni of tetrahydrofuran at 0 C."Theé reactlon

m xturetﬂmﬁb@%‘ﬂrﬂﬁpb@a@ﬁhﬂ@l%\mﬂla)o warmto room tenperature overnight.

After 16 hours the reaction mxture was diluted with water and extracted

with et hyI acet ate The organic fractlon was separat ed, washed with brine
BEEP AR 3 g A YIpBr i fi ed by flash

chr omat ggt.a Il ca : 50/ ] - “ e h;a purified 25
(BRI 55081 A a'-’%@.u.ﬁ]‘gﬁ%@..”:'of 1 N Li OH.

pr oduc
ThemeangAEs heated at reflux. After 1.5 hours, the reaction
was cooled to roomtenperature, 86 1 April 2005 WO 02/28810 PCT/ EPOL/ 11017

To a suspension of 0.057 g (1.43 mmol) of 60% NaH in 1.5 ml tetrahydrofuran was

added 0.180 g (0.70 mmol) of 4-(dimethoxyphosphorylmethyl)-benzoic acid methyl ester in 2.5

15 mi THF and the reaction was stirred at room temperature. After 20 minutes 0.182 g (0.57
mmol) of 3-((pyrimidin-2-yhethynyl)-5,5,8,8 -tetramethyl-5 ,6,7,8-tetrahydro-2—naphthaldehjde
in 3 ml THF was added slowly and the reaction was stirred at room temperature. After 1 hour
20 minutes the reaction was quenched with 6 m1 1M hydrochloric acid and extracted with ethyl
ether. The organic layer was washed with water, brine, dried over anhydrous sodium sulfate,

20  and concentrated in vacuo. The crude material was purified by flash chromatography (elution
with 40% ethyl acetate/hexane) to afford 0.055 g (21%) of Methyl-4-{(E)-2-(5,5,8,8-
tetramethyl-3-({pyrimidin-2-yl)ethynyl)-5,6,7,8-tetrahydro-2-naphthalen-2-yl)vinyljbenzoate
(M+1 =451).
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diluted with water and acidified wwth 1 N HCL The reaction m xture was
extracted with ethyl acetate, washed with brine, dried over,sodi ul fate
and concentrated under reduced pressure. The residue was pu}#ﬁF%g&gi flash
chromat ography on silica gel (10% nethyl al cohol/dichloronethane) to give
84 mg (24%owbnskig (E)-2-[5,5, 8, 8-tetranmet hyl - 3- (3- pyrazol pePepsision

1-yl propyl)-5, 6,7, 8-tetrahydro-napht hal en-2-yl ] vi nyl } benzoi c acid %0 (mp.
=1815-182.5 C). Proceeding as in the above exanple but substituting
pyrazole with pyrrole, 3 am nopropane, 4-bronopyrazole, 3-nethylpyrazole,

4- et hyl p d tetrazol e gave 4- E

- 2-15, 5, SIEEGERERARGTION OF 4((F)-21(55.8,8-TFTRY

-5, 6, 7, 8MIQETAIHIO- .aﬁfsl?l‘ﬂ%g{@mlzl%g@##%%@i C RANFOIC ACID
(E)-2-[5,5,8,8-tetranet hyl - 3- (3- pr opy -5,70,

t et r ahydr o- napht hal en- 2-yl ) vi nyl | benzoi ¢ acid 33,
4-{(E)-2-[5,5, 8,8-tetranet hyl - 3-[ 3- (4-
bronDpyrazoI-1-y|)-propyl]-5,6,7,8-tetrahydro-naphkpalen-2-y|]vinyl}benzoic~
acid 130,4 1
(E)-2-[5,5,8,8-tetranet hyl - 3-[ 3- (3- et hyl pyr \Ig-propyl]-5,6,7,8-tetr
ahydr o- napht hal en- 2-yl ] vi nyl\ benzoi c acid H

gol - 1-yi.)-

}benzoic acid 135,

4-{(E)-2-[5,5, 8, 8-tetranet hyl
propyl]-5, 6,7, 8-tetrahydro-
4-{(E)-2-[5,5,8,8 15
tetranet hyl -3-(3-tetrazol - 3-
vi nyl } benzoic acid 141, and A
8,8-tetramet hyl -3-(3-tetrazol-1-yl)-propyl)
napht hal en- 2-yl j vi nyl } benzoi c acid 142 resp;s
above exanpl e but substituting Methyl-4-
{(E)-2-[3-(3-hydroxypropyl)-5,5,8,8-tetranet hyl -5, 6, 7, 8-t et rahydr o- napht hal
en-2-_20 yl]viny] }ben with (

Vet T - - 1 (5 AZbkSE SEADSS 51083 oot en e LBy 568 $-topmethybs-

tetrahyd (Byﬁygﬁﬁﬁ_ 167 8.¥dtoR 03_%@ 7] Q
4-nethylé¥razole?%a-ﬁgé%%ggy%gzole?&%ﬁl gg%%#ﬂ%kﬁgﬁg'é@ﬁﬁgﬁ%FﬁVP%yMézole
and 3, 5- HiGR erd/§ gy} ethyl alcohnl svag hegied ©)reflux. After 55 minutes the reaction was cooled to
[5.5, 8, 8 - - l,- L-yl-et hyl )-5.6.7,8-tetrahydro-napht hal en-
L0 D1 & Srclofit RANELANE adr 420848 R 4 dr M B Brbetion Sed e SGhERNNEL SR

(E) - 2- [ Swith 8(h§1 ethery easited withdwitél; hrindydiiby bvarthBydbusImagnpaih ¥hikatdaki 7. 8-tetra

2 () SiEB muS0t Attt G SBR o DS B Sty 3-((pyrimidin 2-

y ! % ?tE ?y szgl%eghsg}yg),%c?,v,%tt@&ﬁw@ziﬁaﬁtﬁﬂéﬂ-miﬁhﬂjb&zﬁi@ AREVIPMF 2656 134,

5,6, 7, 8-tetrahydro-napht hal en-2-yl ]
RS, 5, N

, 67, 8-t et r ahydr o-

tLy ly. Proceeding as in the

EXAMPLE 25: PREPARATION OF 5.5.8.8-TETRAMETHYT -3-(2-PYRIMIDIN-2-
YLETHYT)-5.6.7.8-TETRAHYDRO-2-NAPHTHALDEHYDE

15

To a solution of 0.362 g (1.14 mmo}) of 3-(2-(2-pyrimidyl)ethynyl)-5,5,8,8-tetramethyl-
5,6,7,8-tetralyydro-2-naphthaidehyde in 20 mL. of ethanol was added 0.060 g of 10% palladium
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tetranmethyl -3-[2-(indazol -1-yl)ethyl]-5, 6,7, 8-tetrahydro-napht hal en-2-yl ] vi
nyl } benzoic acid 132, 1 1200
4-{(E)-2-[5,5,8,8-tetranmethyl -3-(2-[1,2,4]triazol -1-ylethyl)- épg%og tetrah
ydr o- napht hal en- 2-yl]vinyl } benzoic aci d 136,

4-{(E) - 2- -tetramet hyl - 3-[2- (3-net hyl - pyrazol - 1-vyl

5, 6,7,8-tgﬁ§ﬁ2§8 ro- napht hal en- 2-yl ] vi nyl } benzoi ¢ acid 146%%&}“!110%)
and-4-{(E)-2-[5,5,8,8-tetranethyl 87 1 April 2005 WO 02/28810

PCT/ EPO /11017 3-[2-(3, 5-di rret hyl - pyr azol

o pbo R eiogn B Ao e BARAHAT (o driokeash By i3 TOSRETRAREHARE 5 6 7

8- 5 Tﬁgﬁﬁbﬁ/@m&éﬂrﬁﬁ%%ﬂ@& mﬁi&@ %é@roﬁﬁctawﬁ@uﬂﬁb@ﬁy ﬂﬁshlZ 0 g (281

mol ) of 2-brono-3-nethyl-5 8-tetrameth

tet rahyzbm@rmgﬁmamrs@caﬁemomeﬂaéﬁmﬂiﬂ@s gﬂ?laéfor%l@-ﬁwas (IO 3728 g (42.7
| d
This wDeipid Ml ee sttt Pechngatols Aiiiiahyl (RENLAUD By ox! de-

t enper &jure. To the cool ed sol ution was added 170 nL petrol eum et her and
the solutiog was filt d and cgnce tedlnvcuo . f 2 15
br onp- 3- bro e Sgg%@WPEW%é‘%rgmﬁ'@a@ &VF;FR‘?&P%‘% f:%gﬁ‘ﬁ'?(g' © whi ch
was USGH et dws@ S-Jeh‘éﬁa&ﬁgl _D8yistieg@ydfinapthAtheB 0. 981 g (42.7 mmol ) of

sodlun1mas ssol ved of ethanol”. To this solution was 20 added
4.94 g (55.5 mmol) of 2- n|tropropane fol |l oned by 173 g (42.7 mml) of crude

2- br omps i 8 W@iﬁoﬁ&iﬁ@%ﬁ%'s— PEPR AMETTH J%Qﬁ%‘i‘l—!@vﬁ%@ﬁ' ene in

75 nlL &tiranor . frour s, L1 S 1m Xt ar as corncentrated | o and
t hen pmw,@gemmmwm VINYIIh BN yer was
sequentially washed with | M aqueous sodi um hydroxi de, water, brine, dried
over anhydrous sodium sul fate and concentrated in vacuo. The product was

*

STEP A: PREPARATION OF ETHYI -4-{(E)-2-[5,5.8 8- TETRAMETHYT -3-(2-THTAZOIL -
2-Y1 -ETHY1)-5.6,7.8-TETRAHYDRO-NAPHTHALEN-2-YLJVINYL}BENZYL ESTER

A 0°C, .3 M tetrahydrofuran solution of 229 mg (.699 mmol) of 2-formy}-3-[2-(thiazol-
2-y]) ethyl]-5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-napthalene and 202 mg (.706 mmol) of
diethyl 4-carboethoxybenzy! phosphonate was treated with 30 mg (.768 mmol, 60% wt. in
mineral cil) NaH in 5 mg portions over ten minutes. The solution was allowed to warm to
room temperature and stizred for 2 hours. The reaction mixture was diluted with ethyl acetate
and washed with water and brine. The organic layer was then dried over magnesium sulfate,
concentrated under reduced pressure and the resulting residue triturated with methanol to
provide 278 mg (86%) of Ethyl4-{ (E)-Z—[S,S;8,8—tetramethyl-3—(2-ﬂ1iaz01e2-yl-ethyl)-5,6,7,8-
tetrahydro-naphthalen-2-yl}vinyl }benzoate.
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25 purified by flash chromatography on silica gel wth gradient elation

(1-2% ethyl 89 1 April 2005 WD 02/28810 PCT/ EPO1/ 11017 acet arl?\/ ﬁﬁﬁgﬁe) to

afford 7.63 g (61% of 3-bronp-5,5,8,8-tetranethyl-5,6,7,8-te Pa ydro- 2-

napht hal dehyde (m p: 113.9-114.3 C). EXAMPLE 22: PREPARATI ON OF

3-(2-TRI Nl ETHYLSI LYETHYNYL)-5.5,8,8 4 5

TETRAVETHYL- 5. 6, 7. 8- TETRAHYDRO- 2- NAPHTHALDEHYDE A sol ution of 6.97 g (23.6

mol ) of 3-brono-5,5,8,8-tetranethyl-5,6,7,8-tetrahydro-2- napht hal dehyde,

4.66 g (47.4 mmol) of trinethylsilyacetylene 700 §0.997 nmol ) . of

di chl or ob¥EER B; 1 H2a 8 SrRE TRIGAE LH YLy - T

| odi de, app¥Y).3.6608 FRTRAMYIIROIN QPHTHAR BN ST PNV BENZBIC ACID

di met hyl formam de was heated to 45 DCTor 2.5 hours, cooled and

partitioned between ethyl acetate and water. The organi c phase was washed

with brine, drj ver. anh us di sul t at r I, vacuo.

The product Waé?ﬂﬁrgrc :S?t?%@g)bﬁ?%%?gl (fér:(%trplglﬁnbtoﬁ%ﬁ]@%{@%é ’dg’gjs%%tfa?'ﬁzegﬂégﬂzw th

el uti on whiahollDY-@hfly b, 6 icatRydienapiehaad2-yRiinon dattoate 232.9 n{IO8L4thanbl and

3-(2-tringthylsilyl-ethynyl)-5,5,8,8-tetranethyl-5,6,7,8-tetrahydro-2- 15

napht hal dbhyHeol 3 aaueoptsolig hisieyide BRANPISE 1ors) DOREPHIGAFAHAN R BIETIYNYL - 5

5 88 TETRAMDA InByAstta it FSHRAPRR R RUIN DELYRR A drdtpri 2005 VO

02/ 28810 PCIT/EPOL/ 11017 To a solution of 7.21 g (23.1 mmol) of

3- ( 2- t ri meslimgpriegipitate Wohertipacsd sc;x&regftrgr@s el peetate. The organic layers were

(5212’ Z’ %ci%?nrbgl?e\é?&r%h%& 0g %5'199 !argda é]rYe%EO\rlern m%gi%smﬁl s%ifat%%&?@%iné%c%?& ig 38 ¢
10  vacuo. The residue (95 mg) obtained was then dissolved in dichloromethane and precipitated

out by adding excess hexane resulting in 25 mg (10%) of 4-{(E)-2-[5,5,8,8-tetramethyl-3-(2-
thiazol-2-yl-ethyl)-5,6,7,8-tetrahydro-naphthalen-2-yl)vinyl Jbenzoic acid 40 (m.p. = 215.8-
217.5° C, M'=446).

prous

15 EXAMPLE 27: PREPARATION OF 2-FLUOROQ-3-METHYL-5.5.8,8- TETRAMETHYL-
5.6,7.8-TETRAHYDRONAPHTHALENE

To a solution of 15 g (136 mmol) of 2-fluorotoluene and 24.9 g (136 mmol) of 2,5-

20 dichloro-27,5-dimethylhexane in 120 mi. dichloromethane was added 1.82 g (13.6 mmol) of
aluminum chloride and the solution heated at reflux. After 18 hours the reaction mixture was
cooled to room temperature and 5% aqueous HCI was added. This was partitioned between
hexane and water. The aqueous phase was washed once with hexane. The combined organic
layers were washed with brine, dried over anhydrous sodium sulfate, and concentrated in vacuo

25  to afford 25.8 g (86%) of 2-fluoro-3-methyl-5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalene
(m.p. = 90.0-91.8 °C).
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pot assi um carbonate. After | hour, the reaction mxture was poured into
wat er and extracted wth ethyl acetate. The organi c phase was washed with
brine, dried over anhydrous sodiumb5 sul fate, and concentrat £érrih2¥Pacuo.
The product was purified by flash chromatography on silica gel (3% ethyl
acet ate/ hexane) to afford 4.04 g (73% of 3-ethynyl-5,5,8, 8-tetranethyl.
5,6,7,8 PAPERIUr o- 2- napht hal dehyde (m p. = 94.0-94. 6 CPCTERIME 24
4-f(E)-2-( 5,5,8.8-TETRANffirHYl,3-((PYRI IyM N-2- YL) ETHYNYL) - 10

5, 6, 7. 8- TERAHYDRO 2- NAPHTHALEN- 2- YL) VI NYLI BENZO C ACI D 15 STEP A

PREPARATI ON OF 5, 5, 8, 8- TETRAVETHYL- 3- PYRI M NDI N- 2- YLETHYNYL-

5,6, 7. 8 ERERAIDRORIMRCTHIPBIDE NORD- 84 TeTTalviBTARY. g6 18 66 Mol ) of
'3-ethyny . LR - eray -nap al dehyde, 0.278 ¢
(1.75 nmDI) of Z- br onopyT | rne, 0. g (0. 075 mol ) of

di chl orobi s(tri phenyl phosphi ne) pal 1ad| um(l , 0.026 g (0.14 rrrml) of cuprous -
iodide, and 1 April 2005 WO 02/28840,/PCT/ EPO]

triethylamne in 12 niL of dinethylfxg 1
hours, cooled to roomtenperature
water. The organic |ayer was was
sodium sul fate, and concentrated iMm e product was purified by
flash chronat ography on silica gel /(5% et hyI 5 acet at e/ hexane) to afford
0372 g (70% of 5,5,8,8-tetranet hyl -3-pyrimdin-2-ylethynyl-5,6,7, 8-

t et r ahydr o- 2- napht hal dehyde. (M~ = 318). STEP B: PREPARATI ON OF METHYL
4-1(E)-2-( 5,5,8,8-TETRANffi THYL, 3- STEPA -

( PYRDvBDI N- 2- YL) ETHYNYL) - 5. 6, 7, 8- TERAHYDRO- 2- NAPHTHALEN- 2- 10

YL) VISNYL| BENZOATE

To a solution of 10.0 g (45.4 mmol) of 2-fluoro-3-methyl-5,5,8,8-tetramethyl-5,6,7,8-
tetrahydronaphthalene in 91 mL of carbon tetrachloride was added 8.48 g (47.7 mmol) of N-

bromosuccinimide and (.330 g (1.36 mmol) of benzoyl peroxide. The solution was heated at

s heated to 45 Cfor 3
i ortldd between ethyl acetate and
bri ne, dried over anhydrous

reflux for 35 minutes and then cooled to room temperature. 200 mL petrolenm ether was added
10  and the solution filtered and concentrated in vacuo to afford 16.9 g of 2-fluoro-3-bromomethyl-
5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalene which was used without further purification.

STEP B
5.26 g (5§9.0 mmol) of 2—mtropropane was added to a solution prepared by dissolving

15  1.04 g (45.4 mmol) of sodium in 60 mL of ethanol. The resulting solution was added to a

solution of 16.9 g (45.4 mmol) of crude 2-fiuvoro-3-bromomethyl-5,5,8,8-tetramethyl-5,6,7,8-

tetrabydronaphthatene in 60 mL of ethanol. After 5 hours the reaction mixture was partitioned

between ethyl acetate and water. The organic layer was washed with 1M aqueous sodium

hydroxide, water, brine, dried over anhydrous sodizm sulfate and concentrated in vacuo. The
20  product was purified by flash chromatography on silica gel (1% ethyl acetate/hexane) to afford

6.17 g (58%) of 3-fluoro-5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-2-naphthaldehyde (m.p.

' 119.4-120.0 °C). '
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- To a suspension of 0.057 g (1.43 mmol) of 60% NaH in 15 nl tetrahydrofuran

. concentr

was added 0.180 g (0.70 mmol) of 4-(di net hoxyphosphoryl net hywpﬁpmoi C
acid nethyl ester in 25 15 nl THE and the reaction was stirred at room
tenperature. After 20 mnutes 0.182 g (0.57 mmol) of - _

3-((pyri mwee/z8810 ) et hynyl )-5,5, 8, 8, -tetranet hyl -5, 6, 7, 8-Heaigrlyy@i:o- 2- napht
hal dehyde in 3 mM THE was added slowy and the reaction was stirred at
-roomtenperature. After 1 hour 20 minutes the reaction was-quenched with 6
m | M hydrochloric acid and extracted with ethyl ether. The organic |ayer
was wash 1 g (o] i= nhydr ous sodi um sul fatcsa,672é) and

o

chromat o SEP L PR yl acetate/ hexane) to afford 0.055 g
(21% of Methyl-4-[(E)-2-(5,5,8, 8- ' -
tetranet hyl -3- ((pyrimdin-2-yl)ethynyl)-5,8, 7, 8-tetrahydro-2-napht hal en-2-y
| )vinyl]benzoate (M-1=451). 91\L/April 2005 WO 02/28810 PCT/EPQ /11017
STEP C. PREPARATI ON OF 4-r(E)- 2455 8 PTRAMVETH 3- ( ( PYRD~

YL) ETHYNYL) - 5. 6. 7. 8- TERAHYDRO- ? EN- 28YL) VI NYJBENZO C ACID OH 5 A
solution of 0.055 g (0.123 mol oyl -4n[(B)-2-(5, 5,8, 8-tetranet hyl - 3-
((pyrimdin-2-yl)ethynyl)-5,6,7, & tetrahydyo-&- napht hal en-2-yl ) vi nyl ] benzoa
tein2.5nmM 1M LiOHand 5 m éthyl alcoh s heated to reflux. After 55
m nutes the reaction was cooled to roomtenperature and acidified with 4
m 1 Mshydrochloric acid. The aqueous was extracted wth ethyl ether,
washed with water, brine, dried over anhydrous magnesi um sul fate and 10

stripped in vécwition 0200 (0.86% mmpl) FBFluen-5,5,8,8-tetramethyl-5,6,7,8- tetrahydro-

St oped ] : Ty oD, .
yl §ét )hy nﬁtjﬁ?%%fl%’té{%% %taﬁ%%Jﬁ%‘?’ﬂ’-&@%ﬁk’ﬂ}é’gé%a%@?r?\?igr%gfg8%?%"&? of Rolassiumsg
= 436). EXBMRLENZ5m] RREPARATIGHIHOatheated t8 97 BT RANYHINMEs Fhe 2eRYBDSRINe 2-

YLETHYL) - 5. 6. {e(? TETRAHYDRO- 2- NAPHTHAL DEHYDE
was cooled 1o room temperature and partitioned between ethyl acetate and water. The organic

10 layer was washed with brine, dried over anhydrous sodium sulfate, and concentrated in vacuo.
The product was purified on flash chromatography on silica gel (5% ethyl acetate/hexane) to
afford 0.101 g (42%) of 5,5 ,S;S—tetramethyI-B—pyrazoI-I-yl-S,6,7,8—te&ahyﬁro—2-
naphthaldehyde. (top = 95.7-97.6).

Horner-Emmons olefination, followed by ester saponification gave 4-{(E)-2-[5,5,8,8-

15 Tetramethyl-3-(pyrazol -1-y1) -5,6,7,8-tetrahydro-naphthalen-2-yl)vinyl]benzoic acid 156
(MH+ = 401).

Sabstitution of pyrazoie with 3-methylpyrazole gave 4-{(E)-2-[5,5,8,8-Tetramethyl-3-(3-
methylpyrazol -1-yl) -5,6,7,8-tetrahydro-naphthalen-2-yl)vinyl]benzoic acid 157 (MH+ = 415).

20 EXAMPLE 30: PREPARATION OF 5.5.8.8- TETRAMETHYL-3-(PYRIMINDIN-2-YL-

THIO)-5.6.7.8-TETRAHYDRO-2-NAPHTHAIL DEYHDE

0O

H

U
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15 To a solution of 0362 g (1.14 nmmol) of

3-(2-(2-pyrimdyl)ethynyl)-5,5, 8, 8-tetranethyl - )

5,6, 7, 8-tetrahydro-2-napht hal dehyde in 20 nL of ethanol was Ldwsh 28060 g
of 10% pal l adium 92 1 April 2005 WO 02/ 28810 PCT/EP01/11017 on carbon and

t he suspensi on was shaken under 40psi hydrogen gas for 3 hours. The
resulting solution was filtered and concentrated in vacuo. The product was
purified by flash chromatography on silica gel (30% ethyl acetate/hexane)
to afford 0.251 g 86896 of 3-(2-(2- _

pyri nmi dyl ) et hyl9 a ®lgic®, o 0P gdha¥ mynolbhol)-megaptepyrithidinedn 21 nipht hal dehyde
(mp. =7 - | fing- - L <H | 0 | gave
2 tormyl - @n%gﬁjﬁ? | %@gﬁ%&_‘?{/&ﬁ 8108 504 37 RikoA] 51Ys9E oMl hdrRfe® Wik B0 ARk,

et hyl ] - 5, b8 g 4.2 miradad{13yiludee-6,5/8, 8-1dtainetiyl-a 6V, Sraptinalre-damap KANENde 2a6s

PREPARATI 4-{(E)-2-15 5 8 8-TEl RANETHYT, 3- (2- TH AZOL-2-, YL-ETHYL)-5,6
5. TETRAMERE AP RAER B0 VoA mc?egé@-&ia(é hgure, heedsfippriiure Wi

PREPARATI (1o oY tenfbedatuled arkt faptithondd Bethled AN bicbhre 3nd draferl A rpanic
2- YL- ETHYL) - 5678- TBTRAHYDRO- NAPHTHA EN- 2- YLI VI NYL} BENZYLESTER A°0C, .3 M

t et r ahydriffase wes washed wish woter, bzmendried oyoanhidioys soddivm sulfatgandzopcentrated dy of -
7 Yoh Syl AT S B bt o
ng (. 768 wafford GO y(16%)wf 5/518)® telampitly)-3 Xpyrirhidins2-yithd+%,6,8,3sctoahgrirot 2 n
SRS ST A ST S TN T SO IR
\Arr/:; Egg)i yﬁag%@ﬁf%n 3Rk YIRS [5 BEs TRk Gy L AR RS yrRRIn-dIyled ayNer
tetrahydro—naiphthalen—2-y1)vinyl]benzoic acid 155 (mp = 283-283.5). Substitution of 2-
mercaptopyrimidine with 2-mercaptothiazole gave 4-{(E)-2-[5,5,8,8-Tetramethyl-3-
(mercaptothiazol-2-yl) -5,6,7,8-tetrahydro-naphthalen-2-yl)vinylJbenzoic acid 154 (MH'=
450).
15

EXAMPLE 31: PREPARATION QF 2-(1,3-DIOXOLAN-2-Y1}-3-BROMO-5.5.8.8-
TETRAMETHYL-5.6.7.8-TETRAHYDRONAPHTHALENE

O O 0
H 'H
3~

Br Br

To a solution of 1.8 g (6.3 mmol) of 2-formyl-3-bromo-5,5,8,8-tetramethyl-5,6,7,8-

tetrahydronaphthalene in 70 mL of benzene was added 3.5 mL of ethylene glycol (63 mmol)

20 followed by p-toluenesulfonic acid monohydrate (180 mg, 0.9 mmol). The reaction mixture
was heated at reflux for about 3 hours and is then concentrated under reduced pressure. The
residue was partitioned between ether and saturated sodium bicarbonate solution. The ether
layer was washed with brine, dried over MgSQ4 and concentrated under reduced pressure. The
residue was purified by flash chromatography 1.4 % ethyl acetate/hexane) on a Biotage 40M

25  SiO; cartridge to afford 1.5 g (72%) of 2-(1,3-dioxolan-2-yl)-3-bromo-5,5,8,8-tetramethyl-
5,6,7,8-tetrahydronaphthalene as a crystalline solid.
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concentrated under reduced pressure and the resulting residue triturated

with nmethanol to provide 278 ng (86% of Ethyl -{(E)-2-[5,5; .

8, 8-tetranet hyl -3-(2-thiazol 2-yl-ethyl)-5,86,7, 8- 1 April 2005

t et r ahydr o- napht hal en- 2-yl }vi nyl } benzoate. 93 1 April 2005 STEP B:

PREPARATI ON OF 4- | (E)-2-[5,5, 8, 8- TETRAMETHYL- 3- (2- TH AZOL- 2- YL-

" ETHYL) - 5, 6, 7, 8- TETRAHYDRO- NAPHTHALEN- 2- YLI VI NYL} BENZO C ACID A slurry

containing 278 ng (.604 muol) of ethyl-4-{(E)-2-[5,5,8,8-tetranethyl-3-(2 5

t hi azol - 2-yl -e 7,8-tetrahydro- al en-2-yl]vinyl }benzoate in
2.3 nmL of EXAME RATIONADFE 24 ] ' L ME

N & Ligad o)
\ RS 'S JLiENed and washed with
saturated sol ution of aqueous ammoni um chloride. The resulting precipitate

was extracted, sevetal, ti i th hyl acet ate, .. The. organi L ayers were
conbi ned, Wasﬁlg’oa "\%\%t ﬁtﬁVﬁamﬁ‘fﬁn @ﬁ’ Hﬁ‘)(ﬁ@&?f’ 'gs{" &W@ﬁ??é’ﬁké‘ﬁgﬁ(’r’e bei ng
concemtr ai,?,Q,Si-tBtréanetHﬁ-@,Q’],SI&Qqh&&&hgﬂﬁaﬁ&é (D) meL 75 Merd)Wess adiedn-Bubigeléved

i n dichloronmethane and precipitated out by adc_ﬂ ng excess hexane r,esu}tl ng
in 25 ny Miobgxage, iy mE).. Phemaatiog ngxiugy grgiﬁg{l]ﬁg]lcl@n?@ver 45 min. A solution o

t hi azol - - r - : e [ iy acid
40 (m p, b eXaicieldh 00 WONTHRRINE] RS Gm T R e

2- FLUORO- @ovEst-Polth S atiove sBrFE TRAMETHMLMiXEr6 rapidy PERRAHVDRENEPET MM ENE To a
solution of 15 L) of .2-fl uorotol.uene, and_ 24, 1 of
S5 20" R 885 LaSedhaiyen Seime Sy RERPOR o ufhet S dERiokac

1. 82 1@ (1:3d6hd Ty wefe sepdiied UThEbrpaiit Betidd wdiBed@lth biine) diiedbed naigndshifh uX.
After 18 hours the reaction m xture was . cooled ta roomtenper,aiure and 5%

aqueous Helfaigasd sengerfraterioZivgasyeamiaik Wisrle wapirificd by paenestive SHg gk er . The
aqueous ] The g W] ' _fyers
queou Vatet{g%ﬁgﬁzgﬁ%gg@%%ma ?@%ﬁ% 2IhS &egzsamlshpwﬁﬁgﬁgml fy

were washe over a us’ Ssodi um sul’fat e, )
concent r gtldophiene-2atuetids]-1,6,8 8- ranleti - 86,3, 8¢ t8Bsydmhaphthalene as a waxy solid

2-fluor 0'&96*51%%@0/')5’ 5,8,8-tetranmethyl -5, 6,7, 8-tetrahydronapht hal ene
5 o}

15 The alcohol prepared above was dissolved in 7 mL of ethyl acetate and 75 mg of 10%
Pd/C was added and the reaction mixture stirred under a hydrogen atmosphere for about 4
hours. The reaction mixture was filtered through Celite and concentrated in vacuo. The
resulting residue was purified by preparative thin layer chromatography (10% ethyl
acetate/hexane) to give 2-formyl-3-[(thiophene-2-yl)methyl]-5,5,8,8-tetramethyl-5,6,7,8-

20 tetrahydronaphthalene (94 mg, 62%) directly.

