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treating or preventing different diseases, methods of using these novel retinoid compounds, and
pharmaceutical compositions thereof. |

- The retinoids are structural analogues of vitamin A and include both natural and
synthetic compounds. Retinoid compounds such as all 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 7).

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

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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5  hepatic fibrosis. Retinoids have also been nsed extensively in treatment of premalignant

epithelial lesions and malignant tumors (carcinomas) of epithelial origin (Bollag ez al., United
States Patent No. 5,248,071; Sporn et al., Fed. Proc. 1976, 1332; Hong et al., “Retinoids and
Human Cancer” in The Retinoids: Biology, Chemistry and Medicine, M. B. Spom, A. B.
Roberts and D.S. Goodimar (eds.) Raven Press, New York, 1994, 597-630). However, many
10  retinoids previously studied often lack selectivity and consequently exert harmful pleiotrophic

| effects and may cause patient death when used in therapeutically effective amounts. Thus, the
therapeutic use of retinoids in diseases other then cancer has been 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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reducing the amounts of toxins in the lung (ie., by quitting smoking). However, the damaged

alveolar structures are not repaired and lung function is not regained. At least four different
types of emphysema have been described according to their locations in the secondary lobule:
panlobar emphysema, centrilobular emphysema, distal lobuiar emphysema and paracicatrical

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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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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B -X-R!

[/ 1
®) 22

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:

(@) (CRYRM),-Y,-R™
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(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

tis1forn=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



30 absorbed fromthe air. Lung reduction surgery nmay be used to treat
patients with severe enphysenma. Here, damaged portions of tE%fLEgg?are
renoved, which allows the normal 3 1 April 2005 WD 02/ 28810 ( /11017
portions of the lung to expand nore fully and benefit from i ncreased
aeration. Finally, lung transplantation is another surgical alternative
avail able to ingi.vi | s-mith hysemg, which may increase quality of
life but does R?t“”g?‘éﬁ? i ?ﬁ’f’?(}ntﬁ FHIEnYentign prRydes napreys fosthaprrgeptionpfa
formed durdomgoudwé Foopniel, verdlRVisO0A 0 oS akGNRE BS(GRIAR  LADShidE R the gas-
exchange gl.gpgngs of the immature lung. The preci se nmechani sms governing
formation of epta and their spacing remain currently unknown in primates.
Retinoids such as ATRA, which is a multifunctiong! nodul ator of cellular
behavi or that may alter both extragcellul ar ng met abol i sm and norma
epithelial differentiation, have<g it] ~egtll atory role in mamual s 10
such as the rat. For exanple, dlil at™es Ccfitical aspects of |ung
differentiation through bindi Rg ecidd c retinoic acid receptors that
are selectively tenporally and gpatially “expressed. Coordinated activation
of different retinoic acid receptors subtypes has been associated with

| ung branchi ng, alveolization/septatVlon and gene activation of tropoel astin
i n neonat S el j ation, retinoic acid storage
granul es ?h??ggé't%%uﬁﬁé&gg%g%%ﬁgéﬁégs%ﬁ%senchyne surroundi ng al veol ar
walls (Liu et at., Am J. Physiol. 1993, 265, L430; MGowan et al., Am J.
Physi ol ., 1995, 269, L463) and retinoic acid_¢ 50ell expression in the

| ung peaks (Ong et al., Proc.. Napl. Acad of , 1976, 73, 3976; G unmer et
al., Pediatr. Puim 1994, 17 , pgsttion of new elastin matrix
and septation parallels deple ese retinoic acid storage
granul es. Postnatal adm nistr ’ i ROI cid has been shown to

i ncrease the nunber of alveol] rats,éaﬁ$%ﬂ8§%pports t he concept that
ATRA and other retinoids may induces alveoli formation (Massaro et al.,

Am J. PhysiolL, 270, L305, 1996).

B

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):

( ‘ A BsX-R
®)—

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



Treatment of newborn rat pups w th dexanet hasone, a gl ucocorticosteroid,
prevents septation and decreases expression of sonme sub-types of retinoic
acid receptor. Supplenmental anobunts of 25 ATRA have been shoh*Pib2¥Pevent
dexanet hasone i nhibition of alveoli formation. Further, ATRA prevents

dexamnet hasemez/Agsgym di m ni shing retinoic acid receptor ex i d
subsequent al veol ar septation in devel oping rat |ung. AT% 2asoq)gg§elﬂ

reported to induce formation of new alveoli and returns elastic recoil in
the lung to approximately normal values in animal nodels of enphysema

Massaro et aty, . 3 ur d. , 75; . "Strategi es.t o Augment
,(AI veol i zati on,B IS&F%MSQ@FT?(%? “Ig’ﬁ@?o)Bl‘ (pglg{{?r@?zfcﬁi%g HL- 98- 011,
1998; MasRACACRLCRD)-, -0t RECSERDRS e -éCﬁQSU#%é‘-Fg)WC%Izﬁ,‘E{rU 2005

S.CERLE!
However, the nechani sm of action of ATRA in thesée st o
undef i ne&H&@ough Massaro reports that ATRA generates new al veoli. Mre

i nportantly, the u resent everal toxicity or adverse effects
concerns. Thus, no?}%ﬁ%%@%%&%g@%eﬁﬁg?\g%g%?ﬂm treati ng dernatol ogi cal -
di sor8ers, enphysewith the@rovisosthiat:wi t hout the toxicity problens of ATRA or

ot her retinoids are highl H(}fe_si.rabl e. The cyrrent invention provides novel

retinoi d agonists, a met BreER-95 ne R ), thep Bds nete O8XOxiand conpounds
for the preparation of rmghgpige@m.izgj, ggghggd@(og_r.eventi ng enphysena,
reat’

cancer and dernatol ogi cal di sorders, et hods of t ting or preventing such
di seases, pharriieerhorbgleraaniipositions suitable for the treatnent or

prevention of @ucl (d_.b?- ses, and nethods for delivering formnul ations of
novel retinoi é%:l&l:%o ﬁ{g’lung of a mammal suffering from enphysema, cancer -

and &@r mat ol ogi cal Iﬁiisaﬂtﬂec;&loaﬂ@mmydl:omy}ﬂkﬁ, hydeSly, AEHOE bryld:ie present .
i nvention _prqvides a co according to _structural formula (I): | or a
phar naceﬁyae%lﬁxféé’g élﬁ?ﬁ}? gt&g‘ﬁﬁ* , £% apHng plkyleptng, dislledaminper ei n:
heteroalkyloxy, heteroalkylamino, heteroalkylthio, heterocyclyl or heterocyclylalkyl; and
R%is:
(a) - (CRIOR'i l)m"Yp‘Ru;
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(=0) 01 -S(O0)~;
R™, RY and R' are independently hydrogen or alkyl:and
30 L is heteroaryl, heteroarylakkyl or heteroalkyl



nis an integer from0O to 2; Bis -C(OO0, -0C(O-, -C(ONH, -NHC(O) -,
-NHC(O NH, -CR?=CRs-, -RCs-C(O-, -C, -C-C(O-, -CH20O, CH%g - OCHr
-SCHr, -COCHr, or - CH2CO-; Rl and Rs are independently hydrbﬁ‘é’ﬁ 1053 kyl ;
Xis aryl or heteroaryl; R is -C(--%; R9 is alkyl, cycl oallcyl,
cycloallc , hydroxy, allcoxy, aryloxy, cycloalky

Cycl oal kyﬂ%ﬁ{é gxy, aryl al kyl oxy, am no, al kylam no, di g’?@‘i”%‘ﬁ%lﬁﬁ
het er oal kyl oxy, heteroal kyl am no, heteroal kylthi o, heterocyclyl or
heterocyclylalkyl; and ‘R2 is: (a) -(CRIORI),wi Rr2 51 April 2005 inis
an integer froml to 10;, &‘igsOorl; R10 and R 1 are ingesgndently hydr ogen,

al kyl , hydroxy or hydr o¥iutheprovisothat-wheg A-Bds e (O R 4GRS thendnts n9t i s an
integer fromO to géte[@@ng. 3 is hydrogen or alkyl; R12 is hydrogen, alkyl,
cycl oal kyl, cycl oal kyl - & ky aryl, arylalkyl, heteroaryl,

heteroaryl ai kyl , a@)FCREFCBY bawhenih is (ORI roySONRIERY inthetekl” iscalictand Ky |
het er oal kyl , het ergsl bstituted cycloal Kyl et er osubsti t ut ed

cycl oal kyl, het eroguggg*{ﬁj%ég'd@%%oé Wd?%eﬂéf‘fﬂkﬂrﬁt erocyclyl or

het erdeycl yl akdeliR? isintipehdemtlyhouiosen, lahel, iRy REbxo;bA€N R12 is not hydrogen
or al kyl;

tislor2forn=10r2, and

tis1 foru=10.

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. '



(b) heteroaryl; (c) -Z-L; Zis -CR14=CR 5-, -CC, -0-, -NR16 , C(--O or
-S(0Oqg-; R14, R15 and R16 are independently hydrogen or al§%l;_?nd Lis
het eroaryl, heteroarylal kyl or heteroal kyl; (d) t4=CRts-L1 &pal 1005 5 s
O Zj 2vor SOZNRi sR v where n is ( Rialkyl and R18 and R 9 are independently
hydrogen avoat/dsgie;, each R3 is independently hydrogen, al lgdyegaydfogxy 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

For & £ I et 5P 0P SR ot b
Cancer -and 4 ger mat ot 0g1 cal gl aor der . AeLora payt PSR St Sthe
present PHEETHPBA: PicdicaBsulooyhandthe ke i cal conposition conprising a
Becording.t ot PR HERY, Ml ks Oy R HIER o S cRIGHSH BEcleRlet
carriér.a@@ﬂgﬂmpﬂsddi@ﬂ$mﬁﬁnogdﬁmQEMMﬁhwib&@huﬁﬁ@ﬁ@hx?khﬂmpnBﬁgﬂhuﬁ@yention
s oty PRSI Ao &GP ERET R ORi 1y i “ru2 and Ri2 (s heteroaryl Vi
S - Ay e
.8-» 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.



hydrol ysis with a base. Disclosed herein, in one enbodi rrent t he invention

may provi de conpounds having the structural formula (1): ?
pharmaceutically acceptable salt, solvate or hydrate thereof \ﬂﬁ’é‘!%‘?%
an integer fromO to 2; cisOorl; disOorl; Ais -C(=C12)-, -C(=NR)-

- CRSR6-; Ry go/ix%fly ogen, al kyl, hydroxy, al koxy or am no; %%"E‘MW R6 are
I ndependently hydrogen, alkyl or together, along with the car to which

they are both attached, are cycloalkyl; 5b 1 April 2005 WD 02/ 28810
PCT/ EP01/ 11017 Bis -C(O O, -OC(O-, -C(ONH, -NHC(O-, -NHC(O NH,
-CR7=CRs-, -R7CCRs-C(O-, -CC, -CCCO-, -C0, -CHS-, -OCHr, -SCHr,
: EOCHr or - cegﬂﬁh%\cyhmkﬂﬁmeﬁi& aaﬁacmnnmbwﬁa@tl\fl%&s Bﬂta%@&ﬁ% gifip aﬁc!tmb &:Ezg) Wi th
e provis e en is not -
and wherf¥ gfoﬁgla@méﬁm‘il}%ﬁn’ﬁ& sCYﬁ]@PeXY@E‘@'land%mée aryl or heteroaryl:
Rl is -C(=0 - ReubstifrdPcsy) c i(liﬁeanQX &@%ﬂ@i Gt l%}‘zh
ai koxy, aryl oxy cycl oal kyl oxy, E* oa fa{ﬁ.% gxy 1’9?‘3{"1 y?ﬁg?/&gé% no,
al kyl anl ithige (raFisrakl ened hsirogen 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,

nis

(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, alkoxy, amino, aryloxy,
carbamoyl, cyano, dialkylamino, ethylenedioxy, halo, haloalkyl, heteroalkyl, hcteroc'yclyl,
hydroxy, hydroxyalkyl, methylenedioxy, nitro and thic. More specifically the ferm heteroaryl
25  inclodes, but is not limited to, pyridyl, furanyl, thienyl, fhiazoljl, isothiazolyl, triazolyl,
imidazoly], isoxazolyl, pyrrolyl, pyrazolyl, pyrimidinyl, benzofuranyl, tetrahydrobenzofuranyl,
isobenzofuranyl, benzothiazolyl, benzoisothiazolyl, bcnzot:iazolyl,. 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.



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

het erocyclylalkyl; and R2 is: 15 20 25 30 (a) -(CRLOR11)m E s an
integer fromi to 10; pisOorl; RL0 and R31 are |ndependentI§Aﬁ9'%Q%?

al kyl, hydroxy or hydroxyalkyl; Y is -0-, -S(Oy- or -NR13-; and q is an

I nt eger fwanekssw 2; and R13 i s hydrogen or al kyl; R12 i Mmgﬁp al kyl,
cycl oal kyl, cycl oal kyl -al kyl, aryl, arylal kyl, heteroaryl

het er oaryl al kyl , acyl, al koxycarbonyl, carbanoyl, substi t ut ed cycl oal kyl ,
het er oal kyl , het eroal kyl substituted cycl oal kyl, heterosubstituted
cycl oal kyl, hegt erosubstituted cl oal kyl aIkyI het er ocycl yl or

het er ocycl yl al FKEWW Hn?ﬁéa%#@wiﬁéwﬂﬁﬁﬁbﬁM%Hkpma“mmmanmﬁxﬁnmxehymnggdrogen

e ol MR R heng R oot SR e SR AR oen

or al kyl o&@R L—NE"RI‘Landr-fS@kR (Wieren ieanihebénfrom 0 the), eidahkiddebstdndiip thhr 2005
VO 02/ 28&%%051% Egotlun Hhe heteroalkyl radical is through a carbon atom, wherein R is
5 hydrogen, acyl, alkyl, cycloalkyl, or cycloalkyl-alkyl; R? and R° are independently of each
other hydrogen, acyl, akkyl, cycloalkyl, or cycloalkyl-alkyl; and when n is 0, RYis hydrogen,
alkyl, cycloalkyl, or cycloalkyl-akkyl, and whennis 1 or 2, R%is alkyl, cycloalkyl, cycloalkyl-
alkyl, amino, acylamino, monoalkylamino, or dialkylamino, Representative examples include,
but are not limited to, 2-hydroxyethyl, 3-hydroxypropyl, 2-hydroxy-1-hydroxymethylethyl, 2,3-
7 10 dihydroxypropyl, 1-hydroxymethylethyl, 3-hydroxybutyl, 2,3-dihydroxybutyl, 2-hydroxy-1-
methylpropyl, 2-aminocthyl, 3-aminopropyl, 2—methy1§u1fony1ethy1, aminosulfonylmethyl,

aminosulfonylethyl, aminosulfonylpropyl, methylaminosulfonylmethyl,
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 n is an integer from 0 to 2) such that when nis O, R is hydrogen,
alkyl, cycloalkyl, or cycloalkyl-alkyl, and when nis 1 or 2, R is alkyl, cycloalkyl, cycloalkyl-

10



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 NRlFBE%% Wher e
R17 is al'kyl and R18 and R19 are independently hydrogen or I""IP§31 : each
R3 is independently hydrogen, al kyl, hydroxy or oxo; and

tislor2f ogpghHisgipand tis 1 forn=0. 10 "Acyr' neans a radﬂ(ﬁ%}*ﬁi@fﬂ@? R, where
R is hydrogen, alkyl, cycloalcyl, cycloal kyl- alkyl, aryl or arylal kyl
wherein 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, acetyl, cylcohexylcarbonyl, cyclohexyl nethyl carbonyl, benzoyl,
benzyl calkdn3mino Aeylantieo, mqaeallcylﬁn@noenﬁd%ilfékylmiansRapueathe exiRpleY DrRdewher e

R is h : ! ' 1cal kvl cycl oal Kyl ,

Cycl oal 1o SRy Ainil 8 2, 32 B Ry ol o9 o el 23 or e

cycl oal keplfoaitkigbcyciohykyloamd the Wke blefératly d-ladrotedycivt@dxie 2 ainfinodyephesgnt-at i-ve
exanpl es_incl ude t .are not limted to fornylam no, acetyl am no,

cyl coheﬁ?@ﬂ?‘ﬁ%ﬂ%cg%em; cycl ohexyl nethyl - carbonyl ami no, benzoyl ani no,
benzyd carbonyirdratbstai@d thodikf iy Anke% 4 TadIBARSRE. Wigdh Rafs « OR where R is
an al kyl group as defined herei'n e.g 0 met hoxy, ethoxy, propoxy,

but oxy, oyubeitnick eycleglkyl sadiesd epdRy is'anplieriane sadicadi cal - C(O) - R where R is
al koxy is as «qgfd L. et "ondBRan i . S NQval ent
hydr ocar bon r g%itéég(ﬁgl 11 e%ﬁ%ﬂataga%lﬂ#%%ﬁ 5on getd gl?r}é a%bﬁﬂaucbcs'gﬁéc%g%q]s at'ur \aé?ed
monoval eumrg dtgmis towhioh one andivoaingaforhdure bettwatbing selactvd froat W@, or Oy, , net hyl
ethyl, propyl, 2-propyl, n-butyl, iso-butyl, ten-butyl, pentyl, and the

li ke. 25Wharadis shiipeecr AoEHR to2)r therepdiningHRS wlears deigreprheseonsordwodt ky| |

g estvme ey SHERRAY Y it by QL@ A potE THE RalgficRlibt i ikgBe ™ of 1 ve

et hyl am optiohaligetubstiteted jridapindentlicwith ohe xwo, amitnes, subsituedte séledted fromlaldgpl,ene”

TeANS 2 AR, RRSAR i e, S oS RGELR? TR st Shoroafiotdhihs,! 2" °O"
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
hydroxy groups, provided that the same carbon atom does not carry more than one hydroxy
gr(;up. Representative examples inciude, 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



atons or a branched saturated dival ent hydrocarbon radical of three to ten
carbon atons, e.g., 30 nethylene, ethylene, 2,2-dinethylet hill enf

propyl ene, 2-nethyl propyl ene, butyl ene, pentylene, and the APEI 2605, Apri |
2005 WO 02/ 28810 PCT/ EPO1/ 11017 "Al kyl sul fonyl "™ nmeans a radical -S(O 2R

where R i syegngbigy! . cycl oal kyl or cycl oal kyl - al kyl gro%ﬁogﬁf‘ﬂped
herein, e.g., nethylsul fonyl, ethylsulfonyl, propylsulfonyl,

butyl sul fonyl, cycl ohexylsulfonyl and the |ike. "Al kylsulfinyl" means a
radical -S(OR where Ris an alkyl, cycloal kyl or cycloal kyl - 5 al kyl group
as defined herein e.g., nethylsulfinyl, ethylsulfinyl, propylsuffinyl,

but yI sul £3riihydrospatydriakdihydraxybyty! and@-hyidrokymethyl)SAtidydrypiopyl, prefierably

radi cal 5‘3‘}’(\4}9 S | kyl.- al - up. as
defi ned ? el n %%L?Bmtgﬂy%ﬁ?%fyi é*i/%ﬁﬁq@é%%@g%%ﬁﬁgxy eﬁhﬁy‘iﬁ&qnggéﬁ i & _
cycl ohexydetithiereim fe thime “hydrexyalkyl” is Asad t defere v subseruf engrdaikgl goaps. cycl i c
aromati ¢ hydrgcar.bon radi.cal, which is opt.ional Ig/ substjtuted wth one or
nore substi t uertane ST ap e IB??EP&%V%*PO%E@@@,%W@ fidntvathest grespigy)| v

sel ecs edcentisty, e, & Mok GANSbSY EdpabRlf Beiky hispRS by Autidphilfand includ
al koxycar bonyl". al kyl ani no,ﬁf_;lbdl%sl sulfinyl Parkylsulfonvl . SRR &'

(where RRalg frcives chiero, bromiees pritiedely alkpResuléepatoxys arghdsyifpnylonyk glkyleambonyloxsk oxy,
Pt or oal i SO A A Gy A o) itoee Sk Bun RIASIRS, ons
et hy| ene@igw@d4-dinitraphenamy)l, méthoxy, MDelimphyihdoaylamitdand e tikar yl i ncl udes,
napht hyl - 20 s SRARR sl Blat i vor theroof . ALyl alkyl " refers to
an alkyl radi Parm@etdalpa8cddBib®l dkciplentosdhs AR ex&hichitBadly ereﬁﬁ%‘greéﬁi@é) e
of the al kyl ac?eggu cl I% r eglnaced_ with~an aryl _gr oup. Tyﬂgl cal arylalkyl Tgroups
i ncl ude, Phsg omposition that is generally safe, non-toxic and neither biologically nor

otherwise undesirable, and includes excipient that is acceptable for veterinary use as well as

human 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, methanesuifonic acid, ethanesuifonic acid, 1,2-ethane-disu}fonic
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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are not limted to, benzyl, 2-phenylethan-I-yl, napht hyI met hyI

2- napht hyl et han- 1-yl , napht hobenzyl, 2-napht hophenyl et han- 1- yI ft t he
like. "Aryloxy" means a radical -O-R where Ris an aryl grou Apd i ned
herein. "Arylal kyl oxy" means a radical -O-R where Ris arylaicyl as

defined hey@loshessis Car banoyl " means the radical -C(O N R 2cvhebgipch R
group i s independently hydrogen, alkyl or aryl as defi neg herein

"Car boxy" neans the radical -C(OCH "Cyano" neans the radical “CN.
"Cycl.oal kyl" refers to a saturat ed nonoval ent cyclic hydrocarbon radical of
three to 30 seven ring carbons e.g., cyclopropyl, cyclobutyl, cyclohexyl,

4- et hyl cycl offés jarma fiprotdrag’ aﬂdé‘prtﬁMg”Apfrmdedmahan@zﬂm/maandrmy 11017

" | oal I d
R s a CoumePla e RS e R P SRS A g o BB o R O e
like. " Smammgdmgﬁ;d aadiglered 16 @ RtandmAlis6 Isaligédty Proditts 68 caspdt@fiioned herein
with one, two preferably oneg) .hydrogen atons repl aced by

-Y- (O RS‘(W%?&OHP“MS@ &R Preparg Pysm SPRE B IRAGp ERARomRl srgum@)cerw@hm
acyl , 5 acHeABnjRundbidtnctu@dl FOPMGEAT AMY%h sud LY A0 eﬂo?ﬁ?é{l(tﬁrigxy e bamoyl

al kyI sul fonyl al kyl thi o, al koxy, amino, aryloxy, aryla
cyano, anftddy [Va’l‘-?ltﬂ @elcaﬁaﬂ@,paxmt emipopnd. Protimgs ickyde compoimdxgf stregtiradxy al kyI

it
ncepen i (I8 hettin Bty IRRAS, o SURRlORA rdiTh o KORRGRE O RErcRupt 1y s
g_efl nﬁdl fmmll‘lan(l \Flié)ﬁslbe!fhﬁfmbmemﬂmi bmﬁﬂﬁn?ﬂ&o&a&mmm@&e&i mted to
I met no,, nNe e no, e am no
(cycl oﬁeﬁﬁr 3/ %ﬁﬁ“ﬂﬁ?&’%@% H@Riﬂt‘)"f’]é{t E%F‘}lﬁlﬁ%/ rodrugs include, but are not
(CyCi@heliﬁin)e&I@d %Ms)(agly , Bbtate, fSﬂﬁEét%Eﬁ&Ué éténéa»(aﬁ%swaﬁbama@g feg, O,N-Chl oro

(cycl ohexyhnet hyl ) (et am no an 't ke means
br ono, M@@dammoéarb@w of hypeay dunctignal lgraypsin compounds of structural formula (-

VIII), N-acyl derivatives (e.g. N-acetyl) N-Mannich bases, Schiff bases and enaminones of

amino functional groups, oximes, acetals, ketals and enol esters of ketone and aldehyde
functional groups in compounds of Formula ¥-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, tetrahydropyranyl 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., cansing at least one of the clinical symptoms of the disease not to
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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, -CHZCC%i.?%g t he
| ike. "Heteroaryl" means a nonocydic or bicyclic radical of EApg 5ring
atons having at |east one aromatic ring containing one, two, or three ring
het er oat of® o38dsget ed fromN, O, or S, the remaining ri PESTR1Ag ng C
with the understanding that the attachnment point of the eteroaryl radical
will be on an aromatic ring. The heteroaryl ring is optionally substituted
20 i ndependently with one or nore substituents, preferably one or two
substituents, selected from acyl, acylam no, alkyl, alkoxycarbonyl,

al kyani néevelopidy b smamfrnad yhat may be pkpased toroyipredispORNRS Bie difeaketrue dBEs mugetR' ar e

i nd d - Kk I t hi Kk ' I .
e R S T T ST
het er oal thyldevdienenoof/ht discase byﬁb]@syonébfdﬁ@ﬂﬁﬁé%%}mgtﬂiﬁ&)f'ﬁﬁﬁf&ﬂigcﬂﬁ dis€skr O
and thio,. More.specifically the termheteroaryl 25 includes, but is not
linited $6; CWHEJWFS&I%F@/% cisepgg @y leastane 97 Bleplinicplsymieney Prevertmgarol yl |, .
i M day ol pleverlioR ¥moalphises RithinRirition M&%ﬁﬁﬁ%‘xepr{fzbg t[dhﬁhﬂfe]@%*ion BERE AuiRy!

t et rahydrobenzof uranyl, isobenzofurany I azo
benzoi soliffrdele| y| , benzotriazolyl, indolyl, isoindolyl, benzoxazolyl,

O PR oo AR sSSP AR R L
al kyl r cafiministered tol e fnanenh) artedating & diskdse|is eufficieht th ReFekt \SHFI0G@Rme@ e fe Of t he

al kyl group is.replaced wth a heteroaryl group. 9 1 April 2005 WO 02/ 28810
PCT/ EPO 1&&‘%&"1%"%@1@@1’8&‘? y effertiys @mopnt;will [Vagyfependingan the ompenmdethsi n ‘

whermg N @8R sOdndRIs8v ARIGRE ag A WRIEH hay &rReeRahi .Lkh a substituent
I ndependent|ly sel ected from ??le gro&p consi st | ngm%?)%%%‘?' - NRbR, and

S(O) 1Rd (where n Asgsedhharein sepeters fcommunds ofthe inivention? eneanvibe sompatindg of hat
t he poi TeRdt - I ical is.thraugh a_carbon
at om WI% r g‘?cnﬁ)%éfq m Ji giug}g%ﬁbute géWﬁ? %Cﬁg‘i/%qﬂ?é)flﬁ% witigp those forsiu
cycl oal kdisclased iereinRThanompdunds of the deeaticiedrt identfieERGéin by their chemical
structure and/or chemical name. Where a compound is referred to by both a chemical structure
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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ot her hydrogen, acyl, alkyl, cycloal kyl, or cycloal kyl -al kyl; and when n is
0, Rd is hydrogen, alkyl, cycloal kyl, or cycloalkyl -al kyl, fgﬁﬁﬂ@ﬁﬁ nis |
or 2, Rd is alkyl, cycloal kyl, cycloal kyl- alkyl, am no, acy )
monoal kyl am no, or dial kyl am no. Representative exanples include, but are
not |imtegd®nssdehydroxyethyl, 3-hydroxypropyl,

2- hydroxy-1| - hydr oxynet hyl et hyl, 2,3 10 di hydroxypropyl, PCI/EROL/1L0L7

1- hydr oxynet hyl et hyl , 3- hydroxybutyl, 2, 3-di hydroxybutyl, 2-hydroxy-I -

met hyl propyl, 2-am noethyl, 3-am nopropyl, 2- nethylsulfonylethyl,

ﬁ‘ren;[ E;)isglmf ggg{“ﬁf t héI%%ag nosul flﬂogﬁl et hyl ﬁ_am, nosuéTf?EOn r=é)ycEC Oy 01(_1 |
TRV AT O AR PR SRS, it 0 BRI 5D E RISy

means a r diieCl-, 1©, Medlicne nRidty has the Betavedchghisgyoup as defined herein.

"Het er oa cl.oal.k ans. a ical as defing
herei n m%é%%%ohgne%ycﬁhe?%i%% Bﬂdl#’ﬂf‘n%ai?ﬁﬁ?Wé &5 Wﬁmqmé(ﬁcal
have tee mSIhydﬁ@amdmrﬁnbmez&nn@ntnam@w Whyttm B, aRlokY bmBbAHRNR aﬁlﬁﬁt?l
under standl that he het eroal kyl radi cal J.S attached to the cyc kyl

r adi cal v“i’%[ o IR 2pefher cmbodiment & ishydrexexanpl es i ncl ude, but are
not |im ted to;njon areyavav e nlaly. WasVied i and
the Iike. "Heter ogébstl tuted cy%@o%?%mwoﬁggﬂé‘ a g}%@#@?ﬁ?aﬁgﬁﬁ as

defi ned heoranla (Mherein one, two or three hydrogen atoms in the cycloal kyl
radi cal have been replaced with a 25 substituent independently sel ected
fromthe group consisting of hydroxy, alkoxy, am no, acylam no,

nonoal kyl am no, di al kyl am no, oxo\(C=O), im no, hydroximno (=NCH),

NR.SO2Rd (where R is hydrogen or =2 ABCBd—XIi}l kyl, cycI oaI kyl , am no,
nonoal kyl am no or dial kyl amnQ) .1 R (Wnere IS 0 or Ris

hydr ogen, al kyl, hal oal kyl, ro eQ oal kyI am no,

di al kyl amino, , or optionally sub ut ed phenyP (}}%ul s H 30 or alkyl)
or -S(O.R (where nis an integer fromO to 2) such that when nis 0, Ris
hydragen, al kyl, cycloal kyl, or cyclodlkyl-alkyl, and when nis | or 2, R
is alkyl, cycloalkyl, cycloalkyl

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



10 1 April 2005 WO 02/28810 PCT/EPQOL/ 11017 al kyl, am no, acyl am no,

nonoal | cyl ami no or dial kyl am no. Representative exanpl es i ncme ut are
not limted to, 2-, 3- or 4-hydroxycycl ohexyl, 2-, 3- or 4-a 8&% ohexyl ,
2-, 3- or 4- sulfonam docycl ohexyl, and the |like, preferably

4- hydr oxyoyoloadssxy! , 2- am nocycl ohexyl, 4- sul fonam docyclep i‘c)ﬁ'/ngﬁ

"Het erosubstituted cycl oal kyl -al kyl" nmeans a radi cal RaRb- ere Rais a
het erosubstituted cycloal kyl radical and Rb is an al kyl ene radical.
"Heterocyclyl" nmeans a saturated or unsaturated non-aromatic cyclic radical
of 3to 8 ring atons in which one or two ring atons are heteroatons

sel ect ed from IR stib angshergpreferred ¢mbediment éfsompotmisdgeingfstrocnural fondih (1), e is

remai ni NQgg Iy ; ggisn LAzone or_t at o may Qptionally be
repl acedg%ylggggégg%y gr'gﬁfg?ef%i lﬁe{sech %WWY?QP%%J’WE@@M i¥nal ly .
subst i t utketerbeydbihe Gdmpbind 38 ih/TabRe, exewplifies tid¥BbasHBRt i t uents sel ect ed
from al kyl , t}aﬂ%ﬁ-ﬁl k‘?‘b hFe# e%é)al kyl., halo, nitro, cyanoal kyl, hydroxy,
al koxy, am no, ARV PIferEs em 1 of PRI oS\ wng styrctural feymula (), R is
(wher& 8,901 ahd ¥Rs -S(0)J-S PREGELIF, RRjd n ‘hetek I kyl,
hydr oxy, a?koxy am no(, )drmnoal &Iill%’aIr{ﬁ #o%ygﬂ@gﬁé?naﬁgg%#tg&%gal |y
subst i t uthetFracyclyh engateraensiyialkyls Gompoundsdd 3nd 2&inEablericeepP)ify thishere, R is
hydr ogen, erofithent Nal 0al kyl,  hydroxy, al koxy, ami no, nonoal kyl arni no,
di al kyl am no, or optionally substituted phenyl) or -S(OnRd (where n is an
i nteger from Ontil yothargréferédseniysdiagndf COMPYIAS HakiRasmitnirs fPmmIR Y n is
hal oal kyl ?/fl Of'kk I Ctjgx;%ﬁgkﬁh-‘al kré‘l , am no,_nonoal kyl am no,
di al kyl arf R& T 8F Q%T%x%? » Rnvge 8y&psen. ardadtkyl, eambamasiteyploalisyoapt| v
i ncl udes heteebarylsorteterbd iyl €dndpBund$1 hef'e[b"f’cﬁi’ gJis ergbc}?iﬁhétg.' no,

thyl pyrroli1dn-3-yl, 5-

N- et hyl pi peri di n-3-yl, piperazino, N-nme
pyrrolidino, #fHhadthes praferesambsdunéntof compoimds piihg stoachiral Gotnslds (I1), m is

ther cof | Pt purs D T el poreln 8% ey, WhiBR bt BeseEh ol Kyl ene
group ande®ncyelybor heterocyclylalkyl. Compounds 26 and 27 in Table 1 exemplify this
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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het erocycl yl group as defined above, e.g., tetrahydropyran-2-ylnethyl, 1,
2-, or 3 25 piperidinylnmethyl, 1-piperazinyhnethyl, )

4- et hyl - pi perazi n-1-ylnethyl, and the |ike. "Fwdroxyalkyl"lﬁ@ghgmgn al kyl
radi cal as defined herein, substituted with one or nore hydroxy groups,
provi ded Whipéxdshm sanme carbon atom does not carry nore tBaR Q08:4gydr oxy
group. Representative exanples include, but are not limted to,

2- hydr oxyet hyl , 2-hydroxypropyl, 3-hydroxypropyl,

1- (hydroxynet hyl ) - 2- net hyl propyl, 2-hydroxybutyl, 30 3-hydroxybutyl,

4- hydr oxybuty 2..3-di hydroxypropyl ,  2-hydroxy-I -hydroxynet hyl ethyl, 1
April 2005 V\Dl[‘b%o?%?é W%Efﬁrﬁ.?&%ﬂ}f%%ﬁe El,‘ygﬂ'%ﬂnm}ﬂ%%fswwqu having the

3, 4-di hydr oxybutyl and 2-(hydroxymet hyl) - 3- hydr oxypropyl, preferably

2- hydroxyet hyl, 2, 3-di hydroxypropyl and 1-(hydroxynethyl)-2-hydroxyethyl .
Accordingly, as wused herein, the " gégg kyr' is used to define a
subset of heteroal kyl groups. 1S t he neani ng

thetic organic 5 chemistry, i.e.,
an atom or a group capabl e of beihg pladwtkreagyla nucl eophil e and i ncl udes
hal o (such as chloro, brono, and”iotlo), al kanesul fonyl oxy,

ar enesul fonyl oxy, al kyl carbonyl oxy ( ., acetoxy), arylcarbonyl oxy,

nesy| oxy skl fxula (I | uor omet hanesul f onyl oxy, aryloxy (e.g.,

2, 4-di ni trophenoxy), nmethoxy, NO di met hyl hydroxyl am no, and the |ike. "Oxo"
means di val ent radical (C=0). 10 "Pharmaceutically acceptabl e excipient’

nmeans an | plent . t, eful _i.n_pr ing a .pharnma tic

conposi t?lgﬁ( t a.&?JE 0 naé:!r:%ﬁ@e %ag‘r g?lvﬂgﬂﬁ%tﬁgﬁmf’r%ef%g’eﬁi%ld%i 81alr‘13y nor
ot her5v sandmatess previonslyalfinéd) abotapcundx 48, AI9LTHG Andals7 i TAIE € RkaRbIfy Ry

vetieri nar u;e a || ‘as human pharmaceutical use. A "pharnaceutically
accept abP gr ®MUs used in the specification and cl ai ns incl udes
bot h one and HMEtHeP o sal : . t e fi@hlaY pt abl e
salt' of a conpound %%gﬁgﬁgﬁgg¥t tha?ﬁ?@ﬁgﬁééﬁgg§§§$%§ﬁgvhﬁacceg abl'e and

t hat pos@@%@es t he desired pharmacol ogi cal activity of the parent conpound.

> A B+X-R
®)—
ZL

10
or a pharmaceutically acceptable salt, solvate or hydrate thereof, wherein A, B, ¢, d, X, R}, R?,
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
mmmqﬂﬁyﬂﬁsenmodhmum

15 In another embodiment of generic formula (¥), 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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Such salts include: (1) acid addition salts, fornmed with inorganic acids
such as hydrochloric acid, hydrobromc acid, sulfuric acid, nitrjic_acid,
phosphoric acid, and the like; or formed with organic acidslgﬂEngE acetic
acid, propionic acid, hexanoic acid, cyclopentanepropionic acid, 20

gl ycolic w@ensfagruvic acid, lactic acid, nmalonic acid, §%§&§9ﬂﬁn cid,
malic acid, maleic acid, fumaric acid, tartaric acid, citric acid, benzoic
- acid, 3-(4-hydroxybenzoyl)benzoic acid, cinnam c acid, mandelic acid,

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

2- hydr oxyet hanesul foni ¢ aci d, benzenesul foni c aci d, 4-chl orobenzenesul foni c
acid,2 - naphthal enesul fonic acid, 4-tol uenegs Bic acid, canphorsulfonic
acid, 4 25 methyl bicycl o[ 2. 2. 2] -0s R
aci d, 3-phenyl propionic acid, - vC ach4, tertiary butylacetic
acid, lauryl sulfuric acid, glutamc acid, hydroxynaphthoic
acid, salicylic acid, stearic acigh Ezacid, and the like; or (2)
salts fornmed when an acidic proton present in the parent conpound either
is replaced by a netal ion, e.g., anVYalkali nmetal ion, an alkaline earth

ion, or ) Lon: 0 oordi pates wi.th an 30 organic_.base such as
et hanol aﬁ%@%%@#ﬁ%&@%@h@@ i Rﬁ%l@ﬁa@c@%m&r@;R dR e
net hyl gl asqraviosly dofihed. NB dnbther edBodlmAR! fhk i 1 gé%]:ﬁ SlARRRL/ 11017
The terns "pr -d};u " and "prodrug"” aféig’ﬂggggggﬁ?ne?ﬂcgﬁg%% y ﬁer el rf’tg%d
refer tcotH ‘whi ch rel eases an active parent drug according to
strugtural formula (1-VIl) in vivo when such prodrug is admnistered to a
manmal i an subj ect. Prodrags of a conpound of structural formula (I-VII)
are prepared by nodi fying one or nore functional group(s) present in 5 the
conmpound of structural formula (I-VI1) in such a way that the

nodi fication(s) my be cleaved in vivo to r asest he parent conpound.
Prodrugs include conpounds of s (I-V1]) wherein a

hydr oxy, am no, or sulfhydryl sd of structural formula
(I-VIl) is bonded to any gr ‘ ! cleaved in vivo to regenerate
the free 2

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 (VID:

Rl

[ N

( . S
n
®— g2

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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hydr oxyl, am no, or sulfhydryl group, respectively. Exanples of prodrugs
include, but are not 10 limted to, esters (e.g., acetate, fornmg and
benzoate derivatives), carbamates (e.g., N N dinethylaninochﬁﬁﬁh§¥¥ of
hydr oxy functional groups in conpounds of structural forrmula (I- VIII),

N acyl deﬁ&%ﬁﬁ&ﬁ@s (e.g. N-acetyl) N Mannich bases, SChi;én?ﬁﬁﬁﬁn?nd

enam nones of ~am no functional groups, oxines, acetals, ketals and enol
esters of ketone and al dehyde functional groups in conpounds of Formula
[-VII, and the |ike, 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 a reactive group in a

nol ecul e masks, reduces or prevents that reactjyvity. Exanples of protecting
groups can be found in T.W Geen and P.G Fuﬁ%, "Protective Goups in
Organic Chemstry", (Wley, 2nd ed. 1991) and'Harrjison et al., "Conpendi um
of Synthetic Organic Methods", Vols. 1-8 ! & | ey and Sons,

. "
1971-1996). Representativesangrno prot ectgroups i ncl ude, but are not
j %7 benzyl, benzyl oxycarbonyl

linited to, formyl, acetyk i et hyl Silyl {TVB)
rimethylsily '

(CBzZ), ten- butoxycarbony
2-trinmethylsilyl-ethanesul =S)RPtrityl and substituted trityl

groups, allyloxycarbonyl, 9 uor enyl net hyl oxycar bonyl (FMOC), nitro-
veratryl oxycarbonyl (NVOC) and the |ike. Representative hydroxy protecting
groups include 25 but are not IimVBH to, those where the hydroxy group is
either acyl ated or acyl ated such as benzyl, and trityl ethers as well as
al kyl et P ¢ ot rahydropyranyl ethers, trialkylsilyl ethers and allyl

et hers. As uqé’élistmﬁj n, the term"manmal " includes human. The terns "hunman"
and "patient” ,are used interchangeably herein. 30 T reating” or
"tredtment” JF Bmsa\hetsraalkylare detesrallylaaipaLar detstalyltig; €or der i ncl udes

preventing the di 322 (] . CaysSiesal. lee @ - .
Cymtoms of (hg aXSLaes e @ SHR R e P 1101
R™ is carboxyalkyl;

and n is an integer from 0 to 2.

-

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.