EXAMPLE 33: PREPARATION OF 4-[(E)-2-(5.5,8.8-TETRAMETHY1.-3-THIOPIHEN-2-
YLMETHYL-5,6.7.8-TETRAHYDRO-NAPHTHALEN-2-YL)VINYL]BENZOIC ACID

COH
CHO
S
|
25 Horner-Emmons olefination (following the procedure of Example 26 step A) of 2-

formyl-3-[(thiophene-2-yl)methyl]-5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalene (94 mg,
0.3 mmol) followed by ester hydrolysis (following the procedure of Example 26 step B) of
ethyl (E)-4-{2-[3-((thiophene-2-yl)methyl)-5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-naphthalen-2-
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(mp. =90.0-91.8 C. 94 1 April 2005 WD 02/28810 PCT/EP01/11017 EXAMPLE
28: PREPARATI ON OF 3-FLUOCRO- 5 5 8 8- TETRAMETHYL,S 6 7 8- )
TETRAHYDRO- 2- NAPHTHALDEHYDE STEP A 5 To a sol ution of 10.0 gl@®5200mpl) of
2-fluoro-3-nmethyl-5,5,8,8-tetranet hyl -5,6, 7, 8- tetrahydronaphthal ene in 91
mL of carbon tetrachloride was added 8.48 g (47.7 mmol ) of N

bromosucci nimde and 0.330 g (1.36 mml) of benzoyl peroxide. The solution
was heated at reflux for 35 mnutes and then cooled to roomtenperature.
200 nL petrol eum ether was added 10 and the solution filtered and

concent r aYldnyl thapaeato (58 ang 0f1d mamalp povigles f-[(E)f2-(fot. B3 detmmathyiat thipphen-

5,5,8, 8-t byl-bH < dy vy 9 i1 hout
further p%ﬁ@?ﬁ?%?’%’g Sl.ste@%léﬁ@%}'%h% i.%ldi(’ QW jrl%g%(?@g ‘&@(ﬁ‘?ﬁ%&’ r) g%%ﬁ%mm%s added
to a sol utrysiallipe spidrdddmdyy 249 34<28P%I°@). 15 1.04 g (45.4 mmol) of sodiumin 60
mL of ethanol. The resulting solution was added to a solution of 16.9 g
(45.4 mol ) of crude 2-fluoro-3-brononethyl-5,5,8,8-tetranethyl-5,6,7, 8-

t et r ahyy dr ERAMMHIIFRS £ PR EPARGOTION OF 4ef(hpnob.5 Al EETRAMRITSYL BY4NGBTHYON

m xture V\BENEQ"L‘}JStiG,ﬁ,SLQ‘ETRQQ-WBRO-ﬁAPHTm(I%MQB{QWN%EBENZB]!@ Agipani ¢ | ayer
was washed wt aqueous sodi um hydroxide, water, brine, dried over
anhydrous sodi um sul fate and concentrated in vacuo. The 20 product was
purified by flash chromat ography on silica gel (1% ethyl acetate/hexane) to
afford 6.17 g (58% of
3-fluoro-5,5,8,8-tetranmet hyl -5, 6, 7, 8-tetrahydro-2-napht hal g
119.4-120.0 . 95 1 ,gém 2005

Br

To a mixture of 2-(1,3-dioxolan-2-yl)-3-bromo-5,5,8,8-tetramethyl-5,6,7,8-

10 tetrahydronaphthalene (250 mg, 0.74 mmol) and tetrakis(triphenylphospine)palladium(0) (21
mg, 0.018 mmol) under an argon atmosphere was added a 0.5 M tetrahydrofuran solution of 4-
methylbenzylzine chloride (7.3 mL, 3.68 mmol). The reaction mixture was stirred at reflux
overnight and partitioned between saturated ammonium chloride solution and ethyl acetate.
The organic layer was washed with brine, dried over MgSQy, and concentrated in vacuo. The

15  residue was purified by preparative thin layer chromatography on silica gel (5% ethyl
acetate/hexane) to give 2-(1,3-dioxolan-2-yl)-3-(4-methylbenzyl)-5,5,8,8-tetramethyl-5,6,7,8-
tetrahydronaphthalene as a white crystalline solid (240 mg, 89%).

A solution of the acetal prepared above (240 mg, 0.66 mmol) in 3 mL of
tetrahydrofuran was treated with 2 mL of 1 M HCl. The reaction was stirred at room
20  temperature for 1.5 hours and then partitioned between saturated ammonium chloride solution
and ethyl acetate. The organic layer was washed with brine, dried over MgSO; and
concentrated to give 2-formyl-3-(4-methylbenzyl)-5,5,8,8-tetramethyl-5,6,7,8-
tetrahydronaphthalene as a clear oil which slowly crystallized on standing (210 mg, 99%).
Horner-Emmons olefination (following the procedure of Example 26 step A) of 2-formyl-3-(4-

25  methylbenzyl)-5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalene (210 mg, 0.65 mmol) followed by
ester hydrolysis (following the procedure of Example 26 step B) of ethyl 4-{(E)-2-[ 5,5,8,8-tetramethyl-
3-(4-methylbenzyl)-5,6,7,8-tetrahydro-naphthalen-2-yl]Jvinyl} benzoate gave 4- '
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WO 02/ 28810 PCT/ EPOL/ 11017 EXAMPLE 29: PREPARATI ON OF 55 8

8- TETRAMETHYL. 3- PYR AZOLr 1-YL-5 6 7 8 TETRAHYDRO 2- NAPHTHAL o\
solution of 0.200 g (0.845 mmol ) of

3-fluoro-5,5,8,8-tetranethyl -5,6, 7, 8-tetrahydro- 2-napht hal dehyde, 0.058 g
(0.854 mmol ) of pyrazole, and 0.130 g (0.939 Mol ) of potassium carbonate
in 2 L dinethyl sul foxide was heated to 95 C for 18 hours. The reaction
mxture was cooled to roomtenperature and partitioned between ethyl
acetate and water. The organic 10 | ayer was washed with brine, dried over

anhydrous sodi {f- 24p ﬁﬁ%teﬁalﬁ@hﬁlo}réﬂemeﬂléd@ﬂzﬂlﬁ O deisirahyfrenaphglan 2-was
purified Y, Y- C elhexane) to
D ord o Mﬁg?ﬁ%@? %ﬁi%&%ﬁ@%@a%&h&ﬂe%@s&ﬂ nesoa Gh Y2 160£81 24 €t

5, 5, 8, 8-t giH.alkpthbyaneBddyr azol - 1-y1-5, 6, 7, 8-t et rahydr o- 2- napht hal dehyde.
(nmp = 95.7-97.6). Horner-Emons ol efination, foll owed by ester

saponi fication gave 4-{(E)-2-[5,5,8,8 15 Tetrarrethyl 3-(pyrazol -1-yl)

-5, 6, 75 8- EEAMIEIR O-FREPARYT IO GF W1)(#)-DY b SBMTBTRAMBETIYDS-(2(4ML1+= 401) .
Subst i t ut I 1AHR OBERZSTS-576.7 B- DRY-RAVETHRVEN 4= Y1 JVINY L} BENZOIC
(B)-2-[5,Rchp 8- Tetranet hyl - 3-(3- nethyl pyrazol -1-yI)

-5,6,7, 8-tetrahydro- napht hal en-2-yl)vi nyl ] benzoic acid 157 (M+= 415). 20
EXAMPLE 30: PREPARATION OF 5 5 8 8- TETRANMIHYL- 3-(PYRI MI"iD N 2-YL-

THI O) - 5, 6. 7, 8- TETRAHYDRO- 2- NAPHTH AT . nEYIIDE 96 1 April 2005 To $£ol ution
of 0.479 ¢ (4 27 mmol ) of 2- rrercaptopyrlmdl ne in 11 nL dj mam de
was added 0.108 g (4. ZTTgrDI) of 95% sodi um K
1.00 g (4.27 mxpf) of O

3-fluoro-5,5, etRa I-5 6,7,8-tetrah apht hal dehyde was added
and the resul tioh was heated A ref oyrs, the
reaction m xt 5~g00l ed to room tenper af P orﬁad bet ween

et hyl acetate a ' The organi ¢ phase wat er, brine,

dri ed over anhydrous sodium sulfate and concentrated inF
To a mixture of 2-(1,3-dioxolan-2-yl)-3-bromo-5,5,8,8-tetramethyl-5,6,7,8-

10 tetrahydronaphthalene (250 mg, 0.74 mmol) and tetrakis(triphenylphospine)palladium(0) (21
mg, 0.018 mmol) under an argon atmosphere was added a 0.5 M tetrahydrofuran solution of
2,4-difluorobenzylzinc chloride (7.3 mL, 3.68 mmol). The reaction was stirred at reflux
overnight and partitioned between saturated ammonium chloride solution and ethyl acetate.
The organic layer was washed with brine, dried over MgSQy4, and concentrated. The residue

15  was purified by preparative thin layer chromatography on silica gel (5% ethyl acetate/hexane)
to give 2-(1,3-dioxolan-2-y1)-3-(2,4-difluorobenzyl)-5,5,8,8-tetramethyl-5,6,7,8-
tetrahydronaphthalene as a white crystalline solid (245 mg, 96%).

A solution of the above acetal (245 mg, 0.71 mmol) in 3 mL of tetrahydrofuran was
treated with 2 mL of 1 M HCl. The reaction was stirred at room temperature for 1.5 hours and

20  then partitioned between saturated ammonium chloride solution and ethyl acetate, The organic
layer was washed with brine, dried over magnesium sulfate and concentrated to give 2-formyl-
3-(2,4-difluorobenzyl)-5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalene as a clear oil (239
mg, 97%).

Horner-Emmons olefination (following the procedure of Example 26 step A) of 2-formyl-3-(4-

25  methylbenzyl)-5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalene (239 mg, 0.69 mmol} followed by

‘ester hydrolysis (following the procedure of Example 26 step B) of ethyl 4-{(E)-2-[ 5,5,8,8-
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vacuo. The product was purified by flash chronmatography on silica (15%
et hyl acetate/ hexane) to afford 0.219 g (16% of 1 2005
~5,5,8,8-tetranet hyl -3-(pyrimdin-2-yl-thio)-5,6,7, 8- tetrahydr -pﬁ-

napht haI deyhde (rrp 143. 2- 145. 8) . Homer - Enmons ol ef | nation, followed by

ester cati on gave
4-{(E) - 2 ?@9% - Tetranet hyl - 3- (ner capt opyrm di n-2-yl) _Pg"r/é:’l’%/gpn
t et rahydr o- napht hal en- 2-yl ) vi nyl | benzoic acid 155 (np = 283-283.5).

Substitution of 2- nercaptopyrimdine with 2-mercaptothiazole gave
4-{(E)-2-[5, 5, 8, 8-Tetranet hyl - 3- (nmercapt ot hi azol - 2-yl)

-5,6, 7, 8t¢IEnne&1yyar(a4rmﬁumhbdneyﬂa-z S6/F, wau‘asnwmqmpmhﬂexamy@vﬁgﬁbéﬁddm ca4e89). 15

TETRAVETHI- 5L AP A IR ERE S B oHehsee2-5 g (. 3

mol ) of yBvingl}b¥tzoR-da1doee 51g§7%ﬁa§@hﬁﬁaa§&mhn§sdﬁd7(n§p 204 3-205.7°C)

t et rahydr onapht hal ene in 70 nL of benzene was added nmL of ethyl ene
gI ycoI ( Ee5ryRiAdlged srom (HLGkexage 980| uenesul f oni ¢ aci d m)nohydrate (180 ny,
9 myol ). The reaction m xture was heated at reflux for about 3 hours and
|s t hen concentrat ed under reduced pressure The residue was partitioned
ye . FIQN @) ; R ayer

Xd 3.7 APE AISED ' reduced
pressure. The resi due was purrfred by flash chrorrat ography 1.4 % et hyl
acet at e/ hexane) on a Biotage 40M 25 SiQ2 cartridge to afford 1.5 g (72% of
2- (1, 3-di oxol an- 2-yl ) - 3-brono-5, 5, 8, 8-t et r anet hyf-
5,6, 7, 8-tetrahydronapht hal ene as a crystall| Blid. 97 1 April 2005
EXAMPLE 32: PREPARATI ON OF 2- FORMYL-3-[(TH | NE-QHYL) METHYLI - 5. 5. 8, 8-
TETRAMETHYL-5. 6, 7, 8- TETRAHYDRONAR Od A -78 'C tetrahydrofuran (3.0

m) sol ution of 2-(1,3-di .@@

10
A 0° C, 3M tetrahydrofuran solation of 1.832 g (6.21 mmol) of 2-formyl-3-bromo-
5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-naphthylene and diethyl 4-carboethoxybenzyl
phosphonate was treated with 301 mg (7.51 mmol, 60% wt. in mineral oif) NaH in 30 mg
portions over ten minutes. The mixture was then stirred at room temperature for 2 hours before
15  diluting with ethyl acetate and washing with water. The organic layer was washed with brine,
dried over magnesium sulfate, and concentrated in vacuo. The resulting residue was triturated
with methanol yielding 1.334 g (50%) Ethyl 4-[(E)-2-(3-bromo-5,5,8,8-tetramethyl-5,6,7,8-
tetrahydro-naphthylen-2-yl)vinylJbenzoate.
To a solution of 375 mg (.825 mmol) of Ethyl 4-{(E)-2-(3-bromo-5,5,8,8-tetramethyl-
20 5,6,7,8-tetrahydro-naphthylen-2-yIvinylJbenzoate and 48 mg (.0413 mmol) of
tetrakis(triphenylphosphine)palladium(0) in 17 mL of tolnene were added 158 mg of 3-
thiophene boronic acid(Aldrich) in 5 mlL of ethanol followed by 8.5 mL of a saturated aqueous
sodium bicarbonate. The mixture was refluxed for 16 hours before diluting with ethyl acetate
and washing with water. The organic layer was washed with brine, dried over magﬁesium
25  salfate and concentrated in vacuo yielding 504 mg of crade residne. The crude mixtiure was

purified by preparatory thin layer chromatography on silica gel (2% ethyl acetate in hexane)
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5 5,5,8,8-tetranethyl -5, 6, 7, 8-t et rahydr onapht hal ene (253 ng, 0.75 mmol) was
added n-BuLi (1.6 Min hexane, 0.49 nL). The reaction nixtuL%_gigggally

t hi ckened over 45 min. A solution of thiophene-2-carboxal de &e 09 ni,
0.94 mmol) in tetrahydrofuran (0.75 nL) was added dropw se to the above
slurry. The reaction m xture rapidly becane honogeneous and was stirred at
-78 C for 45 mnutes. Saturated ammoni um chloride and ethyl acetate were
added 10 and the layers were separated The organic | ayer was washed with
brine, dried, over esium sulfate and concentra ve_ a_yel |l ow oil
whi ch Waswﬂgmgflp@amg@%} ek U5 oris A pammen RPN 2455 et hy!

acet ate/ ﬁﬂ@) 3 an-2-yl)-3 -[1-hydroxy-1-
(thlopheﬂg%Z yl) mgngzéﬂgggﬁgﬂ?g%@%neth | -5,6, 7, 8-tetrahydronapht hal ene
as a waxy sol iAdslugy 6D16fgng 6359 mniod) dlﬂféh)dﬂe{éﬁbl [i)ﬁépfaﬁegﬂnaﬂbwb%(tmh@r?’ssol ved
in 7 nm af etate d.7 OW Pd/ reaction
m xture ﬁl ?trGQGé te% drom g"ryg)egngznngpnﬁlé né?aete’ﬂ ossmabouat%gpgg%gﬁ&séﬂme

react ison ajuadus mm\ﬁsas‘ stﬂntea rf@:dlaﬂwmlgalﬁoreeéutfaﬁzmg dnuhmmﬁasmumtchmndmandacuo The

resultin resldue urifi r aratlve in er, chr omat ogr aph
(10% et h?;qx traciingwy )%gﬁ{%t)a [%g Bl%lgggl yer was W&She(l] w1th Xe, dried over m gﬂem y

2-fonnyl s%rfﬁt(etzmd%ﬁt%ﬁﬁa@dm Va¥Eed gaéidm 113, &&@der&mﬁ@mréeﬁd& WasRrified
t et r ahydr onapht hal ene I rect XAMPLE 33: PREPARATI ON OF

4-[(E)-2 H@r@a@twmﬁmmawmhmhwgd ML%EM@@_H Qlcblowmethane) to

o f i nat POV P8 A e oo Belf e ufghl-Sfia g™

f or malo- 31{aﬁ;hthaiexpnqm]e@1}3blcr)mibyd§85 5, 8, 8- tetrarret hyI , 7, 8-tetrahydronap
ht hal ene (94 ng, 0.3 nmmol) followed by ester hydrol yS| s (foI | ow ng t he

procedure of Exanple 26 step B) of ethyl
(E) - 4-{ 2-§3A (APLRI 9PPRAPA RATOREO ML [IE) 35,538, 8- TIEY IR AV P 13- PYRAZDIL¢1 r ahydr o
- napht hal envETeS 1 1e ARPROXIRS 6 Y- YE KA HISIRON APH PHATEN- 2.y ) VIR Provi des
4-1 (E) - 2-RENP0R0 ROYSL T anethyl - 3-Thi ophen-

15

STEP A: PREPARATION OF 1.1.4.4,7-PENTAMETHYI-2-TETRALONE

o

To a solution of 20 g (140.6 mmol) of dihyrdo-2,2,5,5-tetramethyl-3(2H)-furanone in
20 240 mL of toluene, cooled in a wet ice bath, was added 38.4 g (288 mmol) of aluminum
chloride portionwise over 15 minutes. After the addition was complete the reaction mixture
was allowed to warm to room temperature. After 16 hours the reaction was carefully poured .

onto ice and the resulting aqueous solution was extracted with ethyl acetate. The organic
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2yl met hyl -5, 6, 7, 8-t et rahydr o- napht hal en- 2-yl ) vi nyl ] benzoic acid (30 ng,

63% as a white crystalline solid 44 (mp. 229.1-229.6 Q 5 EX,IA E 34:
PREPARATI ON OF 4-{(E)-2-[5, 5, 8, 8- TETRAMETHYL- 3- ( 4- METHYL- I April 200

© BENZYL) - 5, 6. 7. 8- TETRAHYDRO- NAPHTHALEN- 2- YLI VI NYL}BENZO C ACID To a m xture
of 2-(1, 3wh @@k@n-2-yl)-3-brono-5,5,8,8-tetranethyl -5, 6

t et rahydr onapht hal ene (250 ng, 0.74 mmol) and PET}%PJ]QHO”

tetral ds(tri phenyl phospi ne)pal | adi um{0) (21 ng, 0.018 mml) under an argon
at nosphere was added a 0.5 Mtetrahydrofuran solution of 4-

met hyl benzyl zinc chloride (7.3 nL, 3.68 nmol). The reaction m xture was
stirred &actiefwaswashodwithjhine,aridd pesrisodilmratiabahiesitenaisfaideceamoEani um

chl ori de et h at The or | ayer. was washed wi_th
bri e, PRty The R8s WA a3 el croie ol Gl e reRiorids
puri fi edglfg6py epBI1 atmﬂpeﬁté}héhﬂ{ﬁ-ﬂ%uﬁ&{eqwé)gf@phy on silica gel (5% ethyl
acet at e/ hexane) to give

2(13d|oxolan2 - 3- 4rrethy|benzy|) 5588tetranethy|
& EE A PRIFEATATIC) I ETHY 265 YD 5 R

&1 sih K @

5 above(240 ng, 0. 66 mml) |n3n1_of
tetrahydrofuran was treated wth 2 nL of 1 MHCO . The reaction was stirred
at room 20 tenperature for 1.5 hours, #and then partitioned between saturated
ammoni um chl ori de solution and et hyp etate. The organic layer was washed
with brine, dried over MgSH and
2-fornyl - 3- (4-net hyl benzyl ) - 558 2
t et rahydr onapht hal ene as a cl ediQoi | ich sfowy crystallized on standing
(210 ng, 99% . Horner-Emmons ol efinati*on (follow ng the procedure of
Example 26 step A) of 2-fornyl-3-(4- 25
met hyl benzyl) Tga solgtien okl &fﬁéﬂmlnoB 061 l,ﬂ,ﬂﬁtmmmhﬂ%mkmhnb BNEO(R1L Of Ny,

D o Tokshy Al S: g A3 Bl Hil 3B o A Tk R S0 I s
89( iﬂ-Q‘retAﬁtbbthﬂzddlﬁlefﬁwﬁs onﬁgaléﬁtﬁe&babﬁbﬂwﬁﬁﬂﬂté&ladt%bﬁte)ﬂ;hwnﬂ&" AbghZORdes gave 4

{(E)- 2 [ ei‘)e%g%n LT s roReestratad prden jadpesdRressues agd thegesidne wannartiionadht hal e

n-2- between water and ethyl acetate. The organic extracts were washed with brine, dried over
sodium sulfate and concentrated under reduced pressure. The residue was purified by flash
chromatography (gradient elation with 5-10% ethyl acetate/hexane), followed by crystallization

15  from hexane to afford 4 g (40%) of 3-methyl—ﬁ-hydmxy-iS,8,8—tetramethy1—5 ,6,7,8~
tetrahydronaphthalene.(M" = 218).

hyl -5, 6, 7, 8-

STEP C: PREPARATION OF 2-BROMOQ-3-METHY] -6-ACETOXY -5.5.8.8-
- TETRAMETHY] -5.6.7.8-TETRAHYDRONAPHTHALENE

Br

AcO

To a solution of 4 g (18.3 mmol) of 3-methyl-6-hydroxy-5,5,8,8-tetramethyl-5,6,7,8-
tetrahydronaphthalene in 20 mL of acetic acid was added 3.25 g (20.15 mmol) of bromine
dropwise and the reaction was stirred at room temperature. After 16 hours, the reaction mixture
was poured into brine and extracted with ethyl acetate. The organic exiracts were washed with

25  brine, dried over sodium sulfate and concentrated under reduced pressure. The residue was
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vi nyl } benzoic acid (185 ng, 64% as a white crystalline solid (mp.
2

yl]vi
216.3-217.3 C (CH2CL2/ hexane) 42. 5 EXAVPLE 35: PREPARATI .
4-{(E)-2-[5,5, 8, 8- TETRAMETHYL- 3- ( 2, 4- O APt 2005

DI FLUOROBENZYLI - 5. 6. 7, 8- TETRAHYDRO- NAPHTHALEN- 2- YL1 V INYLI BENZO C ACID F
To a m xture of 2-(1, 3-dioxol an-2-yl)-3-brono-5,5,8,8-tetranethyl-5,6,7,8
10 tetrahydronapht hal ene (250 ng, 0.74 nmmol) and

tetraki s(triphenyl phospi ne)pal | adi um{0) (21 ng, 0.018 mml) under an argon
at nosphere was added a 0.5 Mtetrahydrofuran sol ution of

2, 4- di f | uorpubieied wi ﬂhﬂﬁchﬁdlhﬂégrﬁiﬂly(@raaleﬂi-elul%rﬁ@ltmaﬂe-1g%%ﬂfy?é’d&dt@ﬁe}é&ﬂ@ to

stl rred at reflux _overnight and partitioned between saturated ammoni um

chl oride sc¥YR$ &Ko %Pkpfétbwmoéc@?thfleﬁ'acw -85gadrietramaihigl-5.0dP-washed with
bri ne, drlqgnﬁ entrated. The residue 15 was purified by
preparative t gﬁfpgger %h?onatogfaphy on silica gel (5% ethyl

acetate/hexane) to g| ve |
ORI RS “)Z?lxi.si,a'lql 2 13 8

2-(1, 3- g

tetrahydro T >

sol ution of hydr of ur an
was treated mnth 2 mL of 1 M HCl . The reactlon was stirred at room
tenperature for 1.5 hours and 20 then partitioned between saturated
amoni um chl ori de solution and ethyl acetate. The organic |ayer was washed
with brine, dried over magnesium sulfate and congentrated to give 2-formyl -
3-(2,4-di fluorobenzyl)-5,5,8, 8-tetranet hyl - 3- r ahydr onapht hal ene as
a clear oil (239 ng, 97% . Hory atlg (follow ng the

4- 25

b, 7 3-t etrahydr onapht hal ene (239 ny,
SIS (follow ng the procedure of
5,5,8,8 100 1 April 2005

' -U-

met hyl benzyl )-5,5,8,8-tetra
0.69 mmol ) foll owed by est
Exanpl e 26 step B) of eft@

A mixture of 1 g (3 mmol) of 2-bromo-3-methyl-6-acetoxy -5,5,8,8-tetramethyl-5,6,7,8-

tetrahydronaphthalene, 0.68 ml (4.42 mmol) of trimethoxyvinyl silane, 0.12 g (0.53 mmol)

10  palladium acetate.36 g of Tri-o-tolylphosphine (1.2 mmol) and 0.82 mL of triethylamine
(5.9 mmol) in 10 mL of N-methyl pyrollidine was heated at 90 °C. After 3 hours, the reaction
was cooled to room temperature and 0.57 mL (3.5 mmol) of ethyl-4-bromobenzoate, 0.82 mL
of triethylamine (5.9 mmol) and 5 mL (5 mmol) of tetrabutylammonium fluoride were added.
The reaction mixture was heated to 90° again. After 2.5 hours, the reaction was cooled to room

15  temperature, poured into brine and extracted with ethyl acetate. The organic extracts were
washed with brine, dried over sodium sulfate and concentrated under reduced pressure. The
residue was purified by flash chromatography (gradient elution 2-5% ethyl acetate/hexane) to
afford 0.2 g (20%) of Ethyl-4§[(E)-2-(5,5,8,8—Tetramethyl—3-methyl-6-acetoxy—5,6,7,8-
tetrahydro-naphthalen-2-yl)vinyl]benzoate (M' = 434)
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WO 02/ 28810 PCT/ EPOL/ 11017
tetranet hyl - 3- (2, 4-di fl uorobenzyl)-5, 6, 7, 8-t etrahydro- napht h I enlfoogl ] vi nyl
} benzoat e gave 4-
(BE)-2-[5,5,8,8-tetranet hyl -3-(2, 4-di fl uorobenzyl)-5, 6,7, 8-tetrahydro-naphth
al en-2- vyl enzoic acid (230 ng, 729 as a white cr |1ine solid
(mp. 204 %838?8}/‘? recrystallized from (CH2Cl 2/ hexane%/csfh%"l);}aﬂé&ANPLE
36: PREPARATI ON OF 4 1 (E)-2-f5 5 8 8- TETRAMETHYL- 3- ( THI OPHEN- 3-
YL) - 5. 6. 7, 8- TETRAHYDRO- NAPHTHALEN- 2- YL} V] NYL} BENZO C ACID 10 A 00 C, .3M
tetrahydrofuran sol utlon of 1. 832 g (6 21 mml) of 2-fornyl - 3-brono-
f SABIONOR E , RAHISHR hyl

B ' ‘smmmnammmw.zsl mol, 60% wt
inm nerafmeXmgHN’mﬁGErrg portions over ten mnutes. The mxture was
then stirred at roomtenperature for 2 hours before 15 diluting with ethyl
acetate and washing with water. The organic |ayerpwas washed w th brine,
dried over magnesium sul fate, and concentrat ed i §] vacuo. The resulting
residue was triturated w th gethanol y|e| 4G 50%
Et hyl 4-[ (E) - 2- (3-brono-5, 5, 8,
t et rahydr o- napht hyl en- 2-yl ) vi 7 > a soI ution of 375 ng (.825

8 8- tetranethyl 20

mol ) of Ethyl 4-[(E)-2-(3-b
5, 6, 7, 8-t etrahydr o- napht ggbHen= gyenzoate and 48 ng (.0413 mmmol ) of
in 17 nL of toluene were added 158

y
tetrakds(tri phenyl phosphi ne) pal\ adi un{0)
mg of “3- thiophene boronic acid(Aldrich) in 5 nm of ethanol followed by 8.5

nL of a saturat r xed for
16 hours bef or eﬁgutrdﬁt Ing W @%et ﬁ :5°gg@$§2'3@'2‘%?hfe%m&¥‘mﬁfwﬁy 'é,_ The
organi c Regtexy-Had Snedabytirointphdimén-yl)dinyHberzvete, 00003 mm3D o M-f at e and
concentr %t ed in. vacg ﬁda(fwmgél o{_ crude resijdue, The crude m xture
was  pur i TP R EUET AL @%@P BERZOVREERFAEIRY S S & GarRoB gel (2%
et hylgac edatRiotide WaxBa@d at &fiux. After 3 hours the reaction was cooled 10 room temperature,
washed with 10% aqueous sodium bisuifite and brine, dried over sodium sulfate and
concentrated under reduced pressure. The residue was purified by flash chromatography
(gradient elution, hexane-5% ethyl acetate/hexane) to give 0.45 g (56%) of Ethyl4-[(E)-2-
(5.5,8,8-Tetramethyl-3-bromomethyl-6-acetoxy-5,6,7 8—tetrahydro—naphthalen—2—
15 yDvinyllbenzoate M* = 512)

STEP F: PREPARATION OF ETHYI -4-[(E)-2-(5.5.8.8-TETRAMETHYL-3PYRAZOL -1
. YIMETHYI 6-ACETOXY-5.6.7.8-TETRAHYDRO-NAPHTHAILEN-2-
20 YLVINYLIBENZOATE

A solution of 0.45 g (0.88 mmol) of ethyl-4-[(E)-2-(5,5,8,8-tetramethyl-3-
25  bromomethyl-6-acetoxy-5,6,7,8-tetrahydro-naphthalen-2-yl)vinyllbenzoate and 0.24 g (3.5
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1 April 2005 yielding 160 ng (44% of Ethyl 4-

{(E)-2-[5,5, 8, 8-tetranet hyl - 3-(t hi ophen-3-yl)-5,6, 7, 8- .
t et r ahydr o- napht hyl en- 2-yl ] vi nyl } benzoate. A slurry of 160 r’rbAPfl%S%@smml )

~of Ethyl 4-{(E)-2-[5,5,8,8-tetranethyl-3-(thiophen-3-

yl) -5, 6, 7w é22k$@hydr o- napht hyl en- 2-yl ] vi nyl } benzoat e, l.P"gT%PoﬁhP?,nol , and
1 nL of 2M 5 aqueous NaCH was stirred for 16 hours before neutralizing with
anmoni um chl oride and extracting with ethyl acetate. The organic |ayer was

‘washed with brine, dried over magnesium sulfate, and concentrated in vacuo

yi el ding 115 ng of crude residue. The residue was purified by preparatory
thin | aymaﬂnf@msazolgnaﬂﬁynlocfNimdthgdpmbhdzﬂé)m&ﬁtédibdmecomfmmsfh@
provi de 42

B D E) - 2#ReT s soplef FoFAOPHy TS, POPIRA IS bYRS 237 extacisd st ey Beia0
napht hal Ehe &Emh& YLTHES WEB ZAkKdAAHIbR, e VEE Soddim sHIREEAR AN uGred under
4-[(E) - 2- (5 8 8- TETRAMETHYL- 3- PYRAZOL- 1-  YLMETHYL- 6- HYDROXY-5 6 7

8- TETRAHPERESIRAseprpAT e residve way/pwrified bydisiz chomagygtapty (S@digmEgutian, hexane-

PREPAATGRR bl 2T ER 0T B SO RS 20,9\ o

t ol uene, 3p}m0bdi—yilmethymtm-ﬁéﬂR-wmﬂ&dﬁdmwz-gl)(rﬁgﬁbdmahé (af=86m num
chl oride portionw se over 15 mnutes. After the addition was conplete the
reaction mxture was allowed to warmto roomtenperature. After 16 hours

the r eacSTERGERERAR TION Hm Qmﬁm agueous
sol ution vas extract ed wt acet at e. gani C ril 2005 WO
02/ 28810LREHIED L EDROX Y L XDRA-DATH ‘“\Mrl ed over sodium

sul fif e wmggﬁ@ﬁ@A@er r educed

A mixture of 0.32 g (0.64 mmol) of ethyl-4-[(E)-2-(5,5,8,8-tetramethyl-3pyrazol-1-

ylmethyl-6-acetoxy-5,6,7,8-tetrahydro-naphthalen-2-ylyvinyllbenzoate in 10 mL of 1 N LiOH
15  solution and 20 mL of ethy! alcohol was heated to reflux. After 1 hour the reaction was cooled

to room temperature, concentrated under reduced pressure and acidified with 2 N HCL The

aqueous solution was extracted with ethyl acetate, washed with brine, dried over sodium sulfate

and concentrated under reduced pressure. The residue was recrystallized from ethyl acetate/

hexane to afford 0.22 g (82%) of 4-[(E)-2-(5,5,8,8-tetramethyl-3pyrazol-1-ylmethyl-6-hydroxy-
20 5,6,7,8-terahydro-naphthalen-2-yl)vinyljbenzoic acid 55 (mp = 241.6-242.0°).

EXAMPLE38 : PREPARATION OF 4- 2-(5,5.8.8-TETRAMETHYT 3PYRAZOI -1-
YIMETHYI 7-HYDROXY-5.6.7.8-TETRAHYDRO-NAPHTHALEN-2-

YL)VINYLIBENZOIC ACID
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pressure. The residue was purified by flash chromatography (elution with
hexane) to afford 26 g (86% of 1,1,4,4,7-pentanenthyl-2-te

216). 5

g (185

(M=

ral.
STEP B: PREPARATI ON OF 3- METHYL- 6- HYDROXY-5 5 8 8- TE#QRHEQ@?L-S 6 7

- 8- TETRAHYDRONAPHTHALENE To a solution of 10 g (46.2 mmol) of
1,1,4,4,7- F(g‘r)\%tﬁarrent hyl -2-tetralone in 100 nlL of ethyl alcohol was added 7

88Uhdi um bor ohydri de portionwise over 15 niREIRPOUING Aft er

the addition was conplete the reaction was stirred at roomtenperature.

After 16
pressure
The orga
concentr
chromat o
by cryst

0
3-net hyl - 6- hydroxy-5, 5, 8, 8-tel ranet hyl -5, 6, 7, 8- tetrahydronapht hal ene. (M
218). STEP C. PREPARATIMOX
TETRAMETHYI r5. 6 7 @- TETRAA

mol ) of
tetrahyd
of bréni
After 16
wth eth
over sod

wi th hex
2- br gpo-

tetrahyd

15

20

25

30

hours the reaction m xture was concentrated under reduced

and the residue was partitioned between water and ethyl acetate.

ni c extracts were washed with brine, dried over sodi um sul fate and

%eH ANPREPROUEBI BRISSEEPoX VIS H) %@é@%@iﬁ%%' ash
FEARAVESIRT S8 7.8 PELE BV = fol | oned
1

ariTzat ot 4 g 140% of

ROMD- 3- } % ETHYL- 6- ACKYOXY -555 S 8-

e PHTHAI NE 20 Toca sg NGF 4 g (183
3- et hyl - K hyldr odlly- 515, 8, 8- retTamet hyl s, 6
ronapht hal erf@” i 2)<20¥L>of acetic aci d WasPaddsd
ne dropw se and the reaction was stirred at roomtenperature.

oMol 4805400 B 485 00y

| aceta tggfir
Foniaginea smallamo

(O

added bRl doKtioRGRls 3 RAhBEHSIEL. tEban}lﬁ%in& 03¢ ‘éﬂ) 1.8 mmol) was added
ii%%;ﬁnﬁgﬁgﬁ% ﬁ%gtd%ﬁéhgg £§1u§ ’uﬁﬁlte%t&{nag% Yied 94 ’a7tim;sten lamp. The
monitored by TLC (3i0,, 5% ethyl acetate/hexanes) and a total of 0.15 g of
additional N-bromosuccinimide was added over 3 hours. The reaction was cooled to room
temperature, filtered, and evaporated to give a semi-solid residue. Chromatography (SiOs, 5%
ethyl acetate/hexanes) gave an oil (9.85 g) consisting of an inseparable mixture of 7-acetoxy-3-
bromo-2-bromomethyl-5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalene and the
corresponding 3-des-bromo derivative which was taken directly into the next reaction.

STEP B: PREPARATION OF 7-ACETOXY-3-BROMO-2-FORMY]1-5.5.8.8-
TETRAMETHYL~5.6.7.8- TETRAHYDRONAPHTHALENE

o Br o Br
/”\O Br ‘ /”\o 20

To a solution of sodium methoxide ( 7 mL, 30.6 mmol, 25 wi% solution in methanol)
diluted with 7 mL of additional methanol was added a solution of 2-nitropropane (3.63 mlL,
35.33 mmol) in 3 mL of methanol. The reaction was stirred for 10 minutes and a solution of
the product mixture (9.85 g) from the preceding reaction in 84 mL of methanol and added
slowly with stirring. The reaction was followed by TLC (8i0., 5% ethyl acetate/hexanes) and
was judged to be complete after 5 hours at rt. The reaction mixture was concentrated and
partitioned between ethyl acetate and saturated NaHCO; solution. The organic layer was
washed with brine, dried over sodium sulfate, and evaporated to give a thick oil which was
purified by chromatography (8iOs, 2-5 % ethyl acetate/hexane) to yield 7-acetoxy-3-bromo-2-
formyl-3.5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalene (3 g, 36 %) as a clear oil which
slowly solidifies on standing.

STEP C: PREPARATION OF 7-ACETOXY-3-BROMO-2-(1.3-DIOXQLANE-2-Y1 )-5.5.8.8

TETRAMETHY'L_—S 6.7.8-TETRAHYDRONAPHTHAI ENE
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5 STEP D. PREPARATI ON OF ETHYL-4-[(E)-2-(5,5, 8, 8- TETRAMETHYL- 3- METHYL- 6-
ACETOXY- 5, 6, 7, 8- TETRAHYDRO- NAPHTHALEN- 2- YL) VI NYL] BENZCATE A g\ xt.yi@sof 19
(3 mmol ) of 2-brono-3-nethyl-6-acetoxy -5,5,8,8-tetranet hyl - Aé’n ;8-

t et rahydronapht hal ene, 0.68 m (4.42 mol) of trinmethoxyvinyl silane, 0.12

g (0. 53 nwpd hads@igeal | adi um acetatep. 36 g of Tri-o-tolyl p%&n 08%.2 nmol )
and 0.82 nL of triethylamne (5.9 mol) in 10 nL of N net E)/S} l'idine

-was heated at 90 C. After 3 hours, the reaction was cooled to room

tenperature and 0.57 nL (3.5 mmol ) of ethyl-4-bronobenzoate, 0.82 nlL of
triethylamne (5.9 mol) and 5 nL (5 mol ) of tetrabutyl anmoni um fl uoride
were added. The reaction m xture was heated to 90 again. After 2.5 hours,
the reaction was cooled to room 15 tenperature, pouged,into brine and
extracted with ethyl acetaig. ghe organic extra asggred with brine,.
dried over sodi umysul essure. The

Bl e
@ concent+ates unde @
. agh chDonmat ogr aphy adi'e QID_2- 5% et hyl

el 44

resi due was puri fi
acet at e/ hexane) to "af#oxd 0.2 g (20% of
Et hyl - 4- [ (E) - 2- (5, 5, 8, 8- Tet r amet hyl - 3- net hyl - 6- acet oxy- 5, 6, 798¢

t et rahydr o- napht hal en- 2-yl ) vi nyl ] benzoate (M+ = 434) 104 1 April 2005 WO
02/ 28810 P@/Aﬁaﬁlﬁﬁﬁéﬁo&%ﬁnﬁii@,@%@-ﬁ?@é&’ﬂyﬁf&n&ﬂtﬁ%&&%@ &

'%.Tﬁﬁéﬁg%i“g%’ﬂ%;ﬁ RS AT I solved 0 o bERRB PRV LBEP | on

of 0.68 g #L) and gy toluengsuifioniz: acki momphydrate: (0924 gh Q1 2 Bmmet ) wyére 6-
ac e]t ;)xy]: 8da ,&Dm-ﬁaﬁq@pgﬁw;;e lethehied 2o i(b):&dcﬂa‘ﬂ ﬂﬁkmﬁ@ﬁi?gx&@ﬁ vfs brou@ht g
ol ) - of idtefiik esraBuGRINTE dohaifl eabiich GadBaELAolFBRAY ERY20% BQK! de
et L alabRbaries) AbEIRRRL 1 4P, W00 HEET §§ar it 58 vf'erf' dirs”
e i—gaca&c?eﬁ S COb re,.
and the layers were separated. The aqueous layer was extracted one more time with

dichloromethane. The combined organic Iayers were washed with brine, dried over sodinm

sulfate and concentrated to give 7-Acetoxy-3-bromo-2-(1,3-dioxolane-2-yl)-5,5,8,8-

tetramethyl-5,6,7,8-tetrahydronaphthalene as an oily residue that was used directly in the next

. step.
15 '

STEP D: PREPARATION OF 3-BROMO-2-( 1.3-DIOXO01 ANE-2-YL)-7-HYDROXY-

5.5.8.8-TETRAMETHYL5.6.7.8-TETRAHYDRONAPHTHALENE

/(l)L >>z : :Br i C :Bl'
o) O
(") HO
5 20

The crude acetal from the proceeding step was dissolved in 8 mL of 1:1
tetrahydrofuran/metbanol and a solution of LiOH (0.17 g, 4 mmol) in 2 mL of water was added
slowly. The reaction was stirred for 2 hours and then partitioned between ethyl acetate and
water. The aqueous phase was adjusted to pH 6 with 1 M HCL The organic layer was washed
25  with brine, dried over sodium sulfate, and concentrated to give 3-bromo-2-(1,3-dioxolane-2-y1)-
7-hydroxy-5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalene (0.29 g, 96%) as a foamy residue.

STEP E: PREPARATION OF 3-BROMOQ-2-(1.3-DIOXOQLANE-2-Y1)-7-0X0-5.5.8.8-
TETRAMETHY1-5.6.7.8-TETRAHYDRONAPHTHALENE

30
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washed wi th 10% aqueous sodium bisulfite and brine, dried over sodium

sul fate and concentrated under reduced pressure. The resi dug vvag db?rified
by flash chromat ography (gradient elution, hexane-5% et hyl é@f‘ %e hexane)
to give 0.45 g (56% of Ethyl-4-[(E)-2-

(5,5, 8, 8-Tetranet hyl - 3- br ononet hyl - 6- acet oxy-5, 6, 7, 8-t et rahydr o- napht hal en-
2- 15 yl yWRIFHBhzoate DC = 512) STEP F: PREPARATI ON OF RETEROUMIONT E) - 2- (5
5 8 8- TETRAMETHYL- 3PYRAZQOL- 1-

YLMETHYL- 6- ACETOXY- 5. 6. 7. 8- TETRAEI | YDRO- NAPHTHALEN- 2- 20 YL) VI NYLI BENZOATE
A solution of 0.45 g (0.88 mmol ) of ethyl-4-[(E)-2-(5,5,8,8-tetranethyl -3
25 brononet hyl - 6-aceto , 6,7, 8-tetrahydro-naph{ hal en-2-yl)vinyl ] benzoat e

and 0.24 g (3.5 105 1 Ap 2008r WO 02128810 PCTLERCH Bl 7 mol ) of
pyrazole in 15 nL of pyr r ol i-ehAe=was hdg 100 T. After 2
hours the reactiongye e0r oom t enper gfd dOjnto brine and
extracted with ethyl 3 s werejwaghed with brine,
dried over sodiumsulfate and cYitentrated under reduceéJ pressure. The
resi due wasThaatiok¢ gldolin} (0.22g0.816 mnmhogasaiidsylved innth @htdiidibmethand) Da@agne 5

é—?‘;@ﬁf 2}’ |M§§V_ﬂ j@ﬂi@ﬁﬂ&é @@?% g{ (?29 ﬁil{lﬁ.! Il.j.:fn%gst&) 43 %8deA The reaction was stirred for 1 h
3pyrazol -T=yi “‘t“&%ﬁi“gﬁ"gé’é’ﬁ‘é’:‘x@{-‘% %Xafﬂxgtefléglpg ooy bicarhenate 2 Msodym penz
oat e P TeiaYiates s mixBHE BRARRTckedcHics- WiflEJichlofogwtigne and the combined organic
A e T

| ofat ik ¥l bhro ed (§10,, vl O
ohntt ) G5y S AL :

-39 razgl -I,-
hnet hyl R AR R BRSSP B 628 i n 10
Moof 1 fetEhygionap Q@@Pﬁmﬁﬁtﬁgﬁgﬁﬁﬁ‘:@ﬁ?@ﬂ-hyl al cohgl%mgﬁrﬁgat ed to reflux.

Af ted01 hour the reaction was cool ed
STEP E: PREPARATION OF 3-BROMO-2-FORMYL-7-0X0-5.5.8.8-TETRAMETHYL-
5.6.7 8—TETRAHYDRONAPHTHALENE

o, — LG
SLC —

The above ketone was dissolved in approximately 5 mL of tetrahydrofuran and 0.75 mL of
15 3 MHClwasadded. The mixture was stirred for 3 h at room temperature followed by 1 h at 40
°C. The reaction was partitioned between ethyl acetate and saturated sodinm bicarbonate
solution. The organic layer was washed with brine, dried over sodium sulfate, and concentrated
to give 3-bromo-2-formyl-7-0x0-5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalene as a solid
that was carried directly into the next reaction. :

STEP G: PREPARATION OF ETHYL (E)-4-[2-(3-BROMQ-7-0X0-5.5.8.8-
TETRAMETHYL 5,6.7.8-TETRAHYDRONAPHTHAL ENE-2-YLYVINYLIBENZOATE

Br
———
o =0
CO,Et
: 25 To the above aldehyde (0.19 g, 0.612 mmol) in 3 mL tetrahydrofuran was added ethyl 4-

(diethoxyphosphorylmethyl)benzoate (0.275 g, 0.919 mmol). The resulting solution was
cooled in icelwater and NaH (0.029 g, 0.73 mmol, 60% disp. in oil) was added. The reaction
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to roomtenperature, concentrated under reduced pressure and acidified with
2 NHO. The aqueous solution was extracted with ethyl acetate, washed
with brine, dried over sodiumsulfate and concentrated undet ApElRN0Sd
pressure. The residue was recrystallized fromethyl acetate/ hexane to
~afford 0. Ao e484°9 of 4-[(E)-2-(5,5, 8, 8-tetranet hyl - 3pyr PO1/11017

1-yl met hyl - 6- hydroxy 20 5, 6, 7, 8-t etrahydro- napht hal en-2-yl) vi ny ]] E)enzoi C
acid 55 (nmp = 241.6-242.0). EXAMPLE38 : PREPARATION OF 4-[(E)-2-(5.58

8- THI RAMETHYL- 3PYRAZOL- 1- YLMETHYL- 7- HYDROXY- 5. 6. 7. 8- TETRAHYDRO- NAPHTHAL
EN-2- )L)VINYLIBENZO C ACID OH 25 106 1 April 2005 WO 02/28810

- PCT/ EPO1 fviab GiirfedSViR: AllowiRERARAT ¥ OVer 2-5ACHHP R actoBRAV R deBRAFIME Dyfie 5 8

8- TETRA'YE{EQ@O@ érf%ce% W ?5@3@55&5 %@é?[ éclj ﬁl a%%?hal efe

7- acet oxy r.ono

cont ai ni M @ﬁ%ﬁrlwaéﬁlﬁ‘ﬁﬁin?"%'fsg&ﬁglsﬂ]f& SVBPOANSE &¢ fopm 0P BYS@gaae ol )
was di ss& waogrnphw@oﬁocthylacctamm@mnes)etc givelat8)ué-£2- (ﬂ~brodm~1-5xc25,5g§,,8 -29. 5
nmol , 51 eespesietlyl-SaET8 fié ? [Ribatd @36 fldiBi) was warmed to -
50 C Benzoyl peroxide (O 6 g 1 47 mmol ) was added 10 and the sol ution was
brought to reflux while being irradiated with a tungsten |anp. The

reaction was nonitored by TLC (SIi 2, 5% et hyl acetate/hexanes) and a total
of 0.15 g of addltlonal N-brom)sucm ni mde was added over 3 hours The

I e

CO,Et

The above bromo-ester (0.23 g, 0.5 mmol) was dissolved in 2 ml. of anhydrous 1,4-dioxane
15  and hydroxymethyltributyltin (241 mg, 0.75 mmol, ref.: Seitz, D.E. et. al., Synth. Comm. 1983,
13(2), 129; Kosugi, M. et. al., Chem. Lert. 1985, 997) was added while the reaction solution
was degassed with argon. Tetrakis(triphenylphosphine)palladinm(0) (0.043 g, 0.038 mmol)
was added and the reaction was stirred at reflux overnight. The reaction was cooled to room
temperatire and partitioned between ethyl acetate and saturated sodium bicarbonate. The
20  layers were separated and the agueous layer was extracted one time more with ethyl acetate.
The combined organic layers were washed with brine, dried over sodium sulfate, and
concentrated. The residue was purified by silica gel chromatography (25% ethyl
acetatefhexane) to give ethyl (E)-4-[2-(3-hydroxymethyl-7-0x0-5,5,8,8-tetramethyl-5,6,7,8-
25 tetrahydronaphthalene-2-yI)vinyi]benzoate (150 mg, 73%).
STEP I: PREPARATION OF ETHYT, 4-[2-(3-BROMOMETHYI-7-0X0-5.5.8.8-
JETRAMETHYI -5.6.7.8-TETRAHYDRONAPHTHALENE-2-YI)VINYLIBENZOATE

110



et hyl acetate/ hexanes) gave an oil (9.85 g) consisting of an inseparable

m xture of 7-acetoxy-3 15

br ono- 2- br ononet hyl -5, 5, 8, 8-t et ramet hyl - 5, 6, 7, 8-t et r ahydr onapWPFaPee and
the corresponding 3-des-brono derivative whi ch was taken directly into the
next reaction. STEP B: PREPARATI ON OF 7- ACETOXY- 3- BROVD 2- FORMYL-5 5 8 8-
TETRAVETHWO 82788830 8. TBTRAHYDRONAPHTHALENE 20 Br To a sol uRGTSEPOR103Hdi um

met hoxi de (7 nL, 30.6 nmol, 25 wt% solution in nmethanol) diluted with 7 nL
of additional nethanol was added a solution of 2-nitropropane (3.63 niL,
35.33 mmol) in 3 nL of nethanol The reaction was stirred for 10 m nutes and
a solution theggroduct mxtur&MSQ 85 gg fromthe_ precedi ng reactlon I n
84 mL of netRaRAVeRydoxRehybmaterig(PyS & §-Ro%mpmal} ws disselved mbmlod wa

fol I owed di¢hiqoaethghoand tEs4edtvigh tripheylphespiina(icd) g, 8M2 mmeb apdiNged t o be
conpl et e wbm6sucEniieide 0.016 ¢,10.42 R0l THE | kéaandﬁ WwhikieredaPre G0N LAb g%nand

par t1 11 onggodiebin g ot Dtborcelahe Al ML e IR ce il Loy The

or gani I er _was and

evaporat tP@fbﬁF@’&S)atOtgh‘f“tﬂEhﬂ ﬂr[zvﬁﬁT%?Pl%%thylphPW-ﬁécﬁ Sietamebihs 68 aphy (S
2-5 % et H?Wahad@nanllihﬂmgl)unﬂ]bmedmh(mamg, 059 3s 41 ilo- 2 30
fornyl-5,5,8,8-tetranethyl -5, 6,7, 8-tetrahydronaphthal ene (3 g, 36 %9 as a
cI ear oil Whl ch slowy solidifies on standing. STEP C. PREPARATI ON COF

\

iﬂﬁ ﬁ'l,?‘% B e )zia ‘NAPE%%_

-2-fornyl-5,5,8,8-tetranet hyl -5, 6, 7, 8-t et rahydr onapht hal en

CO,E

To a solution of 18-crown-6 (0.092 g, 0.35 mmol) and potassium terz-butoxide (0.04 g, 0.36

15  mmol) in 2 mL of tetrahydrofuran was added Pyrazole (0.024 g, 0.346 mmol). The reaction
mixture stirred for 10 minutes and a solution of the above bromomethyl material (0.13 g, 0.277
mmol) in 1 mL of tetrahydrofuran was added dropwise over 5 minutes. The reaction was
stirred for 45 minutes at rt and then partitioned between ethyl acetate and ammonium chloride
solution. The ethyl acetate layer was dried over sodium sulfate, concentrated, and the residue

20  chromatographed (SiO;, 30% ethyl acetate/hexanes) to-give ethyl (E)-4-[2-(3-(pyrazole-1-
yimethyl)-7-0x0-5,5 ,8,S—tetramethyl—S,G,'],8-tetrahydronaphthalene-z-yl)vinyﬂbenzoate (120
mg, 94%).

STEP K: PREPARATION OF (E}-4-[2-(3-(PYRAZOLE-1-YLMETHYI)-7-0X0-5.5.8.8-
25 TETRAMETHYI-5.6.7.8-TETRAHYDRONAPHTHATENE-2-YI )WVINYLIBENZOIC ACID

To a solution of the above ester (0.12 g, 0.262 mmol) in 4 mL of ethanol was slowly added
a solation of LiOH (0.055 g, 1.3 mmol) in 0.65 mL of water. The cloudy reaction mixture was
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5 0.849 mml) fromthe preceding reaction was dissolved in 2 nL of benzene.
Et hyl ene glycol (0.104 nL, 1.87 mmol) and p-tol uenesul fonic

nonohydrate (0.024 g, 0.127 mmmol) were added. A Dean- Stark apﬁhra?us was
attached to the reaction flask and the reaction was brought to reflux for
several hours. When the reaction was judged conplete by TLC (Si 2, 20%

et hyl acetate/ hexanes), dichloronethane (25 nlL) and sodi um bi carbonate
sol ution (50 m.) were 10 added and the | ayers were separated. The aqueous

| ayer was extracted one nore tinme with dichloronethane. The conbi ned
organi c | dyeted to'&0 %, wawhiel pwint fhe Biatiich bedihe HoQ¥@e R0 THEYeabtidd wiststiiad at
concent r atbcigr ghha ﬁwée 3104 r§o ra%u&lané u@éth‘f?rktﬂ”q n%raxki gﬁﬂ%l §01§non

t et r anet hyl ona ene as an ol
directly Nysapged A it 59 Sea%at?g PSS fpeted B S iswies, ?)?‘8 |ng

step was diltesest vimded it 20t ethianal/wiatert atdrdateyl dindérvaciimet given(®)-4eAe3 dpwetale-i on
of Li O8 (OL-fifethy!)47-6%85 5,8 SiteBarfibth i 5, 0a[8ee IR @r lerel Dy vinylTheazsieasiii on

vas St Qg Ll 3ok & A8l SBER 131 Lisoy afsdebenesrcet hy ! acet at e and

wat er. The aquéous’ phase was usted 1"M HCL The organic
| ayer was washed 25 W|th brine, dried over sodiumsulfate, and concentrated

to give 3-g3on@1 A0 PﬁE?AJM%@N‘%)ﬁ@i'&rz (3(PYRAZOLEL-YLMETHYL)-7:
7- hydr oxy /RAORGY S5 SRy PRAPIPRRLEREZD. 9 96%

as a fl 3 =am ) |-'|-<|:|-'/-\|-</-\|| ON
-2- -7-HYDROXY 5.5.8.8-TETRAMETHYL-5 6 7
8 TETRAI—|YDRO\IAPI—I'I'HA FNE STEP E: PREPARATI ON OF

3- BROMO 2- (1. 3- DI OXG_ANE- 2- YLI - 7- OXO-5S, 8 8-

Tf | RAVETHYL- 5. 6. 7. 8- PEIF 5 fid

¥

Proceeding as in steps G to K of Example 38 above except replacing 3-bromo-2-formyl-7-oxo-
15 5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalene at the beginning of step G with 7-acetoxy-3-
bromo-2-formyl-53,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalene  leads to (E)-4-[2-(3-
(pyrazole-1-ylmethyl}-7-hydroxy-5,5,8,8-tetramethy!-5,6,7,8-tetrahydronaphthalene-2-
yl)vinyl]benzoic acid (158 mg, 81 %) 137 as a white solid: M-H = 429; mp 247.6-248.4 °C.

20 EXAMPLE 40: PREPARATION OF 4-[(E)-2-(5.5.8.8-TETRAMETHYI.-3-PYRAZOL-1-
YIMETHY1.-6-KETO-5.6,7.8-TETRAHYDRO-NAPHTHALEN-2-YL)VINYL]-BENZOIC
ACID

25 STEP A: PREPARATION OF 4-[(E)-2-(5.5.8,8-TETRAMETHYL-3-METHYT -6-
HYDROXY-5.6,7,8-TETRAHYDRO-NAPHTHALEN-2-YL)VINYL]-BENZOIC ACID
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WO 02/ 28810 PCT/EP01/11017 0 O O The above al cohol (0.29 g, 0.816 mmol)

was dissolved in 16 nL di chl oronet hane. Dess- Martin peri odi p?‘nelé(@ 38 g,
0.9 nmol, Lancaster) was added. The reaction was stirred for PR Ad was
wor ked up by pouring into a saturated solution of sodium bicarbonate and 1
M sodium 5 thiosulfate. This m xture was extracted twice with

di chl or orBtHWBf&%nd t he conbined organic layers were waBGEFPHWEMTwat er,
sodi um bi carbonate solution, and dried over sodiumsulfate. The sol vent
was evaporated and the residue was chronmat ographed (Si @2, 20 % et hyl

acet at e/ hexanes) to give

3-brono-2- (1, 3-di oxol ane-2-yl)-7-0x0-5,5,8,8-tetrarnethyl 5,6,7, 8-

t et rahydr onapht hal ene (200 ng, 69% as a clearQoil. 10 STEP F. PREPARATI ON
OF 3- BROMO 2- FORMYL- 7- OXO- 55 8 8- TETRAMETHYL, .|| 5

s S s dissolved in
approximately 5 nL of teNhrg of 15 3 lyj HO was
added. The m xture was S 3 ) gom tenperature followed by | h
at 40 C. The reaction w g bet ween et hyl acetate and saturated
sodi um bi carbonate saolly 1k
dried over sodi um sdDf at &< antfcontentrated to give

3- brono- 2-fornyl - 7- oxo- 5%, 5,8, 8-tetranet hyl -5, 6, 7, 8-t et rahydr onapht hal ene as
a solid that was carried directly into the next reaction. 20 STEP G

PREPARATA Ghtpfeltsibd 614 ¢ (18)8 Andody dr3 (2 KER S 1o 3 - xy-
TETRAETE s e TR e LR eV WA B g

stirred with 30ml of 1 N LiOH and 30 ml. of MeOH at reflux temperature. After 1.5 h, the

5 reaction mixture was cooled to room temperature, acidified with 2 N HCI and extracted with
ethyl acetate. The organic fraction was washed with brine, dried over sodium sulfate and
concentrated under reduced pressure to afford 3.5 g (70%) of 4-[(E)-2-(5,5.8,8-tetramethyl-3-
methyl-6-hydroxy-5,5,6,7,8-tetrahydro-naphthalen-2yl)vinyll-benzoic acid.