19



develop in a mammal that nmay be exposed to or predisposed to the disease
but does not yet experience or display synptons of the dise?gﬁg,' i biting
the disease (i.e., arresting or reducing the devel opnent of éﬂé$ ease or
at | east one of the clinical synptons) or relieving the disease, (Le.,
causi ng rgs sy of the disease or at |east one of the clinical
. synptoms). Preventing or 5 prevention enconpasses admi ni SCTAFOYRI0L7
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 treat mentPiefrirell Bempélinde aSlle inMefrion NEHAPAYL Etdih LB BgopmouNnt
wi Il vary depending on the conmpound, the 10 disease and Its severity and
the age, weight, etc., of the manmal to be treated. As used herein the term
~ "conpounds of the invention" neans t ounds of generic formula (I =
VII) including but not limted to spggﬁﬁggpconpounds W thin those fornul as
di scl osed hgr ei GMiTHe conpouMLBCULAR | nveft | 5 | femblLTbeMNErpi n by
their chem gal structure an8IRUCITERECal name. ere p conpound is
referred tojby both a ghem cal structure 15jand a chenj cal nane and;the
~chem cal structure and jchem cal nane confli¢t, the chehmcal structpure is
det er m nat i ve—ef—+he-cgrpound-s i dentity The conmpounds of the [nvenhtion
may contai one br nore chiral cent er s, and/] ot84»487.2 bonds and thefefore,
may exi st ag sStereoisdners, susf bl e{bond isomeys (i.e., geopetric
i soners), epantioners, for dia rs. Agcording tol the invention, the
chem cal stfguctures depicted hé&r®i n, and 20{t herefore {t he conpounds| of the
i nvention, ETICOTTISS atit—of—the—ecoerrespondi-hg—corpound—s—enanti-onelr s and
stereoi sonefs, tHat is,| the stgrgoisonegically pure form (e8¢,
geonetrically pure, enantionerg ut'e, for di asterleonerically pure) and
eantionericiand stereoijsoneric,; rés. Epantioneric and stereoisjoneric
m xtures can be resolved into their conponent enanti dmer s usi ng eif her
separation {echnigjues ¢r chiral Syntngsrs [,C"id Rmowr——the—art. 25
Preferred cpnpounds of Jthe inventiopsare RAR agoni'sis,| particularly] RAR
ganma e ' .

He'
4 @f‘ 209.4-211.3
5 Qg:}j" 55.9-58.2
6 3 246.5-248
HE oy
we oy
7 255.6-257.4
“.
‘ -«E ;‘ !
8 : 169.7-171
L
A
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sel ective agonists and bind to the RAR-gamma receptor at |east five fold
better than they bind to the RAR-al pha receptor. Binding af mr[g@g for
RAR agoni sts are typically less than 10 mcronolar, prefera iAFn than 1
m cronolar. 30 In one enbodinent, nis 1. In anot her enbodi ment, Ais
-C(=0 -. ko ygiggmnot her enbodinent, c is 0. 14 1 April %mﬂ 28810
PCT/ EPOL/ 11017 Preferably, B is -NHC(O NH, -CR7=CRs-, -R7C=CRs

-CaC, -CaCG-C(O- or -CH2O, nost preferably -CR7=CRB-, and parti cuI arIy
"R7 and Rs are hydrogen where Bis trans -CH=CH, i.e., the al kene noiety

has t he E-st achem stry. In_one enbadinment, X | s _phenyl |n another
embodi ment, i EMRBi#eny| . | nMOBESHHARMeNt ,| RMp Q) hyddgen. MA anot her
enbodi nent, |R3 is hydroky or SKRUCE®WRINe enbpdi nent, RY is al koxy, |aryl oxy
or arylal kyljoxy. In anofher enbodi nent, RO ijs hydroxy. {In one prefefred
enbodi ment, fthe i nventr pn pr ovr des corrpounds havi ng sthguctural forpula
(rr)y: 10 II arregetteal-y—acceptable M!t, M""*" or—hydrai e
t her eof , rerngrI c, d, X, Rl, R33, n, ng 8‘F1’75 Y, p and Rrp are as
previ ously ef i ned. Preferably, I Bl to 4. In one é=rrbod| ment, p|lis O.
I n anot her gnbodinent, pis 1. 15 preferred enbodi{rrent of corrpaunds
having strugtural formua (Il), mis I, pis 1l andy is -0-. Prefefably,
R12 is hydragen, gcyT, @Kyl carbamoyl—ctygr —tpleroaryl, or
het er oal kyl . Corrpounds 1, 5 and 15 | bl e 18%&?2% iy thrK;ioerrbod ment In
anot her preflerred enbod ment of co unds hgving strucfural formulaj(I1), m
is 1l p isil and Yis 3(Oy-. In enbodi nent, R12{is al kyl, cygloal kyl
or heteroal Kyl . Conpounids
11 2?‘;?“’ 164.7-166
12 ng{j‘\' 212.8-213.2
13 M 208.6-210.8
Wa Y
14 @x‘@k : 436
15 304
B
HE
16 ' 450
L
HE oy
17 i 479

2



20 2,3,4,9,17 and 18 in Table | exenplify this enbodi nent In another
"enbodi nent, R12 is heteroaryl, heteroaryl al kyl, heterocyclyl  or .

het er ocycl yl ai kyl . Conpounds 8, 19, 22,23,25,32, 34 and 35 i hApdbt®05
exenplify this enbodinment In still another preferred enbodi nent of
conpounds wawighest ructural fornula (11), inis 3, p is e 1 -0--
Preferably, R12 is hydrogen, acyl, alkyl, carbanoyl, cycl oal kyr, aryl, 25
het eroaryl, or heteroal kyL Conpounds 10, 11 and 12 in Table 1 exenplify
this enbodinment is 1 April 2005 WO 02/28810 PCT/EPOL/ 11017 In still another
preferred enhodinent of conpounds having structural formula (11), inis 3,
pis | and Y i LMEA3- .| Pref MOIEGULAR is 4cyMp @Ryl | MeallloalMy+, | aryl,
het eroaryl, |or heterocyclyl STRIMIOURE 33 inp Table 1 exenplifies this

enbodi nent Ijn still andther preferred enbodiimrent of cofpounds havi ng
structural flormula (I1)}, inis 5 3, pis | dand Yis -S{0Oq-. Preferably,
R12 is aryl e ﬁl KyH-——heterearyH—heterealior——het-efocyelH—or
het er ocycl yljal kyFl. Congounds 24 and 28 in Table 1 exenplify @ﬁi S

enbodi nent Ifn still angther pr @nbodiinent of coppounds havi ng
structural formula (IIl)], inis gyl and Y is -0-f Preferably,|R12 is
hydr ogen, acyl, al kyl, [carbamoyt? cycloal kylj, aryl, 10{heteroaryl, pr
het er oal kyl [TCo a3 T Tabte rexenptifrestis efbodirnggt—tn stil |
anot her preferred enbogi nent of, compeunds hqvi ng structural lﬁgr mulal (11),

inis 2, plis1and Ylis -S(OgyPreferablly, R12 is aryl, arylalkyl,

het eroaryl, | het eroal kyl], hetendLyC W or het er ocycl yl pl kyl . Conpouhds 26
and 27 in Table 1 exenglify this enbodinent 15 In sti|l another prgeferred
enbodi ment ¢f cogpoundy having structural Tormula (TT)[ Tn 1838 4, p|is |

and Yis -(0) -. Preferlably, R 2 s rogen, acyl, alkyl, carbanoy],
cycl oal kyl , faryl, hetgroaryl, eteroall ¢yl. Conpoupd 51 in Table 1

exenplifies{this enbodijnent A v
21 422
YN
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




In still -anot her preferred enbodi nent of conmpounds havi ng structural
formula (11), inis 1 and pis 0. In one enbodi nent, R12 is_ heteroaryl,
het eroaryl ai |l cyl, heterocyclyl or 20 heterocyclyl al kyl . C‘orrpbtﬁ'il?’c'llszoo5

- 6,7,44, 45, 47,50, 53, 54, 55, 138, 139, 143, 146, 149 and 150 in Table 1 exenplify

this enbo '@5?5 Compound 6 is a particularly preferred Q&ﬁ?ﬁ% :@ he
above grog% 0 ?%ghpounds. I n anot her enbodinent, R12 is X H? ﬂélkyl,
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 O.

Preferably, R12CMPa vyl | arylsONECUDARer oar Yl ,M}p(togyo Wil Fofl. M +
het er oal kyl ,| heterocycllyl orsreirrrerg! vyl ai jcyL "Conpounds
29, 37,38, 40,41, 132, 134}1140,147 and 152 in Jable 1 exemplify this
enbodinent. §n still angther preferred enbodjnent of conpounds having
structural fprmida (1) inis 3 and pis 0f Preferabl R12 is aryl,
aryl al kyl, hieterodfyl, heteroarylal kyl et ey o2del-945.2r| 30 :
het er ocycl yl fl kyL. Conpoidinds 30, 35<.46,4.%2, 130, 131, 135, 1141 and 142 in Table
1 exenplify | this enbodjnment. 1634 ~..'?k2005 WO 02/ 28810 PCTI EPO /11017
In anot her Preferred enbodi ment, the inVéntipn provides conpounds having
t he Ac- Bd- X- R—heteroat-y—st+oet-orat—Fe+rr-a—(-H)- H—a
pharmaceuticfal |y ceptable salt, soly or h95?39%3thereof, whereijn A, B
c, d, X RL;R3 and n are as pr def{ ned. Conpdunds 48, 49, 156 and
157 in Tablg 1 exenplify the pr I'iigcenbodi ment . I n janot her enbodi nment,
the inventian provides gonmpounds . having strugtural fornula
29 235.3-235.9
LI O’ -
0
o, P
30 : 181.5-182.5
megmm ,
(IO
x>, —
31 A | ME+ = 379
SV O o
ue' e,
32 460
w . o
)
HE @
33 a 433
He o \ oH
HE @y
34 , 465
“‘ o « ‘[.
L
He o




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 éPB%@%SaI kyl .
In another enbodinent, Zis -0- or -S(Oy . Conmpounds 154, 155, 159 and 160
in Table kyog¥egmsify this enbodiment. 15 In another enbofglé' nt of generic
formula (1), cis O, dis | and Bis -CR7=CR8- and r, . ) WAd 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 fornmula (V): 17 1 April 2005 WD 02/ 28810

PCT/ EPO1/ 11017 CMBr# a phar madOLECELAR accept ablpqoE I, Mol o M@ |hydrate
t hereof, whefein n, Rl, |R2 arSTRECAREas previously dgfined. | n angther
enbodi ment, the inventi¢n provides conpounds| having thg structural {fornula
(VI): 5 VI of a pharmacegutically acceptable galt, solvgte or hydrate -
t her eof , whefera—p—R-1R2-and R3 are _as previously defined. | n another
enbodi nent, X is :F@teroa;ryl . In this enbpdi nent, the inveMHerdd2oviides 10.
conpounds ha]vi ng the structural,g 1) :
| Lo
37 MH+ = 407
38 | MH+ = 443
W, N Gl '
o,
39 [+] 415
SV AN @ L
(I
L
40 - 215.8-217.5
He o O
(IO
e L)
41 S g 228-228.9
we' Vay
42 g 216.3-217.3
43 . 204.3-205.7
44 229.1-229.6
ﬁcg@k




 \ere Qis -

or a pharmaceutically acceptable salt, solvate or hydrate, thereof, wherein
n, RL, R2 and R3 are as previously defined. 15 Another enbodi nment of this
invention is represented by conpounds of structural fornmul al Xpri} 20029 1
April 2005 WO 02/28810 PCT/EP01/11017 VII1 wherein: R20 is alkyl; 5 R2" is:
(a) heter y, heteroal kyl am no, or heteroal kyl thi o; R22
%@%S%NRZ& or -S- (where e is hydrogen or al %%EP%IEI)&OQRZZ IS
carboxyal kyl; and n is an integer fromO to 2. These conmpounds are prodrugs
of conpounds of Forrmula VIII where R21 is hydroxy 10 and are converted in

vivo to conp unds where e.is hvydraoxvy Canpol nds 56 57 58 and. 59 m(errpl i fy
this enbodi ment CMR#sti]| anMOBEGHARI ment| oMp&€dri £ MekdondM)| c is
0, dis 1, Bis -CR7=CRB- an®TRUCRYRHR? R3,}{ R7, Rand K are as prevj ously
defined. Preferably, R7| and Rs are hydrogen.| 15 In a mpre specific
enbodiment, Kis aryl. Ih all of the enbodi mgnts hitherfo described,| al so
preferred ar e R3—+s——C02For—GR—gtkyt-—partioutardy—+ CO2H.
Furt hernore,i al soiireferred are t hgSelanbodi rrer#ié'w efe ""sﬁwydrogen and
nand t are 1. 19 1 Aprfl| 2005 WO"QR2/ 28810
o /
46
47 ' . 177-179
Ry
48 R 244.5-245.8
e O ™ ‘
S0
) #e ag L
49 ] 242,5-243.6
VN g o
(O
HE oy J
50 . M-H = 414
l
negoL _ o
(J \
we oy
51 : M-H = 405
ue, o, @ v
CIOL S
HE 6L
52 443
53 . . 521
we o O bl
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PCT/ EPO1/ 11017 Preferred conpounds of the invention include those depicted
in Table |I below. Table 1 Cw #MOLECULARMp (C) MoL lon. M+ STRUCTURE
1184. 2-1879 ea, 2436 3,66.1-685 xc a, 4209.4-2113 555.9- 5BAPHEIWE 5. 248

v a 7M255.6-257.4 a a 8a ~$169.7-171 20 1 April 2005 WO 02/28810

PCTI EPQ / 3§ d2/2s60¥P #MOLECULARMp (C) Mol . Ton. M + PCT/EPO1/11017
CMP # MOLECULAR Mp (°C) Mdl. Jon. M +
STRUCTURE
54 459
"3: e
55 M 241.6-242
56 i 492
T T
12 y
57 1
H,cai, o O
G *
REC
58 i
He' o

HG
59
[‘Sc H
w ey
He
) M | -

131 457 (MH")




STRUCTURE 9K174.8-175.9 10169. 4-173. 3420 11164.7-166 12212.8-213.2

13208. 6-210.8 14Mc o 436 as

02/ 28810 PCTI EPOL/ 11017 CWP it MOLECULARMp (C) ML | on.

"__ 458 n= os 20v0. 428

15364 16450 wk a5 17479 21 1

ri. 05
M + STM: n

WO 02/28810 PCT/EP01/11017
CMP # MOLECULAR Mp (°C) Mol Ton. M +
STRUCTURE
132 % 429 (MH")
133 233-233.5
134 M 506 (M-H")
135 i 457 (MH")
%
136 Mn 430 (MH")
h Ly

137 3 247.6-248.4
138 § 434 (MH")

CHy

™

139 i 432 (MH")
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N
140 M 443 (MH")
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X 21n=g422 +ug~ 2205 ~ 251.6-252.6 n= os 23218.1-2185 HI C 0% 24177- 1775
25(xxv~ 462 262243-228.6 n= as n q 22 1 April 2005 WO 02/ 28810
PCT/ EPOI 711017 CMP#MOLECULARMD (C) Mol . lon M+ STRUCTURE 27244PRl 38 2 ~| s

. WO 02/28810 | PCT/EP01/11017
CMP # MOLECULAR Mp (°C) Mol. Jon. ML +
STRUCTURE
141 ; 443 (M-H)
Hy
» Y
142 ? SR 445(MH")
'OH

143 443 (MH")

144 264.8-265.9

447 (MH")

G o,
2
146 j ‘ 444 (M-H)*
&
- o
147 w 457 (MH")
R

148 ‘ 238.5-241.5

45
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Z 28144-1453
q ~ 33x=q |
PCT/ EPQL/ 11017

n q 292353-235.9 = 301815-182.5

31M+= 379 32460 n

"433 | cC OS/ 34465 ncq/ 35513 23 1 April 2005 A%%{%zglo
WO 02/28810 PCY/EP01/11017
CMP # MOLECULAR Mp (°C) ‘Mol. Yon. M +
STRUCTURE
150 i 428
~
151 i 444 (MHY)
N g)) o \
b =]
152 ? 444
Y b
N
(vl i
154 @rﬁ‘, 450 (VIE")
oA
3 283-283.5
155
156 401 (MH")
157 415(MH")
158 433(VIEH+)

a n=



CM ' #MOLECULARMp (O Mol. lon. M+ STRUCTURE 36M+#=442 37VMR+ = 407 SC CS

38~y~ MW = 443 a 390415 P O6 40215.8-217.5 qc as 41228-228.9 pé€216.3-2173
432043-205. 7 44229.1-229.6 24 1 April 2005 - WD 02/28810 PCT £Pth4%2017 cwp

#MOLECULARMp (C) MbL lon. M+ STRUCTURE 45( Sy’ 168-174M H = 419

WO 02/28810 PCT/EPO1/11017
CMP # " MOLECULAR Mp (°C) Mol. Ton. M +
STRUCTURE
159 | 436(M+)
W
160 9
OH o
0T
29 |
161 9 437(M-1)
ssoodl
50,4
162 i 437(M-1)
1 ‘ 0 R @ >
A 500,
163 °m 427
(I 5
164 A Y 4389 (MH")
‘O ~ Hd
o
165 i 248-249
L |
(A
.
166 @ i 171.6-172.5
SO QA
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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



46- A47177-179 48244.5-245.8 xp ay 49Rc S a242.5-243.6 yc wS 50MH = 414
51IMH = 405 52443 53521 N< ~5 25 1 April 2005 WO 02/28810 Pfl'/ E;gé{ 1017
CWP #MOLECULAR Mp (C) Mol . lTon. M+ STRUCTURE 54( X~9459 55424 Apr 56492
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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

5 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.

10 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

15  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

20  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

25 emphysema in 2 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

30 safficient 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

33
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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
invention or pro-drug thereof in a pharmacentically 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.

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.

Preferably, the amount of 2 componnd 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
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
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
Tangs 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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formulation is delivered into the lungs of the mammal with an electrohydrodynamic aerosol
device
In an exemplary embodiment, the formulation is a pharmaceutical composition of a

compound of the invention. Preferably, the amount of a compound of the invention, or

5  pharmaceutically acceptable salt, hydrate, solvate, or pro-drug thereof in the pharmaceutical
composition is between about 1.0 pg and about 10.0 mg, more preferably between about 10.0
pg and about 1.0 mg, most preferably between about 50.0 g 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, geal cancer and lung cancer.
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enconpasses treating enphysenma and rel ated di sorders, cancer n(lj,1
der mat ol ogi cal disorders, preferably while reducing or avoi dﬁ%ﬁ’ Aaqpérse
effects associated with natural and synthetic retinoids when used at

t her apeutywe ¢oo¥ghS. Adverse effects associated with 5 re%h‘ﬂﬁ&'ﬁxﬁ?ﬁ :
t herapeutic levels include, but are not limted to, the toxic effects of 30

1 April 2005 WO 02/28810 PCT/EP0O1/11017 hypervitam nosis A, such as
headache, fever, skin and nenbrane dryness, bone pain, nausea and

vom ting, psychiatric disorders and gastrointestinal disorders. The present
i nvention als therpetisally effestive hmosiaf e ¢nurpowfd ¢fitke inmension ooprot o

Br
| ' i.c_obstruct ' di sor dess, ticularl
chroni o SREHER (GAHBhE SHEC R EordPR SR 0l fabont SR RThT el 1 o Y
enphy s enprefdashlABrHEEn ABOuIBOEL/Gd 2RSSk 80 Inp/dau TR Be &H@édiﬁgﬁ,k%gw ed

cigarettes. In a preferred en?godi ment, the’invention enconpaSses’the
t r eat menPrabdpipistreian, 816 tearapratirdbreffestiphgmema of ¢ corapdund iof therineniion/game: or

05154 | SR AP TR SRR g2, oo
i nvent i oespeciginfonsdmmigtatonbeinhhlatibe, thotpapadiealdf effdtive amount of a compound
of the invention or pro-drug thereof, is between about 50 pg/qd and about 500 pg/qd , more
preferably between about 50 pg/qd and abont 150 pg/qd.
In a preferred embodiment, the mammal is buman. In another preferred embodiment, a
10  electrohydrodynamic aerosol device or a nebulizer device or 2 aerosol device is used to
administer the therapeutically effective amount of a compound of the invention or pro-drag
thereof, |
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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I nvention for treating or preventing enphysema. Further, the instant

I nventi on enconpasses the use of pharmaceuti cal conpositiosg of. %ﬂ%
conmpounds of the invention to treat or prevent enphysena. ﬁ@gb , the
i'nventi on enconpasses the use of el ectrohydrodynam c aerosol devi ces,
aerosol deyj d nebulizers to deliver fornul ations of of the
inventiohgx?égﬁﬁﬁg the lung of a manmal suffering fron1o?ciﬁgﬁﬁ§@9€f
enphysenma. The invention enconpasses the system c use as well as the | ocal
use of the conpounds of the invention or both in conbination. Either or
both can be achieved by the oral, nmucosal or parenteral nodes of

admi ni st rat i onAnofteer aEpeti afitkelinadnioa encoaguasseoh mtlod\farisaing cnpabydielioéring he

invention directly into the.l .by nebulizer, inhaler or_oth known

del t very bR aatovota Seuponid phBE e bultapt pHe s MR POt e AR TERLAL
treati ng YoRRANSS R MYmSATTH b hufan GAGHE pHAGEbIP thd MBndd HaS Mng@andet. L ih ghge  Or
nore addi tional therapies such as snoking cessation (where appropriate)

br onchodiemhadiment, thedarmpigtioe is delixgreita the fungy of-the mamenal widh aingbyljzspdevice.

enconpas .a?ﬂﬁéﬂ [ ﬁiaﬁﬂgg lﬁ%m!af%ﬁﬁ | on
enco%asgggsgryeatnﬂ%%sﬂ or %rﬂga\r/lfglr-\n?l ng H@#ﬁﬁ%@%ﬁ@%@ﬁ%n at ris E%f
enphysenmaetdsoixieyice adima thiritenstodmren ftheaflormantation is d¢E ared dowopsie dnogsadf thdre

i nvention, or pr.qg-dr thereqf . that is.sufficient to prevent enphysenma. In
a anot h_é]fmﬂ‘?ﬁ‘g“@ﬁ?a‘f%gc%%?‘ﬁ@afﬂ%%‘?ﬂ’ﬁozﬂe‘@?&orrpasses phar maceut i cal

conposi tions fip&n BX&aNARY chbodenERl YEoRmilatich iD b PRanateuticAlcoRpostiidofs M

t hrough adm nistration of a_anount of a conpound of the invention or

pr o- dr ug SPRPeER} of theinyeqfion: Farfegblycle pPROBROE p cABPRINE &F fedpventipmer pre-drag

SUF {161 €0ferbft BIRY Bl SIRAYSC R Rpodidorts 60ckn 40855YD. Q21 A8B10; RETERO1/ 11017
I n".anot her aspect, “the present fnventi on enconpass e usé of~’ conpounds

of the ippafenblydetwén abb@B0 hndbRItQ VLY, ntg: rafeadly betwédnaBout 10D @igiangt ant
i nventi on enconpasses the use of pharmaceutical conpositions of conpounds

of the i mbewk308Re: dn oneprefesied sbodiments Big@barmacentically acceptable vehicle is a liquid
such as water, alcohol, polyethylene glycol or perfluorocarbon. In another preferred

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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Mor eover, the current invention enconpasses the use of el ectrohydrodynamc
aerosol devices, 5 aerosol devices and nebulizers to deliver f FMB tions
.of compounds of the invention into the 1lung of a nanmal suf%e I'ng from or
at risk of cancer. Cancers include solid tumurs such as breast, |ung,
prost at e avalodrisywr cancer, pronyel ocytary |eukaem as, pregaeR1A57changes
of  the nucosa in the nouth, tongue, |arynx, oesophagus, bladder, cervix
and colon. A nmethod for treating cancer by conbining conmpounds of the
invention with one or 10 nore additional therapies is al so enconpassed by
the invention. Additional therapies include DNA intercalating agents such

as ci s-pl at i nAdather aapgpicy Meinyration eneogemsses sundthedofgeeating dirmatoidgicadn and

ot her cy d36Sin 2 ARt vAs gﬁaﬁg [ t.i on
met hods ;d%f& pr evgntl ng cancer ks %ﬁ&sgéﬁrtﬁ?%ﬁﬁ%‘gﬂ %eéleor}tcsﬁﬁﬁﬁﬁr“mta
adni ni st ierdpentiaily affeatineuantount ofa damoanid of thbmdmuommqﬁmcmg therkbf.Or a

pr o-drug r t.hat i.s.s ftl Cl erLt revent cancer. | n another aspect
t he currgf:ﬁrxl aﬁ@e‘ﬂ? gnagolog &1518& fre ot imifed trs damagedo g skin
prevest i eghse@ Py Behtiafdagh um@ibaﬁwoﬁﬂcekburﬁfwdaﬁ&& GFouhdld QueHl RARkNeSEd @lundl) Of

anount of a cqnpound of the invention or pro-drug theredf, in a
phar naceﬂ?qe@&ﬂmf’%?é@ept abl e carrl er, that is sufficient to prevent cancer.

| n anot her as pRedra ounds
of the 20 inventi o%h?or t g\é@?édpr g\lligjn fﬁ%ﬂ}iﬁ%m}&'ﬁftééé% Rﬁg‘rs
Fur t her , dnigehéresftfantredting datmmﬁogleﬂeﬁnmﬁ esbdtheen@Rues u.gﬁqamﬁ&s& spal
corrp05|t| ons of conpounds 'of the invention to treat or prevent

der mat ol Gt§q%a MmO = % betpaenahost %ﬂﬂéﬂ@%@%ér@@@c’f@@lm enpdintasi s,
hot Al
Pngl Sggg%gr e é\fg{}rr%%%ég&@ﬁ%ﬂgﬁ&%ﬁ&%‘éﬁmﬂ&%%@%g@a I on I Ca%e‘ﬁaﬂjgy ot hZ?'

wounds a8¢8GcioMdb,wnost preficrable 0105% ©D.0Y%uma. A net hod for treatl ng
der mat ol ogi cal di sorders by conbi ni ng conpounds of the invention with one
or nore additional therapies and the Iike is also enconpassed by the

i nvention. | NTRGIHBINASHARS inveltontAv S ForiEMIVID mE EOMMATSES:, e hods for
preventi n)%theuc methodology illustrated in Schemes 1-7 and methods described in the art (Douget 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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30 dermatol ogi cal disorders in a human at risk from dermatol ogi cal

di sorders through adm nistration of an anount of a conpound %%.EQ@

i nvention, or a pro-drug thereof, that is 32 1 April 2005 VK} T fO

PCT/ EPO1/ 11017 sufficient to prevent dernmatol ogical disorders. In a final
aspect, t t invention enconpasses pharnmaceutical_conpositions for
-preventingsgﬁgﬁéggna in a human at risk from dernatologi%%yE 14 ier s

t hrough adm ni stration of a anmount of a conpound of the invention or
pro-drug thereof, in a pharnmaceutically acceptable carrier, that is
sufficient to prevent 5 dermatol ogi cal disorders. Al so part of the present
I nvention is the use of conpounds of formula I for the preparation of

medi canents for treating or preventing enphysena, cancer and der pat ol ogi cal

di sorders. Whenever within the pr o a net hod
for the prevention or treatprpt
~the present invegntion is 10 ¢f us :
preparation g ' RQU -t reating or , v xpove- ment i oned
di seases. Anlfj of the inverﬁ"l'd'ﬁ"er(

enphysema i n'Q : ‘ :

such treatnent t herapeutically effective /Amount of a conpound of the
i nvention, or ‘pro-drug thereof. In one enbodi nent, the enphysenma is

panl obar enphysema, cé®tril obul ar enphysenma or distab?7 enphysens.
Preferably, the therapeutically effective anount of a conpound of the

i nvention or pfaupands6T ofiosotla (Dovheramatl, hor 2rmsykadR is alkdxgt alledthimbout

and apoutttiiofi sty Lt B Rind el BSR reiS G PR PR b e BT o,
t he t l5er dpeuntoisebdtuyted 5568:3-terametiyli 16,08 totrabpirpiptidieats 62vedithy/ctdspondiiz Pr o-

drug-thereof i s between about 10.0 pg/gd and_about 30 _ng/gd, preferably
30.0 pg/ J}eyetaad SHvspmember ring analogues may be synthesized by a number of methods known to

sent invention it is referred

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-dichloro-2,6-
dimethylheptane 60 provides compounds 62. Aryl bromides 62 may be homologated to |

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

i nhal ation, the therapeutically effective anount of a conpo¥§w ?g t he
invention or pro-drug thereof, is 25 between about 0.1 pg/qd ! 28But
100.0 g/ gd, nore preferably between about 10.0 pg/qd and about 100.0

pg/ gd, nost preferably between about 1.0 pg/gd and about 30.0 pg/gd. This
aspect of the invention enconpasses a nethod of treating enphysema 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 eIé@%ﬁ%@@&rodynanic aerosol device or a
nebul i zer device or an aerosol device is used to 33 1 April 2005 WD

02/ 28810 PCT/EPC&/11017 adm ni ster the therapeutically effective anmount of

a conpound of i nvention, or pro-drug theregf Another aspect of the
i nvention enc es a maceut i cal conpos( the treatnent of a
manmmal suffer ron}e enma conpr +stRgan'| f a cofpound~of the
5 invention or 1 drug g ' phar maceu IqCeRS,@MH e carrier,
wi th the anmoun t he conpouﬁ H%gl suf fici ent | evi ate one synptom

of enphysema. | mslone enbogl nent, the enphysenma is panhl obar enphysens,
centril obul ar enphysema or distal enphysema. In a preferred enbodi nent,
the manmal is human. Preferably, the human was or is a cigarette snoker
10 The maj or sSyn not bLnited to chronic
short ness of e i n causegwby | ack
of oxygen, shol activity and

wheezi ng. Addit i} y Cagﬁﬁﬁhat may be assockat €4 w {GH;)pMSiHEME

i nclude, but ar€ not blﬂlted to vision abnor ity egq dizziness, tenporary
cessation of resplrg ion, anxiety, swelling, fatigue, insomia and nmenory
| oss. 15 Preferably, the amount of a conpound of the invention or pro-drug
thereof, in the OoMe

CHO
@ T g
(CH2),OSITBDM i

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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pharmaceutical conposition, is between about 0.1 pg and about 30.0 ng, nore
preferably between about 1.0 pg and about 1.0 ngy, nost preferabw getween
about 100.0 jig and about 300.0 g. In one enbodi nent, the p]néP tically
acceptable carrier is suitable for an 20 el ectrohydr odynam c aerosol

devi ce, @Slﬂgﬁézﬁ r device or a aerosol device. In one pr e‘% erred

enbodi nment € pharmaceutically acceptable carrier is a T'W%’%%Z:h as

‘wat er, al cohol, polyethylene glycol or perfluorocarbon. The anobunt of a
c.orrpound of the i nvention, or pro- drug thereof in the pharmaceuti cal
conpositi on in thi s preferred enbodi ment is between about 0.1 pg and about
1.0 ny, RIuBB 71.bBioHRER ﬁ@ﬂbe%&eﬂgdﬁ%’deﬁ?@&t?z]iﬂgn@s%q ellost 25
preferably bet Ween about 50. 0 pg and about 150.0 pg. Anot her ect of the
i nvent i ohﬂ@ﬁ@bﬁﬂﬁ@é saehapghwith odbufss fithivie followed byplsatmert vefN- fmeiymlp@ldme)

di sorder V. f e on or
pr o- drug%lt ereo?’, ﬁ?%%eﬁeﬂnﬁgg%@taggﬂoﬁbr@m@yﬁpgﬁgpg%ﬁ%ﬁmh&%% fal is a
human, m&uéD@ENad praatidieya nitdie andueﬂmnomt}nimsqul alogdneh hgdﬁm)) k@ther inpthode
enbodrre heforrrulatl n t he. 30 1 ungs .0 e I
o he s o stied e Gt bromidEe e SRt T ate VARG Y b hoseor
del i ver edkillah €hetaie | ungs of the mammal with an aerosol device. In a third

enbodi ment, the 34 1 April 2005 WD 02/28810 PCT/EPOL/ 11017 formul ation is
del i vered i nt SlofmE-Hmmgas Jefinaien phaldehydes Thwith 2 pprroprisis Bhosghpnalnicsteridaps ol

d I I
Composi ¢ 1s AR BRRVLALE o DA prolcbind O al bR\ RINCHROGHIAS,
conpound (g, aqhmusmmmmMmmﬁlﬁhmd@umrb#ﬂah]cyhcds’ﬁép]ne&ﬁrﬁeﬁait hydr at e,
about®s, 6BaRERAC AEnPE 76 R s Cohtiriel By BBPAN SHtioRear BUHOR0. 0 pg and
about 1. @iphenylpRssphiticehe HﬁMpYop@E&Mﬁrb@Eﬁﬂie) ’éﬁhﬁl fnA6d 78R alkpBid). Pg. I n

one

Alternatively, the hydroxy! 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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preferred enbodi nent, the pharnmaceutically acceptable vehicle is a liquid
such as water, alcohol, polyethylene glycol or perfluorocarbaon # anot her
preferred enbodiment, a material 10 that alters the aerosol Efﬁﬁ% &pes of
the fornmulation is added to the fornulation. Preferably, the material is
an al coholwogksgsssd , pol yglycol or fatty acid. In still anpthepe@dapsct. the
present invention enconpasses a nethod for treating enphysena that
conbi nes use of a conpound of the invention with one or nore additional 15
t herapi es. The additional therapies include, but are not limted to,
snoki ng cessation, antibiotics, bronchodilators and oxygen therapy. In a
preferred enbodi nent, a pharnaceutic§§ﬁﬁﬁgi$bsition of a conpound of the
invention is used in conbination with other therapies. In a still another
aspect, the cur{ent invention provides a nmethod for preventing enphysenma
in a human at i\ \ ® conpound of
the 20 i nventj eaphysenma. In
; ¢ Z1'n anot her-
aspect, the preg8&nt ' s [ QS t-onet hat
prevents enphyse 4 tion
conpri ses an anogpt of a conpoum%éﬁ the i nvention or _pro-drug thereof,
and a pharnmaceutically acceptable Carrier 25 that is8ufficient to pr event
enphysena. - Anot her aspegt of the invention enconpasses a nmethod of treating
cancer in a manye whith conprises adm nistying to manmal i n need of

such treatne afyi cal ly effectivélanqQum a,conmpound of the
@ il of epithelial
: eaQeer, skin cancer,

i nvention or thereqf. Pref erably,
origin and i nChyd D=t seunot |inmiged to \

er andtung cancer. 35 1
April 2005 WO 28810 PCT/EPOL/ 11017 Preferghly, the therapeutically

col-on cancer, rs, laryngeal

ef fective anmount” of a conpound of the inventi or pro-
O
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. 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.
Tnnnnmnofbnmnoddduﬂe&Zwﬁhtﬂnmﬂnmﬁbkmmykmg
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 for treating cancer, is between about 50 gg/qd and about 500
ng/ gd, nore preferably between about 300 g/gd and about 30 g I.n one
enbodi ment, especially for oral admnistration, the therapeggwg'¥q
effective anount of a conpound of the invention or pro 5 drug thereof is
between a /gd and about 120 ng/gd. | n another enbodi nent,
especialIggﬁé?gggﬁinistration by inhal ation, the therapeu?qg%mFQ“%?fectlve
anount. of a conpound of the invention or pro-drug thereof, is between
about 50 p.g/qgd and about 500 pg/gd , nore preferably betmeen about 50
‘p. g/ gd and about 150 p.g/gd. . In a preferred enbodi nent, the mamml is
human. |mmcmisﬁdlowwdefyemmneﬁmmmmmﬁwd£oﬁémtrohydr odynamni ¢ aer osol

devi ce or a aerosol device_ is used to. adninister the

t her apeut® ?IP€‘ é‘?ﬁﬁ?&ﬂpg M“%@o‘??é’é?]ﬁé"% e ancdripthylamimedn Yiid pro- dr ug

ther eof . 2809lhRheRsReshatf inteRGediess. | '@zﬂal?‘ﬁ@ :fo RESHE defcRled
fefing from

conposition for the treatnent of a ancer conpri sing
an anpuntth®satgatedhgeeatpgtic infermatistenidn tHQmercEmeom @cﬁ@ﬂm of #owith thea

phar mgce of. t.h ound .bei ng
suf f rg [ elrélliJiJ I%EM t?’(P ?ﬁ%ﬁ%%sgerﬁzéiﬁnkgfm n@ﬁe es etPeanb'T &fy e‘gg%gpd?s of
eplthellawummdqpﬂmgaﬂd.|ncludes but is not limted to breast cancer, skin
cancer, colon cancer, stomach tunors, |aryngeal cancer and |ung cancer. In
a preferred enbodi nent, the mammal is human. 20 Preferably, the anmount of
a conmpound of the invention or pro-drug thereof, in the pharmaceutical
conposition, is between about 250 jig and about 500 ng, nore preferably

bet ween about 2.5 ng and about 100 ng, nost preferably between about 10 ng
and ggout 50 ng. In one embodiment, the pharmaceutically acceptable
carrier is suitable for a 25 el ectrohydrodynam c aerosol device, a
nebul i zer device or a aerosol device. In one preferred enbodinent, the
pharmaceutically acceptable carrier is a liquid such as water, al cohol,

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

i nvention or pro- '
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20

25

30

43



drug thereof, in the pharnmaceutical conposition in this preferred
enbodi nent i s between about 50 g and about 1.5 ng, nore prefg&aﬁgﬁjbetmeen
about 150 jig and about 15 ng, nost 30 preferably between abb Pt 5g and
about 300 g. 36 1 April 2005 WD 02/28810 PCT/EPO /11017 Anot her aspect of
t he i nventy npasses a nmethod for treating cancer by jvering a
fornulatiJﬁggﬁggﬁgonpound of the invention or pro-drug th%gﬁgkpg?%go t he
lungs of a mammal. Preferably, the manmal is a human, nore preferably, the
human has |ung cancer. In one enbodinment, the fornulation is delivered
into the lungs of the manmal with a nebulizer device. 5 In a second
enbodi ment, the fornulation is dBCHERMESb i nto the |ungs of the manmal with
an aerosol device. In a third enbodiment, the fornulation is delivered
into the lungs of the manmmal with an el ectrofggdgodynam ¢ aerosol device
I n an exenpl ary enbodi nent 'S phar maceuti cal conposition
of a conpound of the in t he anbunt of a conpound of
the inventi&® oF‘ﬁTU?druZ . in“the pharnaceutical conposition is,
bet ween about 50 jig and &bouyt 5.nmg, nore preferably between about 50 gg
~and about 15 ug, nost prefefgbly beFweem about 100 g and about 300 g. In
one preferred enbodi nent, the %?arnaceutically acceptabl e vehicle is a
liquid such as water, alcohol ?*polyethylene glycol or perfluorocarbon. In
anot her preferred enbodinent, a nmaterial that alters the aero ?é#g
properties of the formulation i sqyadded to the A5 fornul atg > rably,

the material is an al colNg pol ygl In stil
anot her aspgct, _t he priegen ] jon encofffasses™a - FOr treating

cancer that conbines conpound of gntion with one or nore
additional therapies. TH Y. ' Nobut are not o
limted to, chenotherapy,Nradiation"r surgefy> In a preferred enbodi nent,
a pharnmaceutical conpositiorggof a conpound of thesinvention is used in 20
conmbi nation with other therapies.
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In a still another aspect, the current invention provides a nmethod for
preventing cancer in a human at risk of cancer (e.g., snnkers asbest os
wor kers and urani um workers) by admnistering a anount of a 1 AprbMRd of
the invention or pro-drug thereof, sufficient to prevent cancer. Exanples
of prenalkg ant and precancer ous | esi ons or tumors which be 25

prevent ed 6 tfPounds of the invention include, but areprﬁS‘%’/quleﬂtl'éd to,
actinic and arsenic Kkeratoses, dysplasias and papillonmas of mucous

menbr anes and precancer ous changes of the bladder Another aspect of the
present invention provides a pharmaceutical conposition that prevents

cancer in a hFrggomouhiis sf Firm&RC Fhere 7L a6tyiRfsdntd 10D hQ 3R], 8€Showh ianmount of
~a 30 conpound of .the invention or pro- dru% t hereof , and a pharnaceutically

accept ablSshems 34, dptermediate 3§ may, pe frgpted pndes ensrietinationeondifions witho 05

et hod of  FRSEra Thor e A PSR ol Ry sRecagy RyEOl A PAAIRRERAS .o

a](cj]rn ni st@nﬂn@&lo af manmal in gee](cj of such treatnent a therapﬁutl cally
A e R A L e R e

damage tcbetcﬂweskﬁmt&nﬁ;ﬁﬁd(ﬁm-bu@hmmmme@u&ml wounds, bum wounds,

wounds c g y?p cut, aneo s.traunma acne an @SOI’I asi s Preferably, t he
t her apeu fPaen HERY)Pp plispe undes difieepf bale or pr o-
drug t heggcatd tch&?éﬂf&E 2 Tat Q-id??ér EREh W

gg/ qd and aboout a50 ng/ g ,o nore prefera yh%(tsalt vveei%na out %\ £b d

about 5 mphospionaroeste £0li¢wdd by) hydnalysis pravides Getinpidi analops8a rfeltem%!a'nhr fot B Fo0ns

or oi,Rt .om about .1%. 2% eferably 0.5%to 0.01%

most 10y eravaniohy Sl CGRERBRRA £ Bk OmtnaEl S went f on havi ng

f ormul as wmrmphmmhb@m@namm THA in DMF affords viny! sulfone intermediate 87.
Olefination, followed by hydrolysis provides retinoid analogs 89. Altcmahvely forR® =

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-tracetoxy-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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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 disclosed therein, which are herein incorporatedlﬁ"Prl %¥Erence).
Starting materials useful for preparing conpounds of the invention and

I nt er medi ¥e/dshRr eof are commercially avail able or can 3,%}.&5 Paed by well
known synt hetic nmethods. 20 SCHEME 1 60 64 61 62 65 63 3 Egrl 005 WO
02/ 28810 66 67 PCT/EPOL/ 11017 Conpounds 67 of fornula (1) where n = 0, 1 or
2, mis 1 and Ris al koxy, alkylthio, heteroaryl, heterocyclyl, am no,

al kylam no etc. may be prepared as described in Schene 1. 5 Brono ,
substituted 5,5,8,8-tetranethyl -5,6,7,8 tetrahydronapthal enes 62 and the
corresponding five and seven nenberSCHENEMal ogues may be synthesized by a
nunber of methods known to the skilled artisan. In a preferred enbodi nent,
Friedel -Crafts al kylation of 2-bromgtogluene 61 with -
2, 4-di chl , 4- di met hyl pent ane, 5. di ¢hl or.o-2, S-di hyl hexane or

2, 6-di chl B6- di gefRyT hept ane I€S conmpoyne prom’ des
62 may be gated 10 atdehy J_hal-ogen-\ph hange—r. e.
n-butyl Iit to form aR i nternmeo
48 96 g8 100
0 0

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



organol i t hi um conpound, which is then quenched with N-fornyl pi peri di ne.
Alternatively, aldehydes 63 nay be made by honol ogati on of bro

(i.e., Cu(l)CN) to a cyano conpound which may reduced (i. H%@Butyl

al umi num hydride). OQther synthetic nethods for effecting conver si on of
brom des 62 to al dehydes 63 will be apparent to the skilled artisan. 15
Honer - EnmY"2@88f i nati on of al dehydes 63 with an appropr PaVEPHHIYBhonat e
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. ., N bronmosucci ni m de, benzoyl

i sl ncedtoay i BF 194 okl Suto el fBYs: Mo AR R e Rl Py 8 °°

corr espowdhagamanuhagmhmamecbwithamtﬁ@emheteﬂaamanbe hydrol yzed (acid or

lr)rgtsﬁédtsot grgrgge the a ds 6 éﬁ i ds 67?@?%3/ Vg'.}gl e%terh@g usi gg weluf 280\%

5 76 68 &ﬁveﬁBfo@@ﬂrB@B?d&dlﬁ&a @ifﬂﬁdiéﬂﬂélﬁrdé 102 ¥b@ B8] MtermPdiatks P04 Wich AN 1 s 2- 10
and R12 is al koxy, kylthio, heteroaryl, heterocyclyl, am no, alkylam no

et c. Jraythirheisroapimatiq %@“Id@ﬁ%ﬂlf paarhed to3hp arematic nﬂEb/dﬁbﬁ%@ Hprnes Figyponsut ed

by 10’ Pr EAROREY 0D alel o & ECE AT Al RR] By e e PR coss! B1 €

2, 5-di cmmdml(ﬁwmwmmaa«angsmbsﬁmtﬁ-mumkﬂlﬁrheﬂ:cﬁrmr hyl hept ane 60
with hydr oxyal kyl benzenes 68. Brom nation of hydroxyal kyl -5,5, 8, 8-

SCHEME 5
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

47



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-butyldinethylsil, i chl ori de
and i m dazole) to 40 1 April 2005 WO 02/28810 PCT/ EPOL/ 110171 6‘11’85 O
conpounds 71. Brom des 71 can be converted to al dehydes 72 in one step
(i.e., hakeapnadptal exchange with n-butyl lithium followed by treatnent
with N-formyl pi f)igrﬁi dine). Alternatively, aldehydes 72 nmabCHEPHEAIRf r om
bromi des 70 by a two step procedure (i.e., Cu(l1)CNto provide a nitrile
‘and reduction with di-isobutyl alum num hydride). Qher nethods 5 for
effecting conversion of bromdes 70 to al dehydes 72 are within the

capabi | i t3n agandmsaliofeagaitisidh dsm-Bild, fillowedBYRAGEST SN2 1PbLf1ialfRhi @R 28ords

al dehydesﬁ1 ﬂrﬁg ropri ate phosphonate ester may be used to provide

E ol efins %.0 31%8’? ‘?Sﬁgﬂé’&P@éigs nghlempsta) caialysis snihe prasenea @f hydrogen . e. |

aqueous tRidoxbdih i H i .
q ofh tREYERY bl 94d @8 hedt p%t%g%@{pggpgiﬁa%@%#d&@.

preferred_10 enbodi nent, al cohols 76 nay be co
react i on, HemerEnmang plefinatignowith an appeprialqphosplionate esterfollowsdiny etey lhydrolysis

azodi gar bgxwhal &mdddnd §1&! analogs 78 (R = alkylthio). Alternatively, the '
hydr oxyl b@uncta% onaﬁoi tyﬁ%'- conpounds 76 may be activated by conversion to

the mesyl ate (Abﬂaaﬁ@b@ﬁtaﬂmhﬂ@&&dﬁymﬁﬂﬁmﬁﬁd&ﬁ?ﬁﬂa@iﬂ&d&ﬂﬁwi trogen
or oxygerhfforl]élc%ﬁ? g!ﬁ#ﬁg ho r.ovi deﬁ(t:%g?p_?un s 78 (R = al koxy, amno,
al kyl ani noo-an '%3 v TIE%I.S Sylast Seraoyah pf tbe pegialvader@gidier si on of
al cohol s cbAditions; BHALNEMmdhs bRAnAHAYT 1S iR apkd) '
artisan. Ester hydrolysis nmay be used to pr ovialgiérgitaleilgeie fri’%séﬂgng‘%%{e%?(ﬂlowed
conpoundPYRSter hydrolyalsprovides gomppunt1s8810 62 '
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



-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 g&:’hﬁ%@ﬁ 5 3.