1¢  STEP B: PREPARATION OF MEHY].-4-[(E)-2-(5.5.8.8-TETRAMETHYL.3-METHYL 6
HYDROXY-5.6,7.8 TETRAHYDRO-NAPHTHALEN-2- YL YVINYL]-BENZOIC ACID

0
o)
“~ |

AL

15 Toa mixture of 3.4 g (9.3 mmol) of 4-[(E)-2-(5 »3,8,8-tetramethyl-3-methyl-6-hydroxy-
5,5,6,7,8-tetrahydro-naphthalen-2yl)vinyl]-benzoic acid in 100 ml of 1:1 MeOH/CH,Cl, was
added 5.4 ml of 2M (11.2 mmol) trimethylsilyldiazomethane at room termperature. Afier 0.5 h,
added additional 5.4 m} of trimethylsilyldiazomethane, After 16 h, added 0.5 ml of acetic acid
and the reaction mixture was concentrated under reduced pressure. The residue was partitioned

20 between water and ethyl acetate and the organic fraction was separated, washed with aqueouns
sodium bicarbonate and brine, dried over sodinm suifate and adsorbed onto silica gel.
Purification by flash chromatography (gradient elution, hexane-15% ethyl acetate/hexane) to
provide 1.8 g (51%) of methyl-4-[(E)-2~(5,5,8,8-tetramethyl-3-methyl-6-hydroxy-5,6,7.8-
tetrahydro-naphthalen-2-yl)vinyl}-benzoic acid.(M* = 378). '
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25 To the above al dehyde (0.19 g, 0.612 nmml) in 3 m, tetrahydrofuran was
added ethyl 4- (diethoxyphosphoryl nethyl)benzoate (0. 275 g, 8 li)

The resulting solution was cooled in ice/water and NaH (0.0 95‘1’5‘ 2

mol , 60%disp. in oil) was added. The reaction-109 1 April 2005 V\D

02/ 28810 REG oAl 11017 was stirred while allowing to war]f]e]]tﬂgi,ommgyer 2.5
h. The reaction was judged conplete by TLC (S 2, 20% et

acet at el hexanes) and partitioned between M HC1 and ethyl acetate. The
organi c | ayer was dried over sodiumsulfate, evaporated to a foam and

purified sé lﬂ ¢q. gel homat ography (20% et hyl acet ate/ hexanes) to give
ethyl (E 3 , . 2-(5.5.8,8 TETRAI\AE’I‘HYL-S-METHYL-G-
tetranet 05§ét7f - '; Bt iy 0. Euf. Ald NS ,

829% . STEP H: PREPARATI O\I oF ETHYL (E) - 4 [ 2-(3- HYDROXYI\/ETHYL 7-OXO-55 8 8- .
10 TETRAMETHYL- 5, 6. 7. 8- TETRAHYDRONAPHTHALENE- 2 YL) VI NYLI BENZOATE The above
brono-ester (0.23 g, 0.5 nmol) was dissol ved ign 2 nL of anhydrous

1, 4-di oxane 15 and hydr oxynet hyItr| but (261 mg, 0.75 nnol, ref.: .
Seitz, D.E. et. at, Synth. , 149; Kosugi, M et. at, Chem
Lett. 1985, 997) was added ; on solution was degassed with
argon. Tetral ds(triphenyl { ¢) pal | adi un(0) (0.043 g, 0.038 nmmol) was
added and the reacti on @@as &t i I refl ux overnight The reaction was
cooled to room tenperature and partitioned between ethyl acetate and
saturst ed sodi um bi carbonate. The 20 | ayers were separated and the aqueous

| ayer s waoE ShaEA B 18 cad Mol T Y 1o B8 K Sthermd iyt o bydrony ¢
concent }Agﬁgdgva tefRBydrediaphbalaa-yinyll-earzoig agid i 56, my of methylsneidoidestiyodi25%
ethyl atespetadirh evaaadded DY L6 imA]) of Dess-Martin periodinane. After 1 b, the reaction

E)-4-[2 it
E e% : g/dnﬁﬁuf&%%ﬁ;f%flﬂtéb b‘r%t\‘g%@ etr:]eﬁ ggFltrﬁ Li%gﬁé &X&i :; %mon was

PREP
(gradlent elutlon hexane-S % ethyl acetate/hexane) to aford 1.45 g (92%) of methyl-4-[(E)-2-

(5,5,8,8-tetramethyl-3-methyl-6-0x0-5,6,7 ,8-tetrahydro-naphthalen-2-yl)vinyl]-benzoic acid
(M*=376).

15  STEP D: PREPARATION OF MEHYI 4-[(F)2-(5.5.8.8-TETRAMETHYT .3-

BROMOMETHY] -6-0X0 -5.6.7.8-TETRAHYDRO-NAPHTHALEN-2-YLYWINYL-
BENZOIC ACID

To a solution of 1.4 g (3.7 mmol) of methyl-4-[(E)-2-(5,5,8,8-tetramethyl-3-methyi-6-oxo-
5.6,7,8-tetrahydro-naphthalen-2-yl)vinyl]-benzoic acid and 0.86 g (4.8 mmol) of N-
‘bromosuccinimide in 50 ml carbon tetrachloride was added 45 mg (0.19 mmol) of benzoyl
peroxide and the reaction was heated to reflux temperature. After 1 h, added additional 45 mg
25  of benzoyl peroxide and 25 ml carbon tetrachloride. After 3 h total added 0.2 gN-
bromosaccinimide. After 6 h total, cooled to room temperature, washed with 10% agueous
sodium bisulfite and brine, dried over sodium sulfate and adsorbed onto silica gel. Purified by
flash chromatography (hexane-8% ethyl acetate/hexane) to give 1.0 g (59%) of methyl-4-[(E)-
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TETRAMETHYL- 5, 6, 7. 8- TETRAHYDRONAPHTHALENE- 2- YL) VI NYLI BENZOATE 110 1 Apri |
2005 WO 02/ 28810 PCT/ EPO1/11017 The above hydroxynet hyl mat efl al. 15&515 g,

. 0368 mMmol') was dissolved in 4 nL of dichloronethane and treafx & W th

tri phenyl phosphine (0.11 g, 0.42 mmol) and N- bronosuccinimde (0.076 g,
0. 42 mml%v Thzg reaction was stirred at it for 30 mn and then

concent r al €483 i ve a foany residue which was chromat ogPSEEEM/STIY, 250
ethyl 5 acetate/ hexanes) to give ethyl

4-[2-(3-bronmonet hyl -7-o0xo-5,5, 8, 8-tetranmet hyl -5, 6, 7, 8-

t et r ahydr onapht hal ene- 2-yl ) vi nyl | benzoate (130 nyg, 75% as an oil. STEP J:

o TETRAVETRE LR RO TP R P s YRR et Ccoe

COREt To %{ﬁ%ﬂd on of 18-crown-6 (0.092 g, 0.35 nmol) and potassi um
t en- but oxi de (0 04 g, 0. 36 15 mmol) in 2 nL of tetrahydrofuran was added
Pyr azol eSTBPE2 PRIEPAR AV ; T2 5§éI‘IE‘mAMB’(ItHI(b-3sI?YR_AEGU19r 10 mi nutes

ni L of tes[f[ahydr of uran was added dr OpWI se over 5 m nut es. The reacti on was
stirred for 45 mnutes at it and then partitioned between ethyl acetate and
ammoni um chl oride solution. The ethyl acetate | ayer ges dried over sodium
sul fate, concentrated, and the residue 20 chromatogrgphed (Si 2, 30% et hyl

acet at e/ hexanes) to give ethyl (E) 4-1 2- ( 3- (py
yl met hyl ) -7-oxo-5, 5, 8, 8-tetram
| ] benzoate (120 ng, 949 . STEPM :
(E)-4-(2-(3-(PYRAZOLE- 1- YLMETH
8- TETRAHYDRONAPHTHAI  ENE- 2- YL)

dron‘aﬁht hal ene- 2-yl ) vi ny
TETRAMETHYL-5.6 7

A solution of 1.0 g (2.2 mmol) of methyl-4-[(E)-2-(5,5,8,8-tetramethyl-3-bromomethy}-6-0xo -
10 5,6,7,8-tetrahydro-naphthalen-2-ylvinyl]-benzoic acid and 0.6 g (8.8 mmol) of pyrazole in 15
' ml of N-methylpyrrolidine was heated at 100°. After 2 h, the reaction mixture was cooled to
room termperature, poured into brine, extracted with ethyl acetate, washed with brine and dried
over sodium sulfate. The organic solution was adsorbed onto silica gel and purified by flash
chromatography (gradient elution: hexane-18% ethyl acetate/hexane) to afford 0.71 g (73%) of
15 Methyl4-f(E)-2-(5,5,8,8-tetramethyl-3-pyrazol-1-ylmethyl-6-0xo -5,6,7,8-tetrahydro-
naphthalen-2-ylvinyl)-benzoic acid (MH" = 443)..

A mixture of 0.7 g (1.58 mmol) of methyl-4-[(E)-2-(5,5,8.8-tetramethyl-3-pyrazol-1-ylmethyl-
6-0x0 -5,6,7,8-tetrahydro-naphthalen-2-yl)vinyl]-benzoic acid in 40 ml of MeOH and 20 ml of
20 1 N LiOH was heated to reflux temperature. After 1 h, the reaction was cooled to room
temperature and the MeOH removed under reduced pressure. The agueous solution was
acidified with 2 N HC], extracted with ethyl acetate, washed with brine, dried over sodium
sulfate and adsorbed onto silica gel. The product was purified by flash chromatography
(gradient elution: 10-30% ethyl acetate/hexane with 0.2% acetic acid) and by recrystallization
25  (ethyl acetate/hexane) to afford 100 mg (15%) of 4-[(B)-2-(5,5,8,8-tetramethyl-3-pyrazol-1-
ylmethyl-6-0xo0 -5,6,7,8-tetrahydro-naphthalen-2-yDvinyl}-benzoic acid (mp = 233-233.5) 133.
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| CO2Et -CO2H To a solution of the above ester (0.12 g, 0 262 mmol) in 4 nL
of “ethanol was slowy added a solution of LIOH (0.055 g, g %(30 in 0.65
m. of water. The cloudy reaction m xture was 11r 1 April 200 3 to 50
C, at which point the reaction became honbgeneous. The reaction was stirred
at - 50 C fwo oi2dg10and t hen cooled to roomtenperature and de@alpfeho th 1.1
m. of 1 MHCI solution was added. A white solid separated and stirring was
continued for 30 minutes. The solid was filtered, rinsed with 20%
et hanol /water, and dried under vacuumto give (E)-4-[2-(3-(pyrazole 5

1-yl nmeth xo 5.5, 8, 8- tetrarreth I-5 6, 7, 8-tetrahydronapht hal ene- 2-yl ) vi
nyl ] benz & PRERARAZTON O -2 8 BT ETRAMETHIVL- 3 PARAZ Ofior
(E) - 4- [ 23 ERECICAMEHYL) - 7- HYDROXY-5 5 8 8- TETRAMETHYL-5 6 7
8- TETRAHYDRONAPHTHALENE- 2- 10 YL) VI NYLI BENZOI C ACI D steps G J AcO HO CORH

Proceeding as in steps Gto K of Exanple 38 agove except replacing
3- brono- 2-fornyl - 7- oxo- 15
5,5,8,8-tetranethyl -5,6, 7, 8-tetrahydronagk
Gwth 7-acetoxy-3 '
brono-2-fornyl -5, 5, §48.t e
(E)-4-[2-(3- (pyrazol e-
-yl met hyl ) - 7- hydr oxy- 5

ene at the beginning of ste
DG g g p
et rahydr onapht hal ene leads to

5,6, 7, 8-tetrahydronapht hal ene- 2-

yl ) vi nyl ] benzoi c amﬁz 372as a white solid: MH = 429; nmp

247. & 248. 4 C. 20 EXAMPLE 40: PREPARA ON CF

4-[(E)-2-(5.5, 8, 8- TETRAVETHYL- 3- PYRAZOL- 1-

YLMETHYLS PEKET PREPARAHONDRARBM OB AN 2rofia o}k k- gBENZOI C
TETRAMETHY1-5.6.7.8-TETRAHYDRONAPHTHALENE

HO
10

A mixture of 20g (59 mmol) of 2-bromo-3-methyl-6-acetoxy-5,5,8,8-tetramethyl-5,6,7,8-
tetrahydronaphthalene and 177 ml 1 N LiOH and 350 ml of methyl alcohol was heated at reflux
temperature. After 1 h, the reaction mixture was cooled to room temperature, concentrated

15  under reduced pressure, acidified with 2 N HC1, extracted with ethyl acetate, dried over
sodium sulfate and adsorbed onto silica gel. The product was purified by flash chromatography
(gradient elution 5-20% ethyl acetate/hexane) to afford 15.3 g (87%) of 2-bromo-3-methyl-6-
hydroxy-5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalene.

20  STEP B: PREPARATION OF 2-BROMO-3.5.5.8.8- PENTAMETHYT -5.8-

DIHYDRONAPHTHAI ENE
l l Br

25
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ACI D OH 25 STEP A: PREPARATION CF 4-[(E)-2-(5,5, 8, 8- TETRAMETHYL- 3- METHYL- 6-
HYDROXY- 5, 6, 7, 8- TETRAHYDRO- NAPHTHALEN- 2- YL) VI NYLI - BENZOI C A @“&5&5

April 2005 WO 02/ 28810 PCT/ EPOL/ 11017 HO A suspension of 6 g mol ) of
ethyl-4-[(E)-2-(5,5, 8, 8-tetranet hyl - 3-net hyl - 6- acet oxy-

55,6, 7, 8- tv%o? ﬂ]o napht hal en-2y1) vi nyl ] benzoat e obtained from Exarrpl e 37,
Step D was ed with 30nm of 1 N LiOH and 30 nL of MEYERPVPEH ux
tenperature. After 1.5 h, the 5 reaction m xture was cooled to room
tenperature, acidified with 2 N HCl and extracted with ethyl acetate. The
organic fraction was washed with brine, dried over sodium sulfate and

'20[‘?;;“ rzﬁ‘%(iglﬁ@gﬁ{ ff.?gﬁgf%%m@%% 5 o ndh s Rydloty S Be L tramethyi-
met hy| - phydranaphthalene iy 20upkefeyrdiss Meardded 719 ml (192 mmadheloi ¢ aci d.
10 STEP phospRERARSThIONAOTHeEkittion nfiftie Was(Heattd f FOOTEARANNE d¥bled to\MiodidYL . 6-

FYDROXY- Gcfcfufe B BAERDFOIGRHbAL: Jrchbhith AR, BERAG el kS TO 2

a8 fé“zegﬂ‘“@%éﬁé?c 195 i 958l 2pd concenteaod under reduced

5 5 6. 7. 8 LS ELS- ahﬁaffsmﬁébﬁﬁpwaﬁ%bmm Phypmatpgnaply (grasi¢nd elndom:d@xane-10% 1: 1
NE OH/ CHD eh! avatute/wdaied thaffordil 2 5fg 28N%)IcE 22bromn!3)5,5,8jSminbivletiyl-§l8di azonet hane
at room HikaRaky &e After 0.5 h, added additional 5.4 m of
trimethylsilyldiazonethane. After 16 h, added 0.5 m of acetic acid and

t he E) acgl_'\ ] # 8 eﬁ?é(") t(, ?LHLF,?I’P duced ressure The residue

was rt Efrey yeeEhi nic fraction
was separsted € ' A ate and br| ne, dried
over sodi um sul fate and adsorbed onto silica gel. Purification by flash
chromat ogr aphy (gradi ent elution, hexane-15% ethyl acetate/hexane) to
Br
O

To a solution of 10 g (35.8 mmol) of 2-bromo-3,5,5,8,8-pentamethyl-5,8-dihydronaphthalene
in 300 ml of dichloromethane at 0° was added 12.4 g (35.8mmol) of metachloroperbenzoic acid
15  portionwise over 20 minutes. One hour after the addition was complete, the reaction mixture
was washed with 10% aqueous sodinm bisulfite and brine, dried over sodiam sulfate and
adsorbed onto sifica gel. Purified by flash chromatography (gradient elution: hexane-10% ethyl
- acetate/hexane) to afford 9 g (8 5%) of 4-bromo-2,2,5,7,7-pentamethyl-1a,2,7,7a-tetrahydro-1-
‘oxa-cyclopropal bjnapththalene.
20 '
" STEP D: PREPARATION OF 2-BROMO-3-METHYI-6.7-DIHYDROXY-3.5.8.8-
TETRAMETHY)5.6.7.8-TETRAHYDRONAPHTHALENE

HO Br
HO®

25  Asolution of 2.0 g (6.8 mmol) of 4-bromo-2,2,5,7,7-pentamethyl-1a,2,7,7a-tetrahydro-1-oxa-
cyclopropalb]napththalene in 20 ml of acetic acid with 0.2 ml H,SQ, was heated to reflnx
temperatures. After 0.5 h, the reaction mixtare was cooled to room temperature and
concentrated under reduced pressure. The residue was dissolved in toluene and reconcentrated
under reduced pressure. The product was dissolved in 40 ml of methyl alcohol and 20 miof 1 N
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- provide 1.8 g (51% of

met hyl -4-[ (E) - 2- (5,5, 8, 8-t etranet hyl - 3- net hyl - 6- hydr oxy- 5, 6, g
t ei rahydr o- napht hal en- 2-yl ) vi nyl ) -benzoic acid. (M= 378). Af L\%?
WO 02/ 28810 PCTI EP01/ 11017 STEP C. PREPARATI ON OF MEHYL- 4- f(E) _2- (58 8

8- TETRAVEWdYe2/88IWETHYL- 6- OXO PCT/ERPOLLIONT
-5, 6, 7. 87 TETRAHYDRO- NAGHTHALEN- 2- YL) YI NYLj - BENZOI C ACED 5 To a ol uti on of

1.6. g (4.2 nmmol) of .

met hyl -4-[(E) - 2- (5,5, 8, 8-tetranet hyl - 3- net hyl - 6- hydr oxy-

5,6,7, 8- inérahydro na ht hal en-2-yl)vinyl ]-benzoic acid in 50 m of

met hyl en ? Baation solpionaras heatodst refivettmperatirg After 65, the neakliowf
Dess- Mar wias cqued mbumtanpékhwmmecdnhmuwﬂaﬁﬁ@ﬁedﬁ&dbwsﬁrme P&Hﬁ&{j into

brine anghijenst ta%ﬂjjﬂéé i T r rLacti was 10
dried °V§c§d1 cr@g ?a;?tiﬁ dsor%‘ig&&éd%tglgﬁhycagm&f%g%%d%ﬂ@b %fash
chro rap Stgffﬁ P 5&8’9‘10 ica igel, The Piegnclt Pu%@'é’flé)t%@shexane) to aford
1. 45 &ﬂ%mégf ¥ kgrrdign gwtjonpbexane-80%, chyl acataterbeaye) to give 1.2 g (56%) of

3- net hyI 2bromo3anéhy)- @7 adiydedry D, 5,8 )Spbi-adey=26,7 )8  tvikahylidon he acid (W
376). 15 STEP D. PREPARATI ON OF MEHYL-4-r(EE2-(5 5 8" 8- TETRAMETHYL3-

2005

o a ol pe e KEARANE ORI M Y it b %7 © AC 0
ETR 131
met -4-TE)- 2+ (— , 9, O, tHyr=39- X0-

5,6, 8-tetrahydro- naphthalen 2 yl)vinyl]- ben20|c acid and 0.86 g (4.8
nmml ) of N bronbsuccinimde in 50 m carbon tetrachl ori de was added 45 ny
(0.19 muol ) of benzoyl peroxide §nd the reaction was heated to refl ux
tenperature. After 1 h, addedmddiAN Wl 4Brng 25 of benzoyl peroxide and
25 m carbon tetrachl oride: te al added 0.2 g N
bronmosucci nim de. After 6 t - > gd .t o roomtenperature, washed with
10% aqueous sodium bisulfite andMyri dri ed over sodiumsulfate and
adsorbed onto silica gel. Purified !

To a suspension of 1.0 g (3.2 mmol) of 2-bromo-3-methyl-6,7-dihydroxy-5,5,8,8-tetramethyl-
5.6,7.8-tetrahydronaphtbalene in 30 ml of 2,2-dimethoxypropane was added 100 mg of p-
toluene sulphonic acid. The reaction was stirred at room temperature, After 1 b, the reaction

15  was poured into aqueous sodium bicarbonate and extracted with ethyl acetate. The organic
extracts were washed with brine, dried over sodium sulfate, concentrated under redaced
pressure and purified by flash chromatography (gradient elution: hexane-5% ethyl acetate) to
give 1.2 g (97%) of 6-bromo-2, 2,44,7.9 9-heptamethyl—3a,4 9,9a-tetrahydro-naphtao[2,3-
dlf1,3]-trans-dioxole.

20

STEP F: PREPARATION OF 2.2.4.4,7.9.9-HEPTAMETHYT -32.4.9.9a-TETRAHYDRO-
NAPHTHO[2,3-d1[1,3]-TRANS DIOXO0I E-6-CARBALDEHYDE

A A

25 Toa solution of 3.8 g (10.8 mmol) of 6-bromo-2,2,4,4,7,9,9-heptamethyl-3a.4,9,9a-tetrahydro-
naphtao[2,3-dj[1,3]-trans-dioxole in 50 ml of THF at —78° was added 13.5mlof 1.6 M
(215 mmol) of n-Buli, After 1k, added a solution of 2.4 ml (21.5 mmol) of N-formyl
piperidine in 10 ml THF. After 1.5 h, added saturated aqueous ammonium chloride solution,
warmed to room temperature, extracted with ethyl acetate, washed with brine, dried over
30 sodium sulfate and adsorbed onto silica gel. Purified by flash chromatography (gradient elution:
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flash chromat ography (hexane-8% ethyl acetate/hexane) to give 1.0 g (59%
of nethyl-4--[(E) 114 1 April 2005 WO 02/28810 PCT/ EPOL/ 11017 4. - 4005

2- (5,5, 8, 8-tetranet hyl - 3- br ononet hyl - 6- oxo P
-5,6, 7, 8-tetrahydro- napht hal en-2-yl )vinyl]- benzoic acid. STEP E:

PREPARATI ON CF 4-!(E)-2-(5,5, 8:8-T TRAMETHYL- 3- PYRAZOLr1 5 YLMETHYL- 6- OXO
-5, 6, 7, 8- TETRAHYDRO- NAPHTHALEN- 2- YL) VI NYLI - BENZO C ACI D OH A sol ution of
1.0 g (2.2 nol) of nethyl4-[(E)-2-(5,5, 8, 8-tetranethyl -3-brononet hyl - 6- oxo
- 10 5,6, 7,8-tetrahydro-napht hal en-2-yl)vinyl]-benzoic acid and 0.6 g (8.8
ol ) of b%ﬂa%é%eethﬂ ag@atathexsneNIsatatadyd. bg (645 i )Aif 3. 43,91 9eheptancthyl 84,9, 9% t er
2 h, the teeahydro-naphibd[R,5al]Mcsd-taaotRsole®-cartudshes (RIes 3¢2)r e, poured into
brlne extracted wth ethyl acetate, washed with brine and dried over

sodium sukigh ey pRESARGABNOR lrithIn 425 L5 ABELA RN P bkﬁﬁﬁ%o and
e ot £ TETRATDRON PRTEBT RN LRSI L6V VIR REMN

acetate/h tora |

Met hyl - %@M&B 8-tetranet hyI 3- pyrazol 1-yl net hyl - 6- oxo

-5,6, 7, 8 t etrahydro- naphthal en-2-yl)vinyl]-benzoic acid (M= 443).. A
nlxture of 0.7 g (158 mmol) of 0

met hyl -4-[(E)-2-(5,5, 8, 8-tetranet hyl - 3-pyrazol - 1- yjl net hyl - 6-oxo

-5, 6, 7, 8-tetrahydro- napht hal en- 2-yl ) vi nyl ] - befizgirC~acid in 40 mM of MeOH
and 20 M of 20 1 N U OH was heated to refl gnperature. After 1 h, the
reaction was cool ed to roog, te 3 e MeOH renoved under reduced
pressure. The agueous s i 0 2 3 |d|f|ed with 2 NHCO, extracted with
et hyl acetate, washed wiA'h :
onto silica gel. The product wds purified by flash chromat ography
(gradient elation: 10-30% et hyl ‘acet ate/ hexane with 0.2% acetic acid) and
by recrystallization 25 (ethyl acetate/ hexane) to afford 100 ng (15% of

4-1(B) - 2-134 2otk 516 E'ﬁ@& ot :ibpb[2”}1,9,'7}d,9—heptamethyl-3a,4,9,9a-tetrahydro-

10 naphtho[2,3-d][1,3]-trans-dioxole-6-carbaldehyde and 2.2 g (8.6 mmol) of 4-(Dimethoxy-
phosphorylmethyl)-benzoic acid methyl ester in 50 ml of toluene at 0° was added 5.6 ml of
1.7 M (8.6 mmol) of potassium tert-pentylate in toluene. After 1.5 h, poured into brine,
extracted with ethyl acetate, dried over sodium sulfate and adsorbed onto silica gel. Purified by
flash chromatography {gradient elution: hexane-2 % ethyl acetae/hexane) to give 2.5 g (87%)

15 of 4-[(E)-2-(2,2,4,4,7,9,9)-heptamethyl-3a,4,9,9a-tetrahydro-naphtho[2,3d][ 1,3]-trans-dioxol-6-
yl)-vinyl]-benzoic acid methyl ester.

U

STEP H: PREPARATION OF 4-{(E)-2-(7-BROMOMETIIY].-2.2.4.4,7,9.9)-
HEPTAMETHY1-3a.4.9.9a-TETRAHYDRO-NAPHTHO[2.3d][1.3]-TRANS-DIOXOL-6-
20  YL)-VINYL]-BENZOIC ACID METHYL ESTER

A solution of 2.4 g (5.5 mmol) of 4-[2-(2,2,4,4,7,9,9)-heptamethyl-3a,4,9,9a-tetrahydro-
naphtho[2,3d][1,3]-trans-dioxol-6-yl)-vinyl]-benzoic acid methyl ester , 1.47g (8.28 mmol) of

25  N-bromosuccinimide and 67 mg (0.28 mmol) of benzoy! peroxide in 50 m! of CCly was heated
at reflux temperatures. After 2 h, added additional 34 mg (0.14 mmol} of benzoyl peroxide.
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yl met hyl - 6-oxo -5, 6, 7, 8- tetrahydro napht hal en- 2- yI)V| nyI] benzoi ¢ acid (rrp
= 233-2335)133. 115 1 April 2005 WO 02/28810 PCT/ EP01/ 11017 F)XANF&(IE)SM.
PREPARATI ON OF 4-f(B)-2-(5 5 8 8- TEf RAMEr HYL- 3- PYRAZAO 1-

YLMETHYL- 6, 7- TRANS- DI HDROXY -5.6 7 8- TETRAHYDRO NAPHTHAT FN- 2-

) L) VRAYL1 ACID 5 STEP A: PREPARATI ON OF

2- BROVD- 3%‘%@5%- HYDROXY-5 5 8 8- PCT/EROLI1017
TETRAAI ETf f YL-5. 6. 7. 8- TETRAHYDRONAPHTHALENE 10 A mi xture of 20g (59 rum 1)
of 2-brono-3-net hyl -6-acet oxy-5,5, 8,8-tetranet hyl -5, 6, 7, 8-

t et rahydronapht hal ene and 177 ml 1 N LiOH and 350 ml of nethyl al cohol was
heat ed atAfteefIhtstal ttenmnaﬁ wiab filtéfedand ettt as e.agﬁeu%thm!qﬁéd&& Sodtidh cool ed

to room thempRs DLdiikeh Jaés&ﬂgﬁms&ﬂaac . RlGRSHEE Heljpgd Wi th
2 N Hd b d “Eﬁ‘fﬁ iR gt HleproducCyrasin :’?&
adsorbedf%%? 5 e 3 B% %‘é‘%ﬁg’a&@?‘%}%’pﬁﬁﬁy P?Wﬁ’sﬂﬂ%ﬁﬂﬂr&gfography ’
(gr adi enﬁ-@h%@hr@ozwmtz@# AdcD P phexatneityhad. 4,0 SaadtiabydtoXBpRho 2(TYB]-of

2- br ofio- Eeanwtioxbl-®y1)-vinyl}-benzoic acid methyl ester.
hydr oxy-5, 5, 8, 8-tetranet hyl -5, 6, 7, 8-tetrahydr onapht hal ene. 20 STEP B:

PREPARAT ks > 4§
116 1 Ap%ﬁl . ]
mol ) of AR I BENS ¥

4

10
A solution of 170 mg (0.33 mmol) of 4-[(E)-2(7-bromomethyl-2,2,4,4,7,9,9)-hexamethyl-
3a,4,9,93—tetrahydro—naphtho[2,3d][1,3]-trans—dioxol~6-y1)—viny1]—benzoic acid methyl ester,
and 47 mg (0.7 mmol) of pyrazole in 10 mi of NMP was heated at 100. After 2 h, the reaction
Inixtare was cooled to room temperature, poured into brine, extracted with ethyl acetate,

15 washed with brine, dried over sodiam sulfate and adsorbed onto silica gel. The product was
purified by flash chromatography (gradient elution: hexane-15% ethyl acetate/hexane) to give
T5mg(45) of 4-[(8)-2-(2,2,4,4,7,9,9)-hexamethyl-7-pyrazol-1-ylmethyl-3a,4,9,9a-tetrahydro-
naphtho[2,3d][1,3]-trans-dioxol-6-y1)-vinyl]-benzoic acid methyl ester.

20  STEPJ: PREPARATION QOF4-[(E)-2-(5.5.8.8-TETRAMETHY] -3-PYRAZOL 1~
YIMETHYL~6.7-TRANS-DIHYDROXY -5.6.7.8-TETRAHYDRO-NAPHTHALEN-2-
YIHVINYIL-BENZOIC ACID
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5,6,7,8-tetrahydronapht hal ene in 120 m of pyridine was added 17.9 nm (192
mmol ) of phosphorus oxychloride. The reaction m xture was hg%tpep%&og 100.
After 6 h, cool ed to room tenperature and carefully poured W th
'storlng After extracted with ethyl acetate, 5 washed with 2 N HCl and
. brine, W&%Z{ég SOdI um sul fate and concentrated under reduced or essur e.

~ The residle {?UI’Ifled by gravity chromatography (gradPEHEREYHPTon:
hexane-10% ethyl acetate/ hexane) to afford 12.5 g (87% of

2-brono-3,5, 5, 8, 8-pent anet hyl -5, 8- di hydronapht hal ene. 10 STEP C.