Bronmo substituted 5,5,8,8-tetranethyl-5,6,7,8 tet rahydronapt’n B 62

described in Scheme 1 may converted to bronpal dehydes 82 by benzylic

brom nation with N bronosuccininm de and benzoyl peroxide to afford 80,

fol | owed BYPP¥%880rent with 2-nitropropane and sodi um hyd®CEFEPOVINELt nent  of

br onpal dehyde 82 with trinethylsilylacetyl ene,

di chl orobi s(tri phenyl phosphi ne) pal | adi um (11), cuprous iodide and

triethylamne afforded 10 silyated acetyl ene conpounds 84. Renoval of the

trinmethylksi W r V] .86 42 1 i L 2005 2/ 0
bCT! Epp 1 PRS- HiSHE Bnhldl Pisfndhapior 34 316 g oprtpRile phosphionad B prélide
hal ogenabsmiid¢ $18 aFreataiehiost, 118 chith HeeercadyyiSHordriapd’ @y boroabicin) thoplebandd ofm
(1), cupr I odide gnd. triethylamne to yield acetylenic heteroaronmatic
| nt ef medPURdIm alyst alipis the TR B YoM SISl Rrangs Ty PP
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
o e
___.._’.-
AcO
122 124
. CO.Et OoEt
e g
(2 — (10
AcO ACO Br

126 128

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
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the saturated heteroaromatic internedi ates 90. Homer-Enmons ol efi nation of
90 with the 5 appropriate phosphonate ester yields E olefins, 92.. %e ester
may then be hydrolyzed to provide retinoid analogs 94.. 10 2bApEl A543 wo
02/ 28810 88 82 82 83 87 SCHEME 3b 81 SO2NH2 95 91 SO02NH2 44 CO2H 85 93 89 1

April 2005y p2/28810 PCT/EP01/11017

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.
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PCT/ EPOL/ 11017 1 April 2005 WO 02/28810 PCT/ EPOL/ 11017 For conpounds of
Formula | where Z = acetylene and L = heteroaryl, as shown |g ﬁjﬁ@ge

i nternedi ate 88 nay be treated under Horner-Emmons ol efinati AP ti ons
with the appropriate phosphonate to give E ol efins and subsequently

hydr ol yzedwb ’?r ovide retinoid analogs 81. 5 For conpounds of Forrmula 1
where Z SFPHUnd L = heteroaryl, internediate 82 nmay PEHEERMAENEG with
trans-1,2-bis (tri-n-butyl stannyl )et hyl ene and tetralds

(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 phosphonat egegkgfsdol | owed by hydrol ysis provides
retinoid anal ogs 85. Alternatively for RZ = 10 vinyl sul fone, treatnent of
internediate 82 with nethyl vinyl sulfone,

tetraki s(triphenyl phosphi ne)pal | adi um and TEA in DMF affords vinyl sulfone
internediate 87. O efingti o0o.ktol | owed by hydrol yS| S prow des retinoid
anal ogs 89. @ 3

i nt er medi at " et

but yl [ di phenyl g bhor yl)met hyl]lsulfonylc i n DM—afF®rds
15 vi nyl &' f gdantde™i nter nedi ate 91. Trgatn ' i
tributyl stanhAyl net hane and tetrakis(tripheh¥W phosphine) palladiumin
di oxane gave roxynmethyl internediate 93. Oxigation of 93 with

1,1, 1-triacet -1,1,1-1, 1-di hydro-1, 2- benzi i odoxol - 3( 1H) - one, affords

al dehyde 95 and ol ef mati on fﬁl | oned by hydrolysis gives retinoid anal og

97. 45 1 April Y8810 SCHEME 4 CO-Me
S N Q

‘O

178

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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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 aréﬁﬁ¥ﬂ30¢%ng
may be prepared by the nethod depicted in Schene 4. Fluoro substituted
5,5,8,8-teteranethyl - 5,6, 7, 8-tetrahydronapht hal enes 98 can be prepared by
Friedel -Crafts reaction of 2,3-dichloro- 2,5-dinethyl hexane with
2-fluorotoluene 96. Fluoro al dehydes 102 rmay be made by benzylic 10
brom nation of 98 with N br ormsuc%i gi 5 ge and benzoyl peroxide to give 100,
foll owed by treatnent of brom de2 t he ani on of 2-nitropropane.
Direct displacenent of the fluoro group of 102 with a nitrogen
het er oaromati ¢ nol ecul e under basic conditions (potassi carbonate) in an

eating, affords interpedistes 104 mer - Emmons | 48
. it 2005 WO 02/ 28815 PCT 1/ 14017 ol efination

rmedi ates 106 and es dy ol ysi s “yrel ds
products 108 with gfatg) ¢ ring substituted a mi trogen
het eroaromatic. Altérnatively, treatnment of thi‘o*heteroaromatics with
sodi um hydride in a pe#ar aprotic solvent folloméﬁ'by addi tion of
fl uor oal dehyde 102 afforded internediates 104 with a 5 thi oheteroaronmatic
group directly attaghed to tfhe\aromatic ring. eforep’ﬁgner-Enwpns

0

of 104 provides es

H .
0 O

—
————

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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ol efination of 104 provided ester internediate 106 fol |l owed by ester
hydrolysis to afford products 108 with an aromatic ring substituted with,

a sulfur heteroaromatic. 10 84 114 80 111 SCHEME 5 110 116 11Apmi20016
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 | i ¢ reagepCHEMI1AS n-Bull, followed by
addi ti on of heteroaryl aldehydes affords alcohols 112. Catalytic

hydr ogenol ysis with noble netal catalysts in the presence of hydrogen
renoves both the hydrox | group and tkg/acetal protectingg oup to provide

al dehyde 114. Pfons ol efinati e afit appr opri phagpH¥inat e
ester followe hydrarysi s ¢s conpourd | rnativery,
treat nent 8 an aryl zincHea tAder pal | adiu 108 ' ‘
af fords al dehyde ™14 where R is substl ed aryl, after rg of the
acetal under acllzgll C 196 198
Br
Q —
200
0 CHO
Yo
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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condi tions. Honer-Emmons ol efination of 114 with an appropri ate phosphonate
ester followed by ester hydrolysis provides conpound 116. kg )

Al ternatively, dibrono internediate 80 nay be treated with dWQHWQﬁIomed
by reaction with an organonetallic heteroarmatic reagent to give 111.
Hydrol ysis of 111 to the corresponding acid, followed by decarboxyl ation
gives internediate 113. Double Heck reaction, first with

tri methoxyvinlysilane and then with nethyl-4-bronmobenzoate, followed by
hydrol ysis gives retinoid anal ogs 136HEME®2 120 SCHEME 6 118 Conpounds 120
where R12 is a heteroaryl group or an aryl group directly attached to the
20 aromatis fing of the tetrahydren.-thalene can be preparged accordlng to

t he net hog Prin 48 1 Api®, _2Q05-\0 82/ 28810 PCT/EPOI: hene 6
Honer - E nat i om®f 84 wi propriape pheggph

provi des e 8. Treat w8 .t h heteroa b s gshor aryl
boronates | he presence of Il,o'un1catalyst af fords the respectlve

het eroaryl substituted anal ogs or 8{ substituted anal ogues, which upon
ester hydrol 88 s gives conpounds 12@Rith an heteroaryl grouﬁbbr an 5 aryl
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10 126 128 Conpounds of formula | where R3 is hydroxy may be prepared as
exenplified in Schenes 7 and 8. Tetral one 122 nmay be prepared b_}/
condensation of dihydro-2,2,55 tetramethyl-3(2H) furanone WAPHIEHSuene.
Reducti on and protection using standard reagents provides acteate IN.

Bi s- pal | adj s coupling using 4-brono-ethyl-benzoate and 15

trinet hox%ﬁn%yjﬁgss?fane provi des conpound 126, which nay bePEHRIE/RY t o
brom de 128 by free radical brom nation. Brom de 128 may be directly

di spl aced with an appropriate nucl eophile to provide conpounds where in =
| or may be honol ogated with appropriate carbon nucl eophiles to provide

conpounds wherAlteraadtively @oinpburidddp formuBO Wherd RAN 4 HioRAPD 6@3@9&810 12A 170
onpounds O

174 SCHEMES 11%% c CTl E(t)él/ 11017 168 Alternatively, corn f formula
| where R3°FE cg 2 fdlehn A9 pandedteatsdarith peming tiroxids tSeffordthcis
| nt er medi@él21298b@bRorn S22 kG PO G0aLE 1984l 8 d by
treatment w th the anion prepar ef?%%@ﬁ?%%S’gg%éﬁ%éﬁagdegy%oir% dehyde
168. Hor rfequeptightssatment 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 nucleophile 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.



"ol efination provides conpound 170 and Stille coupling with
hydroxynet hyl tri butyhin affords 172. NBS brom nation of 172 aff,r&s
brom de 174. Bromide 174 may be directly displaced wth an éﬁﬁmg%(ﬁate
nucl eophil e to provi de conpounds where m =1 or may be honol ogated 10 with
appropri at nucl eophil es to provi de conpounds where LS greater
tﬁgn E. so 9%%%‘%?([1 2005 WO 02/ 28810 SCHEME 9 PCT/ EPO/lld’f?Tr}%ﬁ‘é{‘%‘féa 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
basi ¢ conditions and then reesterified to give 176 using
trimet hysilyl dilsgeovttbisemettind odiyreminingfa chbpoimd df MRasala VAL whererneagdante 1,

af fords kgto 78 i ch.nay eQnvested 4.0 bramigde 180 by free radical
br oni nat i-oi e@?%fﬁ 892'%£%a§/s 'ISGR% ﬁle%t | 37k slf)?gaé‘gg%lvdsth’?teé propriate
nucl eophil e to provide conpounds where in =1 or may be honol ogated with

appropriate carbon nucl eophiles where in is greater than 1. 10 15 20 51 1
April 2005 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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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 Schene 10.
Al dehyde 168 can be protected as acetal 182 by treatnent wi t hagthiflene
gl ycol under acidic catalysis and the acetate cl eaved under basic
condi ti onswb@204sy¢ al cohol 184. " Oxidation with EESS_N@rtg?P#%ﬁg? 9
_provides ketone 186 and acetal cleavage under acidic con ﬁives

al dehyde 188. Honer- Emmons ol efination with the appropriate phosphonate
- provides 190 and Stile coupling with hydroxymethyltributyltin affords 192.

10 NBS brom nation provides brom de 194, which may be directly displaced
with an 2980 sprand shew afive tetplividaekctivityovedbindingpoths dA Rogeepion. Fkherld MY
~be honol Wi ropriate carbon nucl eophiles to provide conpounds
where | ﬁ?%%?éhﬂ W%PW .tlhétzafq_ﬂ?w%ﬂ@%@ﬂﬂéﬁefi@mmmmm@% C2Me.

Transactivation, which is the ability of a retinoid to activate gene transcription when gene

transcription is initiated by the binding of a ligand to the particular retinoic acid receptor being
5  tested, may be determined by using methods described in the art (Apfel et al, Proc. Natl. Acad.
Sci., (1992), 89, 7129; Bernard et al., Biochem. And Biophys. Res. Comin., (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 incorporated 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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198 204 1 206 CO2Me 208 210 Compounds of fornula | where R3 is a diol maybe
prepared as exenplified in 5 Schenes 11 and 12. Saponificatiﬂg‘og etate

i ntermedi ate 124 under basic conditions gives alcohol i96 aht’t %& ration
upon treatnent wi th POCL13 and pyridine provides olefin 198. Epoxidation of
198 with fords 200. The epoxi de can be open open %Hunder acidic
condi tions o g| e the trans acetate diols which can the & HV’1ysed
under basic conditions to give the trans diol 202. Protection of the diol
as the dinethyl ketal 204 using 2,2 10 di net hoxypropane under acidic
conditions is followed by conversion to al dehyde 206 by treatnent wth
n-butyl kodpositionanehyefformmldtedindnlelitiogal nirdhearsida e b u@rﬁhﬁﬂﬂé%ﬂ?f

al dehyde 206 th the ropri.ate phosphonate i ves 208 i ch _maybe

conver t e8°4BR mﬁr‘"‘%‘?ﬁf@e dﬁ‘%‘% Fraipigrts poaixEligries vhieh-faeilitate pagpesmng of EQIDPQWS be

di tl '
i rect |y oflins pvRs@sh w&ﬂeﬁﬁauﬁewmrdaﬁ%egwggggdﬁeg% P dg& ﬂ;?m&r@g@gﬁ” S

where m= 1 or nmaybe honbl ogated wth on nuc Il es
t o provi ercadensupmdthe retde of adminisgatiomtaoseanhan 1. 53 1 April 2005 SCHEME 12

198 250 216 Z%gr topical administration 2 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
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formula | where R3 is a diol nay be prepared as exenplified_ in Schene 12.

Aefin 198 c
212. Protect
216 by semo
Homer - Enmons
and deprotec
acetic anhyd

an be treated with osmiumtetroxide to afford théAE200) o

ion of 212 as ketal 214 was followed by conversion to a!gehyde
@nbdsad treatnent with n-butyl lithiumand N-f | I di ne.
gflbefi nation 5 with the appropriated phosphong?g%%@éf\;?{ged 218
tion was followed by reprotection to the bis-acetate 220 with
ride in pyridine. Free radical brom nation of 220 gives _
whi ch may be directly displaced with an appropriate nucleophile

brom de 222 ] r o ; X
to provi @1Y€mnm%www1wwwmm sogintesbdining dginger dhddsimed;

carbon nughkg
SCHEME 13 80

ol iy P SRR AR By S D

and B = deeformalatibg reiinejsagendisa forkesladniinidtratidn have Seéiﬁdml crib'édh _ianmeaﬁ &, bof_

I nt er medi at e W th. an_.gpproprig},e .heteroaromati c nugl eophil e under basic

condi ti oneé‘%et.hg?orﬁ}lﬁag’fgloé?mglfﬁpegk)%g?’&ﬁ‘f tzg‘?"i‘%ﬁff't’@%? aé £ 13610:23008)-ds 224,
5

For oral liquid preparations such as, for example, suspensions, elixics and solutions,

suitable carriers, excipients or diluents inclunde water, saline, alkyleneglycols {e.g., propylene

glycol), polyalkylene glycols (e.g., polyethylene glycol) oils, alcohols, slightly acidic buffers
between pH 4 and pH 6 (e.g., acetate, citrate, ascorbate at between about 5.0 mM to about 50.0

mM)

etc. Additionally, flavoring agents, preservatives, coloring agents, bile salts,

10  acylcamitines and the like may be added.

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 suitable low boiling propellant, e.g.,

20

25

30

dichlorodifluoromethane, trichlorofluoromethane, dichlorotetrafluoroethane, carbon dioxide or

other suitable gas may be used to deliver compounds of the invention directly to the lang, 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
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
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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Treatnment of 224 with trimethoxyvinylsilane, palladium acetate,
tri-o-tolul yphopsine in NMP gives vinyl internedi ates 226. 3
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example, ultrasonic energy to form fine particles that may be readily inhaled (see e.g.,

- Verschoyle et al., British J. Cancer, (1999), u, Suppl. 2, 96, which is herein incorporated by
reference). Examples of nebulizers include devices supplied by Sheffield/Systemic Palmonary
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 dévice 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 will typically include 2 compound of the invention with a
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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 ig‘?’aé and
show a five to ten fold selectivity over binding to the RAR Bt 0&Sor. I t
should be noted that RAR agonists that are not y selective nay be

ef fective wmoissgpt i ng enphysema. Transactivation, which é@#@?’lgﬂﬁ“ ity of
aretinoid to activate gene transcription when gene tran | 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 ocPemaserticaloasieppiablRearricCoPferatly, I82Phat Mhcenddally abbiptdblé Greeries N
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at, Science 237 41\%33 1987). Sprugel et at, J. Pathol., 129, 601, (1987),
whi ch ar SORBPERMROf thE AVsBHoR- Jrefeyabln s atcsinl isviguidwich asamaleahol glyeoLhe art |
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may al sohéreindetosparatad Uy bafereréd)ods described in the art (Sporn et at, Fed.
Proc. (1976), 1332'@&%}& at, "Retinoids and Human Cancer” in The
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rel at ed i “saxter erefberglyterides- nat ol ogi cal  di sorders, conpounds of the
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si ngly, also be formulated as a depot preparation. Such long acting formulations may be administered

by implantation (for example subcutaneously or intramuscularly) or by intramuscutar 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 et 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



I n conbination with other pharmaceutically active agents including other
conpounds of the invention. A conpound of the invention can Bg.
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esters such as ethyl, cyclopentyl efc. Other pro-drugs are known to those of skill in the
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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15 preferably in physiologically conpatible buffers such as Hanks'
solution, R nger's solution, or physiological saline buffer, ,Th | ution
may contain fornul atory agents such as suspending, stabili z}ﬁé’nga(g)/o’or

di spersing agents. Alternatively, conpounds of the invention may be in
powder forwofeaesseonstitution with a suitable vehicle, e.gerppffhibie
pyrogen-free water, before use. 20 For transnucosal adm nistration,
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 ni stratign, a conpound of the invention can be readily fornul ated by
conbi nat iBFR{PR ACSYRLndet tiatc cirgramstances EBrastsl 7 elarfiirek ClinePharkn(i983),24t he
art. Suc af fideRl, Lnventi.on. t o be fornul at ed
e tabl oras el TIB0 PRk DSRS0 10,38 TRNEPL Oy i 8 b, 1 27
suspensi easmalathe dpprdpriate, sy$temicatosbgei lavsof cmpoyinds diaid @Réntol nbeessdry RAL ed.

For oral Ld.Jornmul ations.such,as, . for exanple, powders, capsules and
tabl ets, useglu%n?%hg?ééméfﬁ%f i deomatolqairal: ?IFF@F%HEI?HH'F?%@I%@T@@WSI}“F}%%N%
| act oSe, tb&!ﬂfaﬁﬁa}oldmmbﬁﬁineﬁﬁ?het&ﬁ[ﬂéhﬂ:g'ﬂae ﬂﬂvle%}&éﬁir&r iﬁ%ﬁ'ﬁ#&tﬂﬁ%ﬁ}mh as
mai ze .stargch v%ag]laéoéstarch, rice starch, potato starch, de atin, gum

t r agacan@imal g 39 4#%se, hydroxypropyl met hyl - cel | ul ose, sodi um 30

coenes) o by Rt aaRinis 3R i AR Y MRS S S (YR AR Bl
such as efemppuskoritheinyentin whickpart buffio2ht Mﬁaﬂﬁﬁﬂﬂﬂ&le?@?ﬁ/eﬁa%l /Ukﬁ.ﬂhﬁkﬁﬁent
a.sa ereof such as

| yvi nyl i | gi ni '
D i N6l S R by BecBoR e 2561t B 8a At 10 050 arefgbed or
1t el® c- bemteem abhosst D a RN : ti noi d
ey o L
: I

e.g., th praprRtsallyeftegt vmearym levelsymabenchicvpb bk adwiniteringa il Ed.

p. 2610,@@0@3605mﬁmp1@&@[%%m% | preparations such as, for exanple,
suspensions, elixirs™and solutions, suitable carriers, excipients or

di l uent's i ncl Wheamennsof a sampound ofikHeyiheantigh ydmir stéred @ill, dicomye, ®8 dependent
on, among other factors, the subject being treated, the subject’s weight, the severity of the
15  affliction, the manner of administration and the judgment of the prescribing physician. For

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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Ssystem Wdoaipoadntows for the delivery ol QuamiippdrMaBlediRa) Ner apeutic dgse.
MDDPI  deW j | og leg as. 59 -
Compound of the invention 0.1-10.0
Lactose 125.0
_ Corn Starch 50
Magnesium Stearate 0.5
Croscarmellose Sodium 25

gl ycol ), polyal kyl ene glycols (e.g., polyethylene glycol) oils, alcohols,
slightly acidic buffers between pH 4 and pH 6 (e.qg., acetatg, CL%iﬁte’
ascorbate at between about 5.0 mMMto about 50.0 m\VM) etc. Ad ﬁPP al'ly,
flavoring agents, preservatives, coloring agents, bile salts, 10

‘acyl car ni {igPmsagd the |ike may be added. For buccal adniPeiD?Mﬁltlinoln, the

conpositions nmay take the formof tablets, |ozenges, etc. ornmulated in
conventional manner. A conpounds of the invention may al so be adm nistered
directly to the lung by inhalation for the treatnment of enphysema (see
e.g., Tong et al., PCT Application, WO 15 97/39745; Cark et al., PCT
Appl i cat ipdn, FonBre@pit74 98Tapehiicaliy effecthverdebeofi avoappouddfatie iyentwhanartee) . For
adm ni strati ..nhal ati o GO upnd of the invention may be

conveni eﬁwﬁe&g‘??lv 8@?’8rp‘ﬁgﬁydﬂ§ptg‘§/u§gnunber of different devices. For
exanple, a Metered Dose Inhaler ("MDx) which utilizes canisters that

contain a suiftable | ow boilin ropellant, e.qg. di chl or odi f | uor onet hane,
trichlorofluo Wm,lswgﬁiﬁ%wgﬁﬁ%%@tmwmﬁﬁmpm dsrdtangin 20

ot her s Uikl iR A ArdiRY of hita g do¥iositi H!ﬂlfii ioh " i '
directly to the I'ung. M e_q%e iocesngdrdéﬂ@\'?gtll?1 abl' e rggniughngtﬁ%{ei\rﬁggﬁbagﬁ%pl iers
such as MhossrskBledin 8w artAbaminy, m@tftationg doth tb npterialsiany] nfethods,tmay be

Labor at or ] L - in |.ough and Vectura. Alternatively, a
Dry Pomdéfragﬁ?%eﬁgl g’@'(%%@%@?%g%gg&ebogt&l@&%ﬁ@‘adm nister a conmpound of
the invention to the lung (See, e.g.,. Raleigh et al., Proc. Amer. Assoc.
Cancer > RESEAL ChLA Veet i 1 40 397, which is herein

i ncor por #PEEHY Seree SEN e 2N OL 4 BIEINMEEINEIIN M such as a
bursyp of 9aEbIeQ pRdvadLsGh&Y 1s59or SEa¥h1eR fdrfd W YGbendifpl ch may
t hen be inhal edpg‘?/ t he plg%ent. DIIDI ?‘%}ev?ceg are a??gmgg%@r}{{?éév\}g ?nrtll\aghe art
and may be purchased froma nunber of vendors which include, for exanple,

Fi scus, d axo-Wellcone, I|nhale Thera,?ati% '20 Systens, M. Laboratories, Qdose
and Vectura. A 30 popular variation i nul ti pl e dose DPI (" NDDPP' )

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




1 April 2005 WO 02/28810 PCTIEPQO /11017 AstraZeneca, d axoWellcone, WAX
Schering Pl ough, SkyePharnma and Vectura. For exanple, capsui s.ﬁﬂ%5
cartridges of gelatin for use in an inhaler or insufflator e

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

sui tabl e pwwderssibase such as | actose or starch for thesepgy §§@?ﬁ075

Anot her type of device that nmay be used to deliver a conpoun h
invention to the lung is a liquid spray device supplied, for exanple, by
Aradi gm Corporation. Liquid spray systens use extremely small nozzle holes
t o aer 0SOl+=ze ||r1|||r| rh‘lln fornmul ations. that ey t hen he directlv inhal ed
into the Eﬁ@”eln one preferred enbodi mejit48 a nebullzer device is usedjto

deliver a gﬁ%? TOTrventtontp—the—tung——Nebt-ze+rs—e+reate
aerosol s {fgr gul %gnér ug formul ations byfusi ng, for exanple, ultrasorfic
energy to formfine partrcles that may be readrly |nhal ed (See e.'g.,

Ver schoyl e et Bri t| S . Cancer, (1999), - Sup 2, 96, which is
herein i ncorptﬁ'ﬁl"’g d intmately ag d Mﬂ?b@ﬂ@ﬁmﬁmﬂﬂsﬂcces
supplied by Sheffiel d/ Systemc Pul rmnary Del i very Ltd. (See Armer et at,
United St at es Patent No. 5, 954 047 van der Linden et at., 15 United States
Pat ent i SPENSIQNFORM hOF A OOMRQUNEY:

5, 9705974 Whl ch are herein |ncorporat ed by reference), Aventis and

Bat el e Pul nonary Therapeutics. I n another preferred enbodi nent, an

el ectrohydrodynamic (- EBD') aerosol dayjegje is wused to deliver a conpound

of the |nE8m—1-en-t-e—t—he—l—u-ng—EBD-a.er_as.cJ_deALLre< use electrical eperqgy to
aer osol i zg“PPBMBL dr ug sol utions or suspe‘ﬁgﬂlﬁﬁs (see e.g., Noakes et af,
Uni ted St sindlof ve 47065, 5397 Unted—States—Patent—Ne- .
4, 962, 885; Pf ee, %I Apﬂ(ﬁﬂ cati on, 'gjﬂg; Cof f ee, PCT Applicatilon,
WO 94/ 145Bymagisfacile, PCT Application, W)ogg/ 26234 Coffee, PCT
Appl i cat i o595+ 05235, Cofee—PCI-Agplication WD 05/32807 _ whichjfare
her ei n inrc%‘?db 'Flea by refer ence) The EIQeQ:grochem cal properties of a
conpound (Offethl; MENTion fornutarton ISDge TTpoT tant—paranmeters—to
optimze mhen“delivering this )

Propyl paraben 005¢g

Granulated sugar 255¢g

Sorbitol (70% solution) 1285¢

Veegum K (Vanderbilt Co.) 10g

Flavorings 0.035 m!

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



25 conpound to the lung with an Eli D aerosol device and such optim zation
is routinely perfornmed by one of skill in the art. END aeror%.g 'Sces may
nore efficiently deliver drugs to the lung than existing pu W
delivery technol ogi es. Qther nethods of intra-pulnonary delivery of a
conmpound Qfq jARsdnvention will be known to the skilled ardd are

w thin the scope of the invention. 30 Liquid drug fornul ations suitable for
use with nebulizers and Iiquid spray devices and EHD aerosol devices w ||
typically include a conmpound of the invention with a .59 1 April 2005 WO
02/ 28810 PCT/ EPO1/ 11017 pharmaceutically acceptable carrier. Preferably,

t he phar EXAMPLE#: INTRCTABL BIACGRMELATION OF 4 COMROUNBDIOITHE INVENTION

wat er, pol yethyl ene glycol or a perfluorocarbon. Optionally, another
material nmay be added to alter the aerosol properties of the solution or
suspensi on of conpounds of the inventg,gps Preferably, this material is
liquid such as an alcohol, glyvcol . 5 polyaglycol _or_a fatty acid. Oher
met hods of Cémpoenghtati ng |i qui d drug sol ut|iAmeumnsr suspensi on suitable for

use in ae?sewwuom of 62' —H—the—art+—{see—e~{. ,
Bi esal ski | CORpuRd 8 BEdpYention ant No. 5, 109498028 esal ski, United Stat ps
Pat ent No S@Lﬁgeﬁgbuﬂ@ﬁm@5e04mre| n[iggiporated by reference) A

conmpound he_invention nay also be fgroulated in rectal or vagi nal

conposi ti 0H§1(1N)05H66Ha§1\Bupp05| tori es qrg.s- & svebleptenemas, e. g.,

PP Dt la, oo o It & » v at. i
otrer

containin Yvertotrat StOPOSH t-Or Y basgs—stt S—€CoCoa—DutTtTer—ot f
. I . .
gl yceri de § Ed‘; ion to the formul ati|dhy &H%Q@il bed previously, a

conmpound of The Tnvention may also be formulated as a depot preparation.
Such Long acti ng formul ati ons may be adm nistered by inplantation (for
exampfe subcut aﬁ@lwﬂn}gr@qiwmﬁﬂls%&hl@ﬁ pop)mixed by formap Anesable Brmilgfient i on.

15 Thus, for exanple, a conpound of the invention may be fornmulated with
suitabl e pol ymeric or hydrophoblc naterlals (for exanple as an enulsion in
an accepEAMPBEL) INIEC FONOF A COMPOUND OF THE INVENTION

. | 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.



or as sparingly soluble derivatives, for exanple, as a sparingly sol ubl e
salt. Alternatively, other pharmaceutical delivery systens ﬁf &gployed
Li posonmes and enul sions are well known exanpl es of dellvery H%s ¢ hat
may be used to deliver a 20 conmpound of the invention. Certain organic

'sol vent s swolnassigli met hyl sul f oxi de al so may be enployed,P &Q&Hgg7usually
at the cost of greater toxicity. A conpound of the invention nay - Hso be
delivered in a controlled rel ease system In one enbodi ment, a punp may be
used (Sefton CRC Crit. Ref. Bioned Eng., (1987), u, 201; Buchmald et at,
Sur gery, - Saudek et al, N. Engl Med, (1989), 321, 574)
| n anot herdentad-ouhioALJIORMET A TIGNOF A GOB ANDI o THEFNVEINTTIEN | cal
Applications of Cbntrolled Rel ease, Langer and VVse (eds.), CRC Pres.,
Boca Raton, Florida (1974); Controlled Drug Bioavailability, Drug Product
Desi gn and Performance, SnDIen and Baiable(Bds.), WIley, New York (1984);
Ranger gmel—Pe ass J—Mheterob—Sei—Rey—MacronplChem  (1983) 23 A1;
see al sd q@ St al ., Science (1985), D AFOPGH - Durlng et aL Ann. hburol.,
(1989), Zﬁnﬁ&kndupw@ﬁﬁw@hgﬁL (1989), J[gheprosurg. 7L, 30105y —tmyet

anot her fenbodinment a_cantrolled-rel easp system can be placed in proxinity
of the thﬂgaa@Fatabm@lmgn,waqe |nv=21_pimin e.g., the lung, thus

requi ri g{ T t+he—60—~% ,_\ 2005 \An 02/-28810 DNﬁLEpQMlOl?
system ¢ d(glsTéNegreggsﬂlgﬁh Goodson in Neﬂrﬁctalsm%ﬁatl ons of Controlldd
Rel ease | Distflied, or g@kile water pp. 115 (1984) .5 B Il CONLT OT T €0-T €T &ase systlem
may be tsed—{see—e-g——Langer, Science | (1990), 249 1527). Wen a
conmpound of the invention is acidic, it may be included in any of the above

5 desgri bed f%%@éﬂ%dﬁﬁmmﬁgﬁfoé%%g}%ag%ﬁ% 3@7 ‘g@&é%?ggﬁ?ept abl e

salt, a pro-drug, solvate or ‘e salts
substantlally retain the act|V|ty of the free acid and may be prepared by

react i ongWi 4 4@%}@

sui tabl e
manmal s.
Table 8
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.



Phar maceutical salts tend to be nore soluble in aqueous and other protic
sol'vents than the 10 corresponding free acid form Simlarly, ,a. ound of
the invention may be included in any of the above-descri bed! %% ﬁg@;tions
as a solvate, hydrate or pro-drug. Preferred pro-drugs include

hydr ol yzab*@ﬁz% f' derivatives such as aromatic esters, 3@@?‘1%@3& £ and

| oner al k esters such as ethyl, cyclopentyl etc. Clhe S are
‘known to those of skill in the phar maceutical arts. 15 A conpound of the
i nvention, or conpositions thereof, will generally be used in an anount

effective to achieve the intended purpose. O course, it is to be
under st o EXANIBLE 8hENH AhBITON FRMUIIATIGRPOFd. COMIGUREL @pMmVBNTION
adm ni stration. For use to treat or prevent enphysema, cancer

- dermat ol ogi cal di sorders, compounds 20 of the invention or conp05|t|ons
thereof, are adninistered or applied irgpaot herapeutically effective
anount. Therapeutically effective amoUnts of conpounds of the invention for
systeni c zﬁﬂﬂmﬂ@ttratlon may be found |n Phreentagehyl eeighti scl osure provi ded

herein he—ecorpounds—of—the—-Aventi-ondi S

pr edi ct at Egj gu g% M “m w é’e"&‘% 95| ﬁ& Tfn’e’ér” I;har macoki netic theary.

| npor t antjloxtoddpheripl)ar mackl net Ics of 25{conpounds of the invention in
hunans M. he-roadilyv determned by aneiof ski I I | n thp art The Skl | | d

artisan rr&;‘ﬁ"&%ﬁ@r(h? n@fedﬂqpaﬂrg%H&ﬁ)st andaj 8fhar macoki neti ¢ parameters df ter
[ l1[l d bUIIpUUI]u of QQ 1 IIVCIILIUII tST+Rg—PT oeedutres
L,

single T
descri becll?nprt eééfg.[r (osee e.g. Khoo ef din. Phann, (1982), 32,

395; Col bWatereind @hrried gasd i n. Phann (1913&10@313 yWefent Col bum et al. ur .
J. din. \PhanA——i(19) 23 689) The skilled artman may al so measure 30

values of these phar ITB.COkI netic paraneters after nulti pI e dosing, follow ng

PO a0 K g

PCT/ EPCt Jolutgrerp are known to those of skill in the art and may be added to the aqueous solvent ingtead
of Cremaphor RH 40. A compound of the invention, emulsifier, 1,2 propylene glycol and

l)

water are mixed together to form a solution. The above liquid 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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invention occurs under these circunstances (Brazzel et at, Eur. J.

Pharm, (1983), 24 695; Lucek et at, din. Pharnmacoki netics %l?ﬁﬁ% 0,
38). Those of skill in the art may estinate the appropriate

dosage | evel s of conpounds of the invention necessary to treat enphysens,
cancer or wi{esme@l ogi cal disorders in mammal s (preferabl *CTW%M using 5
t he pharnmacoki netic paraneters determ ned by the above procédures in
conjunction with aninml nodel dosage data. Dosage anobunts and intervals
may be adjusted individually to provide plasma |evels of a conmpound of the
I nvention V\:hl ch are sufficient to rral ntain therapeutic effect. Usual

pati ent EXadMBEES 100VEAGRY R ¥ bg and
about 10 tahl ¥ .10 het ween about 1.0 g and about 1.0 ng, nore
pref er abgm&ﬁauuuﬁq&%ﬁl %g and about 300.0 pg. Therapeutically

ef fective ser Qompemrissf f&h@u@&ﬁ%ﬁ‘ﬁ@ aval;wataﬁm fefleBleb i 9n %Nébl@ﬂfe%ajr dodnk Y

dose or nultlple doses_each da e anount of a conpound of thé invention

admi ni st & B9 of elasise-maneademphysanagdfassare ef @ Nagronk9d: Wek 3/Met@FEs; t he
P, Bl L cbaa S s S8 0 p RS Mol 000

affliction, the manner

prescri bwgnpw;g«msa;ﬁ aprEoximateivncighte ngmﬂhmm'gmnmngt alveokledinvegreankyi bt a

o | cataneRgp SRSHRToeonly Bty e Aoht ot gt Port et ent 1

may be ppanviedticleladtaraportine defi G CamidcAem)M t h ot her drugs and will continue
as long as required for effective treatment of enphysema. 20 Preferably, a

t her apeut i cal F1agY %%@%ﬁcamﬁ@ﬁﬂ&éﬁwmemn@pth Eapelair i bed

her I
tomelgl1 t ‘;/Edn#%r%&g?b%:eg(ﬁg ‘ﬂ% %ygﬂ g’eg%e e%ﬁn%ﬂéﬁ %%ﬁﬂi@&ﬁ”% dwg?ﬂrﬁfk @cimum ng
st andar dwiikerdraerborally ancqmeode}dmmgv ahdaysmygt infary.eGolitiol geonpe ateashaliehgby t he

skilled rat i oxi g, and, t effect is
t he ther"gilroe T mg %gie'@ 3“Ffﬁ e i b ﬁ%@i’%hsqtfmqn g‘?fel#é’%%l y exhi bi t
parti cuIMMa]s?die kucﬁlﬁcédlw Baesbfi thdEbi@@se byedsiriinafién GARR MEQ Ehesthaieer or

der mat ol(#)lgaga or ers Wnen conpared to ot her retinoid agoni sts. The
dosage & &F“‘Pﬁé’ FRREnion feralysised
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.



herein will preferably be within a range of circul ating concentrations that
i nclude the effective dose wth little or no toxicity. The ﬂg;a;gm 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 nistration
and dosag chosen by the individual phy5|0|an |n V,

patients ngﬁ%s?ﬁon (see, e.qg., Fingl et al., 1975, %%&chol ogi cal
Basi s of Therapeutics, Ch.l1, 62 1 April 2005 WO 02/28810 PCT/ EPO1/ 11017
p.1). For exanple, a therapeutically effective dose of a compound of the
invention may be adnministered either orally or directly into the lung. The
i nvention |s ﬂbpﬁwhwwugemﬂqnah#mcmﬁaﬂwmhcasobwthamt@bmpmmnboé&amphmmxy
descri bi f the conpound and conpositions of
t he inven |on g??gﬁﬁfﬂwﬁgﬁgﬂﬁﬁﬁé#ﬁ '%Rﬁﬁgse skilled in the art that many
nodi fications, both to materials and nethods, nmay be practiced w thout

v EXANPLE.l CRAb EFRNULATICN O A

&, £ ONG
dosage fqmmim-rmrmw%m
Tabl et (ng) Compound of tne

Magnesi um St ear at e0. 5 Croscarrrell ose Sodl urr25 The actlve i ngredient (i.

a conmpound of the invention) is blended with th%l actose 15 until a

uniformmxture is formed. The remai ning i ngredifents are mxed intimtely

with the lactose mxture and are then press '('.9 single scored tablets.
~

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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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 errphlv)%gﬁfz 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 Harcips6d48 Magnesi um St earate2 PCT/ EPO1/ 11017 TI}ﬁTﬁ:‘g&\/ﬁP"
I ngredients are mxed intimately and | oaded into a hard-sheée ée atin

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 ednstegpeburd, diludriii 150 bl 0/h&ahs AMPT00kE1. 85 1 31 MepPgwadded Vesnder bi | t
Co.)1.0 . ‘

) grgamc layer was separated 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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Fl avori ngso. 035 m Colorings0.5 ng Distilled waterg.s. to 100 ml The above

ingredients listed in Table 4 are m xed to form a suspension, for, I
adm nistration 64 1 April 2005 WO 02/28810 PCT/EP01/11017 EXN@IBE}E%fg
| NJECTABLE FORMULATI ON OF A COVPOUND OF THE | NVENTI ON Tabl e 5

Conponent npound of the invention0.02 g - 0.2 g ' ate
buf fer SOWP‘%}%S,S%.4 M.O mM HCA (1IN) or NaCOH (IN)g.s. t(?‘g)w&@fﬁ;pH

"Distilled waterg.s. to 20 mM 5 The above ingredients listed in Table 5 are
m xed to forman injectable fornulation EXAVPLE 5. | NJECTABLE FORMULATI ON

OF A COVPOUND OF THE | NVENTI ON Table 6 10 Conponent Amount (ng/m ) Conpound
of the i Wherariomiktare 3@s Riatdd 4t 196 °A0 A2teBA6 s Cthé ndktBr WasBESERd@BIUM
chlori de%mzpe%%;rg Ia}lg lrga?ted with 400 mI. of 10% agueous ammonium hydroxide. The reaction
mixture was filtered to remove salts and the solids were extracted with hot ethyl abetate. 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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|

Sodi um t aurochol ate or gl ychol atel0 The above ingredients are mxed to form
an injectable forrmulation. 65 0 1 April 2005 WO 02/28810 PCT/ 5@0&50%017
EXAVMPLE 6: NASAL FORMULATI ON CF A COVPQUND OF THE | NVENTI ON F&BA

Conponent Anount Oorrpound of the invention0.2 g Sodium acetate buffer

sol ution, Wo442h881® ™M HCL(1IN) or NaOH (1N)g.s. to suitabl Jgﬁ'gf‘ﬁj’l | ed or
sterile waterg.s to 20 mMl 5 The above ingredients are m xe #0rm a
suspensi on for nasal adm nistration. EXAMPLE 7: | NHALATI ON FORMULATI ON OF

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

Conpound _of the invention (stabilized wthl.0 - tocopherol)
1,1, 2- trMﬁéD@vIeZNHﬂ,m@mmmmym_m&% washed ivg it britiecdriedrovei Sodiion sutfdiane

?Eg7|2n86nt I on I S él SSO%V@%BC&F%E{J% %r%l%fget ra‘?%ﬂ%ﬁv%fi&gmg @hcxa%()und °

filtered and the filtrate concentrated under reduced pressure. The residue was stirred with 100
mE of methyl alcohol and the product filtered off to give 2.32 g (64%) of methyl-4-[(E)-2-
5 (3,5,5,8,8-pentamethyl-5,6,7,8-tetrahydro-naphthalen-2-y1)vinyl]benzoate (M* = 362).

STEP E: PREPARATION OF METHYL-4-[(E)-2-(3-BROMOMETHY] -5.5.8.8-
TETRAMETHYI5.6.7.8-TETRAHYDRO-NAPHTHALEN-2-YT JVINYLIBENZOATE.

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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trifluoroethane w thout evaporation of any solvent and the resultant
solution is filtered and stored in a sealed container. The resuLt ant
solution and the propellant gas may be introduced into aer o5PELENS 1 or

di spensation in the percentages shown in Table 8 using nmethods known to 15
the skilled artisan. A netering valve which is designed for a discharge of
bet ween 10tPP7®8Hd 300 pg per spray shot may be enpl oyePTEEREINEr 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 Table 9 Corrponent Percent age by wei ght Conpound of the

i nvent i Ox{irdy Sk B R0 YRS : mophor
RH 40) 2270 3 DT Of e g v ?8?%%31% carti eE&‘gabaék?g@%g%imm ght 5
Cr emapho ¥ LREETE PETRAGEHD DN IVINGY L BENAOIECED f6) er s
or sol utlzers are knovvn to those of skill in the art and may be added to

the aqueous sol vent instead of Cremaphor RH 40. A conpound of the

i nvention, enulsifier, 1,2 propylene glycol and water are m xed together
to forma solution. The above liquid fornulati ogymay be used, for exanple,
in a pressurized gas aerosol with an appropriatd|carrier gas (e.qg.,
nitrogen or carbon 10 di oxide). EXAMPLE 9z~F LATI ON OF A COMPOUND
OF THE | NVENTI ON

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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Tabl e 10 15 Conponent Per cent age by wei ght Conpound of the invention
(stabilized with 0.1 ~-tocopherol) Emulsifier (Le., Crenpphor RH 40)10.0
Pol yet hyl ene gl ycol 3.0 Water86.9 A conpound of the inventi onl 28425t er
pol yet hyl ene gl ycol and water are m xed together to forma solution. The

above |i gwglodggmul ati on may be used in typical EHD devi %ﬁ%ﬁ%l n the
art. 67 1 April 2005 WO 02/28810 PCT/EPO /11017 EXAMPLE 10: MENT OF

ALVEOLAR REPAIR I N RAT LUNG WTH A COVPOUND OF THE | NVENTI ON Conpounds of
the invention may be evaluated for their effects on alveolar repair in the

rat nodel %}} el agt ase-i nduced enphysema (Massaro et alL, Nature, 1997, Vol.
3, No. 6>0%&E Bthalen=2:y)vipylfbenzole aciéd 34t Er2-(b3.8 6 teognatlE)3- (2-
Pref er ably, ' AL Livd el tn - hmately
b o e e L R

Spr ague 21p.3.818sTesamettyil3¢(B S-dimethiylpyadzob b-yirhethylci 6,7 3-tkit by dvo-taptithalas s of

pancr eat k¢ - (Dbor ¢cihe iV | bi ogh . _Ani mal. s y b reat ed

Nth o comuB e R L o S F TR oL < aPIPR R OHE o al

dosage r A)6gkS tehpdrerabhthalchotyiRaryienttic Ad 461l ) 2sls 8, .0R%%ntE ) (2and

will be do e'(li%? al ?[r[}ct% Pgr day starting 21 days post injury. Control

gr oups aFEﬁéf ‘ﬁ%m%i—a’ ethyl-5,6,7,8-tetrahydro-naphthalen-2-ylyvinyljbenzoic acid 149and 4-
{(E)—Z—[S,S,S,S-Tetramethyl—S?(éi—methy]imidazol-1-ylmethyl—S,G,?,S-tetrahydro-naphthalen-Z-
yDvinyllbenzoic acid 150 respectively.

10 EXAMPLE 13: PREPARATION OF 4-[(E)-2-(3-BUTYL THIOMETHYL-5.5.8.8-
TETRAMETHYL-5.6.7.8-TETRAHYDRO-NAPHTHAL EN-2-YI YVINYLIBENZOIC ACID

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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w th elastase and 21 days |later are treated with vehicle (Caprrul sol ution)
for 14 days. Aninals are sacrificed 24 hours after the Iast

exsangui nati on under deep anesthesia. Blood was collected a |rre of
-exsangui nation for analysis. 15 The lungs are inflated with 10% neutral
buffered{y % n by intratracheal instillation at a constant rate (1

n / gramb gv} /min). The lung is excised and i mrersed FCAEPYHI Ve for

-+ 24 hours prior to processing. Al veolar measurenents are made in four

regions of the lung/rat. The nean val ue/treatnment group nmay be determ ned
by sunmi ng the average area/rat for all eight rats relative to the

el astas S en 20
ats. wi o ble SaER Ry (bARRTRIAR Mo sbiiiol ok et ot ol 10

st at i st i reduidey psisgnre fo giza200 m@t(‘é%%}mﬁd—{@-ﬁd&-%utﬁﬂudﬂﬁethﬁlewmm-mmahﬁ- 5m
paraf fi tions C d.WIt Hepmt oxyl i n and Eosi n.
Corrputeﬁg’z} &ﬁ'ﬁf) ?L'Pﬁllﬂ@?%éyﬁ °‘ﬁé?ﬂ2%ﬁf{$5r determine the average
al veol ar si zeprapiddilg\us Abfibsi iIRS exa@jﬂ@:iﬂdv@btt%@bﬁfmﬁﬂd Dhi@RsthidewikoNt ai ned
in rat plasm my be erformed using 25 established procedures. Briefly,

pl asfa tHUFPTY) Esroaptas, mt%%mn%@eblww&mﬁh@md hydr ogen

peroxid W %E@I: | nase
accordi na 8| rectlé)dﬁs (’jeslgrﬁ) e cggia%lhe '1u acﬂal:lejroﬁlgﬁ1 rg yc | leﬁs/ GPO
kit ( Bodb@ﬂlyigminohﬁ!yhhﬁbaptanﬂ@%ﬁﬁylamiy&mgmqapﬁma -mhercupophemigizat i t at ed
colorimetri N 1 Anal yzer.. .In rats _no I
triglycdl ik ﬁ?’gﬁhg%e%iﬁ%ﬁ??n% fﬂ a&’ﬁ‘ﬁ%‘%@ﬁ?f@’*i@‘ﬁﬁ%o
Trigl yceﬁmd@tocalmaﬁymﬁz@le CieRABI- R EidRz0E, I-At@biothiaflind afsd | 2005
WO 02/ 28810 PCT/ EPOL/ 11017 The_fol | ow ng exanpl es descri be synthesis of

par ti0c ulTBFrCaRsPhsBZeTHIazele 2o, Ondeh B ol 1 |]r7€1$,|ewr@;1 A8n3S: 2onre i gad 35
i1 ust r%%/ﬁE jofabl e 1. 'EXAMPLE 11: PREPARATION OF (E)- METHYL-4
[2-(3-B T%L5588 5 TETRAMETHYL-5. 6

7. 8- TETRAHYDRO- NAPHTHALEN- 2- YL) VI NYLTBENZOATE

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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STEP A: PREPARATI ON OF 25- DI CHLORO 2, 5- DI METHYLHEXANE 10 HCl gas was added
by bubbling through a gas dispersion tube to a solution of 11_g p Z(fO 84
mol ) of 2,5-di nethyl -2, 5-hexanediol in 300 mM, of ethanol e“reacfion
mxture slowy warmed fromroomtenperature to 60 C over 3 hours. The
reaction goésgewas cooled in a wet ice bath and a whit ﬁ%b p,]

filtered off. The solid was washed with water and cold 1 ano t hen
dried to give 65.2 g (65% of 2,5-dichloro-2,5-dinethyl hexane (W— 181).
STEP B: PREPARATI ON OF 2- BROMD 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 14.4 g (97 shrhef 3150ng £.828 munhliof Metby2-Buctorel(By-2HR H:Hi%8-pentd@ihylt  of

mxture o arapnoRbias R R el 7 R o R e a0 1

Apri | 2005bikofpeRBREdn BGHL HPAirbdd Rirdclends waHeetea toFelinx dhd eHpdstdb tHe 150 i

~of hexane of 1 N HCO was added. The organic |ayer was separated
and the %(ﬁa&?&ir%?,g}ngﬁgg filamens synolgmpiter! 5 e Th crmctmmxg%wabﬁb@am c

| ayers Wefierea@nd&shcbhttdled s, eﬂhé\l%ﬁlu&&}eki hPhas ﬁhﬁg@%ﬁ;ﬁ ate
and concentrated under reduced pressureé, e product S pur|

filtrati ORsHiER g@l@%apﬁpaacmtesu bédape)do gmvldq X e (6570 of Mathyl Befimone 440

? feI ?;(rjrg? %%?'—B%O oﬁ}gré 5‘?’ é%t i onangﬁé hal’é]ﬁégaggég'nggtff?ﬂm'grﬁnﬁmy Tgsnzpaigs ()
STEP C: PREPARAﬂim [ 22X ﬁglwm mmm&m§m-ﬁu&ommw3$£bm5m@m§1-8-

TETRAHY RAI El f b lith 1. '
hexanes) % ‘ggﬁ@agyﬁgiﬁbo 8 %ﬁu&éﬂaahﬁglapmlﬁﬁmb%ogé 0 ’IPtg !Sllsggrqﬁ(ﬂf’}) off N
N-f ofay| Bidagsik des Was oﬁﬁ%ghﬁcb)@mﬁﬁi!ng WafBedild 3 195¢ & 06 hours. The resulting '

slurry was partitioned between ethyl acetate and water. The organic layer was washed with

brine, dried over magnesium sulfate, and concentrated under reduced pressure yielding 207 mg
(92%) of Methy! 2-fluoro-4-[(E)-2-[5,5,8,8-tetramethyl-3-pyrazol-1 ylmethyl-5,6,7,8-tetrahydro
naphthalen-2-yllvinyl}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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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 bajR,.if8dosr 30
m nutes 30 nL of saturated aqueous 15 ammoni um chl ori de was added to the

reaction m xture. The reaction mxture was warned to roomtenperature and

extracted Wg%ﬂ:ﬁﬁd"yl acetate. The organi c phase was separlaéﬁ&mmwed W th
brine, dried over sodiumsulfate and concentrated under re ucec{ pressure.

The residue was purified by flash chronmatography on silica gel with
gradi ent el ation (hexane-10% ethyl acetate/hexane) to provide 3.5 g (85%

f 2-f | -3-nmet hyl -5,5,8, 8-tet thyl -5,6, 7, t et ht.hal
R
- o} X o y I O
copper (] E_ﬁcj%%iliﬁ\?vagﬁg%’ éd to gZ. 7 ig (80.67 mT?)I ) %f 62n%1rx01§0 o
3- Ey:mﬁmﬁfﬁgmﬂmmmmﬁptﬁsg%ﬁwﬁbaaﬁﬁa;@fgtp&mmémg(Ipf?lmom . of
me rol.l'idine. . Apri ,
Fenot | or Y et i wued ol Nebin e s oy I mbcs T Ly s el ol

cool 8d t:8omeEHperitBiETRE 2 huirS. TErchERAlmBNN ihs HOH dilited fvith @ybapemammdammoni um
hydroxi de. The reaction mxture was filtered to renove salts n%?tt&{ﬂe

sol i ds \ieshedwith eter andhbrine. hidie csganiq layer atag then dfed OV IPASPRRET S
fractio e Wi Lisne L8 AHEfara QiR . 5
concent P%Pe ErEitngerpr eg'ucegrpr esgﬁ?sgubThe pr odu?l‘;.;s vvast%g%ﬁ?% i eg by gradi ent

elution through a pad of silica gel (hexane-5 % ethyl acetate/hexane) to
: g -

glve18 f ran S nr2 (0 g
5, 5, 8, 8-afMAli HUN (Y213 (2-METHOX Y, B HOX M . L'a solution
of 1@ 7 358828 2- Y SMTETRATEYDRO-1S ABHTHA BN -0 AYEIVINYI 3: 6, 7, 8-

t

added 1 10 nmol ) of diisobutyl alum num hydride (1.0 Min
toluene). The reaction mxture was stirred and allowed to gradually warmto
roomtenperature. After 16 hours, the reactionOnmi xture was

o O OH
T
0\//\0/

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 mixture 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

tet.rahydr_onaB alene in 280 nL of dichloronethane, cooled at -78, was

i



treated with 30 nL of acetic acid added dropw se, followed by 150 nL of
water. The organic |ayer was separated, diluted wth 200 ni;af,;peyane,

"washed with brine, dried over sodium sulfate and concentrated under

reduced pressure. The residue was purified by flash 15 chronat ography
(gradi ent vah girdseid 5- 10% et hyl acet at e) hexane) on silica gférléﬂ?nﬁ{ofﬂ?rd 11.8
g (63% of 2-fornyl-3-nethyl

5,5,8,8-tetranethyl -5,6,7, 8-tetrahydronapht M ene. STEP D. PREPARATI ON OF
METHYL-4-f (E)-2-(3 5 5 8 8- PENTAVETHYL-5 6 7 8-

TETRAHYDRO- NAPHTHALEN- 2YL) VI NYLI BENZOATE 20 To a solution of 3.5 g (135
mol )  of Sadiure sulfate andmenespituatedmosist redneed prebsise Hbkeatesidiewat@eny&hIlioéd (tetﬂym ene

Chent cal 0y el o e by (%) oty (BPATS T MRy e Pl T p B

2- f or ny| teGamehyiys,6.5 @:ﬁa@m@aﬁmm&ﬂﬁnﬁl}ﬂe&oi&éci@dﬂgr@mbé hatgng in 20

m. of toluene was added and the reaction was 25 allowed to stir and warmto
roomtenperature. After 16 hours, the reaction mxture was poured 71 1

Apri |5 2008 AXNPIE2{ 2 PR} §§t8r8act ed with

et hyl ac—e“t_at'e_v\EéT

concent rBEERAMY \ 3 BE '(DICAQDDWL of
hexane,- fil tered and the filtrate concentrated under reduced pressure. The
residue was stirred with 100 nlL of nmethyl alcohol and the product filtered
off to give 2.32 g (64% of nethyl-4-[(E)-2- (3,5,5, 8, 8-pent anet hyl

5,6, 7, 8-tetrahydro-napht hal en-2-yl)vinyl ] benzgate (M- = 362). STEP E
PREPARATI ON OF METHYL -4d(E)-2-(3 BRC]V[]VETHYL 5,5 8 8-

5. 6. 7. 8- TETRAHYDRO- NAPHTHAT FN2YL)VI ‘ s AHE 10 A mixture of 1.0 g
(2..76 nmmol ) of (E)-nethyl-¥X 8, 8-tetranet hyl -

5,6, 7, 8-tetrahydro-naphth hzoate, 0.64 g (3.6 mmol) of N
br ompsucci ni ni de

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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- organic extracts were washeg

and 0.033 g (0.13 nmol) of benzoyl peroxide in 20 nL of carbon
tetrachloride was heated under reflux, under a high intensify h 5 After
2 hours, the reaction was cooled to room tenperature and pourg |nto 10%
aqueous sodium bisulfite solution. The organic | ayer was 15 separ at ed,
washed W p @idsgR, dried over sodiumsulfate and concent ga # Hﬂ@?? reduced
pressure. The residue was stirred with nmethyl alcohol .to aftor

Met hyl - 4- 2- ( 3-

bromonet hyl -5, 5, 8, 8-tetranet hyl -5, 6, 7, 8-t et rahydr o- napht hal en- 2-yl ) vi nyl ] be

nzoate (729 . 2025 72 1 Apr|I 2005 V\D 02128810 PCT/ EP01/ 11017
EXAVPLE SPeP BRERKRATRI/X] i 2+ BROMO-BH 34T R R GRYENG 5.3 X&) - 1-
YLVETHYLy i )VI NYLI BENZC] C ACI D (6) 0O NA
m xture T 0 - [ 2- ( 3- br ononet hyl

5,5, 8, 8- tetranethyl 55,6,7, 8- tetrahydro napht hal en- 2-yl ) vi nyl | benzoat e
and 0.65 g (95 mmol ) of pyrazole in 15 nL of N-nethyl pyrrolidine was
heated at 100. After 2 hours,,the reaction mxture was cooled to room
tenperature, poured into brinéd and ext&gcted with ethyl acetate. The
R dried over sodium sulfate and
ﬂue was stirred with hexane
exane and 10 dried to give

concentrated under reduced p
and the product was filtered ®
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 ) vi nyl ] benzoate (M = 429) A m xture of 27.6 ¢
(64. 4 vl ) dFo asalhgdn of 1223 ¢ B9 Bdhtcf r@rigidryxypRpph+a, 8 B-tdtramethyl-5,6,7,8-

tetrahydro-naphthalene in 100 mL of carbon tetrachloride at 0 °C was added a trace of iron
powder followed by a solution of 8.76 g (54.8 mmol) of bromine in 80 mL of carbon
tetrachloride. After 4.5 hours at Q °C the reaction mixture was warmed to room temperature.
After 3 hours at room temperature, the reaction mixture was poured into ice water and the

10 mixture was extracted with dichloromethane. -The organic fraction was washed with brine,
dried over sodium sulfate and concentrated under reduced pressure. The residue was purified
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

Br

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



yl met hyl -5, 6, 7, 8-t et rahydr o- napht hal en- 2-yl ) vi nyl ] benzoate and 97 nL (193
mol) of 2 N sodium hydroxide in 300 nL of ethyl alcohol wa he‘ﬁ&% at
reflux. After 1 hour, the reaction 15 m xture was cooled to 6
tenperature and diluted with 900 nL of water. The reaction mxture was
acidified wigdrqgsi! HCl and the product was isolated by fi k,}:rrﬁ:tpwﬂm,]washed
with water and pentane and dried to give 25.9 g (97% of

4-1(E)-2-(5,5, 8,8-tetl ranet hyl - 3-pyrazol -1 -

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. Proceeding as described in the exanple above but

subst i t ut9°ft fed ppier TGilucRd pressuet. e hepesidpe was pirifiedby Abiske chromatography ez ol e,

nmor phol i ng; j . 139826l , 3 I a e

2 ot hy | s BeplEhiciich CARGn: 0B oy TELOMERKLAR) B arfled o 175 6P 2 BBy -
3- pyr r ol -tthuyidimetiyisiloxppropy®)-6.518;& inprirmethydysia, T s tanbdryinhwitliéddenzoi ¢ aci d
7, 4-{(E)-2-[5,5,8, 8-

Tet r amet hyl - 3- (4- net hyl pyrazol - 1-yl met hyl -5, 6, 7, 8-t er ahydr o- napht hal en- 2-yl

) Vi ny 5] beSTER D: PREPAR AGTON QF 2.CYANO-3- (3-t- BUTYI DIMETHYI SILOXYPROPYL)-
4-1 (E) - 2- 2.9- Tet ranet hyl - 3- | | triazol -1I-yTnmethyl-5,6, 7, 8-t et rahydr
o 25 nap € 2 LX), D 0a/ ot d ] RO)-NAP

4-1(E)-2- (5,5, 8,8-tetranet hyl - 3-nor pholin-4-ylmethyl 73 1 April 2005 WO

02/ 28810 PCT/EPO1/ 11017 5,6, 7, 8-tetrahydro-napht hal en-2-yl)vinyl ] benzoic
acid 138, 4-[(E)-2-(5,5,8,8-te{anet hyl -3- (2-
oxo-pyn:olidin-1-yl-nmethyl-5,6 &mNdr o- napht hal en- 2-yl ) vi nyl ] benzoi c

acid 139, 4 { |
D rez—e?; | met hyl -5, 6,7,8-tetra_h

(E)-2-[5,5, 8, 8-Tetranet hyl - 3- z
ydr o- napht hal en- 2-yl)vinyl ] beA
4-[(E)-2-(5, 5, 8, 8-tetranethyl “3-*( 2- oxo-.pi peridin-1-yl-nmethyl 5
5,6, 7, 8-tetrahydro- napht hal en-2-yl ) vinyl )benz6ic acid 146
4-{(E)-2-[5, 5148,,8- -(2- . .
et hyl i i dazo@f%@%’%‘ it b%y @3 ,"é‘-“?%t"f%T?%f?&%éﬁfﬂ“%ﬁ”ﬁ’r‘?@%ﬁmf?ﬁﬂ%‘benzoi c
acid 14QSQ@S&MCWI—S;Qﬁs-ﬁiﬁhﬁdIMpﬁmkﬁaﬁrﬂ}zﬁﬂnnmﬂﬂydhy?a,@aﬁ@ne hray | et hyl
5, GMZQS-%@} r% -napht hal en-2- yl)vinyl]benzoic acid 1 respectively. 10
ExavE 3%ed &&ﬁ%‘&be&m@ Cyanjde. 4ndrtve rraiORETiMES Was Igad to 175 °C.
| ETRAVET Hfler 96 flouks felrdfehGARRRS WEYAIbRA 5N da M M BEN red Gief TR O
aqueous ammoniurm hydroxide. The resulting salts were removed by filtration and washed with
hot ethyl acetate. The filtrate was exiracted 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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A solution of 445 ng (1 mmol) of Methyl-4-[(E)-2-(3-Bronmonethyl-5,5, 8, 8 15
tetranet hyl -5, 6, 7, 8-t etrahydr o- napht hal en- 2-yl ) vi nyl ] benzoatg El)?

mol ) of potassium carbonate and 180 ng (2 nmmol) of 1-butan R0 10 L
di met hyl f ormam de was heated to reflux. After 40 m nutes, the reaction

m xture Wase to roomtenperature, then diluted w

m xt ure was gﬁ%ﬁﬂt ed with ethyl acetate, the organic ex%&ﬁﬁé’%&g&{ed wth
brine, dried over sodiumsulfate, then concentrated under reduced pressure.
The residue was 20 purified by flash chromatography on silica gel (5% ethyl
acet ate/ hexane) to give 263 ng (58% of

Met hyl - 4- [ ( E) T2-a(s8kuBot pf 46icqiEP mythold pﬁZ—&yﬁ;ot—%(&-ahlﬁy]ﬂgdwt@Lﬁloiyﬁopﬂp-r ahydro-n

oyl aP g on e -y dopraR b g o of S e B 1 he

react i onadAell1PmI$7.9 A3h6H of BisbORYlatdiREh Ayltid 19 Mli‘ﬁ ﬁﬂuen@)'ﬁ_’ THetrQach)ﬁ ne and

acidified wwth concentrated HCL The m xture”was ext racted wth ethyl ether
74 1 Aprmmm&stm@iam 2ysnad esIpbPE A WoPnitaiperamren Aftanil 6 bburacacedn was
dri eds ovgL ah' SHbLBE 33 ddbileiRB ofRsieet SRF GRRIbAEthaHE Y orpfifl Ced
pressure o grv ‘7 of

4-1(E) - Zﬁeﬂacﬁlm;sl separatei | washebwith Brifie, [deibd avartsbdibm suifate and concentrated under

% 5, MR ) W a7 Bt

with, 5eIﬁzt16ﬁ Ulf-ﬁ'ﬁ% @’&fy@ﬁd&ﬂ@heﬂané}ﬁ&ﬁﬂ’@fd%i-’s S(BOARANSGHTH -3-(3-t-
1- rrercapto @W}gl but ane, cI op enq-éymercapt an, isopropyl nmercaptan,

i sobut yl Wl%@ ﬂwmmibrfbﬁs yriawrpethylaht 7§-temalwﬂ¢m ne-hyI" a8t an,
2- cyfd ohexyl am noet hyl mer capt an, 2-nmercaptopyrimdine, pr opyl mer capt an,
4- net hyl - 4H—124tr|azole3th|ol 5-nmet hyl -1, 3, 4-t hi adi azol e-2-thiol, 5-

mer capt oWMMNM%F@WGmmm
2- marcapg | 5 r.capt. Azl ¢ ‘
14, 16, 175515, PRy oy TS, 295

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 NH,Cl solution. The reaction mixtre 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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EXAMPLE 14: PREPARATI ON OF 2- FLUORO-4-f(E)-2-(5,5, 8, 8- TETRANETHYL 3-
PYRAZQOL- 1- YLMETHYL- 5, 6. 7, 8- TETRAHYDRO NAPHTHALEN- 2- YLI VI NYL} - gdgzo C
ACID A O C, 3N|tetrahydrofuran solution of 350 ng (1.62 nnol}ﬁﬁ¥ﬂ
2-fornyl-3,5,5,8,8- pentanethyl-5,6,7, 8tetrahydro-napht hal ene and 541 ngy
(1.78 mmol ) of diethyl 2-fluoro-4- carbonet hoxybenzyl phosphonate was
treated with 84 ng (2.10 mmol, 60%w, in mneral oil) 20 NaH in 10 ny
portions over 10 m nutes. The reactlon nlxture was stirred at room

t emperatu ? op ' acetate and washi ng
‘with brin LHMET] P
concent r apROPYI. ;-\5@081; M@METHYE@WN@TREHW N%@HI&MNEN’Q 330 Mg (549

Met hyl 2-f] uoro-4-

napht bal edLdY ’ 75 1 Apri | 2005 VO 02/28810 PCT/ EPO1/ 11017
A slurry of 315 ng (. 828 nnDI) of Met hyl
2-fluoro-4-[(E)- 2 (3,5,5, 8, 8-pent anet hyl -

5,6, 7, 8-t etrahydr o- napht hal en-2-yl ) vi nyl ] benzoa
N- bronosucci nim de, and 10 nmg of benzoyl pe
tetrachl ori de was heated to | ex and ex
tungsten filanment sun lanp f
filtered and concentrated i

fl ash chromat ography on si

147 ng of

in 6 nL of carbon

he radiation froma
yeaction mxture was then 5

The resul tjing residue was purified by
2%-.et bk te in hexane) to provide
247 ng (65% of Methyl 2-flugko-4<] ( Tﬁ

2- (3-Bromonet hyl -5, 5, 8, 8-tettanet hyl -5, 6, 7, 8-t etrahydro- napht hyl en-2-yl )vin

yI]benzoate A m xture of 231 ng (503 mmol ) of Met hyl

2- qu -4-0(

5.5 8.5 t ot | e hPPESERPL g%ﬁav(%aamw AEBARRY T3 by G isenmemd: 120
ng (1.76 m's)teeémetﬁﬁ Py %Zt@tlrzﬁlyéfb% ﬁ‘ﬁhﬁien@fn I B WML th PG f%l Shie(\ggs heated

to 125 C for 6 hours. 1he resufting slurry was partitione etmeen et hyl

acet at e aavdedva sentiongfe. Zﬁrg(a?d ISCmmaQ@lf dinzsthyleisinettiylsarbhxylberizplphosphomde n\26r

magnesi u The l& Ii%%e%‘lyl srrﬂgo €. t()gl% ausrc])fiu%lon o?g 2 (‘(%i 490 cﬁ? Hinfun! !:iflaslo(}j)iro% I- 207 g

amide in 10 mL dimethyl sulfoxide was added. After 3.5 hours, the reaction mixture was

10 poured into ice. The aqueous solution was acidified with 1 N HCI 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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(929 of Methyl

-2-fluoro-4-[(E)-2-[5,5, 8, 8-tetranet hyl - 3- pyrazol -1yl net hyl - %,gzﬂgoqtsetrahyd
ro naphthal en-2-yl]vinyl}benzoate. 15 A slurry of 199 ng (. 5, nmol’) of
Met hyl 2-fluoro-4-[(E)-2-[5,5,8, 8-tetranethyl - 3-

pyrazol - | wy giBkh¥! - 5. 6, 7, 8-t et rahydr o- napht hal en- 2-yl ) vi te
nmL et hanol and 1 L of 2M aqueous sodi um hydr oxi de was 2?##?@%?@

hours. The m xture was neutralized wth aqueous amoni um chl ori de and
extracted with ethyl acetate. The organic |ayer was then washed with
brine, dried over magnesium sul fate and concentrated in vacuo. The

resul ting 1451’msqigimfofr4d2;'gﬁh%mmd)of Methyi#eldE)-2-[3€3#anol to provide 85 ny

R

napht hal ﬁhﬂr@i}ﬂe};ﬂdiﬂ&yin]maﬂz(ﬁ:tfah othrdn’ waE28bPh EoliiGon HIEBARMS @hhcﬂ):

5-1(E) - 2- (5s 8- TETRANMTHYL - 3 PYRAZQOL- 1- YL%YUS 6. tﬁ
RAHYDRO- iRibutiagmoninym Alpride (+0 R jetgrhydrofyean %c%i {IXAE i | 2005
WO 03/ Z%leﬁﬁﬁlxﬁm&%%%? m&%w&r@mg&ﬁw r'ma Srehit brabiciwA sk vk 46

mmol ) of 2-fornyl-5,5,8, 8-tetranethyl- 3-pyrazol
1 yI met Hyins, &ied ayer sadiumh yeifaie M@ﬂt@tﬂd undes radncedgressireg 1 Tharssignesvasdi et hyl

- t h 76
(1 oPien oY AR ceehy DE LG PLIPRBNRRAE, B bk £ol Bttt id iyl
m nut es. {(E}qﬂ-[ﬁ{&hydtoxﬂﬁopﬁﬁe—ﬂjs&s-tmwyl > 6ﬂ®tmhhydremaph1hzﬂeﬁ~m 2 hours. The
reaction_ mxture was then_ diluted with ethyl acetate and washed with water _

and bri %“%@W%ﬁ%ﬂa}@?‘ i»2°€hen dried over magnesium sul fate and

conggntrated in vacuo. The resulting residue was triturated w th nethanol
yi el di ng 45 EXANPLE 16 PREPARATI O\I OF

8- TETRA%%\‘? §-Wﬁo-1ﬁ%‘ﬁﬁﬁ@ 29\1L VINYLIBENZOIC ACID

\

(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



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 nmol) of 2-nethoxyet E%Qp%&ol | owed
by 16 ng (.098 nmol) of potassium 15 iodide. The reaction m S
cooled to -30 and a solution of 434 ng (.98 nmol ) of

Met hyl - 4- 3- brononet hyl -5, 5, 8, 8 tetramethyl -5,6,7 r o- naphd
Wen- 2- vyl I)-“f/(iE%t{‘?i%ﬁgl(tt)]enzoate in 5 nmL of tetrahydrofuran was gg:&é%“’%ipreaction
m xture was allowed to slowy warmto roomtenperature. After 5 hours the
reaction mxture was diluted with water and extracted with ethyl acetate.

The orgap fracti o swashed WI t h brine, dried over 20 SOdI um sul fate
and conc&RaMEEs I8 RREPARATION OF &4¢ 3-(Br ] ¢ pi8t&ed by flash
chr omat OQEQM)MQ?HYU REPPUCt

was taken up in y g na T ;
m xt ure was heated to reflux. After 4 hours, the reaction m xture was
cooled to room tenperature, diluted with Waterand ethyl ether and then
~acidified with concentrated HCL The 25 mi xture lvﬂ extracted with ethyl .
acetate, the organic extracts vvashed W th_n (Sgl ed over 77 1 April 2005
WO 02/ 28810 PCT/EPO /11017 cor®ntrated under reduced
pressure. The residue was rg 3 ket ltyl  acet at e/ hexane) to give 50
ng (129 of 4-{(E)-2-[3-(2 ethoxymatb_yl 5,5, 8, 8-

tetranmet hyl -5, 6, 7, 8-t et rahyd pit.halen- Dyl ]VI nyl } benzoi ¢ acid (np.
55.9-58.2 O S. 5 EXAMPLE 17/
(E) - 2-[ 3- ( 3- HYDROXYPROPYLI - 8 8- TETRAI\/ETHYL 5.6 7 8- TETRAHYDRO NAP T. F.
- 2- YLI VI NYLI BENZO C ACI D STEP A: PREPARATI ON OF 2- (3 HYDROXYPROPYL) - 5S 8

8- TETﬁANETHYL'ﬁo §o0/ m% © EEWMW -4 [(g) ipg(é[ droxypropyl)-ﬁ 5,8,8-tetramethyl-
5,6,7,8-tetrahydro-naphthalen-2-yl}vinyl}benzoate in 5 mL of dimethyHformamide was added
480 mg (4.78 mmol) of methyl iodide at 0 °C was added 38 mg (.96 mmol) of sodium hydride
(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 14 g (103 mml) of 3- phenyl-I-propanol and 18.2 g (123
nmmol ) of 2,5-dichl oro-2,5-di net hyl hexane in 100 nmL of di chI % ? ne was
added 15 g (113 mmol) of alum numchloride. After the additio

chl oride was conplete, the reaction was heated to reflux. After 16 hours,
the react ix@oiPsifur € Wwas cool ed to room tenperature and ﬁ%&é&aﬂ@ 7tof wat er
was added, followed by 100 nL of IN HCL The reaction m X irred
for 2 hours, filtered through a Celite pad and the | ayers were separat ed.
The aqueous | ayer was extracted with diethyl ether and the conbined
organic fractlons were washed wi th brine, dr| ed over sodi um sul fate and
concent EXAMPLEL 19 P RAHION peD. 8. 8 IFIRAMEETHY

Chr Onal opi-ARG) i SO RN AL A B qﬁﬁm@: 13.45 g
Bt T anet hy
5,6, _@rahydro napht hal ene 78 1 Apr|I 2005 WO 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 solutigp of 12.3 g (49.8 mmol) of
2- (3- hydroxypropyl)-5,5,8,8-tetranet hyl -5, 6, 7,{B- tetrahydro-napht hal ene in
100 nmL of carbon tetrachloride at 0 C G trace of iron powder
foll owed by a solution of 3 of bromne in 80 nL of carbon
tetrachl oride. After 4.5 > gaction m xture was warmnmed to
roomtenperature. After | roomterrperature the reaction m xture
was poured into ice water ~and <2 extracted with

di chl oronet hane. The organif\ fraction was waghedf with brine, dried over
sodi um sul fate and concentrated under reduc essure. The residue was
purified by flash chromatography on silica gel (30% ethyl acetate/hexane)
to give 10.2 g (63% of 2-

br org- 3- ( 3- hﬂﬁﬁﬁml/@bmﬁdrhg@@ﬁn&iﬁ@m@mﬁhwyév[ﬁ(?-hﬁdrbﬁﬂr@mS-St&‘tpht bal en
e. (M= 324). 15 STEP C PREPARATI ON OF

BUTYL DI feEamsthdr 1. 60 reepiyidro-naphthaiers2-y V@ylﬁbaﬂzvﬁ?mm[ﬁﬁ@%@wf—m ENE.