PREPARATI ON OF 4-BROMO-2 2 5 7 7- PENTAMETHYL-1A 2.7 7A-

TETRAHYDRGikafoX4f Tk (RROBANILHART AN, T9,9)- eRdriéth 97 -piraié) 3% -1gyimathyd

ol ) 0f3a7;4|9r9‘2rt9n'§1 5ro5n h AR LML §r61 hia ’]ﬁethl PQnm of
O el o e R N e e AR

oro B enzor C
conpl et eMiXthee wassengepHaseil wndar sedugedProgselseekArte withozhid geasats, c@o@ﬁnunted
bi suld i t enden dedntddpressdic aad takes p $020 mivoSmidthpitatcohoThndadsar sFadOPNTRe Si | i ca

gel . P‘” ?&n&k%«??h&%é&%%?ﬁi 1 ﬂé ?&b&&-}w&‘é Aol QMo rdimx ?é&fbei'aQu{%Et hyl
acet at e/ e ane
easuﬁe ?Q&P%‘tnr WF Fap ¢ acidified with 2 N HCI,

4-br onp- P

oxa- cycl mﬁé mﬁmlmmeweh@m@m BriedReEp Apdian GrfaE apd SROMUsAVETHYL6
7- DTHYDR@X¥%r Dedbcdll fessiic ERANBEO0LmS (95).oB 4 TE)R-673 3 BRENARIPIST pyrizdiE - HO HO

iSbflo(frgl %ﬁ@f"’?&ﬁn@hﬁt% Wé ﬁ%h)}dg tl'laép[hthaﬁen d2 gl}Xm&l -benzoic acid (MH+ =

cycl opro ﬁrapt ht hal ene in 20 m of acetic aC|d with 0.2 M H2SO was
heated to reflux terrperatures After 0.5 h the reactlon mxture was

The

resi due WEMEN mam-mmmmmmmmmm@mmed '
pr eskur eYLTVENYILIBENFOACDssol ved in 40 ml of nethyl al cohol and 20 m of
1 N

STEP A: PREPAR ATTION OF 2-BROMO-CIS-6.7-DIHYDROXY-3.5.5.8.8-
PENTAMETHYI . 5.6.7.8-TETRAHYDRONAPHTHATL ENE

HO,, Br

w

HO

20 To a solution of 9.41g (33.7mmol) of 2-bromo-3,5,5,8,8-pentamethyl-5,8-dihydronaphthalene
in 110 ml pyridine was added 8.65¢g (34.0mmol) osminm tetroxide nnder an atmosphere of
nitrogen, After stitring at room températnre for 18 hours, 17.3g (166mmol) of sodium bisulfite
in 110m] water was added. After 2 hours the resulting solution was partitioned between ethyl
acetate and aqueous hydrochloric acid. The organic layer was washed with water, washed with

- 25  brine, dried over anhydrous sodium sulfate, and concentrated in vacuo. The crude material was
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117 1 April 2005 WO 02/28810 PCT/ EPO1/ 11017 Li OH was added. The reaction
solution was heated at reflux tenperature. After | h, the I’e?(AtIPBOO

cooled to roomtenperature and the concentrated under reduced Br essure The
reaction mxture was acidified with 2 N HCl, extracted with ethyl acet at e,
washed w two biisem, dried over sodiumsulfate, then adsordgdppi@pilica
gel. The product was purified by flash 5 chromat ography (gradi ent eI ution:
hexane- 20% et hyl acet at e/ hexane) to give 1.2 g (56% of

‘2-brono- 3-net hyl -6, 7-di hydroxy-5, 5, 8, 8-tetranet hyl

5,6, 7, 8-tetrahydronapht hal ene. STEP E: PREPARATION OF 6-BROMO-2 2 4 4 7 9
9- HEPTAN@WE@ng hgg*f Iegraphyth slnibemnih 30%- afhyl faget3ehFRANS YiEHQ@IE 10 To
a suspengy -

2- br ono- 3 Sr%% ﬁﬁz 3;0917&%;'&% roﬁyb%y ng &S peqtamet LYy p.7-8-tetrahydronaphthalene as a
5,6,7, 8- t“éllﬁeéhg@@df\aﬁﬂﬂhal ene in 30 ni of 2, 2-di rret hoxypr opane was added
100 ng of p- toluene suiphonic acid. The reactlon was stirred at room

t enperat y After I _h, the reaction 15 was poured |nto aqueous sodi um

bi car Bong@ee o W 2:BROE ROX f.

washed : Re IdrD-0of - ik 10k & reduced
pressure and purlfled by flash chromat ography (gradl ent elution: hexane-5%
ethyl acetate) to give 1.2 g (97% of

6- brono-2,2,4,4,7,9, 9- hept anet hyl -3a,4, 9, 9a- tetrahydro napht ao[ 2, 3-

d][1, 3]-trans-di oxol e. 20 STEP_F:

9- HEPTAMETHYL- 3a. 4 9 9a- TETR

(108mm|) of 6brom)22407~" A5 , 4,
napht ao[ 2, 3- d][l 3] trans-di oxol e i m of THE at 78 was added 13.5 ni
of 1.6 M (21-5 _} of n-BuLl. Aftet 1 h, added a solution of 2.4 nm (215
mol ) of mq@owf 7.73g (24.7Tmmol) of 2-bromo-cis-6 '7-d1hydroxy—3,5 5,8,8- -pentamethyl-3,6,7.8-

tetrahydronaphthalene and 445mg (2.39mmol) of p-toluenesulfonic acid monohydrate in 100ml
10 2,2-dimethoxypropane was heated to reflux for 90 minutes. ‘Upon cooling the resulting
solution was partitioned between ethyl acetate and dilute aqueous sodivm bicarbonate. The
organic layer was washed with brine, dried over anhydrous sodium bicarbonate, and
concentrated in vacuo to yield 9.10g of 2-bromo-cis-6,7-dihydroxy-3,5,5 .8,8-pentamethyl-
5,6.7,8-tetrahydronaphthalene acetonide QM* = 352) which was used without further
15  purification.

STEP C: PREPARATION OF 3-METHYT -CIS-6.7-DIHYDROXY-5.5.8.8-
JETRAMETHY1-5.6.7.8-TETRAHYDRO-2-NAPHTHALDEHYDE
ACETONIDE

X 0“1 L

To a—78°C solution of 9.04g (25.6mmol) 2-bromo-cis-6,7-dihydroxy-3,5,5 ,3,8-pentamethyl-
5,6,7,8-tetrahydronaphthalene acetonide in 110mi tetrahydrofuran was added 32.0ml
(51.1mmol) of a 1.6M solution of n-butyllithium in hexanes. After 1 hour at -78°C, 5.79¢
(51.1mmol) of 1-formylpiperidine was added. After 20 minutes at -78°C, the resulting mixtare
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piperidine in 10 M THE After 1.5 h, added saturated agueous anmoni um
chloride solution, warned to roomtenperature, extracted w igﬁeﬁ)?{%d
acetate, washed with brine, dried over 30 sodium sul fate and LLA%2d ont o
silica gel. Purified by flash chromatography (gradient elution: 118 1 April
2005 hexa yl acetate/hexane). Isolated 2.1 g (64% ) of

2,2, 4,4, 7“8032/%;6 aret hyl - 3a, 4, 9, 9a- PCT/EPOY11017
tetrahydro napht ho[ 2, 3-d] [ 1, 3] -t rans-di oxol e- 6- car bal dehyde (M+= 302). STEP
G PREPARATION OF 4-[(E)-2-(2,2,4,4,7,9,9)-HEPTAVETHYL-3a, 4,9,9a 5
TETRAHYDRO- NAPHTHQ 2, 3d] [ 1, 31- TRANS- DI OXQOL- 6- YL) - VI NYL] - BENZOI C ACI D

METHYL ES;@R%U-Eﬁcﬁéd %ﬁih%dt&n Iiﬂon 2Pmthg(t6 r&n’ﬂ&i e)atlﬁ‘f:, the mixture was partitioned

2,2,4,4, t

napht ho 2begw "Qﬁ% 1T a ans %g%rxéﬁ@oég‘ X %g?_y eéinvﬁﬂ"zbr?egd?@‘é’cfnm

4- (Di met HSRYdrop ﬁéﬁi@l&vg@wd cryie matriel way pBiiediby h
t ol uene aahrcﬁnatagapiqdwnﬂl Bluﬂothbﬁ% ¢hyl akét(u&[hexmmd) yieldfs ﬁﬂgt(MD uf13-bromo-

tert- rsenta&etzfm &L 518 RB-1eMirh . Eﬂﬁﬁ&gz | Henal d with
et hyl e%ﬁﬁe c;mr)gl.o’ger sodlﬁénlssu??ragttg and ad Ed e P(‘)12(?‘50 sﬁ%ﬁc el .
Purified flash chromat ography (gradi ent elution: hexane-2 % et hyI

acet ae/ hexane to give 2.5 g (87% 15 of
4-1(E) -2 25215 'A‘ﬂ_’;‘;‘""n;h-‘vwv_-. '-""f o G- HIEPT AMET Y. 3o 40004 -ho[ 2,3d][ 1,3
] -trans- .11;5‘"\ s . A A o DX F ZINEY . d

OF 4-1D(E)ME_TI:E;L@M/ETHYL 2,2, 4, 4 7 9,9)-

HEPTAVETHYL- 3a, 4, 9, 9a- TETRAHYDRO- NAPI—FI'qu 3d1l [ 1, 31- TRANS-DI OXOL-6 20
YL) - VI NYL] - BENZO C ACI D METHYL ESTER A solution of 2.4 g (5.5 nmol) of
4-12-(2,2,4,4,7,9,9)-heptanet hyl - 3a, 4,9, 9a-tetrahy
napht ho[ 2, 3d] [ 1, 3] -trans-di oxol - 6-yl)-vinyl]-ber
1.479 (8.28 mmol ) of 25 N bronogugci ni m de an ! ng<{€Q. 28 mol) of benzoyl
peroxide in 50 m of CCl4 4 ef 8 enperatures. After 2 h,
added additional 34 ng (Q.1A per oxi de. 119

cid nethyl ester,

To a solution of 5.3 g (17.5 mmo}) of 2,2,4,4,7,9,9-heptamethyl-32,4,9,9a-tetrahydro-
naphtho[2,3-d][1,3)-cis-dioxole-6-carbaldehyde and 5.9 g (22.8 mmo}) of 4-(Dimethoxy-

15  phosphorylmethyl)-benzoic acid methyl ester in 50 ml of toluene at 0° was added 13.4 ml of
1.7 M (222 mmol) potassinm-tert-pentylate. After 1 b, the reaction was poured imto brine,
extracted with ethyl acetate, washed with brine, dried over sodium sulfate and adsorbed onto
silica gel. The product was purified by flash chromatography (gradient elution: hexane-15%
ethyl acetate/hexane) to afford 6.0 g (79%) of 4-[(E)-2-(2,2,4,4,7,9,9)-heptamethyl-3a,4,9,9a-

- 20 tetrahydro-naphtho[2,3d][1,3]-cis-dioxol-6-y1)-vinyl}-benzoic acid methyl ester.

STEP E: PREPARATION OF 4-[(E)-2-(5.5,8.8-TETRAMETHY1 -3-METHYI 6.7-CIS-
DIACETOXY-5.6,7 8-TETRAHYSRO-NAPHTHALEN-2- YL )VINYLI-BENXOIC ACID
METHYL ESTER
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-1 April 2005 WO 02/28810 PCT/EPO1/11017 After 3 h total the reacti on was

filtered and the filtrate was washed wi th aqueous sodi um bi flefHLi dried

over sodium sul fate and adsorbed onto silica gel. The produc O%ri fied

by flash chromatography (gradient elision: hexane-3 % ethyl acetae/hexane)
to afford f 4[] (E)-2-(7-brononethyl

2,2,4,4, 7?%(,)gz)®ﬁgxarret hyl - 3a, 4, 9, 9a-t et r ahydr o- napht ho|[ 2,"§5ﬁl’ﬁ%”3‘f’”5

trans-di oxol -6-yl)-vinyl]-benzoic acid nethyl ester. STEP |I: PREPARATI ON OF
4 (B)-2-(2 2 4 4 7 9 9)-HEXAMETS f YL- 7- PYRAZOL 1

YLMETHYL- 3a. 4. 9, 9a- TETRAHYDRO NAPHTH( 2 3d11131- TRANS- DI OXOL- 6- YL)

VI NYLI - BENZO C ACI D METHYL ESTER 10 A solution of 170 nmg (0.33 mon of

4-[<E>-2Aé1ﬁal%?ﬁat%gwqb:s%?§ # jﬁ%]’_z? Y SRy A ] |
3a, 4,9, 94t VOB ol o 4 42 28 47 Y Oxepiamethiylapt0 erto gyt
agi d net ?f?ﬂ’heté‘g@g% L kﬁgpd&tﬁﬁo Yébvmngmcﬁbwﬁtms@rﬁmgggmggﬁh angf0 \ZNgIsC
heat ed amll1(¥ HOMwae stizedhat rodme tamgeedtirenA el Xh,WoRcetated @0d@ deduded srodfure ,
. tenpes at dx@actdOWIEShTHBnB! WiSied Wit 1RGE Sl %%H{FYA sl il cbrmitgghed

|

. i . ‘con )
LN b Bt ﬁ\éagsﬁgéigf 88 ket SRl G homdaine. 155

g
product was, ] ﬁ%pﬁ%ﬁgﬁaﬂ

S
C.
et hyl ac8f&e A &as pdded; The reqctiongvaspsted 0 60 © . After 2 h, the reaction mixture
4- [ (E) - 2wag conled w 13012 tehpenmuradiliuyd with pjted and extracted with ethyl acetate. The

1-yl met hgeagia fthclorP@ad Whdhad . i i i i
naphiol ol {rAns- lg?g?l\é}l glgéle¥é’édPB%ﬁ§%F°ﬁd‘%%Sg:%‘%?’h%?““&"f‘é’f 20
STEP J: @%@4- L Sfuflen:dlegng- Fidie/he> pvige SHAETHYL- 6
7- TRANS- )52-6,%.8 8- 1Rl HIRB REIPS [7-ds-digeetondyy /6 MBI IR C ACID
120 1 ApnaphiQ@e2-yDMBYT)beRoRIiPeaEthiPed#r11017 A mi xture of 75 ng (0. 15
mmol ) of 4-[(E)-2-(2,2,4,4,7,9,9)-hexanet hyl - 7-pyrazol - 1-yl met hyl -

STEP F: PREPAR ATION OF 4-[(E)-2-(5.5.8.8-TETRAMETHYL-3-BROMOMETHYI -6.7-

15  CIS-DIACETOXY-5.6.7.8-TETRAHYSRO-NAPHTHALEN-2-YL)VINYL]-BENXOIC
ACID METHYL ESTER

A solution of 5.2 g (10.8 mmol) of 4-[(E)-2-(5 .5,8,8-tetramethyl-3-methyl-6,7-cis-diacetoxy-
120 5,6,7,8-tetrahysro-naphthalen-2-ylvinyl}-benxoic acid methyl ester.and 2.4 g (13.3 mmol) of
N-bromosuccinimide with 124 mg (0.5 mmol) of benzoyl peroxide in 50 ml of carbon
tetrachloride was heated to reflux temperature. After 5 h, cooled to room temperature, filtered
and washed filtrate with 10% aqueous bisnlfite and brine, dried over sodiam sulfate and
purified by flash chromatography (gradient elution: hexane-10% ethyl acetate/hexane) to give
25 4.0 g (66%) of 4-[(E)-2-(5,5,8,8-tetramethyl-3-bromomethyl-6, 7-cis-diacetoxy-5,6,7,8-
tetrahysro-naphthalen-2-yl)vinyl]-benxoic acid methyl ester. o

30
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‘3a, 4,9, 9a-t et rahydr o- napht ho[ 2, 3d] [ 1, 3] -trans-di oxol -6-yl)-vinyl]-benzoic
acid nethyl ester. in 10 m1l N HC1 and 10 mM of THE was stirred room
tenperature. After 1 h the reaction mxture was concentrat el ARH reduced
pressure, extracted with ethyl acetate, concentrated 5 under reduced
pressure and taken up in 20 m of nethyl alcohol and 10 mM of UGH The
reacti on nYROUP¥¥as heated to reflex. After |b the reactACIEREEEDOl ed to
roomtenperature and concentrated under reduced pressure. The reaction

m xture was acidified with 2 NHClI, extracted with ethyl acetate, washed
with brine, dried over sodiumsulfate and concentrated under reduced

pressure ¢ }a&f RRATION Al @Tﬁ%%??ﬁmi 3-pyrazol -1
10 yl net R

-5,6,7, 8% 5 ’-?-A‘EU 447) 145.
EXAMPLE 42=

4-1(E)-2-(5,5,8,8-1M12 ATvifi-111Yl,3-PYRAZOL-1- YLMETHYL- 6

7-C S-DI HYDROXY -5 6 7 8- TETRAHYDRO- NAPHTHALEN+2 15 YL) VI NYLI - BENZO C ACI D

PENTAVETHYLr 5. 6. 7. 8- TETRAHYDRONAPHTHALE F g solution of 9.41g
(33. 7mml ) of 2-brono-3,5, - i~hydr onapht hal ene in 110
m pyridi ne was addeq\gbﬁS tetroxi de under an atnosphere
of nitrogen. After stirrr omterrperature for 18 hours, 173g

(166mmol ) of sodi um bi sul 10niN¥st er was added. After 2 hours the
resulting solution vvaéCQart @ ethyl acetate and aqueous

hydrochl ori ¢ acid. The orgdni*c | ayer was$ washed with water, washed with 25
brines dried over anhydrous sodium sul fate, and.concentrated in vacuo. The

crude matgyl dnaSr 426 b A6 hma 8P18-crown-6 and 338 mg (3 mmol) of potassium-tert-
butoxide in 30 ml of THF was added 205 mg (3 mmol) of pyrazole. After 20 minutes, the
reaction was cooled to 0 and a solution of 1.4 g (2.5 mmol) of 4-[(E)-2-(5,5,8,8-tetramethyl-3~
bromomethyl-6,7-cis-diacetoxy-5,6,7,8-tetrahysro-naphthalen-2-yI)vinyl}-benxoic acid methyl
10  ester in 20 mi of THF was added dropwise. After 3 h, the reaction mixture was poured into
brine, extracted with ethyl acetate, washed with brine, dried over sodium sulfate and adsorbed
onto silica gel. The product was purified by flash chromatography (gradient elution: hexane-
30% ethyl acetate/hexane) to give 1.05 g (77%) of 4-[(E)-2-(5,5,8,8-tetramethyl-3-pyrazoi-1-
yimethyl-6,7-cis-diacetoxy-5,6,7,8-tetrahydro-naphthalen-2-yl)vinyibenzoic acid methyl ester.
15 :
STEP H: PREPARATION OF 4-[(E)-2-(5.5.8. 8-TETRAMETHY1-3-PYRAZOL-1-

YIMETHYI 6.7-CIS-DIHYDROXY -5.6,7.8-TETRAHYDRO-NAPHTHALEN-2-
YLYVINYL]-BENZOIC ACID

20
A mixtue of 1.0 g (2.2 mmol) of 4-{(E)-2-(5,5,8,8-tetramethyl-3-pyrazol-1-ylmethyl-6,7-cis-
diacetoxy-9,6,7,8-tetrahydro-naphthalen-2-yljvinyljbenzoic acid methyl ester. in 20 m1 of
methyl alcohol and 10 ml of 1 N LiOH was heated at relfux. After 1 h, cooled to room
temperature, concentrated under reduced pressure, acidified with 2 N HC, extracted with ethyl

25  acetate, washed with brine, dried over sodium sulfate and adsorbed onto silica gel. The product
was purified by flash chromatography (gradient etution: 20-60% ethyl acetate/hexane with 0.2
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WO 02/ 28810 PCTI EPOL/ 11017 purified by flash chromatography with el ution
with 30% et hyl acetate/ hexane to yield 7.97g (75% of .

2- brono-ci s-6, 7-di hydroxy- 3,5,5,8,8-pentanethyl -5,6, 7, 8-tet r]aﬁ*y’a]r%)(wgpht hal e
ne as a white solid (lv = 312). 5 STEP B: PREPARATI ON OF 2- BROMO-Cl S-6

7- Dl || YORQH S 9326310 8 8- PENTAMETHYLr5. 6 7. 8- TETRAHYDRONAR 0EN51,]ACETO\II DE
A sol ution of 7 173g (24. 7ni nol ) of

2- brono-ci s- 6, 7-di hydroxy- 3,5, 5, 8, 8-pent anet hyl -5, 6, 7, 8-

t et r ahydr onapht hal ene and 445ng (239mmol) of p-tol uenesul fonic acid
nonohydrate in 100nL 10 2, 2- dinethoxypropane was heated to reflux for 90

mi nut es. %Jﬂcsaacaaaﬂo@vémrﬁgamcm@ {gﬁ@ﬁ@ B314.b1 PORLARTeRER. et Ny

ashed weEHIERY 872“%%*@6”"@?1}%%%@“& m@aﬁ%‘%&-ﬂg T4s "

concentrat ed | n_vacuo to |eI d log of

further WP C. PREPARATI ON OF 3- METHYL- Ol S 6

7- Dl HYDROXY-5 5 8 8- TETRAMETHYIrS 6. 7. 8- TETRAHYDRO- 2- NAPHTHAL DEHYDE
ACETONI DE 20 To a 78C sol ution of 9.04g (25.6mmol)

2- brono-ci s- 6, 7-di hydroxy- 3, 5, 5, 8, 8- pent anet hyl -

5,6, 7, 8-tetrahydronapht hal ene acetonide in 1 | .
added 32.0M (51.1mml) of a 1.6M solution gf n-RQutyllithiumin hexanes.
After 1 hour at -78C, 5.79g / pHperi di ne was added.
After 20 m nutes at -78C, | April 2005 WO

02/ 28810 PCT/ EPOL/ 11017

10 METHYL-S 6.7.8-TERAHYDRO-2-NAPHTHALDEHYDE

A solution of 0.874 g (2.96 mmol) of 3-bromo-5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-2-

naphthaldehyde, 1.886 g (3;11 mmo}) of trans-1,2-bis(tri-n-butyistannyl)ethylene and 0.068 g

15 (0.059 mmol} of tetrakis(triphenylphosphine)palladium in 20 ml toluene was heated to reflux
under argon for 1.75 hour. The reaction was cooled stightly and 0.518 g (3.26 mmol) of 2-
bromopyrimidine and 0.068 g (0.059 mmol) of tetrakis(triphenylphosphine)palladium was
added in 3.5 ml toluene. The reaction was heated at refiux for 3 hours. The reaction was
cooled to room temperature, quenched with 5% potassium fluoride and dilited with ethyl

20  acetate. The two phases were stirred vigorously for 16 hours. The mixture was filtered throngh
celite and the organic layer was washed with brine, dried over anhydrous sodium sulfate, and
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was quenched with water. Upon warm ng to roomtenperature, the m xture was
partitioned between ethyl acetate and water. The organic | a %/gg ﬁgo%washed
with brine, dried over anhydrous sodium sulfate, and concent 8t P

vacuo. The crude material was purified by flash chromatography wth
elution with 5% ethyl acetate/hexane to yield 5.65g (73% of 3-brono 5
cis-6, 7-diVHQ&¥BL 5 5 8, 8-tetranet hyl -5, 6, 7, 8-t et r ahydr o PEIFEEBHINA] dehydeac
etoni de(MH = 303). STEP D. PREPARATION OF4-[(E)-2-(2 2 4 47 9

9) - HEPTAMETHYL- 3a. 4 9 9a-

TETRAHYDRO NAPHTH([ 2, 3d11131- Cl S- DI OXOL- 6- YL) - VINYLI - BENZO C ACID 10

g/F-ZITT-Af E%%Eﬁxeeﬁ rg ?}Jéét”ﬁ Qﬁg gé gﬁb&lﬁ% J?%s wlb%( Bln chromatography (gradient

napht ho[ 2l@iati m 3}%@(113(4 dictatahexate-2 50yl m}aia’hmde)ﬁo ﬁffgrd((m’.id& (@) of B¢

ol uene. AEH2 BERARER Y I B b E ek 5873 Ao Phashinaldingde B =
pot assi umzgrt-pentylate. After 1 h, the reaction was poured into brine,

extracted wth ethyl acetate, vvashed with brine, dried over sodiumsulfate
and adsorbed onto silica gel. The product was purified by flash

chr omat oggpgig. ﬁﬂi@fﬁo&@ﬁmﬂfﬁzﬁrmﬁ% s%tm'imﬁtﬁm/,@? ng) to

afford 6. By ABIR 20T A vDROIN 4-3a,4,9,9a- 20
tetrahydr@s 1 =31 -CI s dr OXof =6-yf)- Vi ny| enizoi ¢ aci d net hyl
ester. S N OF 4-[ (E)- 2(5588TETRAfo|-rHYT3NETHYIr6

7-Cl'S- DI ACETOXY- 5. 6. 7. 8- TETRAHYSRO-NAPHTHAI . EN- 2- YL) VI NYLI - BENXO C ACI D
METHYL ESTER 123 1 April 2005 - WO 02/28810 PCT/ EPOl/ 11017 A mi xture of 4.7 -
g (10.8 mmol) of 4-[(E -2-(2,2,4,4,7,9, 9)-hepaarrec51 -3a,4,9,9a-tetrahydro-
naphtho[2 3d][1, 3] -cis-dioxol-6-yi)-vinyl]-benzoigjacid nethyl ester in 50
egperature After 3 h,

concentrated under reduced p{egsure,

10
To a suspension of 0.079 g (1.98 mmol) of 60% NaH in 1.5 ml tetrahydrofuran was
added 0.248 g (0.96 mmol) of 4-(dimethoxyphosphorylmethyl}-benzoic acid methyl esterin 2.5
ml THF and the reaction was stirred at room temperature for 1 hour 20 minutes. 0.254 g (0.79
mmo}) of 3-((E)-2-(pyrimidin-2-yY)vinyl)-5,5,8,8,-tetramethyl-5,6,7,8-tetrahydro-2-

15 naphthaldehyde in 3 ml THF was added and the reaction was stirred at room temperature.
After 17 hours the reaction was quenched with 5 ml 1M hydrochloric acid and exiracted with
ethyl ether. The organic layer was washed with water, brine, dried over anhydrous magnesium
sulfate and concentrated in vacuo. The crude material was purified by flash chromatography
(elution with 30% ethyl acemtelhexane)'to afford 0.180 g (50%) of Methyl4-[(E)-2-(5,5,8,8-

20  tetramethyl-3-((E)-2-(pyrimidin-2-yhvinyD-5,6,7,8-tetrahydro-2-naphthalen-2-
yDvinyilbenzoate (M+1 = 453).
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5 extracted with ethyl acetate, washed with brine, dried over sodium

sul fate and concentrated under reduced pressure. The resi du? Wa§26 gken up
in 50 mM of pyridine and 5 mM (53 mmol) of acetic anhydride ﬁg's’l (9 ed. The
reaction was heated to 60 O After 2 h, the reaction mxture was cooled to
room t enpeweatodngsie di | uted with water and extracted with ?%Pﬂ?ﬁ %@te. The
organic fraction was washed with 2 N HCO and brine, dried over I um
sulfate and purified by 10 flash chromatography (gradient elution:

hexane- 10% et hyl acet at e/ hexane) to provide 5.2 g (100% of

4-[1(E) - 2- 8,.8= r ane 6,7-Cis- dlacetox-5678tetrahysro
- napht hé@@%ﬁ%?o et IR TRAMETH YT S ¢(F IREMIDAE2ON OF
4-i (E)- 2-3 Y18 ] ;

33,
Cl S- Dl ACETOXY-5. 6. 7. 8- TET ® H/
METHYL ESTER A solution of 5.2 g (10.8 nnDI) of
4 (E)-2-(5,5, 8, 8-tetranet hyl - 3-net hyl 6, 7- ci s- di acet
5, 6,7, 8-tetrahysro-naphthal en-2-yl ) vinyl ] -benxgic g
g (133 mrol ) of N-bronosucci A (2
peroxide in 50 m of carbon : gated to reflux
tenperature. After 5 h, cooled : 2 , filtered and washed
filtrate with 10% aqueous bi dried over sodiumsulfate
' el ution: hexane-10% et hyl

id methyl ester.and 2.4
oH) of benzoyl

4-[(E)-2-(5,5, 8, 8-tetranet hyi 3* br ononet hyl §\p, 7-£i s- di acet oxy-5, 6, 7, 8-
t et r ahysr o- napht hal en- 2-yl ) vi nyI] benxoi c aci & nmethyl ester. 30 124 1 April -
2005 AOIt,,,,, \

A solution of 0.180 g (0.40 mmol) of Methyl-4-[(E)-2-(5,5,8,8-tetramethyl-3-((E)-2-

5  (pyrimidin-2-ylviny})-5,6,7 .8-tetrahydro-2-naphthalen-2-yl)vinylJbenzoate in 5 ml 1M LiOH
and 10 mi ethyl alcohol was heated to reflux. After 50 minutes the reaction was cooled to room
temperature and acidified with 1M hydrochloric acid. The aqueous was extracted with ethyl
ether, washed with water, brine, dried over anhydrous magnesium sulfate and stripped in vacuo
to afford 0.160 g (91%) of 4-[(E)-2-(5,5,8,8-tetramethyl-3- -((E)-2-(pyrimidin-2-yl) vinyD)-

10 5,6,7,8-tetrahydro-2-naphthalen-2-yl)vinylJbenzoic acid 160
(M-1=437).