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

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

al um num




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 di gﬁt hﬁ rsmam de
was added 9.46 g (138.8 mmol) of im dazole and 10.46 g (69. @ of
tert-butyldinmethylsilyl chloride. After 4 hours the reaction m xture was

di luted w | yl ether and washed with 1 N aqueous anmmoni um chloride
and bri ne.‘pb}ﬁgh%%ani c fraction was dried over sodi um_sul#%“yﬁwl? 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: 1-2%ethyl acetate/hexane) to afford 9.17 g (66% of 2-brono-3-(3-

t - but yl diide(E)y ket b4yP(RPHhyddxfetByl8-3, 88 8aaRitNhylS,6,7 8.8 fRtenapht ha
| ene. 5_STEP . PREPARATI ON OF 2- CYANO- 3- ( 3- t - BUTYLDn THYLSI LOXYpROPYLI -
5,5. 8. BQMPWI%S"’W +4BretRA yh3-(rinigin2-yhiomedsDdr6,880 ¢

(20.5 Mm@l i )31 vad ke si | oxypropyl) -
5,5,8,8-tet &f&%ﬁﬁﬁhﬂ%ﬁﬂﬁ%@?é@%ﬁ%%@%ﬁ%ﬂt hal ene in 70 nL of N nethyl
pyr oui dénEEmS< 558, SittammethyB8-[g-(§-8actinil B 4dthiadizph2ylsulfany D ethyi]i6,958d t he

reacki o @]S r h tQ 175 C.,.After 16 hours the reaction mxture
was ]éoolreee EIolL!)r"g']gﬁnﬁ 5‘%@2&“&@3&%‘:@?& ed wth 10% aqueous anmoni um

hydr oxi de. The resulting salts were renoved by filtration and washed with
hot eth acet at.e. Th i at e_was _e trsacd wi th ethyl acetate and -t he

X EN FLLT N

sul fat e IR GPYEES AL PTRASAIDRG mmwgaggy%@ PR RERTALARS
purifie y ash chromatography on SiTrca ge S T 3- 25%
et hyl acetate/ hexane) to give 4.8 g (61 %9 of 2-cyano-3-(3-t

but yl di net hyl si | oxypr opyl) - " :
5,5,8,8-tetranethyl -5, 6,7, 8-tetrahydro-napht hajjene. STEP E: PREPARATI ON CF
: 6H8 8- TETRANMTHYL-5 6 7

- A
= & Al P ik LA i
=X~

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



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) - )
5,5,8,8-tetranethyl -5, 6,7, 8-tetrahydro-napht hal enein 40 m :, 1 Sypril 2005

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

di i sobuty|al um num hydride (1.0 Min toluene). The reaction m xture was
stirred an® E*Y0ed to slowy warmto room tenperature. ARCEEPOHHOHoyrs,
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 sodiumsulfate and concentrated under reduced pressure. The
resi due ayaged Rithl Wit hridacdifsh with | TREL OTRARY-H rSikire #a0Skraéted @fth @k1
elution: 4-25%ethyl acetate/hexane) to afford 2.48 g (53% of 2-fofnyl
- 3- ( 3- t apgietp) washed with brine, dried over sodium sulfate and concentrated under reduced pressure.

met hyl si . | )z - e 6,4: 4 .8 ydro- napht hal ene. it
= '385) . 8%@“%%@&’??&‘/@ ﬁ&%&k&é@%@ b ?ﬁﬁ\ﬂ@?f By TYLDI NETENL -

SI LI I AX«RakeMighleromieiing) txyi . 84 1ig TEVRAHYORENAS,S,T,8-tkiMmefioyl3-(3qlyrdzobn  of
14 g_(32 nmol)_aof 2-brono-3-(3-t-butyl di methylsililoxypropyl #15 o

5, 5, 8, 8 1rUpPIoRKROHy .8 detpabydrg-gaphibalparoviivin i beapeis acid 30%mep. m1866- 1825 °O.

tetrahydr of upaRedding %&e@g?%ﬁéé Qb %ﬁmé"vﬁﬂn}’ﬂ‘{fﬁ%'( 2S Min

hexane) via syringe u e. The TE€action ure was stirred
at t hi s aminopiapane 4bnombplwaaele, SFvsthyinyranals, dumateyipyiavele indtetrazoleigavofh of 7 ni

64 | | _pi i i in..10 ni tetrah f . Th
oaul 11 AN B BB PES [ Ebon M kropdhs S sttty RRARARR A SN | (s
quencheg)vink1} bd:BRicdci@ 86,0 { WHAEE, 5R8-titiamathy B3 pReldrtinopropy)5.6, V8RS
extracted th 3 it 100 nL of ethyl acetate. The _organic |ayers were
contP ne Firaidrapapi iR SV BHIDERFAC 438 Farit L(Rn- Penb o derametisi S atre od

pr essur ropfiRrdz8E1 %e%_ b & f LLOTRARE W £3d,4ca gel
(gradi enfo el"dtion ! 1-‘(‘{)S?ﬁ?l]e—tlgflgig’/’jl’§ a%fe!l%lg%ig_/ ﬁ@%ﬁ@g) to ar ¥%§%P¥clﬁ% |(4_90% of
2- f or my HE3-(5,3.8,8-tetramethyl-3-[3-(3-methylpyrazol-1-yD)-propyl]-3.6,7.8-tetrahydro-naphthalen-

lbg;g' di( ggh%/)ﬁd%‘?éé&ﬁ%ﬂ4)-7[('11:)3’-ﬁ;fs,é-?étﬁa%{’é%}ﬁé'-[35(a-§ne?thﬁ@§r§£oﬂfi‘l9lﬂr o- napht ha
propyl]-5,6,7,8-tetrahydro-naphthalen-2-yl]vinyl }benzoic acid 135, 4-{(E)-2-{5,5.8,8-
15 tetramethyl—3~(3—teu'azol-S-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-yllvinyl}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-



81 1 April 2005 STEP F: PREPARATI ON OF

METHYL- 4- 1(E) - 2-[ 3- (3-t - BUTYLDI METHYLSI LOXY- 1 April 2005
PROPYL) - 5, 5, 8, 8- TETRAMETHYL-5, 6 7 8- TETRAHYDRO- NAPHTHALEN- 2-

YL] VI NYL} BENZOATE 5 To a suspension of 0.85 g (21.3 mmol) of

2-fornyl - vQd2sslbut yl di met hyl si | oxypr opyl) - PCT/EPO1/11017
5,5,8,8-tetranet hyl -5, 6, 7, 8-t etrahydro-napht hal ene in 20 nL di net hyl

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

dinethyl 4- nethylcarboxylbenzylphosphonate in 20 nL of dinethyl sulfoxide.

10 L i AEr PSP ety DS, e Reen e iroal b ur o

was 10 payy bdﬁ&y@] i ce The aqueous solution was acidified with 1 N HC and
extracted with et hyI acetate. The organic fraction was washed with brine,
dried over sodium sulfate and concentrated under reduced pressure. The

resi due ws S|I|ca gel
(4 % et hy E ayq%—%i%-?
[ 3- (35t - A 5,678tetrahydro-n

apht hal en- 2- 15 yI]V| nyI}benzoate (mp 73 2-76.5 C). STEP G PREPARATI ON
OF METHYL-4- {(E)-2-[3-(3- HYDROXYPRCPYL) 5,5, 8, 8- TETRAMETHYL-5, 6,7,

8- TETRAHYDRO- NAPHTHALEN- 2- YL] V I NYL} BENZOATE 82 1 April 2005 - WO

02/ 28810 PCT/ EPQOL/ 11017 To a sol uthor : (7.7 mol) of Methyl-4-{(E)
2-[3-(3-t

but yl di nmet hyl si | oxypropyl)-5,5, 8,
n-2- yl]vinyl}benzoate in 20 nmiL te
m, (8.08 mol) tetrabutyl anmoni
After 30 min the reaction mxture

g Q. 6,7, 8-tetrahydro-napht hal e
uran was added a solution of 8
B(rl' 0 Min tetrahydrofuran).

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




5 was diluted with water and extracted with ethyl acetate. The organic
fracti on was washed with brine, dried over sodiumsulfate and concentrated
under reduced pressure. The residue was purified by flash chlA@thQpéraphy
on silica gel (ethyl acetate) to give 2.67 g (85% of Methyl-

{(BE)-2-3 droxypropyl)-5,5,8,8-tetranethyl -5,6, 7, 8- tetrah dr o- napht hal
en-2- vyl ] V“W% H8nzoate (mp. = 109-115.5 C). 10 STEP H: rBﬁEﬁRﬁéFPPﬁ\l OF
4-{(E)-2-f3-(3- HYDROXYPRCPYL)-5.5,8,8-

TETR. AVETHYL- 5, 6, 7, 8- TETRAHYDRO- NAPHTHALEN- 2- YLI VI NYL} BENZO C ACID OH To a
solution of 27.0 g (0.66 nmol) of

Met hyl - 4ade£a@me’&aiaéj 16 fo&\dctr@gg/m%)wf)s tﬁoéo% 88,8 tetramethyl-5,6,7,8-tetrahydro-2-

t et r amet hyl t et r ahydr o- napht hal en- yI]V| nyl }benzoate in 10 nL of
net hyl allﬂPBﬂk@ldem(Melﬂ -414.3PCk N L1OH The reaction nixture was heated
to reflux. After 4 hours, the reaction mxture was cooled to room _
tenperature, diluted with diethyl ether and acidified with concentrated

HO . The Mzzgmmmmmmmmm ) F5.84 over sodi um

sul f centr under resi* rifi
oul o o PR SORSGIL ) R IO 016 coFaue uas puri i ed
y C StarFrr+zZa YTeTr—E

DB00 ny (76% of 4-{
(B)-2-[3-(3- hydroxypropyl) 5,5, 8, 8-
tetranet hyl -5, 6, 7, 8-t et rahydr oc ngpht hal e® 2-yl ] vi nyl }benzoic acid (mp.:
212.8-213.2 C) 12. Proceeding s descriljed in the Exanpl e above but
substituting 3-hydroxypropyl befizere” wixt fpydr oxyet hyl benzene gave 4-{
(E)-2-[3-(2-hydroxyethyl)- - anet hyl -5, 6, 7, 8-
t et r ahydr o- napht hal en- 2-yl ] vi S acid 31. 25 83 1 April 2005 WO
02/ 28810 PCTI EPO1/ 11017 EXAMPLEZ\L8: PREPARATI qxl OF
4-4(E) - 2-r 3- ( 3- METHOXY- PROPYL1)5'8 8-
TETRAMETHYL- 5. 6, 7, 8- TETRAHYDRO- NAPI f f HALEN 2/YL| VI NYLI BENZOI C ACI D

%

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
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

89



OH5 To 390 nmg (0.96 mmol ) of

Met hyl -4-[ (E) - 2-[ 3- (3- hydroxypropyl)-5,5, 8, 8-tetranet hyl 1 Aptil 2005
‘5,6, 7, 8-tetrahydro-napht hal en-2-yljvinyl }benzoate in 5 nL of P

di et hyl f or mam de was added 480 ng (4.78 mmol) of nmethyl iodide at 0 C was
added 38 ngo(29&4mol ) of sodium hydride (60%oil di sperlséjqfi) ﬁfger 4
hours, the reaction m xture was diluted with saturated aqueous “anmoni um
chl oride and extracted with dichl oronet hane. The organic fraction was
washed 10 with brine, dried over sodi um suI fate and concentrated under

Gl ca ool CC ebb Eamron bRt BB to Grmes R a Ty I ag et
mat er i al s,w-ie&m@ar&a-daﬁmﬂ;ﬂdeﬂydeﬁ insth mﬁlc&faiwiana;%s%dabd 6538 & (4.2 bishbipsd

heated to reflux. After hours, the reaction was cool ed to room
t enper at RRTRSSi wb@etmﬁfrpr 1houp thessractionireixrewas pared s uaienard catraged The

t
vaahed o b o s e bR Bt Padel wi n R B0 Ay i =1 ©
reduced gifags amdecondénratedsi cacowdhe pooduts wab fuyified by flasihchoomatograpinhen slica
L S U aReT SH0E 407 R B3 s SisR s a2 T8 s
t et r anet it &%a%ﬁgaé@lag% @ Baglyows ey 2- yl ] vi nyl } benzoi ¢ acid 11.

Proceeding as in t Exanpl e above but substltutlng met hyl iodide with
ethyl iodide 20

gaved- {( x4t o- napht h
al en- 2- ] v : ‘
PCT/10P0O13 di,ﬂCELTEEXHIYRhIE)—]ngAPBEE’ﬂHAEN BENZOIC ACID

(E)-2-[5.5,8. 8- TETRANMIHYL- 3- (PYRD | N- 2-
YLTHI OPROPYL) - 5, 6. 7. 8- TETRAHYDRO- NAPHTH. Al EN- 2- YL1 VINYL}BENZOC ACID 5 A
m xture of 250 ng (0.62 mmol) of Q
met hyl - 4-{(E) - 2-[ 3- (3- hydr oxypropyl)-5,5, 8, 8-

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



tetranethyl 5,6, 7,8-tetrahydro-naphthal en-2-yl]vinyl}benzoate, | nL (4.9
nmmol ) of = diisopropyl azodicarboxylate, 13 g (4.9 mol) of 1 April 2005

tri phenyl phosphine and 550 nmg (4.9 mml) of 2-mercaptopyrimdine in 10 nL
tetrahydrofuran was stared at roomtenperature. After 48 hours, the
~reaction wiodapefiowas poured into brine and extracted wthghhyl,acetate,
the organic 10 extracts were washed with brine, dried over sodiumsulfate
and concentrated under reduced pressure. The residue was purified by flash
chromat ography on silica gel (10% ethyl acetate/hexane). The purified

- material was taken up in 20 nL of nethyl alcohol and 10 nL of I N LiOH and
heat ed P&>7 &f(-0Q mmel) ef triethylaming inel 2 mhof Amethyiormamiderasdeard o 45 fest hanol

was re . | 1kt ) I di f4.ed with
oot | o Bepi. cobibadBpSim [GHAREE BhE R el Wil B0 ) AR AE Rkl T Oy
sodi um ergahiallsyenwds sasiedwithdiving, dibedioover anhydanks podiemsnuiate, ah8 eoniceatratedinvas
Cthyl v, ThEPRERGE taded e Patbateranaetreel Siced ahetul nyi
acet st ejhrataR®hn ' G530 _ -3-pyrimidin-2- -
4-{(EB)-2-[5,5, 8, P q?ﬁ?rr%?% ??73- (pyr fsrh&git?\tfaﬁeﬁ}{lﬁi%pr o;c)hynl 2) yle?hg,ﬂ%l,-sé?’g’est rahyd
r o- naphteﬁahmﬂ@bth?ldj?wqﬁ&f@wz& c acid 24 (mp. =177-177.5 Q).

Proceedi ng as above but substituting 2-mercaptopyrimdine with

5-nmet hyl -1, 3, 4- thiadi azol e2-thi ol gave

4-((E)-2 % PREBARATIONEORNIEBHYZ- 4 HENE TETRAMBTHWIa30! - 2-

yl sul fa - NI Q la - r - naph -2~ l.nyl ) benzoi ¢ acid
28. Pr O@g] Il:lJD O.E;(—J.UUVC outl Dgéﬁ;g—ﬁ Wilki -] £- Aﬁ{‘MYh&-i-

et fy! - $1H NG BENTOATRY pr opyl } -5, 5, 8, 8- 25

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-tetranet hyl -5, 6, 7, 8-t et rahydr o- napht hal gn- 2-yl)vinyl ] benzoate
gave 4-{(E)-2-[5,5, 8, 8-tetranet hyl -3-(pyri m di n- 251 t hi onet hyl)-5,6, 7, 8-

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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t et rahydr o- napht hal en- 2-y1] vi nyl } benzoi ¢ acid 26 and
4-((E)-2-{5,5,8,8-tetranethyl -3-[3-(5-nethyl -[ I, 3, 4] t bi adi zoh \ Xﬁbﬁstanyl)-
ethyl]-5,6,7,8- 5 tetrahydro-napht hal en-2-yl }vi nyI ) benzoi c aci XAMPLE
20: PREPARATION OF 4-f (E)-2-15 5 8 8- TETRAMETHYL- 3- ( 3- PYRAZOL- | -

YLPROPYL) -W0®2/7Z3886 TETRAHYDRO- NAPHTH(LFN-2 YUVI NYL} BENZO GAG@pdiHiddH 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 } benzoate in 20 nL of

di chl or ong Avas, added 022 m 1.62 rrrml) of triethylamne and
N QR4 HENd SR TESRAMETHYLA-(RYREMHAN-2- at 0 C

t he reacmmm)es%% Ak RO LINAB AT A B CH AR C.ACID

di chl oronet hane. The organic fractron was s ,
dried over sodium sulfate and concentrated under reduced pressure. The

resi due was purified by chromatography through a short plug of silica gel.
To a mixture of the product in 5 nL of tetrahydrof ran was added a m xture-
of 65 ng (0.25 mml) of 18-crown-6 and 28 ng (0.27 {0 Mol ) of

potassiumtert-butoxide in 5 nL of tetrahydrofsran~at 0 C. The reaction

mxture was stirred and allowgd to warmto ten‘&'ﬂature over ni ght .
ediwith water and extracted
separated, washed with brine

After 16 hours the reaction
The residue was purified by flash

with ethyl acetate. The orga
and concentrated under redug

acet at e/ hexane). The purified 25
alcolpel and 5 nil, of 1 N LiCH

chromat ography on silica gel
product was dissolved in 10

reflux. YAft®y 1.5 hours, the reaction
was cooled to roomtenperature, 86 1 April 00} WO 02/ 28810 PCT/ EPQOL/ 11017

The reaction m-xture was heated at

5 A solution of 0.055 g (0.123 mmol) of Methyl4-[(E)-2~(5,5 ,8,8-tetramethyl-3-
((pyrimidin-2-ylethyny})-5,6,7,8-tetrahydro-2-naphthalen-2-yl)vinylJbenzoate in 2.5 ml 1M
LiOH and 5 ml ethyl alcohol was heated to reflux, After 55 minutes the reaction was cooled to
room temperature and acidified with 4 ml IM hydrochloric acid. The agueous was extracted
with ethyl ether, washed with water, brine, dried over anhydrous magﬁesium sulfate and

10  stripped in vacuo to afford 0.054 g (99%) of 4-{(E)-2-(5.5,8,8-tetramethyl-3-((pyrimidin-2-
yDethyny})-5,6,7,8-tetrahydro-2-naphthalen-2-yl)vinyljbenzoic acid 159 (M" = 436).

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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diluted with water and acidified with 1 N HCL The reaction m xture was
extracted with ethyl acetate, washed with brine, dried over gpdi sul fate
and concentrated under reduced pressure. The residue was purl I'e y flash
chromat ography on silica gel (10% nethyl al cohol/dichloronethane) to give
84 ng (24 {(E)-2-[5,5, 8, 8-tetranet hyl - 3- (3- pyrazol

1- yIpropy‘% @%@&9 8-tetrahydro- napht hal en- 2- yI]V|nyI}ben§gF§mggP'l30 (mp.
=1815-182. Proceeding as in the above exanpl e but substituting
pyrazole mnth pyrrole 3 am nopropane, 4-bronopyrazole, 3-nethyl pyrazol e,

-2 m[et5 h}é’lnp %ﬁ g’%‘f’ﬁ‘%\ggﬁi{?&éﬂaﬁz’% av i 4 %E@wq)gen gas for 3 hours. The resulting

s&uh@ﬁ wadiiRkred ﬁkﬁmhbaiu%nan vyéubv TRY }daeazwascpuﬁﬁed Bﬁﬂm {
(E) 2 [5,5,8,8-tetranet hyl - 3- (3-propyl am nopr op

I
t et r ahyphromategsnhy on sHice g6l (BOTrwhyl Bestsie/nexane) @ 30251 g (68%) of 3-(2-(2-
4-{(E
br onmopyrazo )= propy tetrahydro en-2-yl ] vinyl } benzoi c
{( )y}nin?qﬁyfﬁxyﬁ 4 £k sat&‘ﬁd?%h%%ég,s ténahgﬁmz %hmaﬁdﬁ;lag e(mp = 'ﬁ 0-84.5
acid 130)4 1
éﬁ)yd?o[ﬁaﬁh%é AR OF Dmney Py Wite P ot v 2 oo/ a1 O

4-{(E shryldfo- |- 1-
prgéy??géﬁyigg8a%%§§%§g$%bﬁzgﬁfﬁalen gﬁﬁg?égﬁ;?fgenZOYL éCId 135,

4{(E)2[558815

napht hal en- 2-yl j vi nyl } benzoi c aC|d 142 respectlvely Proceedlng as in the
above exanpl e but substituting Methyl -
{(E)-2-[3-(3-hydroxypropy|)-5,5,8,8-tetranethy|}g,6,7,8-tetrahydro-naphtha

en-2- 20 yl]vinyl}benzoate with (
Met hyl - 4-{(E) - 2-[3- (2- hydroxyet hyl ) -5, 5, 8, 8 t et rlg
t et rahydr o- napht hal en- 2- yIjV|nyI}benzoat- ' i
4- et hyl pyrazol e, 4- bromapy i mda
and 3, 5-di et hyl pyrzol e gave 2
[5,5,8,8-tetranet hyl - 3- (2 ;
2-yl]vinyl}benzoic acid :
(E)-2-[5,5, 8, 8-tetramet hyL<3
hydro 25 napht hal en-2-yl ]vinyl } benzoic ac
4-{(E)-2-[5,5,8,8-tetranet hyl - 3-[ 2- (4- bronDpyrazoI-I-

yl )ethylj-5,6, 7, 8-tetrahydro-napht hal en-2-yljvinyl}benzoic acid 134,

4-{ ( BE) s3roa PEEIER ATION OF ETHYL-4-{(E)-2-[5.5.8.8-TETRAMETHYI - 3-(2-THIAZOL-
2-YIL-ETHYL)-5.6.7.8-TETRAHYDRO-NAPHTHALEN-2-YL]VINYL }BENZYL ESTER

nmet hyl -5,6, 7, 8
g pyrazole,
i &8zol e, 3-nethyl pyrazol e

6, 7, 8-t etrahydr o- napht hal en-

N
pyrpazol -1-yl )ethyl]-5,6,7,8-tetra

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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tetramet hyl - 3-[ 2- (i ndazol -1-yl)ethyl]-5,6,7, 8tetrahydro-napht hal en-2-yl ] vi
nyl } benzoic acid 132, 1 11200
42{(E)-2-[5,5,8,8-tetramethyl -3-(2-[1, 2, 4] tri azol - 1-yl et hyl ) 2P 20% ¢ ot r an
ydr o- napht hal en- 2-yl]vinyl } benzoi c acid 136,
4-{(E)-2-[5,5,8,8-tetranmet hyl - 3-[ 2- (3-net hyl - pyrazol -1-yl )ethyl] 30

5,6, 7, 8-tetrahydro- napht hal en-2-yl ] vi nyl } benzoi ¢ acid 140
and-4-{(E)-2-[5,5,8,8-tetranethyl 87 1 April 2005 WO 02/28810
PCT/EPC1/11017 3-]2- 3 5 dlneth I--,razol
1-yl ) et hyPIEEBEPREBARATIQON () b LA 4YL1 47
respectlngHYL- 3 Yo ﬁEﬁzaﬁfﬁﬁNBTHYL -567
8- 5 TETRAHYDROZ- NAP .0 g (281
mol ) of 2-brono- 3- nethyl 5 5, 8 8- tetranethyl 5,6,7, 8-

ﬁ{?“ﬁfrﬁ”aﬁr%%“ﬁgg?%%%? P Sab R BRI e BB 6, (327

Thi s Was ﬂh&ableliyl-ﬁhjimﬁblw@dfe&é}llyd%@-nﬂﬂtlﬂhﬁlﬁﬁé-gﬂgm?hbﬁxzﬁﬁ@ lire2l. 3 tnel. 6Hehano! and
t enper at uy To. the cool ed, sojution was added 170 ni, etrol eum et her and
the sol utl ﬁﬁﬂv@f@\ﬁ PAYCRPRIPiY hyBerEdn tas stEEedi far Uy ngw@nfw@feg“’ﬁf 2 15

br omo- 3- by AEREERNE XY wasied itk Sl AR I onf gqlzeoﬁs ﬁrﬁhbﬁihl}fp&fl’mh tipgl ene whi ch

was used wthout further purification. Step B {h(4- 7 mol ) of
sodi um werssuliizgpresipithte wasexnuted sevstdl dimss withethyh a@t@@l 4 gEaniplayern wesdded

2 br oo: SRRy s Bt 281 QR B S, e bl ColtBiRlalodth TC 1T

75 miget h&zﬁ@dv. : ’[Wﬂéﬁdue?(% ) bBtairicl mas hextdivsel vedit cﬁﬂﬂmembﬂlaﬁemd memlatatmi and

Sequent | by HRBER RIS 2508 U T GBS P AP AR or e

sequenti ey r|e

over anhyfif,ons F4hHI S 4- ?&Iﬁhﬁmneﬁﬁﬁﬁa{.ﬁ%t)eﬂlyuw&e Weid 4‘6*131.;9. Fof@t was
217.5° C, M'=446).

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).

94



25 purified by flash chromatography on silica gel wth gradient elation
(1-2% ethyl 89 1 April 2005 WO 02/28810 PCT/ EPO1/ 11017 acet at e/ hexane) to
afford 7.63 g (61% of 3-brono-5,5,8, 8-tetramethyl -5, 6, 7, 8-t 6PHhg0- 2-
napht hal dehyde (m p: 113.9-114.3 C). EXAMPLE 22: PREPARATI ON OF
3-(2-TRINLETHYLSI LYETHYNYL)-5.5,8,8 4 5
TETRAVETHYP- B/ 2814 3. TETRAHYDRO- 2- NAPHTHALDEHYDE A sol ut i BRTEFOIEIT g (23.6
mmol ) of 3-brono-5,5,8,8-tetranethyl-5,6,7, 8 tetrahydro-2- napht hal dehyde,
4.66 g (47.4 mol) of trimethylsilyacetylene, 700 ng (0.997 mmol ) of
di chl orobi s(tri phenyl phosphi ne) palladium, 350 ng (1.84 mmol) of cuprous
i odi de, R M B8 PRERATORTION DF RELUORE- 5% SHITRIR AMEPHYE 5.6.7.8-
- di met hy| TERRBER HBSNAPEF G foJgC Tor 2.5 hours, cool'ed and
partiti oned between etnyl acetate and water. The organi ¢ phase was washed
with brine, dried over anhydrous sodium sulfate and concentrated in vacuo.
The product was purified by filtrg khh a pad of silica gel with
elution with 10% et hyl acet at e/ hexay if orded 7.23 g (98% of
3-(2-trinmethylsilyl-ethynyl)-5,5, g W-5,6,7,8-tetrahydro-2- 15
napht hal dehyde (np. = 78.4-82.0 O 23: PREPARATI ON OF 3- ETHYNYL-5
5 8 8- TETRAMETHYT-S 6 7 8- TETRA ' MEHALDEHYDE 89 1 April 2005 WO
02/ 28810 PCT/ EPOL/ 11017 To a solutjoxn of 7.21 g (23.1 nmol) of
3-(2-trinmethylsilyl-ethynyl)-5,5,8, 8-tetranet hyl -
5,6, 7, 8-tetrahydro-2- napht hal dehyde in 150 nL of nethanol was added 638 g
(46.2 muol ) of STEP A

5

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
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 (59.0 mmol) of 2-nitropropane 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). '

95



~ potassium carbonate. After | hour, the reaction mixture was poured into

water and extracted wth ethyl acetate. The organic phase WagypsHiEd W th
brine, dried over anhydrous sodium5 sul fate, and concentrated |n vacuo.
The product was purified by flash chromatography on silica gel (3% ethyl
acet at e/ h¥¥e)88100 afford 4.04 g (73% of 3-ethynyl-5,5, ddverei/namet hyl .
5,6, 7,8- tetrahydro-2-napht hal dehyde (mp. = 94.0-94.6 C). EXAWMPLE 24:

- 4-f(E)-2-( 5,5,8.8-TETRANffirHYl, 3-((PYRIIyM N-2- YL) ETHYNYL)- 10

5, 6, 7. 8- TERAHYDRO- 2- NAPI—ITHALEI\I—2 YL) VI NYLI BENZO C ACI D 15 STEP A:

PREPARATIL) ., - M NDIN- 2- YLETHYNYL- .
et O S R AT UYL TPy RAZO L YL 5601 ) of

. 5,6,7, 8--q.“-
3- ethynyl- g1vDE tetrahydro 2 naphthaldehyde 0.278 g
(1.75 mol) of 2 bronnpyrlnldlne 0 053 g (0.075 mmol ) of ' -
di chl or obi s(tri phenyl phosphi ne) pal ladi un(l~, 0.026 g (0.14 mmol) of cuprous
iodide, and 1 April 2005 WO 02/ 28310 PCT/'y01/11017 0.253 g (250 nmol ) of
triethylamne in 12 niL of dinethy Qe s heated to 45 Cfor 3
hours, cooled to roomtenperat § oned between ethyl acetate and
water. The organic |layer was ¢ pne, dried over anhydrous
sodi um sul fate, and concentr at ed e product was purified by
flash chronmat ography on silica gely (25% et 5 acet ate/ hexane) to afford
0372 g (70% of 5,5,8,8-tetranet hyl -3-pyrimdin-2-ylethynyl-5,6,7, 8-

t et r akydr o- 2- naphthaldehyde (M~ = 318). STEP B: PREPARATI ON OF METHYL
4-1(E)-2-( 5,5,8,8-TETRANf fi THYL, 3

( (PYRDVBDI N 2A\§_°}‘Etmm9@)00$ ®845 @m@]ﬂ%ﬁm»@i&&m@w 2,6,7,8-tetrahydro-

YL)‘ VI NYLD Babiti By de, 0.058 g (0.854 mmol) of pyrazole, and 0.130 g (0.939 mmol) of potassium
carbonate in 2 mL dimethylsnlfoxide was heated to 95 °C for 18 hours. The reaction mixture

was cooled to room temperature and partitioned between ethyl acetate and water. The organic
10 layer was washed with brine, dried over anhydrous sodium sulfate, and concentrated m 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—teEahyﬁro—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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To a suspension of 0.057 g (1.43 mml) of 60% NaH in 15 m tetrahydrofuran
was added 0.180 g (0.70 mmol ) of 4-(di nmet hoxyphosphoryl rreth 51?%1 oi C
acid nethyl ester in 25 15 ml THE and the reaction was stirr

tenperature. After 20 mnutes 0.182 g (0.57 mmol) of
3-((pyrimdin-2-yl)ethynyl)-5,5,8,8,-tetranmet hyl -5, 6, 7, 8-t etrahydr 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
mM 1M hydrochloric acid and extracted with ethyl ether. The organic |ayer
was washed wi t'PDmllet‘ron%ﬂaﬁﬁg(dﬂ?euntd)/eﬂ-mmpmbﬂ’smdomlmmmﬂfate 20 and

t
chr ot og ot wdl S1d6d U185 234 2 bl B0s adhlnf ydis! b0 mpuges,
(21% of hl\/BtD by4. 2ﬂmﬁ‘r(oﬂ3)caf3=tﬂd251r55&,8%] tetramethyl 5 6 7,8- tetrahydr(;]-zanaphﬂzl‘aldehyﬁf hwaT, .
tetr t rimdin et.hyn t r ahydr o- 2- na al en-
i g1 ] bt oo S piom ek o reBisp s AN B8NS TRReAPEPRLIE Ry
STEP & P&%Eﬁ%}rdo%\ke eflttdré Eﬁd;?ar&t%ﬁne& b&w'EET a3 20d RERP-The organic
YL) ETHYNYL) 5.6.7. - NAPHTHALEN- 2-YL) VI NYJBENZO C ACI DOHS5 A

sol uti on leha‘o‘@wwsas@eq mthz@tthﬂn)e &iedvergnhydropy divm gulfats Sdgopesnpralgd iy | - 3-

teTn 2. s The AT Kttt by T P B oRy B RILT s ey op 1 g
o0 o N i At 4
washed \>II\AIHR Wé]ld@l’hdez?’l’nelﬂgr}‘gﬁoﬁ@i‘w’é Wﬁﬂgﬁ Heé\;:”ﬂ%e‘gbygﬁ?re and 10

Z t { '( %@eg d(anMﬁé‘dﬁ‘BBn{gg\EfﬁfaEng?% [? 5055§(’IQHQI%&?@I—ﬁthercaptopyrrmdm-Z-yl) -5,6,7,8-

yl ) et hy nyueyralafd@—mpbﬂxabmzaﬁyamdlbmmwﬁ%-‘eﬁnpz" ¢B3-48hi) Pukstiswion ofdi d 159 (M

VLETHL) R i R S o T2 D4 9 FlaiehYER9 DL 2

(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_ o
H ‘H
—

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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15 To a solution of 0362 g (1.14 nmmol) of

3-(2-(2- pyr|n1dyl)ethynyl) 5,5,8,8-tetramet hyl -

5,6, 7, 8-tetrahydro-2- napht hal dehyde in 20 nL of ethanol was édﬂ%ﬁz%BOGO

of 10@6pa||ad|un192 1 April 2005 WD 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 (3096ethy| acet at e/ hexane)
to afford O.

2- fornyI-S [ 2- (thlazol 2 yI

PREbARAY O oas R el ety g %@%F%iﬁ@#ﬁ#of? @g’t G- 353{ L) - 5. 6
q

7 8- TBTW@@%W&HMQ tehly 07 Qnmbl) whsQAER ABuLi (1.6
PREPARATI ON OF ETHYL- 4. {(E)- 2- 50%%38 TETRAVETHY! - 3 (2) THE AZOL - '

2- YL- ETHYY)in Bgege, mwm@wwmxm ga%llwmmpw&&m@ﬁown o8 M
t et rahydr s 4 {010k i iz Glidegazol -
2-yl) et ht;n/f '}dﬁ%{%f% %agapgéﬁe nﬁg 0(69 g%g m @, r o- r?apgt hal ege and 202 ny
(.706 n‘r’rmryapvm[se todhetboyke sWinya ﬂﬂl@ e¢dabony ity tapplﬂy) bedaoredosogareous amkwas with 30
ngy (.768 .,.dn. mneral ojl i on v
m nut es. sf‘ﬁrgd g'b'lgg (t\%r %éa@l%tqsoﬁéﬁ‘mtt%d @P?HIPIB °H1>°6‘8§1g?‘£%§¥‘ %t %‘reg”ea%%&d%@. rred
for 200U thellafer§ Gafktsepdtated X ThY Grgi¥is lagfed wilsarhshd Witk biiye, d&e@ bedr énagadsihm
washed with water and brine. The organic |ayer was then drj over
magnesi urfulfatefpd eoncentrated to give a yellow oil which was purified by preparatlve in layer
chromatography (15% ethyl acetate/hexane) to give 2-(1,3-dioxolan-2-y1)-3-{1-hydroxy-1-
(thiophene-2-yDymethyl]-5,5,8,8-tetramethyl-5,6,7,8-tetrahydronaphthalene as a waxy solid
(190 mg, 67%).
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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concentrated under reduced pressure and the resulting resi due triturated
with nmethanol to provide 278 ng (86% of Ethyl -{(E)-2-[5,5

8,8-tetranet hyl -3-(2-thiazol 2-yl-ethyl)-5,6,7, 8- 1Apn12005

t et r ahydr o- napht hal en- 2-yl }vi nyl } benzoate. 93 1 April 2005 STEP B:

PREPARATI ON CF 4- I (E)-2-[5,5, 8, 8- TETRAMETHYL- 3- (2- THI AZOL- 2- YL-

ETHYL) - 5, 6, 7, 8- TETRAHYDRO- NAPHTHALEN- 2- YLI VI NYL} BENZO C ACID A slurry
cont ai ning 278 rrg ( 604 mmol ) of ethyl-4-{(E)-2-[5,5,8, 8- tetranethyl 3-(2 5
t hi azol - 2-yl - et hy 7, 8-t etrahydro- napht hal en }benzoate in

5,6, 2-yl]vi
2.3 nL of Yl mﬂd}mm%ﬁ@@mgz Opkl resnol) proxsige b Soth. %&ﬁﬁwﬁé § %nru rred

for 7 hou Zﬁpm
sat ur at edj )érgf%;? F%ﬁgﬁ&gg&eou?@meﬁm@ﬁ#yf?@ggéllﬁ gg%@@l ng pr eC| pitate
was ext r aoysatlisesdidal4 (. pré@9m2129.6étﬂ)yl acetate. The organic |l ayers were

conbi ned, washed with brine and dried over magnesium sul fate before being
concentrated in 10 vacuo. The residue (95 np) obt ai ned was then dissol ved

in di chl oERARHIE®: PRIEPAROCTION OF adi(FPas b\ SUETRA MKUEES-3h@MBEHYEsUl ti ng
in 25 ny BEQAVISS 6 $ErRAHPOROMN APHEHAIIAN-PWT-I3AKF1.) BENZOIC ACID _

t hi azol - 2-yT-ethyl)-5,6, 7, 8-tetrahydro- napht hal en-2-yl') vinyl [ benzoi ¢ acid

40 (mp. = 215.8- 217.5 C, M-=446). 15 EXAMPLE 27: PREPARATI ON OF

2- FLUORO 3- METHYL- 5, 5, 8, 8- TETRAMETHYL- 5, 6, 7, 8- TETRAHYDRONAPHTHALENE To a

solution of 15 g (136 muol) of 2-fluorotoluene and 24.9 g (136 nmml ) of

2,5- 20 dichloro-2,5-di nethyl hexane in 120 nlL di chl or onet hg s Atided
1.82 g (13.6 mmol) of Mnum chl oride and g sol utlon P refl ux
After 18 hours\the retlm m xture was cool.gg Rerat ure and 5%
aqueous HCl w S was partitioned hexane and water. The
aqueous phase ed once wtThhexame. i | ayers

were washed w ? ried over anhydrous 3

concentrated i wacuo 25°to afford 25.8 g (86%
2-tluoro-3- mstTo am?xh?re%f% (1, %tdloxo an- ﬁ/yl) 3-bromo-5,§,§t Etgtrr1 rrclieﬂ?ﬁaSpg]% Eal ene

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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(mp. =90.0-91.8 C). 94 1 April 2005 WO 02/28810 PCT/ EP01/ 11017 EXAWVPLE
28: PREPARATI ON OF 3-FLUOCRO- 5 5 8 8- TETRAMETHYL,S 6 7 8- 1 Anril 2005
TETRAHYDRO- 2- NAPHTHALDEHYDE STEP A 5 To a solution of 10.0 g (“’E%‘% nmol ) 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 nmL petrol eum et her was added 10 and the solution filtered and

concentrat ed i HEV3dde.Bbtetpmethyl-3r6t-medyBenzyly-§.0rbtetahyidorraanbthalan-2-
5,5,8, 8-t - =5 . - ; - Whi d~w t hout
further p ?fﬁ%ﬁﬁéﬁ%gﬁ?m@¥égqﬁé§g%ggégEgg.88%%§F§g§¥¥gﬁﬁ?%¥%%%gggngmaasO;dded

to a sol ufCHCLphepmep4R. by di ssolving 15 1.04 g (45.4 nmmol) 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 ahy dr BRAPPITRS 8 PREPA KOOT 3 e(214eact i on

was washe y rine, dried over
anhydr ous 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-tetrahydr o- 2- napht hal g&hygde ?d#p. _
119.4-120.0 . 95 1 %?FF\ 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
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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WO 02/ 28810 PCT/ EPOL/ 11017 EXAMPLE 29: PREPARATION OF 55 8

8- TETRAMETHYL. 3- PYR AZOLr 1-YL-5 6 7 8 TETRAHYDRO 2- NAPI—FI'HALPEI—%%OSA

~solution of 0.200 g (0.845 nnDI) of

3-fluoro-5,5,8,8-tetramet hyl -5, 6, 7, 8-t et rahydro- 2- napht hal dehyde, 0.058 g

(0.854 Ryrazol e, and 0 130 g (0.939 mol ) of po rbonate

in 2 rerJWrre?ﬁ{ Fsul foxi de was heated to 95 C for 18 houri’%§%§mlggctlon

m xture was cooI ed to roomtenperature and partitioned between ethyl

acetate and water. The organic 10 | ayer was washed with brine, dried over

anhydrous sodi um sul fate, and concentrated in vacuo. The product was

p]lc.l ][l f 11 ed tmuieﬂmt—ﬁ-(ﬁmmﬂmromnaﬂbﬁﬁ 6N8-s¢ttahgdrogaphtbdsn-2ilyinyBdeialae/ faexane) to

afford O.

5,5, 8, 8- t{ a%&é %T u?nwl?y&;oqz ﬁd%orgbgnzﬂ)g‘;@ g’lsrt%’yéﬁ’fﬁ“@l’h%lﬁ%‘tzhal dehyde.

(mp = 95yﬂvﬁ§1}6énzoidcﬂ’cfde(23@fﬂmmpﬁsei wﬂﬁé Qédha\/@si Doassie 7 °Q)

saponi fication_gave 4- -7 [5 8,8 15 et ranet hy % (pyrazol -1-yl)

-5, 6, 7, 8recEysfalliged domy €XANS) 4)31)V| nyl ] benzoic acid 156 (Mll+= 401).