EXAMPLE 44:PREPARATION OF 5.5.8.8.-TETRAMETHYL-3-((E)-2-THIAZOL-2- YL~
VINYL)5.6,7.8-TETRAHYDRO-2-NAPHTHAIDEHYDE '

15
A solution of 0.147g (0.498mmol) of 3-bromoe-5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-2-
naphthaldehyde, 0.302g (0.498mmol) of trans-1 .2-bis(tri-n-butylstannyDethylene,and 0.012g
(0.00996mmol) of tetrakis(triphenylphosphine)palladium(0) ir Smi toluene was heated to
reflux under an atmosphere of argon for 1 hour. This was cooled. 0.082g (0.498mmol) of 2-
20  bromothiazole and 0.012g (0.00996mmeol) of tetrakis(triphenylphosphine)palladium(0) were
added. This was stirred at refiux for 2 hours and at room temperature for 16 hours. 20 ml of
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CN = 1/ 1 M ACOS5 To a solution of 730 ng (2.76 mml) of 18-crown-6
and 338 ng (3 mmol ) of potassiumtert- butoxide in 30 m of THE. added
205 mg (3 mml) of pyrazole. After 20 m nutes, the reactionlﬁﬁ’é‘y\i@gl ed to
0 and a solution of 1.4 g (25 mmvl) of 4-[(E)-2-(5,5,8, 8-tetranethyl - 3-

br ononet g%l -6, 7-ci s-di acet oxy-5, 6, 7, 8-t et rahydr o- napht hal en- 2}/'1-{% vinyl ] - ben
xoi ¢ aci dWRPRIA0 10 ester in 20 Ml of TIIF was added dr ol BRI Y er 3 h,
the reaction mxture was poured into brine, extracted with ethyl acetate,
washed with brine, dried over sodiumsulfate and adsorbed onto silica geL
The product was purified by flash chromat ography (gradient elution: hexane-
30% et hy kg apRaLdk géﬂgﬁiﬁtﬁ@uo}ﬁ /B thl Fn81 bdefI witke added. The resulting mixtare

4-1 (EBE)-2- (5,5, 8, -tetramethy]3 3-pyrazol - -

y| met hy| was stirgsd yigtirersdy & 2-Ione and 3uas Sitergdh siaoeghreghiet [The orgapicyliyer Wiag| | benzoi ¢

A1 (- ool S rint kel iyt Ml oiodf S pClonbeddrdbd Bt ©
e B B S L B e
Tl o, | Berdd oesg aodhTa s B Faume e b Es 2 hisgot g e o DA Paduced

pr essur epaphiatichyRovisk 26 HCl, extracted with ethyl 25 acetate, washed
with bri nep,]s dri e% over sodium sul fate and adsorbed onto silica gel. The

pr oduct
EXAMPLE 45:PREPARATION OF (E)-4-{2-[3-((THIOPHEN-3-YLYOXOMETHYY)-
5.5.8.8-TETRAMETHYI -5,6.7.8-TETRAHYDRONAPHTHALEN-2-Y1, BENZOIC
10 ACD -

A solution of 2-(1,3-dioxolane-2-yD-3-[(thiophen-3-yDhydroxymethyl}-5,5,8,8-tetramethyl-
5,6,7,8-tetrahydronaphthalene (1.31g, 3.86mmol) [prepared from 3-bromo-2-(1,3-dioxolane-2-
15 yD-5,5.8,8-tetramethyl-5,6,7,8-tetrahydronaphthalene and 3-thiophenecarboxaldehyde as
previously described for the preparation of 2-(1,3-dioxolane-2-yI)-3-[(thiophene-2-
yDhydroxymethyl)-5 ,5,8,8-tetramethy1—5,6,7,8-tetrahydronapﬁthalene] in 13 ml of anhydrous
dichloromethane was cooled to 0°C and Des-Martin periodinane (1.80g, 4.25mmol) was added
over 3 miputes. The reaction was warmed to rt and stirred for 4 hours. The cloudy solation
20  was diluted with 200 ml of dichloromethane and washed with sodinm bicarbonate solution.
The organic layer was washed with brine, dried over magnesium sulfate and concentrated in
vacuo, This residue was then dissolved in 10ml of tetrahydrofuran and stirred vigorously while
adding 10ml of an agueons 1N HCl solution. Mixture was stirred for two hours and partitioned
between ethyl acetate and water. The resulting organic layer was washed with brine, dried over
25 magnesium sulfate and dried in vacno. Chromatographic separation was achieved using a silica
gel column eluting with a gradient starting with 2% ethyl acetate/hexanes to 8% ethyl
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was purified by flash chromat ography (gradient elution: 20-60% et hyI
acetate/ hexane with 0.2 WO 02/28810 PCTI EPOL/ 11017 STEP G P P
4-1(E)-2-(55.8.8-TETRANf fi - THYL- 3- PYRAZOI r| - YL1ETHYL -6 7- TOXY- S
6 7 8- TETR AHYDRO NAPRTHALEN- 2- ) LI VI NYLI BENZO C ACI D METHYL ESTER STEP H:
PREPARAT! @ @52k 81- 2- (5. 5, 8, 8- TETRAVETHYL- 3- PYRAZOL- 1- E&N%EN%%(S

7- CTS- Dl HYDROXY -5 6 7 8- TETRAHYDRO- NAPHTHALEN- 2- YL) VI NY ACI D
125 1 April 2005 WD 02/28810 PCT/EPOL/ 11017 % acetic acid) to give 560 ny
of 4-[(E)-2-(5,5,8,8-tetranethyl -3-pyrazol -1-yl nethyl -6, 7-ci s- di hydr oxy
-5,6, 7, 8-tetrahydro- napht hal en-2-yl ) vi nyl ) - benzoi ¢ aci d. (np 2383-2415) 148
EXAVPLE  4GetatP/RERMRATI gike Diorfyl{E)(f2eton-5-13) ok ohERRNSETE N litetBmielts)-5%,7,8-
(PYREVEDEI\%%- %{% 5. ? 7. %-:TERAHYDRO 2- NAPHTHALEN- 2- YL) 31 NYLI BENZO C
ACI D OH BRI 3-((E)-2-(PYRIMDIN-2-YL)VINYLI -5 5 8

8- TETRA- 10 METHYL-5. 6, 7. 8- TERAHYDRO- 2- NAPHTHA) EHYDE A sol ution of 0.874 g
(2.96 mol ) of 3-brono-5,5,8,8-tetranet hyl -5, 6,7, 8-tetrahydro- 2-

napht hal dehyde 1. Egliowing therstandsrg| Horasr-Emmons/hydrolysis procedures 2-formyl-[3-

t 1 0.059 ‘
tetral dsiLArR %?y R S RS N S R P
under ar B{&I(tﬁiﬁpﬁmﬁ-yl)ﬁmmeﬂga):-ﬁ 588-reramethyl-66,7:8-teghlisidyoraplith@ed-8- 9 (326

{ner?lrél gfs{ﬁ?’lngﬁg?ﬂf%cn [del n‘%‘% P‘g‘dﬁufﬁ‘%a’gi ggge?rloln) 30f5 m toluene. The

reaction was heated at reflux for 3 hours. The reaction was cooled to room

t emper at uenched with 5% potassium fluoride and diluted with ethyl
TPEr Al B MBLE 46:PREPARATION OB 4 1(B)-2-( 5.5.8.8 TETR AMETHYL3-((E).2.. Y

10 METHYLSULFONYLVINYL)-5.6.7.8-TERAHYDRO-2-NAPHTHAL EN-2-
' Y1)VINYLIBENZOIC ACID

| STEP A: PREPARATION OF 3-((F)-2-METHYLSULFONYLVINYT }-5.5.8.8-
15 TETRAMETHYL5.6.7.8- TERAHYDRO-2-NAPHTHALDEHYDE

(I

A solution of 0.537 g (1.82 mmol) of 3-bromo-5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-2-
naphthaldehyde, 0.579 g (5.46 mmol) of methyl vinyl sulfone, 0.191 g (0.27 mmol) of

O=W=0
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20 acetate. The two phases were stirred vigorously for 16 hours. The

m xture was filtered through <celite and the organic |ayer \/\gg@wﬁs@gd W th
brine, dried over anhydrous sodium sulfate, and 126 1 April

02/ 28810 PCT/ EPOL/ 11017 concentrated in vacuo. The crude material was
purified by flash chromatography (gradient elution wth 20% et hyl

acet at el ha%@A¥2888% et hyl acet at e/ hexane) to afford 0.254 PGTEPIAICHT 3-
((E)-2-(pyrimdin-2-yl)vinyl)-5,5,8,8;

tetranet hyl -5, 6, 7, 8-t et rahydr o- 2- napht hal dehyde (Mt1 = 321) 5 STEP B:
PREPARATI ON OF METHYL-4-i (E)-2-(5,5.8,8-TETRANffi-IRYL-3-((E)-2- (PYR

M D] N- 2- doiire) BRMAERGh n}ﬂﬁﬂ Mhélsh OATE 10
To a Sus%%ﬁb%@@g;ﬁ}? 98 mmigswgh%gb& %’Félfth?glﬂn te?rﬁg%ydrofuran
was addd@nahﬂﬂ@n@méd}: L hmﬂ)to w0°ﬁ‘rt(ndmg¢mﬁoy§ howphThy teagiamrhiktise wasi ¢

Femper at WP 58 aled afa Sgralied T A0 abdifer TREOrkgHe 33y e Ashies Blun bARET
3-((E)-2dtiea bvdmﬂhyur&:sxsbaﬁamsdlﬁate‘éa:ﬁ &n&n&h&ﬁmmhyﬂémﬁdanﬁtﬁml wahydr o- 2
15 na ht haI deh de was .added and the reaction was_stjirred at

room Béﬂashﬁhf%?at‘agaﬂ*hﬂﬁ%mm Fith2ads 5oy} s eaneHeAtigFd 3P &1 | v
hydroc h' %2%} &3-&- ﬁ@lﬂyﬁﬁ% )15 818 -tEi ANt RIS -1ty Ao SR phiaBiéRydeas
washed with water, brine, dri ed over anhydrous magnesi um sulfate and
concent r &Msd 5 ¥Wacuo. The crude material was purified by flash

chromat ography (elution with 30% et hyl acetatel hexane) to afford 0.180 g
(50% of Methyl-4-[(E)-2-(5,5,8,8- 20

t et r amet ISTEP®: EREPAR ATION ORNBTEYI-3VENI-)5.58 S TETR-AMETHNY 3-qFR-2napht hal en -

"2 ,‘y' 6V ?\Xé’l‘ﬁ%8?;%81\1(3(%\911\1*(413‘?’%.6,7?8%%5RAHYDRO_2-NAPHTHALEN-2-

YL)WVINYLIBENZOATE

To a suspension of 0.065 g (1.63 mmol) of 60% NaH in 1.5 ml tetrahydrofiran was

~ . 15 added 0.205 g (0.79 mmol) of 4-(dimethoxyphosphorytmethyl)-benzoic acid methyl ester in 2.5
m] THF and the reaction was stirred at room temperature for 35 minutes. 0.209 g (0.65 mmol)
of 3-(2-methylsulfonylvinyl)-5,5,8,8 - tetramethyl-5,6,7,8-tetrahydro-2-naphthaldehyde in 2 ral
THF was added and the reaction mixture was stirred at room temperature. After 16 hours the
'reaction was quenched with 4 ml IM hydrochloric acid and extracted with ethyl ether. The

20  organic layer was washed with water, brine, dried over anhydrous sodium sulfate, and

concentrated in vacuo. The crude material was purified by flash chromatography (elution with
30% ethyl acetate/hexane) to afford 0.085 g (290%) of Methyl-4-[(E)-2-(5.5,8,8-tetramethyl-3-
((B)-2-methylsulfonylvinyl)-5,6,7,8-tetrahydro-2-naphthalen-2-yDvinyllbenzoate (M+1 = 453).
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April 2005 WO 02/28810 PCT/ EP01/11017 STEP C. PREPARATI ON OF 4-1(B)-2-(5
8 8- TETRAMVET' || YL, 3- ((E) 2- (PYREy! IDIN2 39) VI NYLI -5. 6. 7 .
TERAHYDRO- 2- NAPHTHALFN- 2- YL) VI NYLI BENZOI C ACI D OH A sol ut i bAPBF2¥5180 g

0.40 mmol ) of Met hyl - 4- [(E) 2-(5,5,8,8-tetranethyl -3-((E)-2 5

(pyr| md| inyl)- 5 , 7, 8-t etrahydro- 2- napht hal en-2-yl )vin benzoat e
in %((Eg%%% %and 10 et hyl al cohol was heated to r &TERIV 91][7er 50

mnutes the reaction was cooI ed to room tenperature and acidified with 1M
hydrochl ori ¢ acid. The aqueous was extracted with ethyl ether, washed with
water, brine, dried over anhydrous magnesi um sul fate and stri pped in vacuo
to affor($'ItEP]16{P AV

1
5
8-

~

EXAMPLE %IEREPARATIO\I OF 5 5 8 8 - TTs?[RANETHYL 3- ((E2 Tff|AZC]_ 2 YL -
VI NYL) - 5.6. 7. 8- TETRAHYDRO 2- NAPHTf i ALDEHYDE 15 A sol ution of 0.147g
(0.498mmol ) of 3-bronp-5,5, 8,8-tetranet hyl-5,6, 7, 8-tetrahydro-2-

napht hal dehyde, 0.302g (0.498mmvl ) of O

trans-1, 2-bis(tri-n-butyl stannyl)ethyl ene, and 0. 01
tetral ds(tri phenyl phosphi ne) adium(0) in 5B

refl ux under an at nosphere of
(0.498mmol ) of 2 20 bronot hi 16" 0~00996mMmD1) of

t et raki s(t dphenyl phosphi ne) 0) werg added. This was stirred at
reflux for 2 hours and at roQ spperat yee flor 16 hours. 20 m of 128 1
April 2005 WO 02/28810 PCTI EP@ % aqfeous pot assium fl uoride and 15
m of ethyl acetate were addéd ‘he resulting m xture

g (0. 00996mml ) of
olysine was heated to
his was cool ed. 0.082g

5 A solution of 0.085 g (0.18 mmol) of Methyl-4-{(E)-2-(5,5,8,8-tetramethyl-3-((E)-2-
methylsulfonylvinyl)-5,6,7,8-tetrahydro-2-naphthaten-2-yl)vinyllbenzoate in 5 ml 1M LiOH
and 10 ml ethyl alcohol was heated to reflux. After 30 minutes the reaction was cooled to room
temperature and acidified with 1M hydrochloric acid. The aqueous was extracted with ethyl
ether, washed with water, brine, dried over ashydrous sodium sulfate and concentrated in

10 vacuo. The residuve was purified by flash chromatography (elution with 50% ethyl
acetate/hexane with 0.5% acetic acid) to afford 0.013 g (15%) of 4-[(E)-2-(5,5,8,8-tetramethyl-
3-((B)-2-methylsulfonylvinyl)-5,6,7,8-tetrahydro-2-naphthalen-2-yI)vinyl]benzoic acid (M-1 =
437) 161.

15 EXAMPIE 47:PREPARATION OF 4-[(E)-2-( 5.5.8.8-TETRAMETHYL-3-
SULFONAMIDYLVINYL)-5.6.7.8-TERAHYDRO-2-NAPHTHALEN-2-YL)VINYL]-
BENZOIC ACID

20
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was stirred vigorously for 2 hours and was filtered through celite. The
organic |l ayer was washed with brine, dried over anhydrous s?ﬁj&uﬂbé&lfate,
and was concentrated in vacuo. The product was purified by

chr omat ogr aphy with elution with 15% et hyl acetate/ hexane to 5 afford

0. 065g (409 9)‘ 05,8,8 -tetranethyl -3-((E)-2-thiazol

2-yl -vi nyl Y23%8%4) 8- t et r ahydr o- 2- napht hal dehyde (M-H = SPEYEPOESINDL E

45: PREPARATI ON OF (E)-4-{2-13-((TH OPHEN- 3- YL) OXOVEmYL) -

5,5, 8. 8- TETRAMETHYL -5, 6. 7. 8- TETRAHYDRONAPHTHALEN- 2- YL1VI NYL} BENZO C 10
ACID S A sol utron of
2-(1, 3-di i A B BH-r anet hyl

6,7, 8T Ay %ga@%ﬁ%g [prepared from
r ono- 2= 1,75- IJXU1 are-

5,

[

5, 8, 8- tetranethyl 5,6, 7, 8-tetrahydronapht hal ene and
hi ophenecar boxal dehyde as previously described for the preparation of
1, 3-di oxol ane-2-yl)-3-[(thi ophene- 2-
hydr oxynet hyl ) -5, 5, 8, 8-t et napet hyl -5, 6, 7, 8-t et rahydr onapht hal ene] in 13
m of anhydrous di cbl or onet hajs cored to OC and Des-Martin
peri odi nane (1.80g, 4.25mmmol ;. over 3 mnutes. The reaction was
warmed tort and stirred for y solution 20 was dil uted
with 200 ml of dichl oronet hane (S e b-igqdi um bi car bonat e sol ution.
The organic |ayer was washed W \h brine, dri@d ovér magnesi um sul fate and
concentrated in vacuo. This residue was the® dissolved in 10nl of

t et ratfydr of ur aTo apolutitd off (22M3vg @BmmbY rarblg1[(diplsinpiphdPhbryDinempijaqueous | N
HCl sol ut| ture s stir or partitioned_ between

ethyl ace “3#’8 Y3 ihenes “’f‘ﬁﬁ“‘?‘é@g@ﬂaﬂ‘b& 82(12“’@3 F&Ggp 1d & 022 ReDwE B %r i ne,
dried ovegodifn BFRGTRS wmmea&;a v@élrﬁaeﬁ kd ﬁ@m ﬂ%m}‘;&‘&ﬂﬁe ﬁléﬂ%m&éﬁ@hm

separatl on was achi eved usin a silica ée col urm lutin

starting A3modef Ryhrom 8 9ptebitg-2-naiitheldahydel wazgd
02/28810 £Gf. ﬁﬁ?ﬁ%ﬁolﬂ;:%ide. After sumnb g for 18 hours, the resulting solution was partitioned

10  between 5% aqueous hydrochloric acid and ethyl acetate. The organic layer was washed with

- 5,
3-b
yl)-
3-t
2-(
yl)

| o

radl ent

water, brine, dried over anhydrous sodinm sulfate, and concentrated in vacuo. The residue was
taken up in 10 ml dichloromethane and 5 ml wifluoroacetic acid and stirred at room temperature
for 3 hours. The reaction was concentrated in vacuo and coevaporated once with toluene. The
residue was purified by flash chromatography (elution with 25% ethyl acetate/hexane) to yield

15 0417 g (47%) of 2-bromo-3-((E)-2-sulfonamidylvinyl)-5,5,8,8-tetramethyl-5,6,7,8-
tetrahydronaphthalene (M+Na = 396).

STEP B: PREPARATION OFQ—HYDROXY.METHYLB—( (E)-2-SULFONAMIDYT VINYL)-
5.5.8 8- TETRAMETHYL-5.6.7.8-TERAHYDRONAPHTHALENE

20
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acet at e/ hexanes to give

2-fornyl -[3-((thi ophen-3-yl)oxonethyl)-5,5,8,8-tetranethyl-5,6, 7

t et r ahydr onapht hal ene (386 ngy). Follow ng the standard 1A panOOS

Honer - Emmons/ hydrol ysis procedures 2-fornyl-[3 5

((t hi ophegg onethyl)-5,5,8,8-tetranethyl -5,6, 7, 8-t napht hal en
e was convertec?)sﬁ; (BE)-4-{2-[3-((thi ophen-3-yl)oxonet hyﬁ‘E&’%wﬂng
)-5,5,8,8-tetranet hyl -5, 6, 7, 8-t et rahydr onapht hal en-2- yl]vinyl } benzoic acid
as a white solid: M=444151. EXAVPLE 46: PREPARATI ON CF 4-f(E)-2-(5 5 8

8- TEI RANf fi THYI, 3- ((E)-2- 10 METHYI. SULFONYLVINYL)-5 6 7

8- TERAHYDRO 2 ANORITRIAE BMI2 2 (XE) MW&BE@O@-&E}DS%@EE@M@]&BWTI ON OF

T A st S) %é%%@%é@émﬁwﬂ% EEpEERON of wbrglstgnylesgpoland; gy
nmol ) OfOGG(b %wmuakﬁ(tﬁp&ny@hb@ﬁﬁb dna&uﬁnﬁ 161&161%&#3%%%%1@&@@% J&ﬂhﬁ?&y de

0.579 ¢ nmml ) of net hyl “vinyl sulfone,

April 2 § Wmﬂm@mmhmsméﬂgmoﬁe retical %(Opﬁkémmm hw;rs o :
|
gﬁneﬁ;r&?gﬁn%#(%% fﬁegtz}le;gﬁm%&f%%égs g}edr%argon ?eortbég ourtes ater ’ghet i on

m xt ur e Quganic payer wds washed mméngarthhedmmhgﬁow dotiinet dujfateamﬂto@heenﬂtwlz?

I th te,
and conciRin T eiE ARl VAshurloel B ol PR BR e iPT PR ST eTiash,
chr omat cgpeaipdiyexkat)ib iyl M 6g %%)%h}ﬂgdﬁ&gmwi Bp2eufoRanblRIH 0 359 9
(629 of 8(2 mete%lsulfon | Vi nyl)

t et r amethyS-Steamedyl-2.6,7sh éﬂ?&y drongphtheleeg @&#A322) M-1=321) . STEP B:

PREBARATI ON OF METHYL- 4- f(E)-2 (5,5.8, 8- TETRAVMETHYL, 3-((E)-2- 10
NETHYLSULFO\IYLVI NYL) - 5. 6. 7. 8- TERAHYDRO- 2- NAPHTI i A7EN- 2-

STEP C: PREPARATION OF 3-((E)-2-SULFONAMIDYL.VINYL )-5.5.8.8-
TETRAMETHYL -5.6,7.8-TERAHYDRO-2-NAPHTHAL DEHYDE

15 To a suspension of 0.155 g (0.479 mmol) of 2-hydroxymethyl-3-((E)-2-
sulfonamidylviny})-5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalene in 4 ml dichloromethane
was added 0.225 g (0.527 mmol) of 1,1,1-triacetoxy-1,1-dihydro-1,2-benziodoxol-3(1H)-one.
The reaction was stitred at room temperature. After 3.5 hours the solution was partitioned
between ethyl acetate and saturated aqueons ammonium chloride. The organic layer was

20  washed with brine, dried over anhydrous sodium sulfate, and concentrated in vacuo. The
residue was purified by flash chromatography (elution with 30 % ethyl acetate/hexane) to yield
0.117 g (76%) of 3-((E)-2-sulfonamidylvinyl)-5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-2-
naphthaldehyde M+H = 322).
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YL) VI NYL1BENZCATE To a suspension of 0.065 g (1.63 mml) of 60% NaH in 1.5
m tetrahydrofuran was 15 added 0.205 g (0.79 mol) of )

4- (di met hoxyphosphoryl nmet hyl ) - benzoi ¢ acid nethyl ester in 25APH 2000E and
the reaction was stirred at roomtenperature for 35 mnutes. 0.209 g (0.65
mmol) of 3-(2-nmethylsul fonylvinyl)-5,5,8,8,-tetranethyl

5,6, 7, 8-t 3Q &M¥B80- 2- napht hal dehyde in 2 nil THE was ad#EHEENAIIOHe
reaction mxture was stirred at roomtenperature. After 16 hours the
reacti on was quenched with 4 m 1M hydrochloric acid and extracted with
ethyl ether. The 20 organic | ayer was washed with water, brine, dried over

anhydr ougyaadh WRIWAR RTTON RECAAALRE § 2 S VIGaRMMEREYE L Hde Bat eri al
was purifired by fTash chiomat ography (efuttron with 30% et hyl
VANG 1 '

acet at e/ AIHONAME NG } Y DRO-2-NAPHTHATLEN-2-
Met hyl - 4 < éﬁﬁgﬁ-tetrarrethyl-&

((E)-2- )-5,6,7, 8-tetrahydro-2-napht hal en-2-yl)vi nyl ] benz
oate (M+1l= 453). 131 1 April 2005 WD 02/28810 PCT/EPOL/ 11017 STEP C:
PREPARATION CF 4-[(E)-2-(5 5 8 8-T7 AAVHYL-3-((E)-2- METHYL- S'M

FONYLVI NYL) - 5. 6. 7. 8- TERAHYDRO 2- NAPHT HALEN-2-YQ)V I NYLIBENZO C ACID OH 5
A solution of 0.085 g (0.18 mmol ) of
Met hyl -4-[ (E)-2-(5,5, 8, 8-tetrs

t hal en- 2-yl ) vi nyl ] benzoate in
S heated to reflux. After 30
ﬁerrperature and acidified with 1M
FT acgediHyi th ethyl ether, washed with -
water, brine, dried over ankydrous sodiu Isul fate and concentrated in 10
vacuo, The residue was purified by flash Chromatography (elution wth 50%
et hyI5 acet at el hexane with 0.5% acetic acid) to afford 0.013 g (15% of

4-[ (E) - 2- (5, 578 aBuiRhéionBt hyis %(0.90 mmol) of 60% NaH in 1.5 ml tetrahydrofuran was
3-((E)-2-nethyl sul fonyl vinyl)-5,6, 7, 8-tetrahydro-2-napht hal en-2-yl ) vi rgll ] be
ﬁadqdm)./ hi4-g (0.44 mmol) of 4-(dimethoxyphosphorylmethyl)-benzoic acid methyl esterin 2

nzoi c ac
ml THF and the reaction was stirred at room ternperature for 35 minates. 0.117 g (0.36 mmol)
of 3-((E)-2-sulfonamidylvinyl)-5,5,8,8,-tetramethyl-5,6,7,8-tetrahydro-2-naphthaldehyde in 2
10  ml THF was added and the reaction was stirred at room temperature. After 17 hours the
reaction was quenched with 2 m! 1M hydrochloric acid, adjusted to pH 7 with saturated sodiuﬁ
bicarbonate and extracted with ethyl ether. The organic layer was washed with water, brine,
dried over anhydrous sodium suplfate, and concentrated in vacuo. The crude material was
purified by flash chromatography (elution with 35% ethyl acetate/hexane) to afford 0.015 g
- 15 (9%) of Methyl-4-[(E)-2-(5,5,8 8-tetramethyl-3-((E)-2-sulfonamidylvinyl)-5,6,7,8-tetrahydro-
\ 2-naphthalen-2-ylvinyllbenzoate (M-1 = 452).

STEP E: PREPARATION OF 4- 2-(5.5,.8.8-TETRAMETHYI 3- 2-
SULFONAMIDYLVINYL)-5.6.7.8-TERAHYDRO-2-NAPHTHALEN-2-

20 - YLOVINYLIBENZOIC ACID
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437)161. 15 EXAMPLE 47: PREPARATTON OF 4-[ (E)-2-(5S 8

8- TETRANMTHYL, 3- ((E) -2- SI MVWNAM DYLVW) -5 6 7 8- TBRAHYDRO 2- NAPHTHAT

FNF2- YL) VI NYLI - BENZOI C ACID OH 20 132 1 April 2005 - WO 02/ bé@th2005
PCT/ EPO1/ 11017 STEP A: PREPARATI ON OF 2- BROVD 3- (( E) - 2- SULFONAM DYLVI NYLI - 5
-5 8 8- T_Eﬁ% L, 5.6.7. 8- TERAHYDRONAPHTFI Ai F1. 11~ O S gl,l_'{éﬁl’o 5 To a

sol ution of O. g (2.39 mol ) ten-butyl [ (di phenyl phospl}i' 9Wéf’ﬁyl ]
sul fonyl carbamate in 6 m dinmethyl formam de at 0C was added 0. 133 g (5. 25
mmol ) of 95% sodium hydride. The mi xture was warnmed to roomtenperature.
After 15 mnutes, 0.704 g (239 mol) of

g- Pﬂ ro :jm 5,5, Fff&omﬁm pﬁenmgfg{&om ﬁ;nﬂ)l}mahﬂmféﬂ}ﬁmblstmtﬁ&%yﬂﬂ_m@@)@dded in
| DE T8 . te tirri or . hour s, t_e resultin

ol ut | on e “?ﬁ‘."’f‘ﬂ})g@%@“@@%@&ﬁ@%a{ﬁ ] FRAORtEAR P& maici T4 ethyl |

acet at e. andEr0 eGeTAI60HORWESE h¥s tHFONCIAREL 1% MRS he roi; 'ﬁngw?géc%oggi ©O¥6dm

anhydrous sodi um sul fate, and concentrated in vacuo. ue was taken
up in 10FFPCERR pR eridifind mathd M hedrarhleniq 4oidi SFhsagaedus was extrasted wethi ethdd at
rooms enBREALMIRA Wil brme! el concentrated.in vacyo and
coevapor at _ed%\ce v&m&tmrﬁlte’o; uefloé’.e F%ﬁlgd&?gé‘% d Je‘é‘t’ﬁm%g aﬁt@r‘ﬁ%f’?eél nYRE e

chr onat ogfidpaiyag aken ipin afyllac@sitand passechringh &4 neix@a Gltet.OTHS fBhdte wd 0. 417 ¢

i ot g B ST e e

su]fonamidylvinyl)—S,6',7,8-tetrahydro—2—naphthalen-2-yl)vinyl]benzoic acid (M-1 =438) 162.