Subst4tution of pyrazole with 3-methyl pyrazol e gave 4-{

(E) 2- [5 5, 8, 8- Tetrarrethyl 3- (3 rrethyl pyrazol -1-y1)
ANEB AR ARTEN Q 24 RE

TH O - 5, 6. 7 8 TETRAHYDRth NAPHTH AT nEYIIDE 96 1 April 2005 To a solution
of 0.479 ¢ (4 27 mmol ) of 2- nercaptopyr|n1d|ne in 11 nL di nmet hyl f or mam de
was added 0.108 g (4.27 mmol) of 95% sodi um hydrfde. After 20 minutes,

1.00 g (4.27 mmol) of
3-fluoro-5,5, 8, 8-tetranet hyl_-
and the resulting solution
reaction m xture was 5 cool ¢
et hyl acetate and water. The
dri ed over anhydrous sodi um_s

2- RHpht hal dehyde was added
) After 18 hours, the
ture and partltloned bet ween
ase was washed with water, brine,
sncentrated in

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 tolnené 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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vacuo. The product was purified by flash chromatography on silica (15%
et hyl acetate/hexane) to afford 0.219 g (16% of 1 Apzil 2005
5,5,8,8-tetranethy|-3-(pyrinidin-2-y|-thio)-5,6,7,8-tetrahydroPE-

napht hal deyhde. (np = 143. 2-145.8). Honer-Emmons ol efination, foll owed by
ester 10 saponification gave

4-{(E)-2-[5,5, 8, 8-Tetranet hyl - 3- (nercaptopyrm di n-2-yl) -5,6,7, 8-

t et r ahydr o- napht hal en- 2-yl ) vi nyl ] benzoi ¢ acid 155 (np = 283-283.5).
Substitutiqn. of 2- nmercaptopyrimdine with 2-nmercaptothiazole ve

4-{ (E) - 2-Yigldingd 6@ mpd 4k VI-"si(E@##éaﬁﬁ-EPPﬁma%H{gﬂw'}wn-}yl)-figﬁs&

-5,6,7, 8- Bt hal: = i nyl ] benzoic acid 154 (M+#= 450). 15
BONLE AT JEEPIQA‘E%?%%%@%‘?}J?E%&%S} EXCLAN. 2. YL) - 3- BROMD- 5, 5. 8. 8-
TETRAMVETHYL- 5,46s1ur g off FS0RAEIBROMARNTHAIENE- KEFS (35 S@-strwethyl 3-{th@peents. 3

mol ) of 2:-for : 3-hronn- 8nt.etn |- , -

t et rahydryékg%ﬁ%%F% learq'ﬂap}]giyﬁirgzd?' I]Hélﬂlég%%&\g\%sl '%ggéacz}’ a%f)]‘s arrqu_l B}L %ftth)[/I ene

gl ycols l()fiﬁluef:]m NaORDwisOdtirdesr mmrutsﬂaﬁﬁaﬁamgﬁﬁﬁ'g Wi?&lrrﬂn' amimf hgmn‘aé md§1 180 ny, .
0.9 nmol ). The reaction mxture was heated at re x. for. about 3 hours an
s then CSHEGMENEMIYALdHer iaﬁ_ﬁ‘@an‘ﬁ!l%’§"sﬁ?se"."“£i‘?é"“4‘ §§Pa&ée§a‘§ef5%ﬁgm%ned
between ey,igk, HSoR@hithidd GPveRs yfemntyspﬁsrrpgm&ﬁde%ﬁaﬁé. Ofhe réfiGuetl i Purifibdy €f
was washed wth brine, dried over MJSO4 and concentrated under reduced

pr essur e.byTieparateryithin daysaehrpmeiogiaphly by sifitagsh(10f Megitbdichlorgmethapedtpet hy |
tate/ h Bj 5 S trid t f 729 f
LB S A T U S B o (750

5, 6, 108- tiephthllyazofiaplylibehsicacis4® crystalline solid. 97 1 April 2005
EXAMPLE 32: PREPARATI ON OF 2- FORMYL- 3- [ ( THI OPHENE- 2- YL) METHYLI - 5. 5. 8, 8-
TETRAVETHYL- 5. 6, 7, 8- TETRAHYDRONAPHTHALENE To a -78 ' C tetrahydrofuran (3.0
n) sol utgpAV@i EZ7( BREPARANIOROR Y {B)-B¢3H QBT ETRAMETHYL-3-PYRAZOL-1-
YLMETHYL-6-HYDROXY-5.6.7.8-TETRAHYDRO-NAPHTHALEN-2-YL)-VINYL]-
BENZOIC ACID

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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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 m xture g (g)%ally

t hi ckened over 45 min. A solution of thiophene-2-carboxal deh;’i\& ? 09 nmi,

~0.94 mmol) in tetrahydrofuran (0.75 nL) was added dropw se to the above

slurry. Tkeo 6288l on m xture rapidly became honpgeneous gﬁij 1's,tl rred at

-78 C for 45 mnutes. Saturated anmoni um chl oride and et IF ace ate were

added 10 and the | ayers were separated. The organic | ayer was washed with

brine, dried over magnesium sulfate and concentrated to give a yellow oil

whi ch was purified by preparative thin [ayer chromatography (15% et hyl

?Cﬁt at ﬁ/ Rag o WI aﬁmﬂ@bf/ﬁtﬁb@ﬁa,&idﬂomlsaﬁuﬁS]ﬂﬁtﬁand[:dnchmfh‘t@wh dérreducr?dh I

t hi ophe 5.5 t et.,r ahydr onapht hal ene

e o St AL s Barified vy ol ot fion SRS @ 2801 ved

in 7 nL gf(86%hwt 1, ﬁ@ﬂ{’ﬁp@a@ﬂ&:ﬂﬁz%ﬂén&(@% P)C was added and the reaction

m xture stirred under a hydrogen atnosphere for about 4 hours. The

reaction mxture was flltered throuch Cellte and concentrated in vacuo. The

resuldi nglEgsi:Aitd bh ] ' 5 ' AGE CHE

(10% et hy! fr 14, A B 2k,

2-fonnyl - 3- [(th| ophene 2 yl)methyl]-5,5,8,8-tetranethyl-5,6,7,8 20

t et rahydronapht hal ene (94 ng, 62% dj yectly. EXAVPLE 33: PREPARATI ON OF
2 YLMETHYL-5 6 7

ACI D CO2H 25 Honer - Enmons

8- TETRAHYDRO- NAPHTHALEN- 2- YL) VI NYL]
olefination (follow ng the proc ; ' 2
formyl -3-[(thi ophene-2-yl) net hﬁ%—& B, 8, 8-tefranet hyl -5, 6, 7, 8-tetrahydronap -
ht hal ene (94 ng, 0.3 nmmol) followed DBy ester hydrolysis (follow ng the
procedure of Exanple 26 step B) of ethyl

(E)-4-{2-[3- (T@hlsdphetneﬁmg/(‘iﬁﬂenml))omIﬂpﬁ7@emmmhﬁ£2};d1aﬁn6m71(ﬁrmhbfahydro

4PNt NGO oL Blakh 130985 Mo U RO G oo v T Bl OV 9

10 After the addition was complete the reaction was stirred at room temperature. After 16 hours

the reaction mixture was concentrated under reduced pressure and the residne was partitioned
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).

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

103



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 ?AW(‘SE 34:
PREPARATI ON OF 4-{(E)-2-[5, 5, 8, 8- TETRAMETHYL- 3- ( 4- METHYL-

BENZYL) - 5, 6. 7. 8- TETRAHYDRO- NAPHTHALEN- 2- YLI VI NYL} BENZO C ACID To a m xture
of 2-(1, 3-di oxol an-2-yl)-3-brono-5,5,8,8-tetramethyl-5,6,7,8 10

t et rahydr onapht hal ene (250 ng, 0.74 mmol) and

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-

net hyl benzyguzifieg bg by dhekﬁm(tagrgpmgraazeﬁﬁelm With HE@né- 5% lettadBtaXd/ RExAn¥)as

stirred at reflux _overnight and partitioned between saturated anmoni um

chl oride sc¥YR$ &Ko %Pkpfétbwmoéc@?thfleﬁ'acw -Siodatriatramalizt-5.ad$-washed with
brine, driggpg W E\ = entrated in vacuo. The 15 residue was
purified by préparative thin Iay 3r chromat ography on silica gel (5% ethyl
acet at e/ hexane) to gi ve

t2 eg ;L eﬁygro ‘é%'l )'1’) 51&‘5& b1 rL ?'F*.F T 6-

sol ution of 4 c , Y of
tetrahydrofuran was treated vmth 2 m of 1 MHO. The reaction was stirred
at room 20 tenperature for 1.5 hours and then partitioned between saturated
amoni um chl oride solution and ethyl acetate. The organi c | ayer was washed
with brine, dried over MgSO4 and concentrated t g| ve

2-fornyl -3-(4-net hyl benzyl )-5,5, 8, 8-tetraneLk - 8-

t et rahydr onapht hal ene as a clyear oil which y erstal | ized on standing

(210 ng, 999% . Horner-Emons o ef ] OwW ng the procedure of

Exanpl e 26 step A) of 2-for

nmet hyl benzyl ) -5, 5, 8, 8-t et r aget h) , 7, 8-t etrahydronapht hal ene (210 ng,

0.65 mmol) followed by AsSXer iy ySis (follow ng the procedure of

Exanpl e 26 step B) of ethyl 4-{E)-2-[ 5,5,8,8-tetranethyl -

89(111 et hlyl benz W mixturé of 1 83 inicl oyRP-brofimdifettybh-adetpky \6,518,Bittremzahyles @age 4
Apr i

() -2 1 5 tstmhydomnhitienn,68mt @.43ammeD s Epethosiny} snecd- 148 (S S EmgMh  hal o

n-2- 10 palladium acetate0.36 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

Q
25

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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}benzoic acid (185 ngy, 64% as a white crystalline solid (mp.
7

yl]vinyl
216. 3-217.3 C (CH2CL2/ hexane) 42. 5 EXAMPLE 35: PREPARATI q\IACJ:.12005
4-{(E) - 2[5588TETRAI\/ETHYL3(2 4- pr1

Dl FLUO?OBENZYLI . 6.7, 8- TETRAHYDRO- NAPHTHALEN- 2- YL1 V INYLI BENZO C ACID F
To a m xt yg ﬁo(l 3 di oxol an- 2-yl )-3-brono-5,5, 8,8-tetr &@01&’1015 6,7,8
10 tetrahydronap thalene (250 ng, 0.74 mvol) and -

tetraki s(triphenyl phospi ne)pal | adi um{0) (21 ng, 0.018 mml) under an argon
at nrosphere was added a 0.5 M tetrahydrofuran sol ution of

2,4-difl uorobenzyI2| nc chl or|de (7.3 nL, 3. 68 mmol ). The reaction was
stlrred 1.1 H X _; NG

chl ori de BR ; : ) AVEr§-2washed with
bri ne, drwnd concentrat ed The resi due 15 was purified by
preparative thin |layer chromatography on silica gel (5% ethyl

acet at e/ hexane) to give 0 :
2- (1, 3-di oxol an-2-yl)-3-(2, 4-di fl uor obenzyl )-5, 5,|B, 8-tetranet hyl -5, 6, 7, 8-
t et r ahydr onapht hal ene as a whi i ne Td225 ny, 96% . A

sol ution of the above acetal (\ in 3 nmL of tetrahydrofuran
/| -’
o
Ohe €1 T

was treated with 2 nmL of 1 8 was stirred at room
tenperature for 1.5 hours ang gn part|t|oned bet ween sat ur at ed
amoni um chl ori de sol uti A0 - e. The organic layer was washed
with brine, dried over magnesj sulfate and concentrated to give 2-fornyl -
3-(2,4-difl uorobenzyl) 55,8,8-tetranet hyl -5, 6, 7, 8- tetrahydronapht hal ene as

a clear oil 7 §% ' h
procedur e of éf%lu ?éége%gi ng}? H’S’}ry {ﬁ% %@tg g’g 1 et?‘w"gl '%letthy‘f's‘
(r)re% gyl be razt;tb%i-liﬁﬂ,%t?ahﬁrmnﬁtﬁn}én-ﬁ-lyﬁyﬁyﬂbéﬁﬁtaw g)(nﬁwmm)eg 8- ( 23]9 ng,
. mo owe ro ol | owi t he proce ureo
Ecampl o Senuptirgy g G a Ol E Talf oEotrgyipersatbm A8 s oo
10  tetrachioride was heated at reflux. After 3 hours the reaction was cooled to 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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tetramet hyl -3-(2, 4-di fl uor obenzyl ) -5, 6, 7, 8-t et rahydr o- napht h I enlfoogl ] vi nyl
} benzoate gave 4-

"(E)-2-[5,5,8,8-tetramet hyl -3-(2, 4-di fl uor obenzyl)-5, 6, 7, 8-t et r ahydr o- napht h

al en-2-  yiddo/emgthbenzoic acid (230 ng, 72% as a white CPYJ%&%HIE solid
(mp. 204.3-205.7 C recrystallized from (CH2Cl 2/ hexane) MPLE

36: PREPARATION 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 solution of 1.832 g (6.21 mml) of 2-fornyl-3-brono-

5,5, 8, 8- mmoiHIquwm}bleﬁn as i‘nIBeﬁId\nnmlh}yqimelﬁtﬁmchslhmml 181140 dCe it 2 hours the
4- car boet ho enzﬁé hos onate was tr ate with 301 g (7. 51 nmol , 60% w
in mnerSFCEY ?P‘"fl %}fﬁmPB‘BWF?’(B’HET VAP biag anq exivag A was

then stiTheegatic EARP WER Waddd Wi Bine2diiver RRfigh Sulbie dhd é&béﬁ&i%hﬂd&t hy

acetate and washing with water. The organic | ayer was washed bri ne,

dried oVEAUGRAPRESITEMIBE Fesisiue wag perifiedhyciash ahmatfvgmﬁib’deradfﬁh%ehmmng

fEff,'yl e 1Eb. glsr% SRl anih Bt RIBA hr ﬁﬁ{zﬂ%{éﬁé“@% £ 3% ametny1-

tetr ahyﬁpmbh{yﬂmethyn-a—agdtomﬁ@ UJSbiemﬂgrdrenap‘n'dm’fezﬁbwﬂngnb@fzoﬁa e 560)825
mol ) of Ethyl 4-[(E)-2-(3-brono-5,5,8,8-tetranethyl- 20

5,6,7, 8- tetrahydro napht hyl en-2-yl)vinyl] benzoate and 48 ng (.0413 mvl) of
t et r al dsSTEP GHREE AT N SR P20 @nmmmspmwe added 158

mg of 3-_thio | * [mi) et hano ol l owed by 8.5
nL of am o0 X DR 2 ophETiRAd FERE-N A wam By B A :

#e was refluxed for
16 Wrs_}(_ﬁ%%h ethyl acetate and washing with water. The
or gani ¢ Tayer h brine, dried over magnesium 25 sul fate and
concentrated in vacuo yielding 504 ng of crude resid@de. The crude m xture

was purified by preparatory thin |ayer on silica gel (2%
ethyl acetate in hexane) 101 CH

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

106



1 April 2005 yielding 160 nmy (44% of Ethyl 4- _
{(E)-2-[5,5, 8, 8-tetranet hyl -3-(thi ophen-3-yl)-5,6,7, 8- .

t et r ahydr o- napht hyl en- 2-yl ] vi nyl } benzoate. A slurry of 160 nbAPFI}S%@SmmI )
~of Ethyl 4-{(E)-2-[5,5,8,8-tetranethyl -3-(thi ophen- 3-

yl)-5,6, 7, 8- tetrahydro napht hyl en- 2-yl ] vi nyl } benzoate, 1.5 nL ethanol, and
1 nL of 2W&0 %fﬁ%oous NaOH was stirred for 16 hours bef or FGIEPYEINITZIi ng Wi th
anmoni um chl oride and extracting with ethyl acetate. The organic |ayer was
washed with brine, dried over magnesium sulfate, and concentrated in vacuo
yielding 115 ng of crude residue. The residue was purified by preparatory
thin | ayer chromatography on silica gel (10% MeOH-di chl or onet hane) to

provi de’ 43-pF OPREPARATION OF 7.A
4~ { (E) - 2 Hiebmba AT AL b B3 PR
napht hal eEn-Z=yiTvT Nyt FO&nzoTr c—ac . : PREPARATI O\I OF
4-[(E)-2-(5 5 8 8- TETRAMETHYL- 3- PYRAZO_- 1- YLI\/ETHYL 6- HYDROXY-5 6 7

ron of 20 g

PREPARATION OF 1 14 4 WETHYL- 2- TETRALO\IEOTo 7
(140.6 nmol) of dilhyr dig lr 5-t et r ATETAYI - 3( 2 ¢ aph
t ol uene, cooled I PwekKi bath, was added 3 4 g 8 mmot) of al um num
chl or Pde portionw se over 15 minutes. After the addition was conplete the

S ihn i ma ion.
sol ut i on“QRAMEE Hes-Bromodaivatiyed18189 20 M@WQS dagsplved i 3005 VWO
02/ 28810cetm @naqmmm N-premosncuinivade (@She @9\bittuhob rdcnatalided frdmovaer) sadi um
sul fate afdedemdgRiiolaioadvddRaened RBICED Benzoyl peroxide (036 g, 1.47 mmol) was added
10 and the solution was brought to reflux while being irradiated with a tungsten lamp. The
reaction was monitored by TLC (SiO., 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-
15  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
/lLO 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
25  slowly with stirring. The reaction was followed by TLC (810, 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-
30  formyl-5,5,8,8-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-DIOXOLANE-2-Y1 )-5,5.8.8-

TETRAMETHY'L_—S 6.7.8-TETRAHYDRONAPHTHAI ENE

20
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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 raI (I\/Hr:
216). 5 STEP B: PREPARATI ON OF 3- METHYL- 6- HYDROXY-5 5 8 8- TETRR L 567
8- TETRAHYDRONAPHTHALENE To a solution of 10 g (46.2 mol) of

1,1, 4,4, Tvwewaamnt hyl - 2-tetralone in 100 nlL of ethyl aﬂ(ﬁﬁéﬁblw added 7
g (185 mml) of sodi um borohydri de portionw se over 15 mn Af ter

. the addition was conplete the reaction was stirred at room tenperature.

After 16 hours the reaction m xture was concentrated under reduced
pressure and the residue was partitioned between water and ethyl acetate.
The organic extracts were washed with brine, dried over sodiumsulfate and
concentrated under redyced pressure. The residue wag p r|f|ed by flash
tign W|th510%ethgl 2 cprane) foIIovved

by crystallizatiofy
3-net hyl - 6- hydr oxy pio hal ene. (M =
8-

g (183

218). STEP C. PREPARATFON OF 2- BRC]VDS } 98 ETHYL- i
TETRAVETHYI r5. 6 7 8- TETRAAYDRONAPHTHAI NE 20 To a sol ution df
mol ) of 3-nethyl-6-hydroxy-5,5,8,8-tetranet hyl -5, 6,7, 8-

t et r ahy dr onAAsEl0RY-8rR 0fnB-220rH- 9%, 8 AR ihRerBGl '516\?/%3; %ﬁm (6?. g5 nmol)
I’OO

After 16 g e %@5@{% B VeatiRoni o i ryeait EINEOS LS g

with et hg{’] é ol toluengsulforicrasid serohydeated(8.024 1gh0.287 mmiolewerdr i ed
over sodiddnds A Da‘meSarldappm wtas attached olge réaetdoe B4k Phe S efstion ks bR

WIWaS 103Xﬂo 1Pk kor%%alﬂibhi-sf 'mntiﬂe f&@@& whR SRLa6%, E‘Ehkrf)n
w }) :1 he %,ﬁe/ﬁaﬁ%g} 8@% Ebgﬂ F%a,gfi %f{‘fsgﬂ Eg&%%h?ia /g;lﬁg(so ml) were

tetr gﬁ;dﬁ%{%mg the laygss me-semyd 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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5 STEP D. PREPARATI ON OF ETHYL-4-[(E)-2-(5,5, 8, 8- TETRAVETHYL- 3- METHYL- 6-

ACETOXY- 5, 6, 7, 8- TETRAHYDRO- NAPHTHALEN- 2- YL) VI NYL] BENZQATE Ag\ l}'ﬁ@SOf lg
(3 mmol ) of 2brorr03rrethyl 6- acetoxy -5,5, 8, 8-tetranet hyl , 8-
tetrahydronapht hal ene, 0.68 m (4.42 mol) of trinmethoxyvinyl si | ane, 0.12
g (0.53 mml) 10 pal | adi um acetatep.36 g of Tri-o-tolylphosphine (1.2 mmol)
and 0.82 nY08#2 8lsiqpet hylanmine (5.9 mml) in 10 nL of N nERCREPOKYI0HT | i di ne
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 Q0 ,again. After 2.5 hours,
t he reaction was cool e ed._|Bto brine and

extracted with ethyl a The org&ﬂ+-e->extra — erd washed with bri ne,
dried over sodi um syht W eQr@ent rat ed ung - \.pPessure. The
resi due was purifie ash cro t ogr aphy . (grac ent el u\tﬁon 2- 5% et hyl

acet at e/ hexane) to afford 0.2 209 of
Et hyl - 4- [ ( EYheabose Slcehd (029 gd)r&l&‘ugnino&wastdissbhﬁd acH @K \fidhidionietBane. Dess-

tet rahydrM &mﬂi&e @ssb)owﬂﬂﬁ& dFed43fi¢ reh ca@jo gﬁg&?&iﬁ& 5 WO
02/ 2881 ]h -Is:leqélon of sogtHYLﬁz eand'l M so

8- TET

- 6- AcgA 07’&‘0%1 WWMGM&WM¢ BENECo@BbiBehorgatiat | on
of 0.68 gaxensavernml)edmmm s@ﬁ:@xlﬁeaﬂbdtﬁte‘inﬁwﬁ,hﬁrdﬁ%b‘lf& lsocﬁuﬁmmaté 6-
ace ;JXYf@h@sglwgnttv@Ts@Mt&iﬂﬁﬁﬂ ¢ RRIRE was ¥ g‘ g (2 03 g
nmo (0} [l n roxi de
in 15 nlL E\%mg gﬁ%‘i%‘vfegl?’rg@ Crlo‘,ﬂg‘oﬁ%]gﬂ '2‘53‘ P@Fé) ﬂé‘i’ ours

t he r1 gactt‘?tfi‘hy%ﬁgapé%k@ﬂ (1 mp N espsieat oile,

STEP F: PREPARATION OF 3-BROMOQ-2 FORMYL-7-0X0-5.5.8.8-TETRAMETHYL-
3.6.7.8-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-teframethyl-5,6,7 8-tetrahydr0naphthalene 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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washed wi th 10% aqueous sodium bisulfite and brine, dried over sodium

sul fate and concentrated under reduced pressure. The residue was purified
by flash chromatography (gradient elution, hexane-5% et hyl hé@ﬂh@‘g’ﬁhexane)

to give 0.45 g (56% of Ethyl-4-[(E)-2-

(5,5, 8, 8- igbopminy! - 3- brononet hyl - 6-acet oxy-5,6, 7, 8-tetr bPifsapht hal en-
2- 15 yl)vinyl]benzoate DC = 512) STEP F: PREPARATI O\I OF L }1 ?PE)-Z-(S

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 brommhﬁhecﬁwmmm tEwarnSid 1€ bier R, %&e&uummﬂi& SOty aﬂeb?qm)ate

and O. 24

oyrazol ¢ .n 2% i) %@%ﬁﬁ NN é%l &%

hours thé& Yo YRS BWISQ‘EF Fkﬁ“ﬂfé@rﬁ"@% H%F@mm Eﬁgfﬂe and
ext ract eﬁhwaﬁ%PhW@Ogcéhﬂtwﬂatemwamsyam\@ athoil (Bed-§£2-(Fbemebbad5)3ig % bri ne,
dri ed5ov estrasediyiH)65T R fr@ttByaddagHaRasii Y AlvashIREate (80 HREGB). essure. The '
resi due was purified by fFash chr omat ogr aphy (gradi ent “elution, hexane 5
16% et hyl acetate/hexane) to afford 32 g (73% of

ethyl-4-[(E)-2-(5,5, 8, 8-tetranet hyl -

3pyrazol -1 -yl nmet hyl - 6 acet oxy 5, 6 7, 8- tetrahydro napht hal en- 2-yl ) vi nyl ] benz
oat e (WSIBERH: FREPARA A ‘
8- TETRAATI‘IE[MMB’PHEZAZQS 7JS»TEENAEW§3KON&PHI®B@QNE«26YLZ)% NBANYOAFENAPHTHI J
FN-2 10 YL)VINYLI BENZO C ACID OH A m xture of 0.32 g (0.64 mmol) of
ethyl-4-1(E)-2-(5,5, 8, 8-tetranet hyl - 3pyrazol -1 -
yhnet hyl - 6- acetgry- 5, 6, 7, 8-t et r ahydr o- napht hal en
m. of 1 NLiO Bl on and 20 nL of et hyl al
After 1 hour tion was cool ed o

enzoate in 10
ted to refl ux.

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
temperature and partitioned between ethyl acetate and satvrated 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 ETHYL 4-12-(3-BROMOMETHYT ~7-0X0-5.5.8.8-
TETRAMETHY15.6.7.8-TETRAHYDRONAPHTHAT ENE-2-YI JVINYLIBENZOATE
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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 undef

-pressure. The residue was recrystallized fromethyl acetate/ hexane to
afford 0.22 % 29 of 4- [(E) 2-(5,5, 8, 8-tetranet hyl - 3pyrazol

1-yI met hy | W81 ?é’ﬁ tfbxy 20 5, 6, 7, 8-t et r ahydr o- napht hal en- 2- yRGRERNEIMENZOI C
acid 55 (nmp = 241. 6-242. 0) EXAMPLE38 : PREPARATI ON OF 4-[(E)-2-(5.58

8- THI RAMETHYL- 3PYRAZOL- 1- YLMETHYL- 7- HYDROXY- 5. 6. 7. 8- TETRAHYDRO- NAPHTHAL
EN-2- )L) VI NYLI BENZO C ACID OH 25 106 1 April 2005 WO Q2/28810

PCT/ EPO1/ 11 STEIID1 A. PREPARATI ON OF_ 7- ACETOXY- 3- BROVD- 2- BROVOVETHYLS 5 8
8- TETRAMET yarogymethplapstope (A g emnmDswas disselved in ml of

7-acet oxydidﬂmome &dBraied-witntiphetyiiphoshite (0,18-¢, €t42atund)) amdlNht hal ene
cont ai ni NgoMosiRBImidsEIONG & f042hﬁm31)dq"ﬁe%aeﬁ6hx9§sr§u¥ﬁa'a¥ﬁf&%@r§n Qﬂénmm')
was di Ssqloy ﬁﬂdt&%ﬂl?Q?O:&%{egﬁyé%cg%a bromﬁz‘fp 29.5

mrol , recrys 1 ze vvarrredto
50 C SperieHailsssss) Qi ey léhl%-@vbrwsthwa%%aégﬁ &@uaﬁ@thﬁhasgea-ut on vas
br ought ttefrabyfitopaphibrl¢ne-doeh vigylivenaatitat 180 my, 75%aas amgjkt en | anp. The
reaction was nonitored by TLC (SIi 2, 5% et hyl acetate/hexanes) and a total
of 0.15 g of additional N bronosuccinimde was added over 3 hours. The

reaction £ er&zén r re,. i 6?313-%@%%%(’ (5_0 gi ve
a seffly S%H%amﬁ%ﬂfﬂ %%N%HTHAIE;'NE—}YLWNYU-OX

BENZOATE

[

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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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-tetranet hyl -5, 6, 7, 8- tetrahydronapﬁ:\pﬁla?ene and
the correspondi ng 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-
TETRAMETHYL- 5. 6. 7. 8- TBTRAHYDRONAPHTHALENE 20 Br To a sol ution of sodium

met hoxide (7 nL, 30.6 nmol, 25 wt% solution in nmethanol) diluted with 7 niL
of additional nethanol was added a solution of 2-nitropropane (3.63 niL,

35. 33 nmol heated t350MC, @f whiRh peinoihe iréaeudlﬂw@&:h@nomagens&dsr 86 rdabtionlWagdBtifd 86 and

a soluti OrBOO’E: fol 96 aR4 ﬂféﬂ (()JE@ZIE; e§§1fu‘%)an "n%&"b& Rfn [frl‘?ﬁfgf Pglgf—ﬁﬁ“é&lh@& In

84 nL of net 0

fol l owed b Sﬂ?@“{ 5 iyaite 59 deSPPfW W%@%Wé@yueﬁ%ar 3¢ minufesy dhgse! o s

conpl ete dilteesd, sinsesLivith 3% ethandtivestereansidrisd unilortvaswnvesgicoBd HEHAt(pytazaiet
partit |50ne1dy1bethwenmed B5|8, Beehatibylesd 7 3t tiipideshaplaniledz- 5 ol vihiiftenzdib &cid

Or gani ¢ | 2yPinYgfs) PEERSC sph@rmg# 4911528y gngagdum Sul fate, and

evapor at e Ive a t ed” by’ chromat ography (Si Q2
2-5 % et hyl acet at e/ hexane) to yield 7-acetoxy-3-bronp-2 30
for my! - 5. Gf ot B0 PRE DR bpsm rrza@y@ PANAREAYS).736 % as a
clear of | H¥hROXYSS SHl L TEeRINE fieer O PR 3Ty BREN APTIREPARRT.ON OF
7- ACE'II?XY—S&)W | ANE- 4 YLC ) ETRAVETH
--5.6,7, 8 TETR E NE 107 1 April 2005 WO 02/28810 0
PCT/ EP01111017
7- Acet oxy- 3- br ono- 2-§ g | -5, 5,8, 8-tetranet hyl - 5y 78tetr hydr onapht hal en
e (0.3 g?/ B ms_tfﬂste-ﬁ y ALY P

AcO o T MO

H

COH

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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5 0.849 mmol ) fromthe preceding reaction was dissolved in 2 nL of benzene.
Et hyl ene gl ycol (0.104 nmL, 1.87 nmmol) and p-tol uenesul fonic cLﬁ%O
nonohydrate (0.024 g, 0.127 mml) were added. A Dean-Stark 5§B ({as 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%
ethyl acHOR228H8xanes), di chl oromet hane (25 nillL) and so@CTEPHVEbonat e
solution (50 nL) were 10 added and the | ayers were separated. The aqueous
| ayer was extracted one nore tine with dichloronethane. The conbi ned
organic | ayers were washed with brine, dried over sodium sulfate and
concentrated to give 7-Acetoxy-3-brono-2-(1, 3-di oxol ane-2-yl)-5,5, 8, 8-
tetramet hyl -5, 6,7, 8-tetrahydronapht hal ene as ap oily resi.due that was used
directly in the next step. 15 20 HO The crude|lacetal from the proceedi ng
step was dissolved in 8 nL of 1:1 tetrg met hanol and a sol ution
of LiOH (0.17 g, 4 nmmol) gls added slowy. The reaction

was stirred for 2 hours_afid } bet ween et hyl acetate and

wat er. The aqueous phas ste to pH 6 wwth 1 M HCL The organic
q br

to give 3-brono-2- (HO3- djpxsxol

| ayer was washed 25 wi dried over sodiumsulfate, and concentrated
7- hydroxy-5, 5, 8, 8-tetrarfet hyl -5, 6, 7, 8-t et rahydr onapht hal ene (0.29 g, 96%
as a foany residue. 30 STEP D PREPARATI O\I OF
8 éﬁm G I-é—a@ethy—
ggqggatg tamed from Example 37, Step D was
NG Bptraf MeQHRt 1figx temysrathre2 456r 1.5 b, 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

S

oI

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-ylvinyl]-benzoic acid:QM™ = 378).
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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 n%ne &gﬁ% g,
0.9 mmol, Lancaster) was added. The reaction was stirred f or I PRI d was
wor ked up by pouring into a saturated solution of sodium bicarbonate and 1
M sodi um Svobi/mswl fate. This nixture was extracted tw ce yqtdbois11017

di chl oronet hane and t he conbined organic |ayers were washed wth water,
sodi um bi carbonate solution, and dried over sodiumsulfate. The sol vent
was evaporated and the residue was chronat ographed (Si @2, 20 % et hyl

acet at e/ NE 0,.9i Ve

3- br omo- R SIRISARAION OF VEH Y4105, 58 SABERAMPIVIVI 3 MBTHY1 G-
tetrahyd $-EE4RATHDRG N ABHTHAL FN 2T VINYI + BRNZCIEPAGHD PREPARATI ON

OF 3- BROVO- 2- FO?IWL 7- OXO-55 8 8- TETRAI\/ETHYL,. 5

6. 7. 8- TETRAHYDRONAPHTHALENE O O The above ket gne was di ssolved in
approximately 5 nL of tetrahydrofuran and O0.7% nL of 15 3 ly] HO was
added. The m xture was sti 3 q cenperature followed by I h -
at 40 C. The reaction was #n etlhyl acetate and saturated
sodi um bi carbonate sol ut ayer was washed with brine,

dried over sodi um sul f at g gpcentrated to give

3- brono- 2-f ornyl - 7- oxo 5 B ' nmet hyl -5, 6, 7, 8-t et rahydr onapht hal ene as
a solid that was carried“dinrectly into the next reaction. 20 STEP G
PREPARATI ON OF ETHYL (E)-4-r2-(3-BROMO-7-OXO-S 5 8 8-

TETRAVETHY Bl of 1.6 3 R SRy 25 b b R A T S 8 B oy -

5,6,7.8-tetrahydro-naphthalen-2-yl)vinyl}-benzoic acid in 50 ml of methylene chloride at room
temperature was added 1.97 g (4.65 mmol) of Dess-Martin periodinane. After 1 b, the reaction
mixture was poured into brine and extracted with methylene chlotide. The organic fraction was
10 dried over sodivm sulfate, adsorbed onto silica gel and purified by flash chromatography
(gradient elution: hexane-8% ethyl acetate/hexane) to aford 1.45 g (92%) of methyl-4-[(E)-2-
&{,8,8—tetramethy1—3—methyl-6—oxo—5 ,6,7.8-1etrahydro-naphthalen-2-yl)vinyl]-benzoic acid
=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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25 To the above al dehyde (0.19 g, 0.612 nmol) in 3 nl, tetrahydrofuran was
added et hyl 4- (diethoxyphosphoryl nethyl)benzoate (0. 275 g, g 9%1?2@gol)

. The resulting solution was cooled in ice/water and NaH (0.0 é\p , 0. 73
mol , 60% di sp. |n oil) was added. The reaction 109 1 April 2005 WD

02/ 28810 E’gézgﬁ /11017 was stirred while allowing to warmto rt over 2.5
h. The re s judged conplete by TLC (Si 2, 20% efRJEre1/11017

acet at el hexanes) and partitioned between | M HCl and et hyl acetate. The
organic | ayer was dried over sodiumsulfate, evaporated to a foam and
purified by silica gel chomatography (20% et hyl acet at e/ hexanes) to give

Cet ) hnot @Jﬁ*ﬁ?{ i it Siemii ol 36.7.8 terahvaropaphibaln 2esvinglly |

8299 . ST PARATI ON OF ETHYL (E)- 4-[ 2- ( 3- HYDROXYMETHYL- 7- OXO- 55 8 8-
10 TETRAVETHYL-5, 6. 7. 8- TETRAHYDRONAPHTHALENE- 2- Y1) VI NYLI BENZOATE The above
: REPAR AT (3158 SSTRERIAMETHYIL.

1, 4- ' 3 }. R ATHETH A AP TIERATIEN >
Seitz, DAEﬂ)et at Synth Oomﬂ 1983 13(2), 129 Kosugi, M et. at, Chem
Lett. 1985, 997) was added while the reaction solution was degassed with
argon. Tetral ds(tri phenyl phosphi ne)pal | adiun(0) (0.0 g, 0.038 mmol) was
added and the reaction was stirred at reflux overnig The reaction was
cooled to room tenperature and partitioned betwe a@sl acetate and
sat urated sodi um bi car bonat e. el Hd and the aqueous
| ayer was extracted one tine nopé e. The conbi ned organic
| ayers were washed with brine, i , sodi unrsul fate, and
concentrated. The residue was by siIN gel chromat ography (25%
ethyl acetate/hexane) to gm N ;
(E)-4-[2-(3-hydroxynet hyl.- 7- oxd- 5,8,8-tetr hyl -5, 6, 7, 8-
t et r ahydr onapht hal ene- 2-yl ) vi nyl ] benzoat e (150 ny, 73% . 25 STEP I.
PREPARATI ON OF ETHYL 4 r2-(3- BROVOMVETHYL-7- OXO-5. 5. 8. 8-
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% ethy! 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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TETRAMETHYL- 5, 6, 7. 8- TETRAHYDRONAPHTHALENE- 2- YL) VI NYLI BENZOATE 110 1 April
2005 WO 02/ 28810 PCT/ EP0O1/11017 The above hydroxynet hyl mateli 1&&515 g,
0368 nmml ) was dissolved in 4 nL of dichloronethane and treatAé’al W th
tri phenyl phosphine (0.11 g, 0.42 mml) and N bronpbsucci ni m de (0 076 g,
0.42 mmol wo#hsmsieaction was stirred at it for 30 min ang
concentrated to give a foany residue which was chromat ographed (Sl 02 25%
ethyl 5 acetate/ hexanes) to give ethyl _
4-[2-(3-brononet hyl - 7-oxo-5, 5, 8, 8-tetranethyl -5, 6, 7, 8-
tetrahyd Q aph haI ene2 benzoate

CO2Et Toyg,ygth.QE}gkn@QMgﬁpmn 6 (0 092 g, 0. 35 mol ) and potassi um

ten- bUtOXIge 20.84 g, 0.36 15 mml) in 2 nL of tetrahydrofuran was added
Pyrazole (0.024 g, 0.346 mmol). The reaction xture stirred for 10 m nutes
and a solution of the above bronmonethyl materyjal (0.13 g, 0.277 nmol) in I
niL of tetrahydrofuran was added dropw sg *.D M nutes. The reaction was
stirred for 45 mnutes at\i
ammoni um chl ori de

sul fate, concentrated,
acet at e/ hexanes) to iv:

3 te | ayer was dried over sodium
PSi due 20" chr omat ographed (Si @2, 30% et hyl

3- (pyrazol e-1 -
yl met hyl ) -7-oxo-5, 5, < » 8-t etrahydronapht hal ene- 2-yl ) vi ny
| ] berfzoate (120 nyg, 940 RATI ON OF _

(E) - 4- ( 2- ( 3- (PYRAZOLE- 1- YLMETHYL) - 7- oxos 5 8 8 25 TETRAMETHYL-5.6 7

8- TETRAHYPROMARHEFAR AEN0¥) VR Xkh BEMEPHTTAER DROXY-5.5.8.8-
TETRAMETHYI-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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| CO2Et -CO2H To a solution of the above ester (0.12 g, 0 262 mml) in 4 nmL
of ethanol was slowy added a solution of LIOCH (0.055 g, E in 0.65
m. of water. The cloudy reaction m xture was 11r 1 April 200 E atea to 50
C, at which point the reaction became honbgeneous. The reaction was stirred
at 50 Cf %zslﬂ and then cooled to roomtenperature and treated with 1.1
m. of 1 MECP“881%tion was added. A white solid separat S§TERAVEOIT ri ng was
continued for 30 mnutes. The solid was filtered, rinsed with 20%

et hanol /water, and dried under vacuumto give (E)-4-[2-(3-(pyrazo| e 5

1-yl met hyl )-7-o0x0-5,5, 8, 8-tetranet hyl -5, 6, 7, 8-t et rahydr onapht hal ene- 2-yl ) vi

25 753h kool e T S Febddn Bl ot . e

(E)-4-[ 2= sERhyerpraphthedens-in dP0)mizof pywidinexys sddedd 78 mEGiRAREOlef 5 6 7

8- TETRAHWmthﬁae ZheTeactiby Miidficte RENEEECONDE, Afteish, Codled\eQobia CO2H
Proceedi Rgnpigarir8 add 628fufly bOurkd Bhto EeOWith Rirdfs ARAYQ ILXEERted VAl @fj1Metate,

g t5)r ggo t% ea%]?eg%hﬁl\ﬁ?&@n gn? é‘f'}ﬁgﬂy?frsf}ﬂgﬁ‘rﬂnﬁﬁﬁe@ﬂ@ CoeepRh RN or st ep

G with 7P5e8Es gf:smue was purified by gravity chromatography (gradient elution: hexane-10%
br ono- 2- Eﬂlyhgdeta&/lﬁx&;e&d afford 215ty (§78;)0f 2-Roins 3 HhR drenapitiialbgne | eads to

(B) - 4- [ 2dihgdrohphitiake- |
-yl met hyldgh§ hydroxy 5,5, 8 8- tetrarret hyl -5, 6,7, 8-tetrahydronapht hal ene- 2-

yl)v esolld MH—429 np
247, 23‘5124%. ETHYL-1A
4-1(E)-2

YLI\/ETHYL 6- kETOS 6, 7, 8 TETRAHYDRO PHTHALEN—2 YL) VI NYLI-BENzZO C

Br

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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~ ACID OH 25 STEP A: PREPARATION OF 4-[(E)-2-(5,5, 8, 8- TETRAMETHYL- 3- METHYL- 6-
HYDROXY- 5, 6, 7, 8- TETRAHYDRO- NAPHTHALEN- 2- YL) VI NYLI - BENZO C ACI Dn%}@%l)

April 2005 WO 02/ 28810 PCT/EPOL/ 11017 HO A suspension of 6 g f:? ) of
ethyl-4-[(E)-2-(5,5, 8, 8-tetranet hyl - 3- net hyl - 6- acet oxy-
55, 6, 7, 8- g e2i8y@r 0- napht hal en- 2y1) vi nyl | benzoat e obt ai negrigpgiR ka2l e 37,
Step Dwas stirred with 30m of 1 N LiOH and 30 nL of MeOH at refl 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 sodiumsulfate and
concent r &i@H Was added: The reagtion sodutionevas hieated anTefl®x BrperaBeAfes 1 b, the reaction
4- E 51 EI) - gmlﬁ ?géﬁm&w‘ﬁtﬁmt ¢ dhd the concentrated under reduced px_:essulre.Tﬁgreaction 4
met hyl - ; 5 - inyll-benzpl ¢ acid.
10 STEP Eé%gggémy foy %ﬁ@& :ﬁi%ﬁéﬂg‘éﬁgi o i R0 Rled B
HYDROXY- Bo by S tafer el ff ¢l fporredyayviayprafe\bidiiash ACI D HO 15 To a
m xt Wt e ERIODALPZEAPRY (gradinpt slution: hexane-20% ethyl acetate/hexane) to give 1.2 g (56%) of .