10 EXAMPLE 48:PREPARATION OF 4-[2-(5.5.8,8-TETRAMETHYL-3-(PYRAZOL 1-
' YLMETHY].)-5.6,7,8 TETRAHYDRONAPHTHAL EN-2-YL)ETHYLIPHENOXY

BENZOIC ACID
O
(O ‘@YOH
N_ o]
W,

STEP A: PREPARATION OF 2-BROMO-5.5.8.8- TETRAMETHYL -3-(PYRAZOL-1-
15 YDMETHYT)- 5.6.7.8-TETRAHYDRONAPHTHALENE |

Br

W

To a suspension of 0.955 g (8.52 mfnol) of potassium ter+-butoxide and 1.877 g (7.10
mmnol) 18-crown-6 ether in 35 ml tetrahydrofuran was added 0.580 g (8.52 mmol) pyrazole.
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STEP B: PREPARATI ON OF 2- HYDROXYMETHYL- 3- ((E) - 2- SULFONAM DYLVENYL)- 5 5 8
8- TETRAMETHYL. 5 6 7 8- TERAHYDRONAPHTHALENE 20 133 1 April 20?5 \AP(S) 28810
PCT/ EPO1/ 11017 A solution of 0.412 g (1.11 nmol) of April 2

2- brono-3-((E)-2-sul fonam dyl vinyl)-5,5, 8, 8-

tetranethyl -5, 6, 7, 8-tetrahydronapht hal ene, 0533 g (1.66 mmol) of

tributyl st %ndzf2a8hanol and 0.060 g of tetrakis(triphenyP@HERBAINE)
palladiumin 10 m 1, 4-di oxane was heated to reflux for 3.5 hours under an
at nosphere of argon. The reaction was cooled and stirred for 18 hours at 5
roomtenperature. The resulti ng sol ution was partitioned bet ween et hyl

acetate T or I hed vmt rine, dri ver
anhydrousﬂgt mﬁ}ﬁ«%ﬁﬁsﬁiﬂg@ﬂ@ ﬂgéﬁfﬁtgévﬁt% 3-Promomig- ﬁ? Tial
was purif te&dnﬂ!oﬂabﬁ&ﬁleﬁ@w@{@id@cﬂﬁlm TEFE. UM@FI‘M‘L&HBS tﬁ@ Yea8tibtyas concentrated

acet at e/ hexane) to yield 0.162

2- hydr oxyRedeniadnesd gressurs agd, p@@tﬁm K%(( hydrpchloric acti Thc aqueous solution was

L

5. 6. 7.8- TERKEvDRO N AR iORErdDEa®B iTewcaos Tbpends matedhl Waspaffigd bPfl4sho
nol ) of

CUrt bnam GaPteem Rt dent chbi with hesane 25 el acereermel BRI L8RS | n 4

m di chl o(%@bhaib@omtﬁﬁﬁ 8l ctechrbbudd3 - Upycl 1 -y)imtylP$,6,7,8- tetrahydronaphthalene
1,1, 1-triacet o>§¥§ , | -di hydro-1, 2- benglrjodoxol 3(1H) - one. They reagtron was
Je

strrred M+l nper at ur e. After 3.5 hours the solution was partitioned
bet ween et hyl acetate and saturated aqueous amoni um chl oride. The organic
| ayer was 20 vvashed with brine, dried over anhydrous sodr um suI fate, and
concelrﬂr PRECARA p YIS - WP YIRA @ ¢ IOMETHYR)-Gf.&fat ogr aphy
0.117 g (76% of

l". Llly , 6,7, 8-tetrahydro- 2-

15 To a suspension of 2.076 g (3.99 mmoi) 2-bromo-5,5,8,8,-tetramethyl-3-((pyrazol-1-
yDmethy)-5,6,7,8-tetrahydronaphthalene p-toluenesulfonate, 0.045 g (0.20 mmol) of paliadium
acetate, 0.122 g (0.40 mmol) of tri-o-tolulylphosphine) and 1.22 ml (7.97 mmol)
trimethoxyvinylsilane in 8 ml N-methylpyrrolidinone was added 1.80 ml (12.50 mmol)
trethylamine. The reaction vessel was evacuated and filled with nitrogen three times then

20  heated to 90°C for 1.5 hours. The reaction was cooled and stirred fdr 17 hours at room
temperature. The resulting suspension was quenched with 1M hydrochloric acid and extracted
with ethyl ether. The organic layer was washed with 1M HCI, water, brine, dried over
anhydrous sodium sulfate and concentrated in vacuo. The residue was purified by flash
chromatography (elution with 20% ethyl acetate/bexane) to yield 0.249 g (21%) of 2-vinyl-

25 5,5,8,8,-tetramethyl-3-((pyrazol-1-yDmethyl)-5,6,7,8-tetrahydronaphthalene (M+1 = 295).
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napht hal dehyde M+rH = 322). 25 134 | April 2005 WO 02/ 28810 PCT/ EPO /11017

STEP D. PREPARATI ON OF METHYL-4-[(E)-2-(5.5.8, 8- TETRANETI—NI&;A::I-S %%
SULFONAM DYLVI NYL) - 5. 6, 7. 8- TERAHYDRO 2- NAPHTHALEN- 2- YL) VI TE 5
To a suspension of 0.036 g (0.90 mmol) of 60% NaH in 13 nml tetrahydrofuran

- was adde&&g%{’!sg}ogl (0.44 mmol ) of 4-(di met hoxyphosphoryl net gﬁ‘”zﬂ benzoi c

acid neth in 2-5 m THE and the reaction was st B 191%om

tenperature for 35 mnutes. 0.117 g (036 nmol) of
3-((E)-2-sul fonam dyl vinyl)-5,5, 8, 8;
tetramet hyl -5, 6, 7, 8-tetrahydro- 2- napht hal dehyde in 2 10 i THE was adde‘d

and the WG@MMRAM@N@@%Q-I—H@R@%MM@- Y%AE@ hablis
reaction uenched w rochl oric acl adjuste H 7
wi th sat ﬁ%&%@ﬁ : Al 1A ONA ALENEet hyl et her. The
organi c | ayer was washed W|th water brine, dried over anhydrous sodi um
sul fate, and concentrated in vacuo. The crude material was purified by

flash chromat ography (elution w 35% et hyl acet ate/ hexane) to afford

0.015 g 15 (9% of Methyl -4-[ (EL"% (58 88t eOH

anet hyl - 3- ((E) - 2- sul f onam dyl vi tetrahydro-

2- napht hal en- 2-yl ) vi nyl | benzoattg / . X

4-1(E)-2-(5, 5, 8. 8- TETRAMETHYL- 3- (X E) - 2=+ SUO_LFONAM DYLV

| NYL) - 5. 6. 7. 8- TERAHYDRO- 2- NAPHTHAALEN- 2 ZCNYL) VI NYLI BENZO C ACID 135 1
April 2005 - WO 02128810 PCT/ EPO1/ 11017 ( N

\

To a solution of 0.249 g (0.85 mmol) of 2-vinyl-5,5,8,8,-tetramethyl-3-(pyrazol-1-

5  ylmethyl)-5,6,7,8-tetrahydronaphthalene in 3 ml tetrahydrofuran was added 1.86 ml (0.93
wmmoi) of 9-borabicyclof3.3.1Jnonane as a 0.5M solution in THF. The reaction was stirred at
room temperature. After 7 hours the solution was quenched with 2 ml water and 4 ml 1M
sodium hydroxide. After 15 minutes 10 mi 30% hydrogen peroxide was added and the reaction
was stirred at room temperature. After 30 minutes the solution was extracted with ethyl

10  acetate. The organic phase was washed with 10% sodium sulfite, water, brine, dried over
anhydrous sodium sulfate and concentrated irz vacuo. The residue was purified by flash
chromatography (elution with 50 % ethyl acetate/hexane) to yield 0.106 g (40%) of 2-(2-
hydroxy)ethyl-3-((pyrazol-1-yD)methyl)-5,5,8,8.~tetramethyl-5 ,6,7,8-tetrahydronaphthalene
(M+1 =313).

15
STEP D: PREPARATION OF METHYT4-[2-(5.5.8.8-TETRAMETHYL 3-(PYRAZOL~1-
YIMETHYL)-5.6.7.8- TETRAHYDRONAPHTHAILEN-2-

YLETHYLIPHENOXYBENZOATE

0O

/N
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A solution of 0.015 g (0.034 mmol) of

Met hyl -4-[(E)-2-(5,5, 8,8-tetranet hyl -3-((E)-2- .

sul fonam dyl vi nyl ) -5, 6, 7, 8-t et r ahydr o- 2- naphi hal en- 2- ynvi nyl }I‘J”é‘ﬁk%%ﬂ:;e in 05
m 1M 110H and 1 m ethyl alcohol was heated to 60C. After 15 m nutes the
reaction was cooled to room tenperature and acidified wth 1M hydrochloric
acid. TheVHBH¥BBY was extracted with ethyl 5 ether, washBETHEPEMLIIBLT ne,

dri ed over anhydrous sodium sul fate and concentrat ed in vacuo. The residue
was taken up in ethyl acetate and passed through a4 mcron filter. The
filtrate was stripped in vacuo to afford 0.012 g (82% of

4-[(E) - 2- (5, 5 Yof 2-(2- ) X
sul[goalam( lv;Iﬁa%nhﬁbﬁ%f’@tlbﬂg {]ﬁ@a fzngp dﬁoﬁy)ethylsyqp olwlgle iyl
(M1 = 439) &ﬂztam@hﬂﬂwmem@ymmﬁ@.\nw 8 (Q.37 s csfmethyu_

8- TETRAN Y) 7 8- PHT LEN

2 Y1) ETWéﬁ%a%éﬁ et S R S

8- TETPANRAdSEMMIAGE3: (O(FBYRABIIOF diethyl mﬁhﬁfbﬂxymte ahd the e b WRARRRNABIEVA pN To
a suspensi.on.of 0.955 g. (8.52 g? taSS| um ten- butoxjde and 1.877 ¢
(7.1 n%&ﬁﬂﬁg'&fﬁ e%g’éﬁﬁ’ﬁc?% IRpmit Pe&%aaﬁapgwh%waafm @880 g (852
mlu% PvE 7h§s%1§€e%0ﬁam&eci@ﬁ‘é et} QR&2R8He Btk MRBP it Oddedveer 10

2- br ono- snls' ons spdipmpyifatepnd eoncerfriedin vgrucs Thezngle matedad wpsipwifigd ity fldsene

was adde C under
reduced gl%ljessﬂ(% ?; a%lﬁ#ﬁé%l%msﬁg%t‘%{ﬂ%m@#%#&@ dzg%ﬁ(ﬁ &gﬁg g%g’gg'é'

sol ut i on[3€fsS, 8,8>¢etram¢th5d M(pyfaze]t—hylm&hji}aﬁ,ﬁ ;Aasehydedifaphthalen2at ed sodi um :
bi ca te bri ne, [ ver anhydrous sodium sul fate and
concggtrg]béayﬂﬁl 99;??15’8“2 éMg* U'd%" terial was purified by flash

chromat ography (gradient elution w-th hexane-25% et hyl acetate/ hexane) to

afford 1.185 g (48% of 2 brono-5, 5, 8, 8;

tetramet h | - g{%r azol - | ) et hylg) -5,6, 7, 8-t etrahydronapht hal ene
E: ARA'I‘ION F 4-12-(5.5.8.8-TETRAMETHYL-3-(PYRAZOL-1-

YIMETHYL)-5.6.7.8-TETRAHYDRONAPHTHALEN-2-YL)ETHYLIPHENOXY
15 BENZOIC ACID

OH

A solution of 0.131 g (0.293 mmol) of Methyl-4-[2-(5,5,8,8-tetramethyl-3-(pyrazol-1-
yimethyl)-5.6,7,8-tetrahydronaphthalen-2-yDethyl]phenoxybenzoate in 3 ml 1M LiOH and 10
20 ml ethyl alcohol was heated to reflux. After 2 hours the reaction was cooled to room
temperature and acidified with 1M hydrochloric acid. The aqueous layer was extracted with
ethyl ether, washed with brine, dried over anhydrous sodium sulfate and concentrated iz vacuo.
The crude material was purified by flash chromatography (gradient elution with 10%
methanol/dichloromethane-10% methanol/dichloromethane with 5% acetic acid) to afford
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(Mr1= 348). 10 STEP B: PREPARATI ON OF 2-VI NYL-3-((PYRAZOL-1-)L) MET HYL) -
5,5 8 8- TETRAMETHYL-5, 6, 7, 8- TETRAHYDRONAPHTHALENE 15 To a ST?\peP%O%n of
2.076 g (3.99 mol) 2-bronp-5,5, 8, 8, -tetranet hyl - 3- ((pyrazol = [P <Y

yl)nmet hyl)-5, 6, 7, 8-t et rahydr onapht hal enep-t ol uenesul fonate, 0.045 g (0. 20
mol ) of palladium acetate, 0.122 g (0.40 mmol ) of td-o-tol ulyl phosphine)
and 1.22 m (7.97 mmol) trinmethoxyvinylsilane in 8 n

N- net hyl pyrrolidi none was added 1.80 m (12.90 mml) triethylamne. The
reacti on vessel was evacuated and filled with nitrogen three tinmes then 20

heat ed t o BUQ g @P%) oBA-fb(f,58, STbtearnatlayd t3-(Gpyrevad- 1 gd)metiyah6,7s8-i ffed for 17
hours at r.at el resul.ting su nsi_ quenched with 1M
hydr ochl ort?tg%gglltog an3?63%'%3%@QE’hethyrpegf(ﬂwmi{ﬁ@f._%?’?‘t)e\l\%%rgani c layer was

washed with I M HCL, water, brine, dried over anhydrous sodium sulfate and
concentrated j uQ. The residue ied by flas chr omat ogr aphy
(el utign WHAMEEEAL: PRED ' |2 5.8, 8T BURAMBTHYA 30t 5.y ny|
25 5. 5,58, YRIMID O-NAPHALEN-2-

t et r amet hyWINXIABENZOAJE | _y| ) et hyl ) - 5, 6, 7, 8-t et r ahydr onapht hal ene (M+1=
295). 137 1 April 2005 WD 02/28810 PCT/ EPA /11017 STEP C. PREPARATI ON OF
2- ( 2- HYDROXY) ETHYL- 3- ( PYRAZOL- | - YLMETHYL) - 0

5,5. 8. 8- TETRAMETHYL- 5, 6. 7, 8- TETR. AHYDRONAPHTHAT HNE OH To a sol ution of

=@ ( pyrazol -1- 5
t et rahydrof uran was added

1.86 m (0.93 mol ) of 9-bor O

The reaction was stirred at . After 7 hours the solution
was quenched with 2 m water 4 A sodbum hydroxi de. After 15
mnutes 10 m 30% hydrogen pefoxide was added’ and the reaction was stirred
at roomtenperature. After 30 m nutes the 'Solution was extracted with ethyl

10 STEP A: PREPARATION OF 2-BROMO-3-CYANOMETHYE.-5.5.8.8-TETRAMETHYL-
3.6,7.8-TETRAHYDRONAPHTHALENE

Br

CN

15

A mixture of 14.2 g (39.4 mmol) of 2-bromo-3-bromomethyl-5,5,8,8-tetramethyl-5,6,7,8-
tetrahydronaphthalene (¢f Example 5.21, Step A for preparation), 6.15 g (39.4 mmol) of
tetraethyl ammonium cyanide in 50 ml of DMF was stirred at room temperature. After 48 h, the
20 reaction was poured into brine and 50 ml of 2 N HCl was added. The mixture was extracted
with ethyl acetate, dried (MgSQ4), concentrated to dryness and purified by flash
chromatography (10% ethyl acetate/ hexane) to give 9.2 g (75%) of 2-bromo-3-
cyanomethylmethyl-5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalene.
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10 acetate. The organi c phase was washed with 10% sodium sulfite, water,

brine, dried over anhydrous sodiumsulfate and concentrated_i.n . 0. The

residue was purified by flash chronatography (elution with 56‘“‘7%2@#&/I

acetate/ hexane) to yield 0.106 g (40% of 2-(2-

hydr oxy) et hx - 38(}6 pyrazol -1-yl)methyl)-5,5, 8, 8;

tetrameth‘lV §2/g3 , 8-t etrahydr onapht hal ene (M+1l= 313). 1 PCIHERSIH017

PREPARATI C]\l OF METHYL-4-[2-(5 5 8 8- TETRAMETHYL. . 3- ( PYRAZOL- 1-

) LMETHYL) - 5. 6. 7. 8- TETRAHYDRONAPHTHALEN- 2- YL) ETHYL1PHENOXYBENZOATE 138 1

April 2005 WO 02/ 28810 PCT/ EPQ /11017 To a sol ution of 0.106 g (034 mmol)

of 2-(2- YTERBYPR A3 L hy2 ANOTM]

5, 5, 8, 8, -1.818(TF AHYOR EEOS? g (037 mmol) of

met hyl 4- hydroxybenzoate and 0 097 g (037 mml) tri phenyl phosphine in 5 m

tetrahydrofuran was added 0.066. g A 038 rrrml) of diethyl azodicarboxyl ate

and the reaction was heated at 708 5 ﬁ?ﬂﬁjrs the reaction was cool ed
h

to roomtenperature and quenche§ aqueous sol ution was
extracted with ethyl ether, washg i ne, dried over anhydrous
sodi um sul fate and concentrated i . YThe Nrude material was purified
by flash chromat ography (eI ution th 30%pMt hyl acetate/ hexane) to afford
0. 1315g (86% of Met hyl -

[2-(5,5,8,8-tetranmet hyl - 3(p razol - Irreth IéS678tetrahydronaphtha|en
-2- 10 yliyfe%plynwﬁéﬁ<g<§6§émalﬂef§qdnum ydmip)ms it pf PMIHREPHRACE el @S 4- 12- (5

&&?&E}ﬁ@@%@ e A e Eod ] D ol 2RO SR hrmetis S A& SRS Ay b

5,6,7,8-tetrahydronaphithalene in 20 ml of DMF. The reaction was warmed to room
temperature. After 1 h, a solution of 10.4 g (65.6 mmol) of 2- bromopyrimidine in 20 mI of

10 DMF was added. After 12 h, the reaction mixture was poured into ice water, neufralized with 2
N HCl and extracted with ethyl acetate. The organic phase was dried (MgSQy), concentrated
under vacumn and the product was purified by flash chromatography (15% ethyl
acetate/hexane) to afford 5.5 g (47%) of 2-bromo-3-{1,1{2-pyrimidinyl)-cyanojmethyl-5,5,8,8-
tetramethyl-5,6,7,8-tetrahydronaphthalene.

15
STEP C: PREPARATION OF2-BROMQO-3- (2-PYRIMIDINYILYMETHY1.-5.5.8.8-
TETRAMETHYT -5.6.7.8 TETRAHYDRONAPHTHALENE
Br N ‘&j
o
N
20

A mixture of 5.5 g (143 mmol) of 2-bromo-3-[1,1-(2-pyrimidinyl)-cyano]methyl-5,5,8,8-
tetramethyl-5,6,7,8-tetrahydronaphthalene.40 ml concentrated HCL, 20 ml acetic acid and 20 ml
of water was heated to reflux. After 15 h, the reaction was poured onto ice , brine added, then
extracted with ethyl acetate.The organic phase was dried (MgSO,), concentrated under vacumn
25 and the product purified by flash chromatography (20% ethyl acetate/hezane) to give 2.8 g
(54%) of 2-bromo-3- (2-pyrimidinyl)methyl-5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalene.
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A solution of 0.131 g (0.293 nmol) of

Met hyl -4-[2- (5,5, 8, 8-tetranet hyl - 3- (pyrazol -1 - .

yl met hyl)-5, 6,7, 8-tetrahydronapht hal en-2-yl ) et hyl ] phenoxyben}mzp% 3 m
IMLIiOH and 10 20 ml ethyl al cohol was heated to reflux. After 2 hours the
reaction was cooled to roomtenperature and acidified with 1M hydrochloric
acid. The aqueous | ayer was extracted with ethyl ether, washed with brine,
dri ed over anhydrous sodium sulfate and concentrated in vacuo. The crude
mat eri al was purified b 0flash(;rhr omatorahy (ar, ad| ent el %tnvmth 10%

4-12- (5,5, 8, 8- tetranethyl 3- ((pyrazol 1y|)rrethy|) 5,6,7, 8-
t et r ahydr onapht hal en- 2-yl ) et hyl ] phenoxy benzoic @cid (I\/H 433) 158.

PYRI M DI N- 2- YLMETHYL- 5. 6, 7, 8- TETRAHYDRO- NAf 3 OMe) - VI NYL] BENZOATE OH
10 STEP A: PREPARATI ON OF 2-E -5 5 8 8- TETRAMETHYL-

5, 6, 7, 8- TETRAHYDRONAPHTHAL EN € of 14.2 g (39.4 mml) of
2- br ono- 3- brononet hyl -5, 5, 8 0, 7, 8- tetrahydronapht hal ene
(cf Exanple 5.21, Step A for ™k
t et raet hyl anmoni um cyani de \MEXvas stirred at room
tenperature. After 48 h, the 20 reaction was poured into brine and 50 m of

A N e TR L S
et hyl acekaiméthiieXan®)tefrshydioneptthalerg, (0B (@F2 vl )ooforiid/ltrimethylsilane and
150 uL (1.1 mmol)triethylamine in 30 ml of NMP was placed under a argon atomosphere and
64 mg (0.22 mmol) of tri-o-tolylphosphine and 24 mg (0.11 mmol) of palladium acetate was
10  added. The reaction was heated to 90 . After 2 h, the reaction was cooled to room temperature
and 64 mg (0.22 mmol) of tri-o-tolylphosphine, 24 mg of palladium acetate, 106 pl (0.66
mmol) of ethyl-4- bromobenzoate and 900 pL (0.93 mmol) of tetrabutylammonium flouride
was added. The reaction mixture was heated at 100. After 6 h, the reaction was cooled to room
temperature, poured into brine, extracted with ethyl acetate, dried (MgSO,), concentrated under
15 dryness and purified by flash chromatography (30 % ethyl acetate/ hexane) to give 38 mg (15
%) of Methyl-4-[2-5,5,8,8-tetramethyl-3-pyrimidin-2-yimethyl-5,6,7,8-tetrahydro-naphalen-2-
yl)-vinyl]benzoate. Ester saponification afforded 4-[2-5,5,8,8-tetramethyl-3-pyrimidin-2-
ylmethyl-5,6,7,8-tetrahydro-naphalen-2-yl)-vinylJbenzoic acid (MH' = 427)

20 EXAMPLE 50: PREPARATION OF GLYCEROL-4-[(E)-2-(5.5.8.8-TETRAMETHYL-3-
PYRZOL-1-YLMETHYL-5.6.7.8-TETRAHYDRONAPHTHALEN-2-

YL)VINYLIBENZOATE
< Q

(I !
{J

25
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cyanonet hyl met hyl -5, 5, 8, 8-tetranmet hyl -5, 6, 7, 8-t etrahydr onapht hal ene. 140 1
April 2005 WO 02/28810 PCT/EP01/11017 STEP B: PREPARATI ON OF 120
2-BROMD 3- 11, 1- ( 2- PYPBTI DE YL)- CYANO METHYLr 5 5 8 8- TETPANI EPAVEYS 6 7
8- TETRAHYDRONAPHTHAT ENE 5 CN To a slurry of 13 g (65.6 mmol) of sodium
hydride in 80 m of DMF in a wet ice bath was added a solution of 9.2 ¢
(29. 1 moIYWO8#281%h onp- 3- cyanonet hyl et hyl - 5, 5, 8, 8-t et r amRSEPOV/11017
5,6,7,8-tetrahydronaphthalene in 20 ml of DMF. The reaction was warned to
room tenperature. After 1 h, a solution of 10.4 g (65.6 mvl) of 2-
bromopyrimdine in 20 m of 10 DVF was added. After 12 h, the reaction

m xture was pour edgJ¥gd ﬂ‘%'mﬂadgg‘*@?‘ﬁ% gyg% f"s‘%‘?glﬁ'@’?‘ﬂ“afﬁﬁfﬂgﬁl&% act ed

with ethyl acetate.” The ofganic p nce

under vadsnhSdefthhyeo-papbthalen-2adivipylitichiaicladid__fih 36 ml bhnzene wagadded V.17 x6P06

ethyl a / n o affo 53 g (47% of . . .

5. b?/ onD- g_f%)ﬁfg?%?@#‘ céroﬁ@f’f’?‘igﬁ ik rgf %ﬁo/%rgy%%?egﬁﬁer 30 minutes, the reaction

t et r amet hyilkedbe Wascdhctmtataiundecieanded padsaire, addibiosl behAene PR AR GE Qiixure

OF2- BROMO- 3- 2- P) RLM DI NYLI METHYL-5, S, 8, 8- . .
TETRARETPRAS c80¢eneratsd egaim oaiéeiamfees ien vpinbenzsne apd added0 8 mixuiess ol )

of 2-br oms 1 {24 hmdAy kel RS 12,4 ¥ARD) NP2 084881 (1 mmoD of TEAJR

tetranmethyl -5,6, 7, 8-t et rahydronapht hal ene. 40 nl concentrate
aceti c abpazeandlipgesntion Fes okrrekatwpem bmpeodure.cAfites 8 huxhe reattéon WA quendhhe

reaction RAYEL IRk i | a t hen Xt t wi th ethyl
acetate 'Fﬁ@slor ganfglh%ﬁ(gg%&l\?égc’g% gx%a%%%%%ds)e? ”&‘8‘% C@#@g@gﬂh ﬁ&%‘iﬁngs m 25
and t he pndgtueducpdipicsiupelataythi prebcpritGeRbpPashphoni2dapty(yi%aasi at e/ hexane)
to g |15e %égraxg/hcxane). The purified product was taken up in 1:1 methylene chloride, THF and treated

with an excess of p-TsOH at room temperature. After 2 h the reaction mixture was concentrated

under reduced pressure, dihrted with water and extracted with ethyl acetate. The extracts were
dried (MgSO,), concentrated under reduced pressure and purified by flash chromatography (5%
MeOH/CH,CY,) to give 62 mg (27%) of Glycerol-4-[(E)-2-(5,5,8,8-tetramethyl-3-pyrzol-1-

15  yimethyl-5,6,7,8-tetrahydro-naphthalen-2-ylvinyljbenzoate (MEH* = 489) 164.

EXAMPLE 51:PREPARATION OF 4-[(E)-2-(5.5.8.8-TETRAMETHY1.3-PYRZ0I -1-
YIMETHYI -5.6.7.8-TETRAHYDRO-NAPHTHAT EN-2- Y1 )VINY1L.IBENZAMIDE

20

The acid chloride prepared as described in example above for the glycerol ester,
on the same scale, in THF, was added to 15 ml concentrated ammonium hydroxide. After 1 h,
25  thereaction mixture was diluted with brine, extracted with EtOAc, dried MgSOy),
- concentrated under reduced pressure and purified by flash chromatography (5% methyl
alcohol/dichloromethane) to yield 156 mg(78%) of 4-[(E)-2-(5.5,8,8-tetramethyl-3-pyrzol-1-
vimethyl-5,6,7,8-tetrahydro-naphthalen-2-yI) vinyllbenzamide (mp = 248-249) 165.
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(54% of 2-brono-3-

(2-pyrinmdinyl)nethyl-5,5,8,8-tetranethyl -5,6, 7, 8-tet rahydrop%%hf%lsene,
141 1 April 2005 STEP D. PREPARATI ON OF n

METHYL- 4-[ 2- 5, 5, 8, 8- TETRAMETHYL- 3- PYRI M DI N- 2-

YLMETHYL- @()gﬂzégﬁ TETRAHYDRO- NAPHALEN- 2- YL) - VI NYLI BENZOATE._O\e m xture
of 200 ngy nmmol ) of 2-brono-3- (2-pyrimdinyl)net hyF’Cnggméu%”
tetramet hyl -5, 6,7, 8-tetrahydronapht hal ene, 106 ng (0.72 mol ) of

i nyltrirrethylsilane and 150 gL (1.1 mol )triethylamne in 30 m of NW
was pl aced under a argon atonosphere and 64 ng (0.22 nmol) of

tri-o-t OEXIANIISD 5 RRERAR AZAONDOL G-14d)- 2004 & SOFETRA VAT 8 Fatratey yas 10
added. THEMEREYL.Gb. 7B THIEFARYDRO RAPHATH &TER- YT § BeNZeic RS ool ed to

room t eNpEERIDINE AMWbE4 Ny nmo 0 rir-o-tolyl phospnine, 24 mg of
pal | adi umacetate, 106 gl (0 66 mol ) of ethyl-4- bronobenzoate and 900 L

(0.93 muol ) of tetrabutyl ammoniumflouride wagy added. The reaction m xture
was heated at 100. After 6 h, the reaction wasjcooled to room tenperature,
poured into brine, extracted with ethyl d (MgSH™),

concentrated under 15 dryn®s and purifi ¢ r omat ogr aphy (30 %

ethyl acetate/ hexane) to _grwe
I\/Ethyl-4-[2-5,5,8,8-tetra
aphal en-2- yl)-vinyl]benzos{ e~
4-[2-5,5, 8, 8-tetranet hyl - 3,0} im'di n- 2%\ —

yl rretfhyl 5,6, 7, 8-tetrahydro- naphal en- 2- )N) vi nyl ] benzoic acid (MR = 427)
20 EXAMPLE 50: PREPARATI ON OF G_YCERC]_ -[(E)-2-(5.5, 8, 8- TETRAMETHYL- 3-

PYRZQOL- 1- YL VTHe¥kidshByide preparcaAkMENRE Adnpis-aBoverio) WeSKchiBER dIhd5 142
1 April s3@f3cale, in THF, was added to a soluuon 0.12 ml (1.2 mmol) of piperidine in THF. After
0.5 h, the reaction mixture was diluted with brine, extracted with EtOAc, dried (MgS0y),
10 concentrated under reduced pressure and purified by flash chromatography (60% ethyl
' acetate/hexane) to vield 125 mg (54%) of 4-[(E)-2-(5.5.8,8-tetramethyl-3-pyrzol-1-ylmethyl-
5,6,7 8-tetrahydro-naphthalen-2-yDvinyl]benzoic acid piperidine amide (mp = 171.6-172.5)
166.

yrlmdln 2-yl met hyl -5, 6, 7, 8- tetrahydro n
fication afforded

15 EXAMPLE 53: PREPARATION OF 4-[(E)-2-(3-HEXY] -5.5.8.8- ~-TETRAMETHYI -5,6,7.8-
TETRAHYDRO-NAPHTHALEN- 2—YL VINYLIBENZOIC ACID 2.3-DIHYDROXY-
PROPYILESTER

ot e

20  4-[(E)-2-(3-Hexyl-5,6,7,8-tetrahydro-5,5,8,8-tetramethyl-2-naphthyl) vinyllbenzoic acid (100
mg) was dissolved in benzene (2.5 ml). To this solution was added oxalyl chloride (44 pl) and
dimethylformamide (5 j1I) and a rapid ontgassing was observed. After the reaction was stirred
at room temperature for 1 hour, triethylamine (70 pl) was added followed by a solation of N,N-
dimethylaminopyridine (147 mg) and solketal (149 pl) in benzene (3 ml). The reaction mixture

25  was stirred at room temperature overnight. The reaction mixture was acidified with 1M

' hydrochloric acid and extracted with ethyl ether (2 x 20 ml). The combined extracts were
washed with water, brine, dried and evaporated. The residue was purified by flash
chromatography (silica gel, hexane/10% ethyl acetate) to give 97 mg of 4-[(E)-2-(3-hexyl-
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WO 02/ 28810 PCT/ EP01/ 11017 To 200 nmg (0.48 mmol) of
4-1(E)-2- (5,5, 8, 8-tetranet hyl - 3- pyr zol - 1- yl net hyl - .

5,6, 7, 8-tetrahydro-napht hal en-2-yl)vinyl]benzoic acid _in 30! APEEene was
added 0.17 m (1.9 mmol) of oxalyl chloride and one drop of

diisoproylam ne. After 30 mnutes, the reaction mxture was concentrated
under red ¥ FFWssure, additional benzene added and t hePSTEPIVIALE was
concentrated again. The acid chloride was taken up in benzene and added to
a mxture of 03 m (2.4 rnnol) sol ketal, 293 ng (2.4 mmol) of DMAP and
0.14 mM (1 nmol) of TEA in benzene. The reaction was stirred at room

t t h ' ched di | ut ed
B e T LR LR S B Snﬂwﬁfae 2 P4 iR LAt e under
r educed ﬂr%a%w@lgﬁr&r @Sn%clpﬁrcﬁi%s@ rer“@adpwlrerdaa cblwm@gu(fbpmn@zs%

et hyl 10 taleereadlinhiveacidmpnohfideate(B0irhd) ehs pddedl he vt bredsiurel rat Sirded bt '
'?grrggl g??‘?ﬁw %u-e-BVén géﬁ%%wﬁ%{h&}?g&&%&%&&ﬁ Irgglr&z?ﬁe% er reduced
press%re?agﬁwﬁs[‘g?fhﬁﬁg ﬂ’\mﬁ"?@ﬁ%d“ﬁ%?&@f"@% e‘%ﬁ?l é &2%Hb v act s
were dr TBeicTusie Beliow ol Svae patified bflash romatasrapbyl (sHicassel @h@b@maeomw by
flash c h givers® angy Bpﬁs(3%%lvmwmﬁ)5,j ® Sgewz&nﬁﬂmatﬁ%wﬁﬂ]benzmc acid

a I
yl r/rgtepgl 2%“‘{1&@ %@g%%ﬁgﬁ%%ﬁﬁ%%%ﬁ yl yvi n;trﬂﬁben%oat e (Mi+=489) 164.

_TET HYL - 3- PYRZOL- 1-
YLNE%LM g‘ﬁ’@-@&ﬁ%@%w@ E 20 O NH2 The

acid chloride prepared as descrlbed i n exanpl e above for the glycerol
ester, on thwhem & aflagoniétielitvity\vR SoraptiRds fthd MivettmenRs aahfﬁh@ﬂbﬁtﬁél)m um

hydr oxi dge %ﬁlﬁ d&@ﬁﬁ%ggﬁ fePt af”P’ﬁ)ﬁL_’f\ﬁ% g@ %é Kf_ﬁgh%-%g
extracte pressure
and pur| 0&'§ﬁleEW8 ?'jza?%]r?é‘ﬁwmbﬁh‘f’ohol / di chl or orret hane)

to yl%ld 156 my (78% of 4-[(E)-2-(5.5,8,8-tetranmethyl-3-pyrzol-I-

L

Compound Number IC50 nM (alpha/beta/gamma)

1 3600/1600/1700

2 1000/320/190

3 200/100/260

7 260/140/17

3 810/450126

11 1800/1400/210

15 1000/1000/1800
20 950/620/670
25 190/100/230

The embodiments of the invention described above are intended to be merely

exemplary, and those skilled in the art will recognize, or be able to ascertain using no more than

routine experimentation, numerous equivalents to the specific procedures described herein. All
20  such equivalents are considered to be within the scope of the invention and are encompassed by
" the following claims.

All patents, patent applications and publications cited in this application are hereby

incorporated by reference in their entirety for all purposes to the same extent as if each
individual patent, patent application or publication were so individually denoted.
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yl met hyl -5, 6, 7, 8-t
165. 143 1 April 2005 WO 02/28810 PCT/ EP01/ 11017 EXAMPLE 52: PREPARATI ON OF
4- f(E) 2-(5.5 8 8- TETPAAAETRYI, 3- PYRZOL- 1- YLM r THYL 1 April 2005

-5. 6. 7. 8- TETRAHYDRO- NAPHTHAT EN— 2-YL) VI NYLI BENZO C ACID PIPERIDINE AM DE 5
N .The aci d chloride prepared as described in exanpl e above for the glycerol
ester, on the sane scale, in THF, was added to a solution 0.12 m (1.2
mol ) of piperidine in THE. After 0.5 h, the reaction m xture was dil uted
with brine, extracted with Et OAc, dried (MgSO4), 10 concentrated under
reduced pressure and purified by flash chromatography (60% et hyl

acet ate/ hexane) to yield 125 ng (54% of

4-1 (E)-2- (5,5, 8, 8-tetranet hyl - 3- pyr zol - 1-yl net hyl - -

S, 6, 7, 8-t et r ahydr o- napht hal en- 2-yl ) vi nyCIEMSi ¢ aci d pi peri di ne anide (rap
=171.6-1725) 166. 15 EXAMPLE 53: PREPARATI ON OF 4-f(E)-2-(3-HEXYL-55 8

8- TETRANMTHYL-5 6 7 8- TETRAHYDRONAPHTHALF. N-2-YL) VI NYLI BENZO C ACI D 2

3- DI HYDROXY- PROPYLESTER 20 4-[(E

-2-(3-Hexyl 15, 6, -tetr hyl - 2 napht hyl ) vi nyl ] benzoi c
acid (100 }rg) wg‘scgglr&)sso ve i E}%gﬁ@m%é%?g : To this solution was added
oxalyl chloride (44 Itl) and digethylformamde (5 pl) and a rapid
out gassi ng was observed. Afte eac | stirred at room

] R Fms added foll owed by a

tenperature for 1 hour, trje{ffy o
solution of N, N dimet hyl(ﬁ' (1247 ng) and sol ketal (149 (.11) in .
benzene (3 m). The reaction > Bas stirred at roomtenperature - -
overnight. The reaction m xtufe Was acidified with 1M hydrochloric acid - *~
and extracted with ethyl ether (2 §20 m ). The conbi ned extracts were
washed with water, brine, dried and evaporated. The residue was purified by

fl ash

or a phanmaceuticaily acceptable salt, solvate or hydrate thereof wherein:

n is an integer from 0 to 2;

B is -C(0)0-, -OC(0)-, -C(O)NH-, -NHC(0)-, -NHC(O)NH-, -CR’=CR%-,
-R'C=CR*-C(0)-, -C=C-, -C=C-C(0)-, -CH,0-~, -CH,S-, ~OCH;-, -SCHy-, -COCHy-, or -
CH,CO-;

R’ and R® are independentiy hydrogen or alkyl;
X is aryl or heteroaryl;
R'is -C(=0)-R®; ¢
R? is alkyl, cycloalkyl, cycloalkyl-alkyl, hydroxy, alkoxy, aryloxy,
cycloalkyloxy, cycloalkyl-akyloxy, arylalkyloxy, amino, alkylamino, dialkylamino,
heteroatkyloxy, heteroaikylamino, heteroalkylthio, heterocyclyl or heterocyclylalkyl; and
R?is:
(2) -(CRY¥R! wY,-R12
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chromat ography (silica gel, hexane/10% et hyl acetate) to give 97 ngy of
4-1(E)-2-(3-hexyl 144 1 April 2005 WO 02/28810 PCT/ EPOL/ 1101g .
5,6,7,8-tetrahydro-5,5, 8, 8-tetranet hyl - 2- napht hyl ) vi nyl | benz Perilk2q03
2,24-trinmethyl -1,3- dioxal an-4-yl ester as a clear glass. The ester was

di ssolved in dichloronethane (4 m) and p- tol uenesul fonic acid nonohydrate
(60 ng) was added. The reaction m xture was stirred at roomtenperature
overnight, diluted with water and extracted with ethyl ether. The organic 5
| ayer was washed with water, 10% sodi um bi carbonate, brine, dried and
concentrated in vacuo. The crude yellow oil was purified by flash

chromat ography (silica gel,. CHZCl 2/ 6% to give 49 ny

E) - 2- (3- hexyl -5, 6, 7, 8- t et A _%erg{ogll\gt_ot ranet hyl - 2- napht hyl ) vi nyl ] benzo
ic acid 2,3-dihydroxy-prppyboester 56 as a clear glass in 42%yield. (M
492.) 56. 10 EXAMPLE 54 Bl NPI NG AFFI NI TY TO RETI NO D RECEPTORS The RAR a
ant agoni st sel ectivity of RcoARddtinass indepengentiyhpsiregenplindshydseny oribydigxysfictlne

| i gand bi ndi ng assays desqriisbgg_'s@cor_ Bl.g§ al. Proc. Nat. Sci. Acad.
(USA), 89:7129-7133 (1992). Ddata r seledted conpounds from Table lare
shown b@l ow. 15 Conpound Numbeg isGBOintelger(frisad be2;andarma) 13600/ 1600/ 1700
210001320/ 190 3200/ 100/ 260 7-26&;{311?%/0:% e%81(5)11(?{;)0/-26 111800/ 1400/ 210
151000/ 1000/ 1800 20950/ 620/ 670 ydrogen or

R is hydrogen, alkyl, cycloalkyl, cycloalkyl-alkyl, aryl, arylafkyl,
heteroaryl, heteroarylalkyl, acyl, alkoxycarbonyl, carbamoyl, substituted
cycloalkyl, heteroalkyl, heteroalkylsubstituted cycloalkyl, heterosubstitated

10 cycloalkyl, heterosubstituted cycloalkyl-alkyl, heterocyclyl or heterocyclylalkyl;
| with the proviso that when p=0, then R'? is not hydrogen or alky};
(b) heteroaryl;
©-Z1;
' Zis-CRY“=CRY-, -C=C-, -0-, -NR*-, C(=0) or -S(Q);
15 R™, R" and R*® are independently hydrogen or alkyl; and
L is heteroaryl, heteroarylalkyl or heteroalkyl;

(& —CRY=CRY-L, where L, is S(O);R" or SO,NR™R® where R is alkyl and
20 R and R" are independently hydrogen or alkyl;
each R’ is independently hydrogen, alkyl, hydroxy or oxo; and
tislor2forn=1or2,and

tislforn=0.

25 2. Thecompound of Claim 1, wherein n is 1 and R® is hydrogen.

3.  Thecompound of Claim 1, wherein ¢ is 0; R® is hydrogen and
30 B is -NHC(O)NH-, -CR’=CR%-; -R'C=CR®-C(0)-, -C=C-, -C=C-C(O)- or -CH;0-.
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25190/ 100/ 230 The enbodi nents of the invention described above are intended
to be nerely exenplary, and those skilled in the art will reco or
able to ascertain using no nore than routine experinentation,P%Ehégou

equi valents to the specific procedures described herein. Al 20 such

equi valents are considered to be within the scope of the invention and are
enconpassed by the following clains. Al patents, patent applications and
publications cited in this application are hereby incorporated by
reference in their entirety for all purposes to the sane extent as if each
i ndi vi dual patent, patent application or publication were so individually
denot ed. 24, 145 The équpdund @081aGhA| Wherkin BisGRIR OtRdCc@ccording to structural
formula (1): B-X-R R2 or a pharmaceutically acceptable salt, solvate or
hydrate thereof wherein: n is an integer fromO to 2; Bis -C(C»On

-0( O -, §:.(O)N|ﬁ13c -R{ 3 :
=G, -C- e ol ?%9&% 1s Pi‘%@\%l%% oo gﬁﬁ’é@‘é‘?&m
and Rs are |ndependently hydrogen or aIkyI Xis aryI or heteroaryl Rl is

a%| C?Z(y,gg %5& Ioi’ﬂ‘fdo@xy,&é@ SEY #%?%@0%%;5 hydr oxy al koxy,Rg

~al kyl am nois hyidedxicy| anri no,

7. The compound of Claim 1, wherein R’ is hydroxy.

10 8. The compound of Claim 1, wherein R? is (CR'R"),-Y,-R'>.
9.  Thecompound of Claim 8, wherein R™and R" are hydrogen.
10.  The compound of Claim 8, whereinm is 1 to 4.

15 '
11. The compound of Claim 8, wherein p is 1.

12, The compound of Claim g, wherein p is 0.

20 13.  Thecompound of Claim 8, whereinmis I, p is ? and R™ and R* are independently
hydrogen or alkyl.

14,  The compound of Claim 13, wherein Y is -O-; R? is hydrogen, acyl, alkyl, carbamoyl,
cycloalkyl, aryl, heteroaryl or heteroalkyl; c is zero, d is 1, B is frans -CH=CH-, and —X-R" is

25  4-catboxyphenyl.

15,  The compound of Claim 14 having the formula:
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het er oal kyl oxy, heteroal cylam no, heteroal kylthio, heterocyclyl or

het erocyclylalkyl; and R2 is: (a) -(CRIOR"),, Yp R2 146 1 A?{iﬁ 05 mis
an integer froml1l to 10; pisOorl; RL1O and RI| are independeh P A rogen,
al kyl, hydroxy or hydroxyalkyl; Y is -0-, -S(OQ or NRL3-; and 5 g. is an
integer fromO to 2; and R'3 is hydrogen or alkyl; R 2 is hydrogen, alkyl,
cycl oal kyl, cycl oal kyl al kyl, aryl, arylalkyl, heteroaryl,

het er oaryl al kyl , acyl, al koxycarbonyl, carbanoyl, substituted cycloalkyl,
het eaoal kyl, heteroal kyl substituted cycl oal kyl, heterosubstituted 10
cycl oal kyl, heterosubstituted cycl oal kyl -al kyl, heterocyclyl or

het erocycl yl al kyl; wth the proviso that when per, then R12 is not
hydrogen or al kyl; (b) heteroaryl; Z is -CR14=CR15-, -cc-, -0-, -NR16 ,
Clam) or -S(0)y-; 15 R14 R35 and R16 are independently hydrogen or al kyl;
and L is heteroaryl, heteroaryl al kykbogq heteroal kyl; (d) _CazZl4-M 5-L1
Where LI is S(O 2R17 or SO2NRL&F ere R17 is alkyl and 20 R18 and R19
are independently’h 3 ; each R3 is independently hydrogen,

al kyl', hydroxy o isTl or 2 for n =1 or 2, and tis | forn=0.
25 2. The conpoun (M OH wherein n is 1 and R3 is hydrogen.

16.  The compound of Claim 13, wherein Y is ~-S(O)qg-..

5 17.  The compound of Claim 13, wherein R* is alkyl, cycloalkyi, heteroalkyl or
heterocyclylalkyl; c is zero, d is 1, B is trans -CH=CH-, and —X-R! is 4-carboxyphenyL

18.  The compound of Claim 16 having the formnla:

e
Socciperseh

18
10
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3. The compound of Caim1l, wherein cis 0; R3 is hydrogen and 30 Bis
-NHC(O NH, -CR7=CR$ ; -R7/C= R8-C(O-, -CE--C, -CECCO- or P%%% 147 1
April 2005 4. The conpound of Claim3, wherein Bis trans - ApRf 20055 The
compound of Claim1, wherein X is phenyl or thienyl; cis O and R3 is
hydrogen. 5 6. The conpound of Claim1l, wherein R3 is hydrogen; c is 0; B
is trans -CH=CH and RO is hydroxy. 7. The conpound of Caim1l1, wherein RO
is hydroxy. 10 8. The compound of Caiml, wherein R is -(CRIORL1) myp
R12. 9. The conpound of Claim8, wherein RI0 and RI' are hydrogen. 10. The
conmpound of Claim38, wherein mis 1 to 4. 15 11. The conpound of C aim 8,
wherein p il8. 1. Th@conijvend of (laiunts e;fheﬁﬂzﬁlﬁhe Ih& ab%a]ﬂy], g&egogyclﬁr&
conmpound {u ai wherein mis 1, is 1 and anpd "R’

i ndependen ‘??OC% ﬁlso"rem A3 B’.M’Whgiﬁgﬁpmﬁdxoﬁ @Idamh@wér einy
is -Q R12 is hydrogen, aryl, alkyl, carbanoyl, cycloalkyl, aryl,

het eroaryl or heteroalkyl; c is zero, dis 1, B is trans -CH:CH- and X-R
is 25 4-c@box§%@punqgml%mmmafmm.al m 14 having the forrrul a: H

1 5 148 1 April 2005
OzH
K

35 r\}\@

21. The compound of Claim 12, wherein mis 3, pis 1 and R" and R are independently
hydrogen or alkyl.

10 22. Thecompound of Claim 21, wherein Y is -O-; R is hydrogen, acyl, alkyl, carbamoyl,

cycloalkyl, aryl, heteroaryl or heteroalkyl; ¢ is zero, d is 1, B is zrans -CH=CH-, and —X-R! is
4-carboxyphenyl.

23, The cbmpound of Claim 22 having the formula:

15 12
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15 16. The conpound of Claim 13, wherein Yis -S(0O9-.. 5 17. The conpound
of Caim13, wherein R22 is al kyl, cycloal kyl, heteroal kyl or

het erocyclylalkyl; c is zero, dis 1, Bis trans - CH=CH, and APRL 2005} 5

4- car boxyphenyL 18. The conpound of C aim 16 having the fornula: 02H 2 4 10
9 149 1 April 2005 19. The conpound of Claim 16 wherein R12 is heteroaryl,
het eroaryl al kyl , heterocyclyl or heterocyclylalkyl; c is zero, dis 1, B
is trans -CH=CH , and -X-Rl is 4-carbox_vphenyL 20. The conpound of C aim
19 having the formula: 5 21. The conpound of Claim12, wherein mis 3, pis
1 and R10 and R 1 are independently hydrogen or alkyl 10 22. The conpound
of Claim2l1l, wherein Yis -0-; R12 is hydrogen, acyl, alkyl, carbanoyl,
cycloal kyl, aryl, heteroaryl or heteroalkyl; c is zero, dis 1, Bis trans

- CH=CH-, and - xaaaompomaaanﬁm@lpmﬁnyamﬂma@qmumfcy@om grg1, havi ng

theforrrua 10 12 11
eroaryl or heterocyclyl cis zero, dis 1, B is trans -CH=CH-, and —-X-R' is 4-

carboxyphenyl.

25. The compound of Claim 24 having the formula:

oy

33

26.  Thecompound of Claim 21, wherein Y is -S(O)-; R* is aryl, arylalkyl, heteroaryl,
heteroalkyl, heterocycly! or heterocyclylalkyl; ¢ is zero, d is 1, B is trans -CH=CH-, and —-X-R’
10  is 4-carboxyphenyl.

27.  The compound of Claim 26 having the formula;

28.  The compound of Claim 8, wherein m is 2, pis 1 and R'® and R* are independently
15  hydrogen or atkyl.

29.  The compound of Claim 28, wherein Y is -O-; R™ is hydrogen, acyl, alkkyl, carbamoyl,
cycloalkyl, aryl, heteroary] or heteroa]kyl cis zero, dis 1, B is trans -CH=CH-, and ~X-R' is
4-carboxyphenyl. '

20
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150 1 April 2005 24. The conpound of Claim 21, whereiny is NR13-' R12 is
acyl, alkyl, cycloal kyl, aryl, heteroaryl or heterocyclyl; dis
1, Bistrans -CH=CH, and -X-Rl is 4- carboxyphenyl. 5 25. &%ﬁ%ound of
Claim 24 having the fornula: 33 26. The conmpound of Clain121 mhereln Yis
-S(Oy-; R2is aryl, arylalkyl, heteroaryl, heteroal kyl, heterocyclyl or
het erocyclylaikyl; cis zero, dis 1, Bis trans -CH-CH -, and -X-RlL 10

i s 4-carboxyphenyl. 27. The conpound of Claim 26 having the forrmula: 24 28
N,. 28. The conpound of Claim8, wherein mis 2, pis land R1I0 and Rl11 are
i ndependently 15 hydrogen or al kyl 29. The conmpound of Caim2 8, wherein
Y is -0-i Bo2 | Thhusligaan of Suik 2obelith pedgmpay! | oveloal kyl, aryl,

het eroaryl or heteroal kyl; c 1s zero, isl, Bis trans -CH:CH and - X-R
is 4-carboxyphenyL 20 151 1 April 2005 30. The conpound of C|a|n129 havi ng
the fornmula: 31 02H 31. The conpound of C ai p£§ ptein Y is -S(OqQg-; R12
is aryl, arylalkyl, heteroaryl

31

31.  The compound of Claim?28, wherein Y is -S(0),-; R' is aryl, arylalkyl, heteroaryl
heteroarylalkyl, heterocyclyl or heterocyclylalkyl; ¢ is zero, d is 1, B is trans -CH=CH-, and
5 -X-R'is4-carboxyphenyl.

32.  Thecompound of Claim 31 having the formula:

O,H

26 27

33.  The compound of Claim 8, wherein m is 4, p is one and R and R are independently
10 hydrogen or a]kyl; Yis-O-and R s hydrogen, acyl, alkyl, carbamoyl, cycloalkyl, aryl,
heteroary! or heteroalkyl; ¢ is zero, d is 1, B is #rans ~-CH=CH-, and —X-R! is 4-carboxyphenyl.

34. - The compound of Claim33 having the formula:
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het er oaryl al kyl, heterocyclyl or heterocyclylalkyl; c is zero, dis 1, Bis
trans -CH-CH , and 5 -X-Rl is 4-carboxyphenyL 32. The conporgpﬁ&? § a|n131
having the forrmula: 26 27 33. The conpound of C aim 8, wherei Q 4, pis
one and R10 and R' are independently 10 hydrogen or alkyl; Yis -O and
R12 is hydrogen, acyl, alkyl, carbanoyl, cycloal kyl, aryl, heteroaryl or
heteroallcyl; c is zero, dis 1, Bis trans -CH=CH, and -X-R is

4- car boxyphenyL 34. The conpound of C ain83 having the fornmula: 02H 51 152
1 April 2005 35. The conpound of Claim8, wherein mis 1, pis 0 and R10
and R' are independently hydr ogen or aIkyI 36. The conpound of C aim 35,

wher ei n €0 l.al er ocycl yl;0r .
het er ocycl I‘aI k’ﬁ}%c%ﬁmﬁ%ﬁg Ei%t&né ali‘%ﬂﬁ élfp a:&?'ﬁ_ ‘}ﬂl ’éﬁ“ﬂ%ﬂﬂy
4-carboxyﬁb@n¥knaﬂdkihe conpound of C aim 36 having the fornula. F 47 45
2H 44 10 50
36.  The compound of Claim 35, wherein R'? is heteroaryl, heteroarylalkyl, heterocyclyl or
5 heterocyclylalkyl; c is zero, d is 1, B is trans -CH=CH-, and -X-R! is 4-carboxyphenyl

37. The compound of Claim 36 having the formula:

10
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O2H ; or 6 7 153 1 April 2005 38. The conpound of C aim 37 having the
formul a: 02H 6 39. The conmpound of C aim 35, wherein R12 is ﬁr | 5
aryl al kyl, cycloal kyl or substituted cycloalkyL 5 40. The c ﬁ%ﬁbﬂ%’of
Claim39, wherein cis zero, dis 1, Bis trans -CHCH, and -X-R is

4- car boxyphenyl . 41. The conmpound of C aim 40 having the formula: H; or 10
42. The conmpound of Claim8, wherein mis 2, pis 0 and R10 and Rl1l are

i ndependently hydrogen or alkyl; R12 is aryl, arylalkyl, heteroaryl,

het er oaryl al kyL het eroai kyl, heterocyclyl or heterocyclylalkyl; c is zero,
dis 1, Bis trans -CHCH, and X-R is 4-carboxyphenyL 15 43. The conpound

Cl ai m 42 hzsu ndTHeltempbouna if TlaikS¥ HavAY thh f2HRB.: 5
OoH
L
SOOI
| 6

39. The compound of Claim 35, wherein R™ is aryl, arylalkyl, cycloalkyl or substituted

cycloalkyL
5
40. The compound of Claim 39, wherein ¢ is zero, d is 1, B is trans -CH=CH-, and -X-R! is
4-carboxyphenyl.
41. The compound of Claim 40 having the formula:
10

42. The compound of Claim 8, wherein m is 2, p is 0 and R® and R are independently
hydrogen or alkyl; R'? is aryl, arylalkyl, heteroaryl, heteroarylalkyl, heteroalkyl, heterocyciyl or

heterocyclylalkyl; ¢ is zero, dis 1, B is trans -CH=CH-, and —-X-R! is 4.carboxyphenyl
15

43. The compound Claim 42 having the formula:
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44. The conpound of Claim8, wherein mis 3; pis 0 and RlO and R11 are

i ndependently hydrogen or alkyl; R12 is aryl, arylalkyl, i@ ﬁﬁf?" ,
het er oaryl al kyl, heterocyclyl or heterocyclylalkyl; c is ze 03 1, B
is trans -CH=CH, and -X-R is 4-carboxyphenyL 10 45. The conpound of C aim
44 having the fornmula: 30 or 46 36 155 1 April 2005 46. The conpound of
Claiml, whereincis 0, RZis heteroaryl and R3 is hydrogen; c is zero, d
is 1l Bistrans -CH=CH , and -X-R is 4-carboxyphenyL 47. The conpound of
Claim 46 having the formula: O2H 48. The conpound of Claim1l, wherein RZ
is -Z-heteroaryl, -Z-heteroaryla]kyl or -Z- heteroalkyl. 10 49. The

conpound of d ai m48 wherein RZ is -Z-heteroaryl or -Z-heteroarylalkyl; Z
is-0., -C(=0- or S(O)q; 004 dis 1, Bis tran H | and
X-R is 4-carbo orrpound of ~Cl g¢é m 49 havi e formula: 15
20 51. The conmp ; aherein cis S X s - CR7=CRs
52. The conpou i m 51 V\/nerel n Bis he conpound

44.  The compound of Claim 8, wherein m is 3; p is 0 and R'’ and R" are independently

hydrogen or alkyl; R* is aryl, arylalkyl, heteroaryl, heteroaryialkyl, heterocyclyl or
heterocyclylalkyl; c is zero, d is 1, B is trans -CH=CH-, and -X-R! is 4-carboxyphenyL.

10 45. The compound of Claim 44 having the formula:

COH O.H
q , «
‘O 0. ‘
\ ?

COH OzH
‘ > O ‘O > O
/RN,
N._/ N\

46

. $4
@
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54. The conpound of C aim53 having the structural formula (V): V where R
Is -CO2g R3 is hydrogen, and R2 and n areas defined in C ai ml\]m) .?263(% The
conpound of C aim 54 having the structural forrmula (VI): Vi &Y & i's
-C2i, R3 is hydrogen,and R2 and n are as defined in Claim1. 56. The
compound of C aim 52, wherein Xis heteroaryL 10 57. The conmpound of Cl aim
56 having the structural for mla. (MI): VI wherein Rl isis -CQ2H, R3
is hydrogen, and R2 and n are as defined in Claim1l. 15 58. A conpound
having the structural forrmula (MII11): 157 1 April 2005 0 1) C _R21 VI
wherein: R20 is alkyl; R2" is: (a) heteroal kyl oxy, heteroaDryl am no or
het er oal kylghi crhe @4 Bdm | . o‘ar?’f : e .

hydr ogen orgal Kyl fgggdnd%fz isvxgg}rhgrg%%ﬁ%ﬁ; lsaﬂr%n sangn%il%lwgg%%nf rpgsrsn 0Oto
2. 10 59. .zenn8ith s taas SEHCH:, andeXdtids é-cerbosyphepplnt vyl , R2' i s

het er oal kyl oxy and n is 1.

47. The compound of Claim 46 having the formula:

48. The compound of Claim 1, wherein R is -Z-heteroaryl, -Z-heteroarylalkyl or -Z-
heteroalkyl.

10 49. The compound of Claim48, wherein R? is -Z-heteroaryl or -Z-heteroarylalkyl; Z is -O-,
-C(=0)- or -S(0)¢-; c is zero, d is 1, B is trans -CH=CH-, and ~X-R! is 4-carboxyphenyl

50. The compound of Claim 49 having the formula:

is
51. The compound of Claim 1, wherein ¢ is 0, dis 1 and B is -CR’=CRE-. |
52, The compound of Claim 51, wherein B is trans -CH=CH-.

20
53, The compound of Claim 52, wherein X is aryL.
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60. A conpound of forrmula I, or a pro-drug thereof, as clainmed in claim|l
for use as nedicanent. 15 61. Use of a conpound of formula |, QLZ&B
pro-drug thereof, as clained in claiml for the preparation

medi cament for the treatnent of airway disorder. 62. Use as clained in
claim 61l wherein the airway disorder is COPD. 20 63. Use as clainmed in
claim62 wherein the airway di sorder is enphysema. 64. Use as clained in
claim 63 wherein the nedicanent is delivered by orally admnistering. iss
1 April 2005 65. Use as clained in claim63 wherein the treatnment conprises
one or nore additional therapies. 66. Use of a conpound of forrmula I, or a

pr o-drug t reo as c in claiml for the 5 preparation of a
medi carrent ijéap"'é’r“?ﬂoﬂﬁénf&éBPP?’h@’}ng thestryetugal of fornula I, or a

pr o-drug thereof as claimed in claiml for the preparation of a

medi canent for treati ng cancer. 10 68. Use of acorpound of forrmula I, or a
pro-drug thereof, as clainmed iq claim1l for {preparation of a
medi canent for treat | ng a der ) 5 . 69. A pharnaceuti cal

conposition conprising a p a)r i?o ly effectha}@ anount of a conpound,
or a pro-drug thereof, as e g al g2l and, if desired, a

phar maceutical 15 inert carrl er' \70. Process for the preparation of a
conmpound of forrmula VI, where Rl is CO2H or CQZ- alkyl, R2 is
-(CRIOR11)mR72 and R 2 is heteroary¥ VI 20 conprising: treating a

conpound of forrmula VII 159
where R’ is ~CO,H, R’ is hydrogen, and R? and n are as defined in Claim 1.

5 55.  Thecompound of Claim 4 having the structural formula (VI):

where R! is ~CO,H, R® is hydrogen,and R? and n are as defined in Claim 1.

' 56. The compound of Claim 52, wherein X is heteroaryl.

10 ,
57. The compound of Claim 56 having the structural formnla (VII):
R
R
v
wherein R is is ~CO,H, R® is hydrogen, and R? and n are as defined in Claim 1.
15

58. A compound having the structural formula (VII):
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1 April 2005 where Gis a leaving group with a nucl eophile R12-H, and when
Ris C02-alkyl, followed by hydrolysis with a base. 71. TheliAn\I(ﬁ%dson as
her ei nbef ore described. 5 160 p

o™

Vi
wherein:
R% js alkyl:
5 R” is: (a) heteroalkyloxy, heteroalkylamino or heteroalkylthio; or
(b) Q-R™ where Q is —O-, -NR”- or -S- (where RZ is hydrogen or alkyl) and
R*? s carboxyalkyl:
and n is an integer from O to 2.

10 59.  The compound of Claim 58 where R* is n-pentyl, R* is heteroalkyloxy and n is 1.

60. A compound of formula I, or a pro-drug thereof, as claimed in claim 1 foruse as

medicament.

15 61. Useof acompound of formula I, or a pro-drug thereof, as claimed in claim 1 for the
preparation of a medicament for the treatment of airway disorder.

62.  Use as claimed in claim 61 wherein the airway disorder is COPD.
20 63. Useas claimed in claim 62 wherein the airway disorder is emphysema.

- 64.  Useas claimed in claim 63 wherein the medicament is delivered by orally
administering,.
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65.

66.

67.

68.

69.

70.

1 April 2005

Use as claimed in claim 63wherein the treatment comprises one or more additional

therapies.

Use of a compound of formmuia I, ora pro-drug thereof, as claimed in claim 1 for the

preparation of a medicament for repairing alveoli.

Use of a compound of formula I, or a pro-drug thereof, as claimed in claim 1 for the

preparation of a2 medicament for treating cancer.

Use of a compound of formula I, or a pro-drug thereof, as claimed in claim 1 for the
preparation of a medicament for treating a dermatological disorder.

A pharmaceutical composition comprising a pharmaceuticaily effective amount of a
compound, or a pro-drug thereof, as claimed in claim 1 and, if desired, a pharmaceutical

inert carrier.

Process for the preparation of a compound of formula VI, where R is CO.H or CO,-
alkyl, R is (CR'R"),-R" and R s heteroaryl
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where G is a leaving group with a nucleophile R'>-H; and when R is CO»-alkyl, followed by
hydrolysis with a base.

71.  The invention as hereinbefore described.
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