4. [ (E) - 22{tipoiho-8;1Rethyk-6, M yilydxy 3, 5[B BRytrarkethyiH, £ B=tetrahydronaphthalene.
5,5,6,7, 8-tetrahydro-napht hal en-2yl)vinyl]-benzoic acid i'n 100 mM of 1:1

M OH CH2G38p ¥easEpdRetmaNtofils RhORA bbL, 2 A |yl di azonet hane
at room ypi ONAPHTAO[) 33](1.3) : )
tri hyT STyl dr aZonet rane. — Af ter =161, —at =8 m of acetic acid and

the Teaction m xture was concentrated under reduced pressure. The residue
was partitioned 20 between water and ethyl acetate and the organic fraction
was separat ed, washed wi th aqueouy /sodi um bi carbonate and brine, dried '
over sodium sul fate and adsor M o-sil Ba gel. Purification by flash

4 15% et hyl acet at e/ hexane) to

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
give1.2 g (97%) of 6-bromo-2,2.4.4,7,9,9-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

0
K "
PPt
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 b, 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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provide 1.8 g (51% of

met hyl -4-[ (E)-2-(5,5, 8, 8-tetranet hyl - 3- net hyl - 6- hydr oxy-5, 6, 1 1200

t ei rahydr o- napht hal en- 2-yl ) vi nyl ) -benzoic acid. (M= 378). Af’Ap ﬁ 2005
WO 02/ 28810 PCTI EPO1/ 11017 STEP C. PREPARATI ON OF MEHYL- 4- f(E) _2-(5S 8

8- TETRAMETHYL- 3 METHYL- 6- OXO

-5, 6, 7. 87TETRAHYDRO- NAQHTHALEN- 2- YL) YI NYLj - BENZO C ACED 5 To a sol ution of
1.6 g (4 2 mmol ) of

met hyl - L(E) 2- (5,5, 8, 8-tetranet hyl - 3- net hyl - 6- hydr oxy-

5,6,7, 8-t @ﬁaahw}%ﬁ@hyiamth@b@ne)zlsylayaﬁ hi g(645e nadi22, 479, % repBanstliyl 36,4,9,9a-
met hyI enetethpiro-gieptakol2,0a1)1, 3] efnRe didkoleS-vlsal GUgesd(M 930. (4. 65 nl ol ) of
Dess-Martin periodinane. After | h, the reaction mxture was poured into

ol ne andsPEbGeRsd AUUIORRO BN, o) oil di IRPTRIAGA e skl o vas 10
dri ed_pvefps RPETBP PR PRSI S Uy Ehdhash

chr onet og [ e tror IIE)\d. CITyl acetrtd
1.45 g (95‘%)&;}“;%*1 :

I

. 4 [(E) 2- (5,5, 8, 8-tetranet hyl
3- et hyl - 6- oxo-5, 6, 7, 8-t et rahydr o- npht hal en-2-yl ) vinyl ] -benzoic acid (W
376). 15 STEP D PREPARATI ON OF MEHYL-4-r(EE2-(5 B 8 8- TETRAMETHYL3-
BROVOMETHYL- 6- OXO -5 6 7 8- TETRAHYDRO NAPHTHAT FMNj|2- YL) yl NYL1 BENzZO C ACI D
To a solution of 1.4 g (3.7 nmmol) of
met hyl -4-[(E)-2-(5,5,8,8-tetra hyl -
5,6, 7, 8-tetrahydro-napht haly ,

nmmol ) of N bronbsucci ni
(0.19 mmol ) of benzoyl Ee%pr
added

0\
0XO-
c acid and 0.86 g (4.8
carbon tetrachl ori de was added 45 ng
S e reaction was heated to refl ux
tenperature. After 1 h, Addi t1onal 45 ng 25 of benzoyl peroxi de and
25 m carbon tetrachloride. After 3 h total added 0.2 g N
bronmosucci nim de. After 6 h total, cooled to roomtenperature, washed with

13% aqueots, sélgﬁiﬁ‘gf'?d) gwj § ‘Fltnﬁ) 38# 3%4 89, ShiptafleR)ieha SO6 Wikavhbat e and
adsor R)e nap %ofi df[(i1 3? frans- lgrole—é-carb dehyde 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.

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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fl ash chromat ography (hexane-8% ethyl acetate/hexane) to give 1.0 g (59%

of methyl-4--[(E) 114 1 April 2005 WO 02/ 28810 PCT/ EPOL/ 1101{A 12005

2- (5, 5, 8, 8-tetranet hyl - 3- br ononet hyl - 6- oxo prl
-5,6, 7, 8-tetrahydro- napht hal en-2-yl )vinyl]- benzoic acid. STEP E:

PREPARATI Mo @¥2e81d (E) - 2- (5,5, 8: 8- T TRAMETHYL- 3- PYRAZCLr 1 %I‘%Im - 6- OXO
-5, 6, 7, 8- TETRAHYDRO- NAPHTHALEN- 2- YL) VI NYLI - BENZO C ACI D i on of
1.0 g (2.2 mol) of methyl 4-[(E)-2-(5,5, 8, 8-tetranethyl - 3- br ononet hyl - 6- oxo
- 10 5,6, 7,8-tetrahydro-napht hal en-2-yl)vinyl]-benzoic acid and 0.6 g (8.8
mmol ) of pyrazole in 15 m of N nethylpyrrolidine was heated at 100. After
2 h, theAfmGthtotalmexéamenmﬁﬂmﬁaddﬂﬁﬁlﬁ@t@Wa& Q/a5HRE Wadh ﬁaoue%ﬂ-ﬁﬁl into

bri d

ol i ST S SRR At Gl el Al S oy
puri fi edm%’ F‘gﬁﬁ?‘g (15 eﬂé’l G‘eq%ﬁ‘flc"mm% 7e§ ofy|

acet at e/ T-bepmagmathyd-22,4.4.7 ?)Fw@mﬂlyﬂ:sa,z; 9,%a-tetrahydro-naphtho[2,3d1[1,3]-

Met hy§- 4t1{a(1E-)110201(6y]§w&133} bﬁizbﬁ@idkﬁbﬂﬁ-d@t& azol - 1-yl met hyl - 6- oxo
-5,6,7,8-tetrahydro- napht hal en-2-yl)vinyl]-benzoic acid (MH= 443).. A

()

o &, SR ROE A 1(E)-2-12.2.4.4.7.9. 9 HEX AMETHYT 7P 1-
-5, 6, 7, 8RS -;L e 2 T [EHG 23113 TRANS DI 6 OH
and 20 nt— s—reated—to-ref |l ux tenperature. After 1 h, the

reaction was cooled to room tenperature and the MeOH renoved under reduced
pressure. The aqueous solution was acidifie@ with 2 NHCO, extracted with
et hyl acetate, washed with brine, dried qver [sodi um sulfate and adsor bed
onto silica gel. The product was purifi y tOash chromat ogr aphy

(gradient elation: 10-30% C 3 xane with 0.2% acetic acid) and
by recrystalllzatlonQ xane) to afford 100 ng (15% of
4-1(E)-2- (5,5, 8, 8-t pyrazlq_ -

=,

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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~ 2- BROMO 3-

yl met hyl - 6-oxo -5, 6, 7, 8-tetrahydro-napht hal en-2-yl)vinyl]-benzoic acid (np
= 233-2335)133. 115 1 April 2005 WO 02/28810 PCT/EP01/ 11017 FKAIVF%SM:
PREPARATI ON OF 4-f(B)-2-(5 5 8 8- TEf RAMEr HYL- 3- PYRAZO 1-

YLMETHYL- 6, 7- TRANS- DI HDROXY -5.6 7 8- TETRAHYDRO NAPHTHAT FN- 2-

) L) VRAYL1: %%% ACID 5 STEP A: PREPARATI ON OF

TETRAAI ETf f YL-5. 6. 7. 8- TETRAHYDRONAPHTHALENE 10 A mi xture of 20g (59 rum 1)
of 2-brono-3-nethyl -6-acetoxy-5,5, 8, 8-tetranet hyl -5, 6, 7, 8-

t et rahydr onapht hal ene and 177 ml 1 N Li OH and 350 ml of nethyl al cohol was
heat ed af mixidreisf 73 2E(01 8 uhel) o AIH[EE)-A(AR440S, g)amimanym-pm@-mﬁme

to room JRnkt WI t h

2 N HO féﬁjg% ﬁ%ﬁgﬂ &gg;@‘élat : ﬁ%??‘e it ‘%“%5 %‘%%39

adsor bed @ &ﬁ F’? St25 ST AR r?PP?IP‘B’EF %&‘ef 49Rat ogr aphy

(gradi en WasfOoBC T TRISHIEX pleg giaf éc 0ge of
iEPye cpiated thgar redueedp: eam@ ted withfetlyd qges: e(nga%l

2- br divo- Gandee tdibedipressure and taken up in 20 mi of methyl alcobol and 10 ml of LiOH. The

E%LX%T%&%:% fgq‘ﬁfﬁ?“ E’Eﬁfi\}&%ﬁ%ﬁﬁ Eﬁ%@&é E )5
116 1 Apf? 654 PressUED Fi%‘l"f‘%‘u&e?&m StEN FY 51 5

mol )  of exrasted vathathd ppgihte swaspert wih bang dgedoves sedimmtshlfate and concentrated
under reduced pressure to afford 60 mg (90%) of 4-[(E)-2-(5,5,8,8-tetramethyl-3-pyrazol-1-

10  ylmethyl-6,7-trans-dihydroxy -5,6,7,8-tetrahydro-naphthalen-2-yIyvinyl}-benzoic acid (MH+ =
447) 145.

EXAMPLE 42: PREPARATION OF 4-[(E)-2-(5.5.8.8-TETRAMETHYI -3-PYRAZ0L-1-
YIMETHYI~6.7-CIS-DIHYDROXY -5.6.7.8-TETRAHYDRO-NAPHTHALEN-2-
15 YL)VINYL]-BENZOIC ACID

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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5,6, 7,8-tetrahydronapht hal ene in 120 m of pyridine was added 17.9 nm (192
ol ) of phosphorus oxychloride. The reaction m xture was h ilpedzé@ 100.
After 6 h, cooled to room tenperature and carefully poured oh W th
storing. After 1 h, extracted with ethyl acetate, 5 washed with 2 N HCl and
brine, driveglopmere sodi um sul fate and concentrated under r&‘i’!ﬁh‘i’ﬁf}uoﬁ‘f essure.
The residue was purified by gravity chromatography (gradient elution:
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 4- BROVDZ 25 7 7- PENTAVETHYL- | A 2.7 7A-

TETRAHYDREFHCHAT SR Shegspispatponpity phvR witk 306 ethy oraatebexant tleld 1S 8

mol ) of (25 § ﬁdlgﬁﬁ al.ene 300 m of
di chl or orgetdﬁjaﬁfemg%r%ﬁsag adde BW%Wéﬁggl%@%ﬂﬁg g’?aeon@b'g}g %{é‘ﬂ .
aci d 15 prhteisolid(Me=8¥2:. 20 ninutes. One hour after the addition was
conplete, the reactl on m xture was washed with 10% aqueous sodi um
bisulfite_a dried over SOdI um sul fate and adsorbed onto silica
gel ur . -ii.:- 9‘ -_ H o

acet at e/ heelaEyELH FRARYHORO?

4- br ono- 2, 2 5 7, 7- pentarrethyl-la 2,7, 7a tetrahydro-|I -

oxa- cycl opropa[ b] napt ht hal ene. 20 STEP D. PREPARATI ON OF 2- BROMO 3- METHYL6
7- DTHYDROXY-5 5 8 8- TETRAMETHYL-5,6,7. 8- TETR AFl YDRONAPHTNAT . F. NF HO HO
25 A solution of 2.0 g (6.8 rrrml)
4-brono-2,2,5,7, 7- pent anet h 7
cycl opropa[ b] napt ht hal ene in ic acid with 0.2 mM H2SO4 was
heated to reflux tenperatu es WA G R, the reaction m xture was
cool ed to roomtenperature and condentrat ed under reduced pressure. The
resi due mas di ssolved in toluene and*reconcentrated under reduced

pr essur e SpHEIop 06 Jutdg (34Smenabsef) 27kndmiorris 6, 7Trdiafroxyes, 5§18, apenednmdth e, 28- M of
N 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 (M* = 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 v

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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117 1 April 2005 WO 02/28810 PCT/ EP01/11017 Li OH was added. The'react [ on

solution was heated at reflux tenperature. After | h, the reg gg
cooled to roomtenperature and the concentrated under reduce gﬁ’f‘ % re The
reaction mxture was acidified with 2 N HCl, extracted with ethyl acetate,
washed W t{fa, ? #? dried over sodium sulfate t hen adsorbed onto silica
gel . The product was purified by flash 5 chromatography E§TAROYMOIE| ution:
hexane- 20% et hyl acet at e/ hexane) to give 1.2 g (56% of

2- br ono- 3- net hyl - 6, 7-di hydr oxy-5, 5, 8, 8-t etranet hyl

5,6, 7, 8-tetrahydronapht hal ene. STEP E: PREPARATION OF 6-BROMOD-2 2 4 4 7 9

9- HEPTAVEF&unched vifh wakE] F@f;ﬂd}(%ﬁn}&%&b@&& temprefhturt, tnSrhixhReWas pRdsidds 10 To

a E;’g ﬁgngﬂe% %fﬁttgyégﬁﬂaéé %nc? "Ul e§ %anécltag?rr%aﬁ | with brine, dried over

5 6,7, 8-t Eﬁéﬁ é%cqnﬁemtqﬂmwx@ Thg icrode Imasepist wpepmsifieddyftagh d
100 ny ofchpomatogmpmewuhl Elotiomivith 804 ethy! berateaxdn: onyields.65gi (73 %Y of8-bEcaasn

t enperat Wiee, 7AfikyREody-415, IR TARARYIL aResu un
bi car bon )and 3’gr;t%yac’?ed W th e%1h5;@7§c5tg¥%t%e E’gﬁc‘%‘?"‘%n?c extﬂgia ts were
washed w ‘brine, dried over sodiumsulfate, concentrated under reduced
pressure and purified by flash chromat ography (gradient elution: hexane-5%
et hyl acetlde): FREPARAIIONOR-[(Bzo2 2#4.4.7.9.9)-HEPTAMETHYT -32.4.9.9a-

6- br onmo- 2ZELRAHYDR)-BARPYEHOGEL IV 'ﬁ ‘.,g_.:l‘)_.»?ﬁ'lm;‘ 2RVIN O RBENZaOIC ACD

d] [ 1,19 - (MEREDAi BXPER. 20 STEP F: PREPARATION OF 2.2 4 4 7 9

9- HEPTAMETHYL- 3a. 4 9 9a- TETRAHYDRO

NAPHTH(J 2, 3-d1r 1, 31- TRANS- DI OXOLE6- CARBALDEHYDE 25 To a solution of 3.8 g
(10.8 mmol ) of 6-bronp-2,2,4,4,7,9, 9-hept anet hyl - 333 4, 9, 9a-t et r ahydr o-
naphtao[ 2,3-d][1,3]-trans-dioxole in 50 m of 2 78 was added 13.5 ni
of 1.6 M (21-5 mmol) of n-BuLl.\Ajter 1 h, ad a sdwtion of 2.4 m (215
mol ) of N-fornyl

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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-piperidine in 10 mM THE After 1.5 h, added saturated agueous anmoni um
chloride solution, warned to roomtenperature, extracted W{QHQL%I
acetate, washed with brine, dried over 30 sodium sul fate and gbt®ed onto
silica gel. Purified by flash chromatography (gradient elution: 118 1 April

2005 hexa hyl acetate/ hexane). Isolated 2.1 g (64%

2,2, 4,4, 7?‘3,’ ng/fﬁg%t anet hyl - 3a, 4, 9, 9a- bcknhusion

t et rahydr o- napht ho[ 2, 3-d] [ 1, 3] -trans-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 ESTER To a solution of 2.0 g (6.6 mmvpl ) of

2,2,4,4, 7 %9-h |
napht hol 2- 48 ?ﬁ (0% maibn o 20054 @%%Fﬁ@a%@mw% %B-BRFIIS of
4- (Di met B AbFistdRzokd 1Y) Harkberzoicacd mettylesicsdn 50 mil of BEFand 50
t ol uene al 1N m VaddmecBatﬁoom taniperzibxri M8 B, dﬂsrmin)ratéﬁ up@éra&dutapressure ,

 ter t- pentyakel vith nYLeRGt, meav&mwe Bt Gtih@ghed vi th-
A e S RN g iy
acet ae/ h@ Wé a nm@s@pated t0 60 ° After 2 h, the reaction mixture
i e
I ans- giaiieifrabtion/was Whdh¥ 2N B afRf by vér 30dihm s p
EpTH %ﬁ(’g W"rﬁm Pec0% eyl aeetpiechexaneM EPIpyidKeR 5 20
YL) - VI NY{ O SRS Rt Rme RS 6.dtcipdiactiony-56 5, Bushyswe| ) of

4- [ 2- ( 2, Rphibleh-ByDyinhBbemrvid stjd mdmyPesterda- t et r ahydr o-
napht ho[ 2, 3d] [ 1, 3] -t rans-di oxol - 6-yl)-vinyl]-benzoic acid net hyI ester,
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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 mmo}) 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-ms—d1acetoxy—5 6,7,8-
tetrahysro-naphthalen—Z—yl)wnyi]-benxo1c acid methyl ester.
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‘1 April 2005 WO 02/28810 PCT/EP01/11017 After 3 h total the reaction was

filtered and the filtrate was washed wi th aqueous sodi um blf%@ . dried
over sodium sul fate and adsorbed onto silica gel. The produc 0éari fied
by flash chronmat ogr aphy (gradient elision: hexane-3 % et hyl acetael/ hexane)
to afford 1.7 4 (E) - 2- (7- br ononet hyl

2,2, 4,4, 7904832 é‘kamet hyl - 3a, 4, 9, 9a- t et r ahydr o- napht ho[ 2 PEAYRPIVEPID

t rans- di oxol - 6 yl)-vinyl]-benzoic acid nmethyl ester. STEP |: 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 OXCL- 6- YL)

7 Ve - S0 5 AP SRTR s AT R O BYRAOGi 2 on of

i :6.7-C1S-D] 1367 RT RAHYDRO -
3a, 4,9, 9 0= T ' yl ] - benzoic
acid mathyl)ebier.s Ng;gg&f{ ”rlﬁE "‘ﬁ#of pyrazole in 10 mM of NWP was
heated at 100. After 2 h, the reaction mxture was cooled to room
tenperature, poured into brine, extracted V\ntrbet hyl acetate, 15 washed
with brine, dried over sodiumsulfate and adsoffbed onto silica gel. The
product was purified by flash chromat ogLeg ghadi ent el ution: hexane-15%
et hyl acet ate/ hexane) to giwe
4-1(E)-2-(2,2,4,4,7, -
1-yl nethyl - 3a, 4, 9, Qa%&%ﬂ"'
napht ho[ 2, 3d] [ 1, 3] -trans-4

| ] -benzoic acid nethyl ester. 20
STEP J: PREPARATI ON GRgQ ( RAVETHYI! . 3- PYRA7AL- 1- YLMETHYL- 6
7- TRANS- DI HYDROXY -5 6 7 8ZTETRAHYDRO NAP | F - 2- YL) VI NYL1- BENZO C ACI D
120 15April 2005 - WD 02/28810 PCT/EPOI /11017 A.nixture of 75 ng (0. 15

mol) - of w45 d {dhdtioh o 736 nlk 2:76 indl) of BXERRY dnid 53R PG thindy Yt PEhLM. ert-
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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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 M1 N HCL and 10 m of THE was stlgred room
tenperature. After 1 h the reaction mxture was concent r at ebd™8 Sr educed
pressure, extracted with ethyl acetate, concentrated 5 under reduced
pressure up in 20 m of nethyl alcohol and 10 The
reaction ﬁ?g#%?é was heated to reflex. After |Ib the reacg%gﬁ&mggthooled 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

pressur e ¢ Bredb iaaa}ito@ﬁvémso(x% 08?(4-?@}@(55,@,3 ferlathettryB3 Syt Sh1 Ryt 637-Byr azol - |
_s, %/ 7, 8'&%14& : a%yd’r rk?n?pﬁ@é‘é? I%VQW]’IJ“BEW& ??‘%@?%23(%%415)14%47) 145.

EXANPLE 42: PREPARATION OF
4-f(E =L 43P0 if
7-Cl
HO. . ) ROHZ
PENTANETHYLY 5. 6. 7. 8 TETRAHYDRONAPHTHALENE 20 To a solutlon of 9.41g

(33. 7mmol ) of 2-brono-3,5,5, 8, 8-pentanet hyl -5, 8-di hydronapht hal ene in 110
m pyridi ne was added 8. 65g (34.0nmpl) osm umtetroxi de under an at nosphere
of nitrogen. After stirring at roomtenperature $or 18 hours, 173g
(166mml ) of sodiumbisulfite in 110m water_was)ladded. After 2 hours the
resulting solution was partiti,oned between (gthy o3 ate and aqueous
hydrochl ori c acid. The organ\ ‘ with water, washed with 25
brine, dried over anhydrou O iR e, ~and concentrated in vacuo. The
crude material was 121 1 A '

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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WO 02/ 28810 PCTI EPOL/ 11017 purified by flash chromatography with el ution
with 30% ethyl acetate/ hexane to yield 7.97g (75% of .

2- brono-ci s- 6, 7-di hydr oxy- 3,5,5,8,8-pentanethyl -5,6, 7, 8-tet r%ﬁ?ﬂlr%)qquht hal e
ne as a white solid (lv = 312). 5 STEP B: PREPARATI ON OF 2-BROMO-Cl S-6
7-DI'1j YDROXY-3 5.5.8 8- PENTAMVETHYLr5.6 7. 8- TETRAHYDRONAPHTHAI ENE ACETONI DE
A sol uti.oV8P¥88g (24, 7ni nol ) of PCT/EP01/11017

2- br ono- ci s- 6, 7-di hydr oxy- 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 100niL 10 2, 2- dinethoxypropane was heated to reflux for 90

TLnvies AHESERR Mk ol UL LT QLR 9 TRER R Gupeiep o

washed wi ghistidor W%mﬂgﬂim&mﬂq—ﬂi%@yi acttuehdriavgrtb affatdd). 256gi(27%) of 3-

22 br oo QG Ry SRy A0 gl 6 griemaycco 2nsphtaldchyde 0441 =

5,6,7, 8- tﬁmahydronapht hal ene acetonide (M= 352) which was used wi thout
further 15 purification. STEP C. PREPARATI ON OF 3- METHYL-Cl S-6
7- DI HPDROXY-5 5 8 8- TETRAMETHYIrS 6. 7. 8- TETRAHYDRO- 2- NAPHTHAL DEHYDE

ACETON Digrph 0pier R ATIONIOPREATE: 9405\ 265 SRROIBTR AMETHYI -3-((B)-2-
2- br om0~ ChpS/efin AN Y VLT RNV SS £7 8. T N APHTHALEN-2-

56,7, 8-t fe acetronrae Tn L 1 umLtetranyarofuran was
added 32. dm%ﬁ%llb' of a 1.6M solution of n-butyllithiumin hexanes.
After 1 hour at -78C, 5.79g (51.Imol) of 1-fornyl piperidine was added.
After 20 minutes at -78C, the resulting mxture 122 | April 2005 WO

02/ 28810 PCT/ EPOL/ 11017

O

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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was quenched with water. Upon warm ng to roomtenperature, the m xture was
partitioned between ethyl acetate and water. The organic Ia%/?\r .Q%ﬁ)swashed
with brine, dried over anhydrous sodium sulfate, and concen 3

vacuo. The crude material was purified by flash chromat ography with

el ution W o2%%s2é hyl acetate/ hexane to yield 5.65g (73% ,?{?Q_fm

ci s-6, 7-di hydroxy-5,5, 8,8-tetramet hyl -5, 6, 7, 8-t etrahydro- napfl'u dehydeac
etonide(MH = 303). STEP D. PREPARATION OF4-[(E)-2-(2 2 447 9

9) - HEPTAMETHYL- 3a. 4 9 9a-

TETRAHYDRQ:NAPHTHO) : -BENZO C ACID 10
NVETHYL e & PRERAR S 15 n 8 TETR . 3A(E)-2-(PYRIMIDIN-2~
2,2,4,4, INNE DS gmmmm@aq

naphtho[23d][1 3] - ci s-di oxol €- ) T (22. 8

4- (D nmet hoxy 15 phosphoryl net hyl) - ben20| o aC| d met hyI ester in 50 m of
toluene at 0 was added 13.4 nl of 1.7 M(22.2
potassiumtert-pentylate. After 1 h, the react]
extracted with ethyl acetate,, washed with brg
and adsorbed onto silica gel.
chromat ography (gradi ent el
afford 6.0 g (79% of 4-[(E) 4,7, 9 9) - hept anet hyl - 3a, 4, 9, 9a- 20
t et rahydr o- napht ho[ 2, 3d] [ 1, oxQlB~y LN |nyI] benzoi c acid net hyl
ester. STEP E: PREPARATION OF/%-[(E)-2-(5.5. $. 8TETRANf f i - r HYT, 3- METHYI 1 6
7-Cl'S- DI ACETOXY-5. 6. 7. 8- TETRAHYSRO- NAPHTHAN_EN--2- YL) VI NYLI - BENXOI C ACI D
METHYL ESTER 123 1 April 2005 - WO 02/28810 PCT/ EPOL/ 11017 A m xture of 4.7
g (10.8 mml) of 4-[(E -2-(2,2,4,4,7,9,9)-hepaanet hyl -3a, 4,9, 9a-tetrahydro-

napht h 1 xol Vi n nzoi i hyl rin
O HIRE T r st A DR MO S
concedt r APEHIGRGREYD YieyirSeu7. B ey die- 2-naphthalen-2-yl)vinyl]benzoate 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) vinyl)-
10 5,6,7,8-tetrahydro-2-naphthalen-2-yl)vinylJbenzoic acid 160
(M-1=437).

iri fied by flash
yl acet at e/ hexane) to

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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5 extracted wth ethyl acetate, washed with brine, dried over sodium

sul fate and concentrated under reduced pressure. The resi du? V\B.P ®3ken up
in 50 mM of pyridine and 5 mM (53 mmol) of acetic anhydride tee dfded. The
reaction was heated to 60 O After 2 h, the reaction mxture was cooled to
roomtenperature, diluted with water and extracted with ethyl acetate. The
organi ¢ fVO®PEA was washed with 2 N HJ and brine, dri eBCBVIYEEi um
sulfate and purified by 10 flash chromat ography (gradient elution:

hexane- 10% et hyl acet at e/ hexane) to provide 5.2 g (100% of

4-1(E)-2- (5,5, 8, 8-tetranet hyl - 3-net hyl -6, 7-ci s-di acet oxy-5, 6, 7, 8-tetrahysro
- hapht hﬁ%%ﬁgdu)!gwxhﬁﬂﬂn]fhﬁﬁﬁé %&1W Bt Sef adaedl Efhe resufiRfshfRMde ON OF
4-i(E)-2-(55 8 3-" TEr RAMETRYL- 3-B THYL-6 7 15

Cl S- DI ACWFOtiyreg vigorowslynfor RAeusrRod vapAlterad Browshyaelitg T orgEipiayecwan\Cl D

AL(E) - 2- Tt @i Bl Qbivor el e Wk 3hd way gppentod in vacuo. The

5, 6, 7, 8- prkinaiwas parifiapby fadkeokréingtbdruphiyyith dletonoiith 28% thiyk hdeydte/Restane toand 2. 4

g (13 | ), of N no, i_ni m de_w 24 (,03 nmmol ) benzoyl

per o><573 de ?f)d@fpﬁﬁg (%#‘%%ofi%ﬁ,&-{eg@pg@m-% E@é—g—%ggo%&wﬁé,ﬂﬁqﬁﬁya{v}
tenperatﬁgpmmaﬁeﬁoﬁje@dm___qm.ed to roomtenperature, filtered and washed
filtrate with 10% aqueous bisulfite and brine, dried over sodiumsulfate
and purified by flash chromat ography (gradi ent elution: hexane-10% et hyl
acet at e/ BsDAMIRFIE 43 PRIEPA RZSTION) - OPHEN-3-YIYOXOMETHYL)-

4- [ (E) - 2563 STETRAMETHVEL)S 7 33T HTRAHNEIRON APHTHAL $NiD 20gVIN Y PBENZ08C

t et r ghyspegpapht hal en-2-yl) vi nyl ] -benxoi ¢ aci d nethyl ester. 30 124 1 April -
2006 AOTY,,,,, ' :

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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CN = 1/ 1 M ACO5 To a solution of 730 ng (2.76 nmmol) of 18-crown-6
and 338 ng (3 mmol ) of potassiumtert- butoxide in 3o mM of THE. added
205 mg (3 mml) of pyrazole. After 20 m nutes, the reactionlﬁﬁgli/\g@él ed to
0 and a solution of 1.4 g (25 mml) of 4-[(E)-2-(5,5,8, 8-tetranethyl - 3-
br ononet h { s-di acet oxy-5, 6, 7, 8-tetrahydro-napht hal en-2- | nyl ] -ben
X0i ¢ aci dwn%?ﬁgﬁs%o ester in 20 mM of TIIF was added droﬁ%q@g)?ﬁ%” J{ar 3 h,
the reaction m xture 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 kcetatethaxaneh exgine-formytH{3+4 tioghen-G-y1)oxbihetdi])-5,5,8,8-tetramethyl-5,6,7,8-

4-1(B)-25(5,5.8,8-tetra |. 3-pyrazol -1 -

yl net hyl t%r@y@ogap&%%%%gh 7, 8-t et r ahydr o- napht hal en- 2- yl ) vi nyl ] benzoi c
acid nethyl ester. 15 0 OH HO'"LX~ N~ 20 A mixtue of 1.0 g (2.2 mml) of "
4-1(E)-2- (5,5, 8, 8-tetranet hyl - 3- pyrazol - 1-yl net hyl -6, 7-ci s-

di acet oxy- 5, 6, 7, 8- Falowing thegtandprdtHiormnesEmmons/hyidnglyfitemeasiuces docmyleBhy | .
esterg i fal N LI was_ heat ed at

el f ux. gfﬂtﬁg?ﬁgf 3;{,’1)%%6%}1)5%5’r%b0m %ﬁ;}éﬁ%ﬁftg?@ggrﬁg@ﬁ%%y % r?aléYmiﬁga%ced
pr essur e(Eldi{@i[8-(@hiophant8-gl)dsoniBthyl p£1518:8 teadmaihlyhs 67i81etralydestapithalenpas hed

\F/)vlr E)QUE{I Qﬁvingif}bgndzo&:":{%idass%dv'vﬁ‘l{é‘s%ﬁc'l;fﬂig Er%l?dsorbed onto silica gel. The

EXAMPLE 46:PREPARATION OF 4-[(E)-2-( 5.5.8.8- TYL-3-((E)-2-
10 METHYLSULFONYLVINYL)-5.6.7.8-TERAHYDRO-2-NAPHTHAL EN-2-
YI)VINYLIBENZOIC ACID

| STEP A: PREPARATION OF 3-((F)-2-METHYLSULFONYLVINYT }-5.5.8.8-
15 TETRAMETHYL5.6.7.8- TERAHYDRO-2-NAPHTHALDEHYDE

0O
(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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was purified by flash chromat ography (gradient elution: 20-60% et hyl
acetate/ hexane with 0.2 WD 02/28810 PCTI EPOL/ 11017 STEP G g?gP, TI.ON OF
4-1(E)-2-(55.8.8-TETRANffi - THYL- 3- PYRAZO r| - YL1ETHYL -6 7- P TOXY- S
6 7 8- TETR AHYDRO NAPRTHALEN- 2- ) LI VI NYLI BENZO C ACI D METHYL ESTER STEP H:
PREPARATI ON COF 4-(81-2-(5.5, 8, 8- TETRAVETHYL- 3- PYRAZOL- 1- YLNI ETHYL- 6

7- CTS- DI HWSRO3288105 6 7 8- TETRAHYDRO- NAPHTHALEN- 2-  YL) VI NPCEAEBENIACLTC ACI D
125 1 April 2005 WO 02/28810 PCT/EPOL/ 11017 % acetic acid) to give 560 ngy
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 ) vinyl ) -benzoic acid. (np 2383-2415) 148

EXAMPLE &B&Egﬁ&@ alddR)m Eﬁ?@ﬁ rideGE 5
(PYREVEDI[@N-I 2- ) W vah%’.hgﬁﬁs- TERA&%%E%N%TDHT LEN- E%YL) 3l N)\I/Ei%]éENzo C
ACl D OH ghiesthyiforpRrEiiRns heatedro 30°CRInde: rporRions Dous.2 Tl egttion| mixBirg was

8- TETRA- ] HYL-:5. 6, 7..8- TERA| 2- NAPHTHA) " EHYDE A sol uti f. 0.874
02 o8 mBPre it Vsicd a8 kol BSA AT Eeeblor TRE barit M5k st 9t Bhind ©74 0
napht hal dey deer adhRBousGodidmlsulfars)bnd suncentrated in vacuo. The crude material was

trans-1, 2-hi.s(tri-n-butyl stannyl)et hyl ene and 0.068 15 (0.059 mool) of

t et r af ds PERR W%@%’Fﬁtﬁﬁ?ﬂﬁ@ PR ith 2.5 %0t agested FO @PIH ref | ux

under ar gegy, w.on 99{,5? b QR NASH AL ' ghallif (326
mmol ) of 2- érf?ng)zp%/t?tihm Stony iy gggsésé&g (0 c?gg’%ﬁf%t?}%?&uym Afted
t et r al ds(MlpEdyd phosphi ne) pal | adium was added in 3.5 m toluene. The
reaction was heated at reflux for 3 hours. The reaction was cooled to room
tenperature, quenched wth 5% potassium fluoride and diluted wth ethyl

STEP B: PREPARATION OF METHYT -4-[(E)-2-(5.5.8 8- TETRAMETHYT -3-((E)-2-
10 METHYLSULFONYLVINYL)-5.6.7.8-TERAHYDRO-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 (29%) 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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20 acetate. The two phases were stirred vigorously for 16 hours. The
m xture was filtered through celite and the organic |ayer Waggv%d wth
brine, dried over anhydrous sodium sulfate, and 126 1 April b

02/ 28810 PCT/ EPOL/ 11017 concentrated in vacuo. The crude material was
purified chromat ography (gradient elution with 20% et hyl

acet at el hg{%hié g@% ethyl acetate/hexane) to afford 0.254PGTEPGUMGE 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-1RYL-3-((E)-2- (PYR

M D] N- 2- mwm—rmmm@s&m L VO N R OATE. 10

To a suspen 26 of 63% in 1. Ltranydrofuran

acid rretmclmjester in 2. 5 m THE and the reactlon was stlrred at room
tenperature for 1 hour 20 mnutes. 0.254 g (0.79 nmol) of
3-((B)-2-(p)rimdin-2-yl)vinyl)-5,5,8,8; tetramethyl-5,6,7,8-tetrahydro-2
15 napht hal dehyde in 3 m THE was added and the re@ction was stirred at,
roomtenperature. After 17 hours the reaction was
hydrochl oric acid and extracted wth : r-0r gani ¢ | ayer was
washed with water, brine, drigd over anhydrq hgnesi um sul fate and
concentrated in vacuo. The ¢ p i asspurified by flash

chromat ography (elution w acebatel hexane) to afford 0.180 g
(50% of Methyl-4-[(E)-2-(5,
tetramet hyl -3-((E)-2-(pyrim dj
-2 yl)vinyl)benzoate (Mt1l= 433)\

=
yl)ﬁ .6, 7, 8-t etrahydro- 2- napht hal en .

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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1 April 2005 WD 02/28810 PCT/ EP01/11017 STEP C. PREPARATI ON OF 4-1(B)-2-(5

5 8 8-TETRAMET' || YL, 3- ((E) 2- (PYREyl I DIN2  39) VI NYLI -5. 6. 7 .

8- TERAHYDRO- 2- NAPHTHALFN- 2- YL) VI NYLI BENZOI C ACI D OH A sol ut i bAP8 23180 ¢
0.40 mmol ) of Methyl -4- [(E) 2-(5,5,8,8-tetranethyl -3-((E)-2 5

(pyr| m di vinyl) - 5 , 7, 8-t etrahydr o- 2- napht hal en- 2- benzoat e
in &vééﬂl%m?and 10 ethyl al cohol was heated to re¥¢’%ﬁ§<1’“1é¥‘%lér 50
m'nutes the reacti on was cooI ed to room tenperature and acidified with 1M

hydrochl oric acid. The aqueous was extracted with ethyl ether, washed with
water, brine, dried over anhydrous magnesium sul fate and stripped in vacuo

~

to affordS P OF 2-BROMO-3-((E)-2-SULFONAMIDYT VINYL)-5.5.8 8-
4-[(E) - 2- riref I hyhss 3= T ABYEE Ty GhRs 2- Y1) vinyl ) 10
5,6,7, 8-t EA A = -y.(%‘i. fift- c acid 160 (M1 =437).

EXAIVPLE 44. PREPARATI O\I OF 558 8 -TTs7[ RAMETHYL- 3- ((E2-Tffi AZOL-2 YL -
VI NYL) - 5. 6. 7. 8- TETRAHYDRO 2- NAPHTf i ALDEHYDE 15 A sol ution of 0.147¢g
(0.498mmol ) of 3-bronp-5,5, 8, 8-tetranet hyl-5,6, 7, 8-tetrahydro-2-
napht hal dehyde, 0.302g (0.498 ) of
trans-1, 2-bis(tri-n-butyl stann

emy, and 0.012g (0.00996mmol ) of

in 5inl toluene was heated to

1 ho . This was cool ed. 0.082g
(0.498mmol ) of 2 20 bronot hi azglte ~aud O ﬁ0996m‘m1) of

t et r aki s(t dphenyl phosphi ne) pal/l §di un(0) wer elt add&gd. This was stirred at
reflux for 2 hours and at roomtenperature f& 16 hours. 20 ml of 128 1
April 2005 WO Dea 261811@1 ¢FOMPBRND. 30LBh6]) 28a-batyH (lishapnglphssphonyDinkthgl]i de and 15

m of et hg.l]fonglgé[r amate S5 g nﬁ%uggths-rr gm%.r%? el z;[t IOQ WTS éécijed %.133 £ (5.25 mmol) of 95%
| sodium hydride. The mixture was warmed to room temperature. After 15 minutes, 0.704 g

(2.39 mmol) of 3-bromo-5,5,8,8-tetramethyl-5,6,7,8-tetrahdro-2-naphthaidehyde was added in
5 ml dimethylormamide. After stirring for 18 hours, the resulting solution was partitioned

10  between 5% aqueous hydrochloric acid and ethyl acetate. The organic layer was washed with
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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was stirred vigorously for 2 hours and was filtered through celite. The
organic |l ayer was washed with brine, dried over anhydrous sodi um sul fate,
and was concentrated in vacuo. The product was purified by I Age2005 :
chromat ography with elution with 15% et hyl acetate/ hexane to 5 afford

0. 065g (4Q° 5,8,8,-tetranet hyl -3-((E)-2-thiazol

2-yl -vi ny%gﬂ%‘s@ 8-t etrahydro-2- napht hal dehyde (MH = g%’)E.PmEL&BNPLE

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 solution of

2- (1, 3- di oxol Arselutionlof 0312 £iChi bmineod) GF-2bohwed-(Ry-oRtlfotahilGnd)-3;3,%8+ anet hyl
é_ gr g’m7)1 ir%:%te ?rg¥ %&g@g&%ﬁ 4 &@Bﬁm&féﬁ’el, %33% g8(? rg%m ::'.&015 B{ t?iggtryﬁgan;;}rrl?n@thanol and

yl) -5, 5, @080 goF tstiaRisitiibhéay Phdsplmk PpAIRbe! BNORALINALRRSAME heated to reflux for

3-t hi ophenecar boxal dehyde as ~previously described for the preparation of
2-(1, 3- 38 henesfBder ap aringspheseidf 8igBn Shoreaction was cooled and stirred for 18 hours at

yl ) hydr 2 - .o lrd N 13
i) o arie i iepkite, T Salifd IR paftfod S Syt M QR et e

per i odi nengeni¢ 1ayg0was wastGdwith)brineg sirizd deet anhydronsIodion guifate, afdeconemttatedin Was
warnmed tort a ti.rred for 4 haurs. .The cloudy soluti.on 2 s diluted
£ 200U the Pt Btmal e el St oitibadii (iR el a0 s ol ot i on.
The or gadtetatd/Bexanc)8 5icdde. eTls 1i5t3) JTDLI@roxd ie®i- O\ E)-2 R0 "Hgivﬁij»'l)f-ate and
concent (rﬁg’%d in - v)acu?lo. Thi s ygg‘?due mvvggx?ﬁjeﬁgdi)s(g—l ved iﬁar'i]inl ml “of

t et r ahy o EHmARYLS 6,7 & erohydeonsnhhgleng(M-# = 328 ng 10n of an aqueous IN -
HCl ol ution. Mxture was stirred for two hours and partitioned between
ethyl acetate and water. The resulting organic |ayer was washed with brine,
dri ed ouE : BRERARIAITTON| HEEYFUHFONANTD YIZVINKT XH15.8:18at ogr aphi ¢

separat i ' Véj S} lnré%l e uting with a gradient
startin t g TES o 9 1 April 2005 WO

02/ 28810 PCT/ EPQZ/ 11017

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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acet at e/ hexanes to give
2-fornyl -[ 3-((thi ophen-3-yl)oxonethyl)-5,5,8,8-tetranethyl -5, 6,7, 8-

t et r ahydr onapht hal ene (386 ny). Follow ng the standard 1 April 2005

Honer - Emmons/ hydrol ysis procedures 2-fornyl-[3 5

((thi ophen-3-yl)oxonmet hyl )-5,5,8, 8-tetranet hyl -5, 6, 7, 8-tetrahydronapht hal en
e was conYePPu¥8o (E)-4-{2-[3-((thiophen-3-yl)oxonet hyPCI/EPO1/11017
)-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- TERAHY@&%WM&%@%W%%@ SR RHNTEER v 3 RREBARATI ON OF
3-((E)-2- VETAVL SULFCNYLVT YT .

TEI RANMT B LEONA I RAMIPREO. apliNedy of 0.537 g (1.82
mol ) of 7 AﬁEtetranethyl 5 6 7 8 tetrahydro 2- naphthaldehyde
0.579 ¢ : hyl vi nyl sulfone 0.191 g (0.27 mmol) of 130 1
April 2005 WO 02/28810 PCT/EPO /11017 tetral ds(tri phenyl phosphi ne)

pal |l adiumand 5.23 g (51.7 mmol ) of triethylamne in 12 m

di met hyl f or mam de was heated to 100C under argo§f for 5 hours. The reaction
m xture was poured into water and extracted ]h ethyl acetate. The
organi c | ayer was washed w th,brine, drie¢d oyer @nhydrous sodiumsulfate,
and concentrated in vacuo. was 5 purified by flash
chromat ography (elution w ‘ ; gZcetat e/ hexane) to afford 0.359 g
(629 of 3-(2- nethylsulfon

Aph e (M1=321). STEP B:
PREPARATI ON OF METHYL- 4- 1 (EY.X- (5. 5. 8, 8- T, TRAVETHYL, 3- ((E)-2- 10
METHYLSULFONYLVI NYL) - 5. 6. 7. 8- TERAHYDRO- 2- NAPHTI i A7EN- 2-

To a suspension of 0.036 g (0.90 mmol) of 60% NaH in 1.5 ml tetrahydrofuran was
added 0.114 g (0.44 mmol} of 4-(dimethoxyphosphorylmethyl)-benzoic acid methyl ester in 2.5
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-
SULFONAMIDYLVINYL)-5.6.7.8-TERAHYDRO-2-NAPHTHALEN-2-

20 - YLOVINYLIBENZOIC ACID
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YL) VI NYL1BENZOATE To a suspension of 0.065 g (1 63 rrrml) of 60% NaH in 1.5
m tetrahydrofuran was 15 added 0.205 g (0. 79 nmol ) of

4- (di met hoxyphosphoryl et hyl ) - benzoic acid nethyl ester in 25 APR] 20P8E and
the reaction was stirred at roomtenperature for 35 mnutes. 0.209 g (0.65
- mol)  of w t hyl sul fonyl vinyl)-5,5, 8,8, -tetranet hyl

5,6,7, 8- tetraﬁ2 gﬁo 2- napht hal dehyde in 2 nil THE was ad SEF R
reaction m xture 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 ous sodauwseiusioh bA0O]5 grﬁdOSeEmmﬂ)ﬁm& -4-[(E)‘Nﬂ§,8,8'[&&aﬁém§lp3 (@.@Ll al
was purl% % dﬁ @?fﬁ%ﬁ Iutlo with 30% et hyl

Met hyl - 4a:idftd2th§;5a150t&18ra§§éa&@%fdﬁ - After 15 minutes th

((B)-2-net hyl sul fonyl vinyl)-5,6,7, 8- tet lF'rahyrglrngesz r?zli-%aﬁ? alwgsncozdeqt)o\f?onyl ] benz

oat e ( MFEPEEMre andacidifipd with IMbBim@lm@gBiﬁaeraqwogpw eHOTRdSHERAY]
PREPARAT, NVETHYL- .SI' M
FowLw N St el &1 JtsP oSl SN st 58 RbrabRg & cua s o 5

A sol uti @ﬂdb\t was BRen yp {ntetiyd anetmte and passed through a 4 micron filter. The filtrate was

rrNg: E;: suﬁ‘%}é@d] 'é‘ﬁ?’fﬁb 8rd7‘f@{2t£&rz%faiﬁé%ﬁéﬁ BrigmemethH3(FEnd | benzoat ein

5 1M siulﬁ@bhmﬁ@linﬂs@) 56, 768tk yir 6 OB abhtAen- DA BG1Ib AR v

m nutes the reaction was cooled to room terrperature and am? flegi Wwth 1M
hydrochl oric acid. The aqueous was extracted vvlth et hyl et her, washed with-

ted in 10
< —Sﬁf‘\mth 50%

4-[(E) - pfSuBy ,etramathyl
3-((B)-2= nyI vinyl)-5,6,7, 8-tetrahydro-2-napht hal en-2-yl)vinyl ] be

nzoic acid (M1 =

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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437) 161. 15 EXAVPLE 47: PREPARATTON COF 4-[(E)-2-(5S 8

8- TETRANMTHYL, 3- ((E)-2- SI MVWNAM DYLVWh) -5 6 7 8- TBRAHYDRO 2- [;IAPE%%T

FN-2- YL) VINYLI - BENZO C ACID OH 20 132 1 April 2005 - WO 02/ 8% 3

PCT/ EPO1/ 11017 STEP A. PREPARATI ON OF 2- BROMO 3- (( E) - 2- SULFONAM DYLVI NYLI - 5
5 8 8- TETRAMETHYL, 5. 6. 7. 8- TERAHYDRONAPHTFI Ai F1.11~ O S-NH2 0 5 To a

sol uti on oWw@mnessleg (2. 39 mmol ) ten-butyl [ (di phenyl phosphbe/EBOta101F] |

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

5 i of bR 10 BRI B IDimae PR P s R SRR R

sol uti on washydaéraphhakeeEwaadaed MO PPARUERHET K6 GE Rladfiorwaoficdidieat hY |

acetate. The organic |ayer was washed with water, brine, dried over
anhydr ousUETegRsE resie and AeidiSiedh with lMBRydrochiorieacish Thriegueans F@E@W@S t aken

up in 10 gradicf iR %ﬁﬁgurs 1\-.ﬁth”é‘aturrz[t!aci LMD G bar@ Gl Lﬂle &d & at

roomtenperature for e reaction was conceftrated |h vacuo and
coevapor atgdons eodiin sulfat arehencehitrated iresdctue 'Ihasrndumlafeneljwmpuﬁﬁa& hy flash

(479 of “Sgnbnat] [@Rudl clhabppf bt 2%t S0 SRR Pioibr 1 1855 7 °

t et r ahydr @8e) lof b@r@ﬁ&S(ﬂ}&;&l&eﬁﬁe‘ﬂ@l -3-((pyrazol-1-yDmethyl)-5,6,7,8- tetrahydmnaphthalene
(M+1 = 348).

10  STEP B: PREPARATION OF 2-VINYI -3-((PYRAZOIL-1-YLYMETHY] )- 5.5.8.8-
TETRAMETHYL5,6,7.8- TETRAHYDRONAPHTHALENE

@N

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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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 2003 V'\PZO%%/ 28810
PCT/ EP0O1/ 11017 A solution of 0.412 g (1.11 mmol) of 1 Apri
2- br omo- 3- ((E) - 2-sul fonam dyl vinyl )-5,5, 8, 8-

- tetramet hyl - 8-tetrahydronapht hal ene, 0533 g (1.66 nmmD
tributyl sﬁ%ﬁygﬁgt hanol and 0.060 g of tetraki s(trl pheniSPi ﬂ%’%ﬁi‘]h’e)

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 resulting solution was partitioned between et hyl

acet at e STEPVGIFREPARATIONGE-©-FRYSRONEIEEFedeNH Azar 1108 METHRS YOV er
anhydr ous sodi um sulfate and concentrat ed In_vacuo. he crude ﬂ)eri al
was puri BideSine N gdh 0% 13 2l hLIAND

acet at e/ hexane) to yi eI d 0 162 g (450/c) of
2- hydr oxynet hyl - 3- ((E) - 2- sul f onam dyl vi nyl ) -
5,5,8,8-tetramethyl-5,6,7,8-tetrwg dronapht hal ene (MH = 322). 10 STEP C:

PREPARATI ON OF 3- (( E) - 2- SULFONAM OH-
@@ a suspension of 0.155 g (0.479

5. 6. 7. 8- TERAHYDRO 2- NAPHTHALDE
mmol ) of 2-hydroxynet hyl - 3- ((E)

sul fonam dyl vinyl)-5,5, 8, 8-tetrapet hyt-5, 6y 7, 8-t et rahydr onapht hal ene in 4
m di chl oromet hane was added O. mml) of ‘

1,1, 1-triacetoxy-I,I-dihydro-1, 2- benzi odgXot,,3(1H)-one. The reacti on was
stirred at roomtenperature. After 3.5 hgurg the solution was partitioned
bet ween et hyl acetate and saturated aqueous’ ammoni um chl ori de. The organic
| ayer was 20 washed with brine, dried over anhydrous sodium sul fate, and

concent r at ed 'iroa\samuon 010349 ge@wmdmzoﬂhyﬁs sd shreufaheﬁlsu- ' -Qgr aphy
(elution W th 3g acet at el hexanp} yi e 117 60/%}
((E§ LAV Wﬂ@, thalengin 3, Eﬁmmpfn@neﬂap addect B 2-

mmofi) of 9—b0rablcyclo{3 3.1Inonane 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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napht hal dehyde MrH = 322). 25 134 | April 2005 WD 02/ 28810 PCT/EPQ /11017

STEP D: PREPARATI ON OF METHYL-4-[(E)-2-(5.5.8, 8- TETRAMETHYL- 3- ((E) - 2-
SULFONAM DYLVI NYL) - 5. 6, 7. 8- TERAHYDRO 2- NAPHTHALEN- 2- YL) VI NYLABE TE 5
To a suspension of 0.036 g (0.90 mml) of 60% NaH in 13 nml tetrahydrofuran
was added 0.114 g (0.44 mol) of 4-(di nmet hoxyphosphoryl met hyl)-benzoic
acid meth\YOBKIS8I in 2-5 m THE and the reaction was st PETERIE10 oom
tenperature for 35 mnutes. 0.117 g (036 nmol) of

3-((E)-2-sul fonam dyl vinyl)-5,5, 8, 8;

tetranmet hyl -5, 6, 7, 8-t et rahydr o- 2- napht hal dehyde in 2 10 mM THE was added

and the reactt ' SR -lﬁldkﬁ Ia€ o tﬁd}?ﬁ
reacti on _was gﬁgﬁ\gﬁggﬁ%f?%@ggﬁﬁi 1M h{/ﬁ?g% or | )%@13,9@%2%1??% pH 7
wi t h sat 8daf-8desamethyh5.67 Sdctmdronaphibaienc; 6&5’33@-2\7 mhnOé)tcbfyirl]et?lHer . Tg_e
organic r in ] ver _a ous_sodi um
oul'f at o, PEAS RSN ¢ 8 M AhEon bl one el £ I Bl BRI vEY by
B | gs h ch amdmltaxgisagm;af 8(Iﬁiniol) iof Giethiyl glzoﬂﬁ:‘hﬁb‘bgﬁgte and eicatMtibe %ap Blatddargdi@r d

. 015 % of Methyl-4-[(E)-2-(5,5,8,8-tet )
amet b1 - &ﬁ @ﬁ%é‘tﬂ TEREORES F@?@tﬁ;f&%@@%@%@& qpenched with water. The
2- napht h&?@& dl%ﬁdﬂivﬁwekﬁﬁcﬂé’d)@itﬁeﬂl dacr, Hadhbd with Frrds: brifRERARAVEON OF

?
4-[ (E) - 2- 55 8 - TETRAMVETHYL- 3- ((E) - 2-° SULFONAM DYLV
| NYL) - 5. &nlydoous spdippsntiat apgeoarepEad iz vaoe. Vibe wrodvimaseid epopuiiad byFhsh

April 208 omalterd)ty ERAh il 309 Uiyl d@kfe/mexane) to afford 0.131 g (86%) of Methyi4-

[2—(5,S,8,8-tetramethy1—3—(pyrazol—1-ylmethyl)—S,6,7,8-tetrahydronaphﬂ1alen—2—
10 yDethyljphenoxybenzoate (M+1 = 447).

STEP E: PREPARATION OF 4-{2-(5.5.8.8-TETRAMETHYT-3-(PYRAZOL-1-
YIMETHYL)-5.6.7.8-TETRAHYDRONAPHTHALEN-2-YL)ETHYLIPHENOXY

15 BENZOIC ACID
o
. Q(OH
N_ O
‘\ /N i

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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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 f onam dyl vinyl) -5, 6, 7, 8-t et rahydr o- 2- naphi hal en- 2- ynvi nyl f@’é’ﬁ%%%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 with 1M hydrochloric
acid. The aqueous was extracted with ethyl 5 ether, washed with brine,
dried over anhydrous sodi um sul fate and concentrated in vacuo. The residue
was taken up in ethyl acetate and passed through a4 mcron filter. The

filtrate W01 SE7PYop pE4H[2-(5, % 8.8eretranuetlafliaf(pyrazob 13 onef8 204 ,6 718-
4-[(E) - 2- t
sul[ 1£ oalam ((}éf \%yﬁryﬁspfl@}ag %gﬁ?@lf@%ﬁ&e%%&éﬁﬂ ﬂ\ﬁf—bﬁ‘%g’&/ﬁsw nyl ] benzoi c acid

(M1 = 438) 162. 10 EXAMPLE 48: PREPARATI ON COF 4-(2-(5 5 8

8- TETRAN Y NIE LT3%1) -5 6.7 8- TRTRAHYDRONAPHTHALEN
2- YL) ETHYIFErMEAS ONO BINIEHEY, R 5 g
8- TETPANF i RMID] ENE gPHAR ] BDRONAPHVA pN To
a suspensiphdsIBE (8.52 mml) of pot assi um t en- but oxi ide and 1.877 g

(7.10 mmol)18-crown-6 ether in 35 m tetrahydrofuran was added 0580 g (852
nmol ) pyrazole. 136 1 April 2005 WD 02/28810 PCT/@POLl/ 11017 After 10

m nutes 2557 g (7.10 mmol)

2- brono-5, 5, 8, 8-tetranet hyl - 3- br ononet hyl -

~8-~@gt r ahydr onapht hal ene
tion was concentrated under
reduced pressure and acidifiged w € i oric acid. The aqueous
solution was extracted with hed with saturated sodi um

bi carbonate, water, brine, d ] : )
concentrated in vacuo. The crtde materi al purified by flash

chromat ography (gradient elution wth hexdhe-25% et hyl acetate/ hexane) to
afforf&l 1 9 A .z.“._ 8 b 0 {“" B3 Y ANOMETHYI -5 5

tetra C

- AV, = 0 = 5 = e _._--- .!-“_l_ _'_- =
thy 6., ‘8 19 ‘"!w .. v.‘ 1" O, O 5 =

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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(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 S&JS T%O%n of
2.076 g (3.99 mml) 2-brono-5,5,8, 8, -tetranet hyl -3-((pyrazol **PH
yl)nmethyl)-5, 6,7, 8-tetrahydronapht hal enep-tol uenesul fonate, O. 045 g (0.20
mol ) of paIIad| um acetate, 0.122 g (0.40 nmol) of td-o-tol ul YIPhosphi ne)
and 1.22 rﬁvo(o?" ol ) trinmethoxyvinylsilane in 8 m PCI/ERPOIAL017

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
heated to 90C for 1.5 hours The reaction was cool ed and stlffed for 17
hour s at ._,- RAEDARA ] . EMMEIH YA h 1M
hydr ochl of.5 8- TRERAHEDR A&RI-MH&AIENE organl c layer was
washed with IM HC1, water, brine, dried over anhydrous sodium sulfate and
concentrated in vacuo. The residye s purified by flash chromatography
(elution with 20% et hyl acetate/ bk R d 0.249 g (21% of 2-vinyl
25 5,5, 8, 8;

tetranet hyl - 3- ((pyrazol -1 -yl ) net
295). 137 1 April 2005 WO 02/ 288}08
2- ( 2- HYDROXY) ETHYL- 3- ( PYRAZOL- | - CN
5, 5. 8.88- TETRAMETHYL- 5, 6. 7, 8- TETR. AHYDRONAPHTHAT FNE OH To a sol ution of
0249 g (0.85 mmol) of 2-vinyl-5,5,8,8; tetranethyl-3-(pyrazol-I- 5

y| net hyl )Tcsa @W@fﬂ&§®ﬁmﬂﬁpﬁﬁmhﬂiﬂd¢@sﬂﬂlpép wtmcdnmg added

1.86 nm 4ol ol QBH n THE.
The r eact | on a3 % I rr eggg%b'ii 00 4 %rt%e%at ure. gﬁ%@%&@yﬁ#@é@ e so Lt i on
was quenchH&d, &Meﬁ‘ﬂlyﬂmiﬂaphﬁﬂeme ia20 rd of DM Theaeliction washvapchadao rodind er 15
m nut es 10 m_ 30% dr ge ero dde the reactiaqn s_stirred
ot T oom tiEmBeAEr AR Ay & Sofgon ot D203 50aE o RoromcalERtiast 200t ef hy)
10 DMF was added. After 12 h, the reaction mixture was poured into ice water, neutralized 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.

8.7, 8 \r.ei ahydr onapht hal ene (Mtl=
/1@@)17 STEP C. PREPARATI ON OF

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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10 acetate. The organi c phase was washed with 109650diun1su|fite wat er,
brine, dried over anhydrous sodium sulfate and concentrated Ygﬁ The
residue was purified by flash chronatography (elution with & RV ‘#5
acetate/ hexane) to yield 0.106 g (40% of 2-(2-

hydr oxy) et hyl - 3- ((pyrazol -1-yl)net hyl )-5,5, 8, 8;
tetranethyl -5, 6,7, 8-tetrahydronapht hal ene (M+1l= 313). 15 STEP D:

PREPARATI ON OF METHYL-4-[2-(5 5 8 8- TETRAMETHYL. . 3- ( PYRAZQOL- 1-

) LMETHYL) - 15 6. 7. TETRAHYDRO\IAPI—ITHALEI\I—Z YL) ETHYLlPHENOXYBENZOATE %38 1

Apr| | 2005140 BREBARY Ty t!.!.'.‘u_!. THNG 14 . h8 SAIHERAMET () By RIMIDEN Dl )

5,5, 8,8, tetranethyl 5,6,7, 8 tetrahydronaphthalene 0.057 g (037 mmol) of
met hyl 4- hydroxybenzoate and 0.097 g (037 mmol )Otri phenyl phosphine in 5 n
tetrahydrofuran was added 0.066 g (038 mmol ) oflidi et hyl azodi carboxyl at e
and the reaction was heated at 70C. 5 Afte our®Mehe reaction was cool ed
e aqueous sol ution was

extracted with ethyl ether,
sodi um sul fate and concentr:

i brine, dried over anhydrous
.Nfﬁj crude material was purified

by flash chromatography (el a@be} yl acetate/ hexane) to afford

0.131 g (86% of Methyl -

[ 2- (5, ,8,8-tetranethy|-3-(pyrazo|-1-y|neyhyl) 5,6, 7, 8-tetrahydronapht hal en

-52-8 é_ Télr??i}\lhyl—i%ﬁ)?@?e?(ﬁ% ]tSS rr(rrl\l/lérlB of 2—% 71')10 3: Eﬁfynlf_mdlgﬁ%%-rk g\é F 4-12-(5
) LVETHYL) tefrarfictiy185,8, 7, BRATBHyRONAT AN FN miY (). EX el NOKYimeiln | BahZ @IdC ACI D
o 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 3.
{J

25
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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 - 11200

yl met hyl)-5, 6,7, 8-tetrahydronapht hal en-2-yl ) et hyl ] phenoxyben&&?fjb % 3 n
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
aci d. The Y9 4¥&H§L0 | ayer was extracted with ethyl ether, BRGESFBHIMAT h bri ne,
dri ed over anhydrous sodium sulfate and concentrated in vacuo. The crude
material was purified by flash chromat ography (gradient elution with 10%
met hanol | di chl or omet hane- 10% net hanol / di chl or onet hane with 5% aceti c acid)

to afford 139 1 Apki ) . . 1. _
4-12-(5,5, 8, 8-tetrg'r§e%0%%§@(sgﬂé€np &f 2y §5r’75e'§’ﬁ§?‘§aﬂfﬂé’fl7°’,%’fz°”ylmethyl

t et r ahy dSehaBtietrdiydro-aphithplenidyyl) ingiherzoibanid oiin 30 cil defddng was&Bled D59 .mi
EXAMPLE 49 .PREPARATION. OF. VETHYL-4-[2:5.5 8 8- TET L-3- .
PYR M DI @3‘9‘?@5‘?&@{“@%@‘%% E@Wﬁ%@%%ﬂ 5 Bereeigt o
10 STEP AixRIRERARAHcERriid ihdEBRelfided ptaXANENMETRNbal Derrefle SAdRE M ie Tihdamre

5, 6, 7,_8- TETRAHYDRONAPHTHALENE . ON 15 A mixture of 14.2 g (39.4 mol) of

2. br onto- FaASCERGSHERES pegn.olig agudcBlgridestan fakes up inhegzene apd QA RN ene
(cf  Exanplemb¢R4d mnipsntd 05o3RhEpR dfi’mﬂDI\ﬁA#%nﬁo,(lﬁ%n 1@19&13 ofPTEA in

tetraethyl ammoniumcyanide in 50 nl of DVF was stirre room
t enper at zenpf Khgreargion was MéTaioat reers tampsrams. Aftanddd theteactioni was gaench80 ni  of

2 N HC - ) r X t WLt h. I etate, dried
(MySO4) \e@@n@%ﬁ?’a‘f“g‘%&? gl tkbixi‘ﬁg e ga‘iggmé i ﬁ%gﬁa‘ﬁﬁ} ?ﬁl%ts(ﬁxg%cﬁi SREBFFShy (10%
et hyl acenddracddeed presgaré mdohy produdt (@ri(iédbsy figsh cBrdiats@aphy (25% ethyl

- 10 acetate/hexane). 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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cyanonet hyl et hyI 5,5, 8, 8-tetranet hyI 5,6, 7, 8-tetrahydronapht hal ene. 140 1

April 2005 WD 02/28810 PCT/EP01/11017 STEP B PREPARATI ON OF

2- BROVD- 3- 11, 1- ( 2- PYPBTI DE YL)- CYANO METHYLr 5 5 8 8- TETPANI EPFVY08 6 7
8- TETRAHYDRONAPHTHAT ENE 5 CN To a slurry of 13 g (65.6 nmmol) of sodium
hydri de i 08&25% of DMF in a wet ice bath was added a sglution of 9.2 ¢
(29.1 mmﬁg br omo- 3- cyanonet hyl net hyl -5, 5, 8, 8- tetraﬁﬁ?’ﬁ!}?mwn
5,6,7,8-tetrahydronaphthalene in 20 ni 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 S2iPREPARATIONAOB Y. (L2, Sk BZERITMA METRIYING iextracted
with et hyl mg,ﬁ,immmm@m@mNm IBERORE @y ed
under vapIPRRIBINE AREIE oduct was purl y sh chromat ogr aphy (15%

et hyl acet at e/ ﬁexane5 to afford 53 g (470/() of
2-bronmo-3-[1,1(2-pyrimdinyl)-cyano] net hyl -
tetramet hyl -5, 6, 7, 8-t et rahydr onapht hal ene. 15
OF2- BROMO- 3- (2-P) RI M DI NYLI METHYL-5, S, 8, 3
TETRAMETHYL- 5, 6, 7, 8- TETRA X

of 2-brono-3-[1,]-(2-pyring \ 2t 1 5, 55 -

tetramethyl -5,6,7,8-tetra haI ene. 40 m concentrat ed HCl, 20 m
acetic acid and 20 m  of watie s\he to reflux, After 15 h, the
reaction was poured onto ig€\ brine ad then extracted with et hyl

aceta&te The organi c phase was dried (I\/gSE‘b4) concentrated under vacam 25
and the product purified by flash chronmat ography (20% et hyl acetat e/ hexane) -
to give 2.8 drheacid chloride prepared as described in example above for the glycerol ester, on the

same scale, in THF, was added to a solution 0.12 mi1 (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.

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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(54% of 2-brono-3--

(2-pyrimdinyl)nmethyl-5,5,8,8-tetranethyl -5,6,7, 8-tet rahydropighw(?olsene,
141 1 April 2005 STEP D: PREPARATI ON OF m

METHYL- 4- [2 5,5, 8, 8- TETRAMETHYL- 3- PYRI M DI N- 2-

YLMETHYL- 7, 8- TETRAHYDRO- NAPHALEN- 2- YL) - VI NYLI BENZOATE Ove 5 A m xture
of 200 ng“f‘bd 8ol ) of 2-bronp-3- (2-pyrim di nyl) net hy PCHEBMIgLIET
tetramet hyl -5, 6,7, 8-tetrahydronapht hal ene, 106 ng (0.72 mol ) of

Vi 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

auded,  TRO PEREBINS S5 e Sl ey Do AR e ReRY LY ool cd 1o

r oom t enfioRalenndey] egigEasuclpy gios o Pha gt )”aéﬂlsﬁqlYﬁddDﬂ@M@h@b@hl(ﬁ@D @iy of
pal | adi umolesnetwfonic AbbmYholydrA6(G0ME) Was afidell Mk rebetidr @ivbe Raoairfedaind 900 'L
(0. 93 Ml RnpeRiiaRYEn Ermp el Rithl vRHEH 68 ex&@&maﬁgh vl bgr. rﬂ?e%ba?ﬁb m xture

was hgat gﬁ?ﬁ?{%ﬁheif}(‘%‘ eravg, tge .re ctlon Waqr@co% ao roomedt rrperature

pour ed i

concent r%@@“ﬂ%@bﬂgﬂmné@ﬁe@}bﬂ@hﬁ ﬂ?éwgtﬁth (%lmaggh MsPFD 30 %

et hyl ac gi\amélmgﬁ)émﬁekﬁ,m V,@-t&&hv&o(slﬁs Sa&traiﬁeﬂlyla-naphthyl)vmyl]benzmc acid

Met hyl - 4213 cﬁo:%(n- loltpgfésﬁpgggyg i 859D $, 6,7, 8-tetrahydro-n
en

aphal en- -viny zoate Este saponi catlon a# or ded

4-1 2+
yl Ereg‘(ﬁyl %@M@ﬂﬁl 20i c acid (MR = 427)

20 EXAMPLE 50: PREPARATI ON OF GLYCERC]_ 4 [(E) 2 (5.5, 8, 8- TETRAI\/ETHYL 3-
PYRZOL- 1- YLNETHYRAR, & arftaBontst ERAEEVRRGNARETIABEN: tBe inVeaddn Wik HEEMNERATEy g 142
1 April 00 binding assays described in C. Apfel et al. Proc. Nat. Sci. Acad. (USA), 89:7129-7133

(1992). Data for selected compounds from Table 1are shown below.

Q‘{

15
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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WO 02/ 28810 PCT/ EP01/ 11017 To 200 nmg (0.48 mmol) of
4-[(E)-2-(5, 5, 8, 8-tetranet hyl - 3- pyrzol - 1-yl net hyl - .

5,6, 7, 8-tetrahydro-napht hal en-2-yl ) vinyl]benzoic acid _in 301 ArribgdBene was
added 0.17 m (1.9 nmol) of oxalyl chloride and one drop of

di i'soproyl am ne. After 30 mnutes, the reaction mxture was concentrated
under reduced pressure, additional benzene added and the m xture 5 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 mol) of DWMAP and

0.14 mM (1 nmol) of TEA in benzene. The reaction was stirred at room
tenperature. After 8 h, the reaction was quenched with I N HCl, diluted
with brine, the organic |ayer separated, dried (MgSO4), cencentrated under
reduced pressure and the product purifi &=AM8| ash chr onat ogr aphy (25%

ethyl 10 acetate/hexane). The purified product was taken up in 1:1

net hyl ene chloride, THE and treated wth an excess of p-TsCH at room ‘
tenperature. After 2 h the reaction m xture was concentrated under reduced

pressure, djlute 1 WAL Ehrah d wth ethyl acetate. The extracts
were dried (MgSH), Qoncecﬁ'tra gﬂ%ﬁ%@%ﬁéﬁ%éﬁ pressure and purified by
flash chromat ography (5% MOH CH2A 2) to give 62 ng (27% of

G ycerol-4-[(E)-2-(5,5, 8, 8-tet %ﬂ: 1 15
' -2 9?5 yl ] benzoate (M i +=489) 164.

yl nmet hyl -5, 6, 7, 8-t et rahydr o-

EXAMPLE 51: PREPARATI ON OFR:?)f : % TETRAMETHYL- 3- PYRZOL- 1- S
YLMETHYL- 5. 6. 7, 8- TETRAHYDRO- NAF R L) VI NYLI BENZAME) E 20 O NH2 The = -
acid chloride prepared as desCribed in exanple above for the glycerol - -
ester, on the same scale, in THF, pwas added to 15 nl concentrated amoni um
hydroxi de. After 1 h, 25 the reaction mxture was diluted with brine,
extracted with Et OAc, dried (MySO4), concentrated under reduced pressure

and purifi @a@m@swwhyemptagbaﬂhwo(ﬁ%mmﬂe thedecfOwladréigi: chl or onet hane)
to yield 156 ng n(lzgn/%tegerﬁ'oﬁl@ozz (5,5 -tetranet hyl - 3-pyrzol -1 -
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;-, -SCH;-, -COCHy-, or -
CHzCO-;

R?amiR?mehnbpmmkmﬂyhydn&xm(xaﬂqm
X is aryl or heteroaryl;
R'is -C(=0)-R% s
R? is alkyl, cycloalkyl, cycloalkyl-alkyl, hydroxy, alkoxy, aryloxy,
cycloalkyloxy, cycloalkyl-akyloxy, arylalkyloxy, amino, alkylamino, dialkylamino,
he&xoaﬁqﬂoxy,he&xoaﬂqdanﬁno,he&ﬂoaﬂqﬂﬂﬁo,heuxooydbdorheﬁnxmycbﬁaﬂqd;and
R?is:
(2) -(CR°R! oY R12
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yl met hyl -5, 6, 7, 8-t et rahydr o- napht hal en- 2-yl ) vi nyl ] benzam de (np = 248-249)

165. 143 1 April 2005 WO 02/28810 PCT/ EP01/ 11017 EXAMPLE 52: REP.%P ON OF
4-f(E)-2-(5.5 8 8- TETPAALETRYI, 3- PYRZOL- 1- YLM r THYL Apri

-5.6. 7. 8- TETRAHYDRO NAPHTHAT EN- 2- YL) VI NYLI BENZO C ACID PIPERI DINE AM DE 5
N The acid chloride prepared as described in exanple 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 54% o i

4-[(E)-2-(5,5, 8, 8-t et ram%l@%@?ﬁﬂm—{ﬂ%onet hyl -

S, 6, 7, 8-t etrahydro- napht hplie@o2iy! ) vi nyl ] benzoi c acid piperidine amde (rap
=171.6-1725) 166. 15 EXAMQLE 53; PREPARATI ON OF 4-f(E)-2-(3- HEXYL-55 8

8- TETRANMTHYL-5 6 7 8- TM{@M@WW#&@B&W@M@Mk
3- DI HYDROXY- PROPYLESTER 20 4- [ NpRI..

_2-(3-Hexyl -5, 6, 7, 8-t et r ahydr o-’5,@)§,°§-1€]§t P20 hyl -2 napht hyl ) vi nyl ] benzoi c
acid (180" ng) was di ssol ved i gisrerinteger ft@50td J;ando this sol uti on was added
oxalyl chloride (44 1tl) and- dinethyl for igde (5 pl) and a rapid

out gassi ng was observed. Afterﬂt H@h’%ﬁ% i% s stirred at room

tenperature for 1 hour, tR’dshydrags 1] SycdalkcylVa§ ciosit§Palk ¢l M@ﬁ, a
solution of N, N dingethylam no%yr%?ﬂ(%? ng) and_sol ket ajllr? .]’11) in

benzene (3 nl). The k%ew&ﬁewmlzsw@ywmmmm S'l&jébé ture
ond extracted w ¢ cOEmeE o, B ailel cpoaldy hAG Bkl ! €
washedl@i t h wat er, beychelkyliictdosbstiteted pynlalieyd-alk¥h detessyclyborkterguyclykikgt] by
flash with the proviso that when p=0, then R'? is not hydrogen or alky};
(b) heteroaryl;
©-ZL;
' 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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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/ 11017
5,6,7,8-tetrahydro-5,5, 8, 8-tetranet hyl - 2- naphthyI)V|nyI]benzBﬁ@”&@%ﬁ
2,24-trinmethyl -1,3- dioxal an-4-yl ester as a clear glass. The ester was

di ssolved in dichloronethane (4 mM) 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 ogréphy {Fat compougdlof CEHEG! 2henYeiddark OcHarye 49 g

E) - 2- (3-hexyl -5, 6,7, 8-tetrahydro-5, 5, 8, 8-tetranet hyl - 2- napht hyl ) vi nyl ] benzo
ic acid 2, 3- dihydroxy propyl ester 56 as a clear glass in 42%yvyield. (M

492.) 56. QOEXQMD ¢JmprinBoNBlP 1 i PTORS. The RAR a
ant agoni st selectivity of conpouﬁ%ﬁ&%gﬁ}%% %31\%5%6&5 fﬁ-Eﬁ' SR t he
| i gand bi ndi ng assays described in C Apfel et al. Proc. Nat. Sci. Acad.
(USA), §9:4129- Data for. cted co ound_s fromTable | are
shown bel ow. 15 @ ngﬁlg ﬁgj%v P'Cg% %ﬁﬁ%&?ﬁﬁ T8 1S 850 8 R iy and gy
210001320/ 159131:13@0/ 100/ 260 7260/ 140/ 17 8810/ 450/ 26 111800/ 1400/ 210

- 151000/ 1000/ 1800 20950/ 620/ 670

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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25190/ 100/ 230 The enbodi ments of the invention described above are intended
to be nerely exenplary, and those skilled in the art will recognjze, or be
able to ascertain using no nore than routine experinmentatio fmﬁﬂhﬁgous
equi valents to the specific procedures described herein. Al 20 such
equi val ents 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 same extent as if each
i ndi vi dual patent, patent application or publication were so individually
denoted. 25 145 1 April 2005 CLAIMS 1. A conpound according to structural
formula (1): B-X-R R2 or a pharmaceutically acceptable salt, solvate or
hydrate thereof wherein: nis an integer fromO to 2; Bis -C(OGO,
-0C(O-, -C(ONH, -NHC(O) -, (O N -(M=CRs-, -R7/CGCRs-C(O) -,

-C=-C, -C-CO- 3 -GﬁL-SGM -COCHr, or - CH2CO; R7Y
and Rs are i ndepens€n yen Br alkyl; X is aryl or heteroaryl; R is
-C(=0)-R9; R9 is N ", cycloal kyl -al kyl, hydroxy, al koxy,

aryl oxy, cycl oalt pal kyl - al kyl oxy, aryl al kyl oxy, am no,

al kyl am no, di al kyf )

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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het er oal kyl oxy, heteroal cylam no, heteroal kylthio, heterocyclyl or

het erocyclylalkyl; and R2 is: (a) -(CRIOR"),, Yp R2 146 1 AB} 05 mis
an integer froml1l to 10; pisOorl; R10 and RI are |ndependeh rogen,
al kyl, hydroxy or hydroxyalkyl; Y is -0-, -S(OQ or NR13-; and 5 g. is an
integer fromO to 2; and R'3 is hydrogen or alkyl; R 2 is hydrogen, al kyl,
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 er ocycl yPal k¥he comyothd bﬁ‘lﬂaim Dﬁliw&erddm’tz i oﬁ% he&%l%ﬁylﬁc}ﬁbh&efb%&cl%lor

hydr ogen og _al k het er is -CR14=CR

C(am or %(t% ydyhlg%bgﬁ&sm @ﬁ%r@%@ﬁdﬁ?y%wmhem al kyl ;
and L is het eroaryl het eroaryl al kyl or heteroal kyl; (d) _Cazl4-M5-L1 -
Where LI is S(Q2R17 or SO2NR18R19 Where R17 is al kyI and 20 R18 and R19

are i ndeperident 8¢ ooyppoBRdef (dainp] Kipavingthe florR®ild:s i ndependent | y hydr ogen,

al kyl, shydroxy or oxo; and t is 1 or 2 for n =1 or 2, and tis-l forn=0.

25 2. The conpound of Claim1, wherein nis 1 and R3 is hydr ogen.

e
35 J“%i::>

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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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 %r% 147 1
April 2005 4. The conpound of Claim3, wherein Bis trans CH—AP 0055 " 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 is 1. 12. The conpound of Claim8, wherein p is 0. 20 13. The
compound of Claim8, wherein mis 1, pis 1 and R1O and RI' are

i ndependem.l y 'Ilhydasmmmd@f@éxﬁ/ll, m%rmﬁrﬁesmimﬁqsﬂf alkyi‘ﬁﬁrﬁ' ny
is -Q R1L drg@ c’il al kyl , carbanoyl cycl oaI k
het er oar yf© %PRX‘] yE Elﬁ %er%é‘rlél By15 tzang - - tARE e , and -X-R

is 25 4- @@bg% nyl. 15. The conpound of C ai m 14 having the formula: H
1514581April 2005

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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15 16. The conpound of Claim 13, wherein Yis -S(0O9-.. 5 17. The conpound
of Caim 13, wherein R22 is al kyl, cycloal kyl, heteroal kyl LA 12005

het erocyclylalkyl; c is zero, dis 1, Bis trans -CH=CH, an Pt 2005;

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 O ai m 23p, whghetdinpbund of 0aimPBbhals, %hﬁg%ﬁ&gﬁp acyl, alkyl, carbanoyl,
c

cycl oal kyl , aryI heteroaryl or heter is zero, dis 1, Bis trans
- CH=CH, and - X- Rl i's 4-carboxyphenyl . 23 The conpound of C aim 22 having

t he forrrul a: 10 1s 12 11 OzH
g

(S,

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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150 1 April 2005 24. The conpound of Claim 21, whereiny is NR13-; R12 is
acyl, alkyl, cycloal kyl, aryl, heteroaryl or heterocyclyl; % | S. g o, dis
1, Bis trans -CH=CH, and -X-Rl is 4- carboxyphenyl. 5 25. AP & ound of
Claim 24 having the fornula: 33 26. The conpound of C aim 21, wherein Y is
-S(Oy-; R2is aryl, arylalkyl, heteroaryl, heteroal kyl, heterocyclyl or
het erocyclylaikyl; c is zero, dis 1, Bis trans -CH-CH -, and -X-R1 10
i s 4-carboxyphenyl. 27. The compound of Caim 26 having the formula: 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 conpound of Claim2 8, wherein

net or oar yi°2or TRPBRRRer Qi it p . pERinary AT dmileeilidoty
is 4-carhydiggeroydlkgld 151 1 April 2005 30. The conmpound of Caim 29 having

the forrmula: 31 02H 31. The conmpound of C ai 8, wherein Yis -S(Oqg-; Rl12
is aryl, arylal kyl, heteroaryl

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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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 corrporrr%‘dﬁ.]?% h aim 31
having the formula: 26 27 33. The conmpound of C ai m8, wheref*H « 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 1is

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 hydrogen or alkyl. 36. The conpound of C aim 35,
wher ei n R128.i s Thetcompaiing of (e 70y K Ydrmuliet er ocyclyl or 5
heterocyclylalkyl; cis zero, dis 1, Bis trans-CH=CH, and X RL is
4- car boxyphenyL 37. The conpound of C aim 3g\haviog the formula: F 47 45
2H 44 10 50

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
heterqcyclylalkyl; ¢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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O2H ; or 6 7 153 1 April 2005 38. The conpound of C aim 37 having the
formula: 02H 6 39. The conmpound of C aim 35, wherein R12 is aryl.

aryl al kyl, cycl oal kyl or substituted cycloalkyL 5 40. The cgﬁﬁﬂh%ﬁﬁof
Claim39, wherein cis zero, dis 1, Bis trans -CH=CH, 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
Claim42 having the forrmula: 154 1 April 2005 5

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:

sves e voo

36

30
| CORH OoH
‘O N o (0D i
_ N

46 52

©

T
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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, ﬁg{OEEBas

het er oaryl al kyl, heterocyclyl or heterocyclylalkyl; c is ze 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- heteroal kyl. 10 49. The

compound ofye0 qfhﬁb&ﬁpoﬂ&%f@lﬁmﬁzvdh&emzcﬁ? ' HoRoBf ad S REpRN By 2

is -0., C( =0, S(O C I's zerq trans
X R 15 476 Bdscdy s s ‘(ﬂieac@fﬁidlmd‘l@ﬁ:bﬁkmhmm havi ng the for rruI a 15
20 51. The compound of Caim1l, whereincis 0, dis 1 and Bis -CR/=CRs-
52. The conpound of Caimb51, wherein Bis trans -CH=CH. 53. The corrpound
of d ai m 527. Wibe eompofingl of Gidim“Shatindie forrm@R5

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:

15

51. The compound of Claim 1, wherein ¢ is 0, dis 1 and B is -CR’=CR®-.
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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54. The conpound of C aim53 having the structural formula (V): V where R
is -C2g R3 is hydrogen, and R2 and n areas defined in Clalml\%}%]? . The
conpound of C aim 54 having the structural forrmula (VI): Vi &

-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. (MIl): VI wherein Rl isis -CQ2H R3
is hydrogen, and R2 and n are as defined in Claim1. 15 58. A conpound
having the structural forrmula (VII11): 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 ky hi o ere Qis -0-, NRe- or -S- (where e is

hydr ogen o% al kP9 %%%EQ%W%QHCWP“%@WMn integer fromo to
2. 10 59.. The conpound of C aim58 where e is n- pentyl R2' is
heteroalkyloxy and nis 1.

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):

157



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 H, 9@2&E
pro-drug thereof, as clained in claiml for the preparation @P

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
pro-drug thereof, as clained in claiml1 for the 5 preparation of a

medi canent for repairing alveoli. 67. Use of a conpound of formula I, or a
pro-drug thereof, as clained in claiml for the Qpreparation of a

medi cament for treating cancer. 10 68. Use of a Horrpound of formula I, or a’

pro-drug thereof, as clained in claim11 for..the ation of a

medi canment for treating a dg der. 69. A pharnmaceuti cal
conposition conprising a p?@ : @ctive amount of a conpound,
or a pro-drug thereof, as ; and, if desired, a

phar maceutical 15 inert ca ef re@cess for the preparation of a
conmpound of forrmula VI, wherg H or CQZ- alkyl, R2 is
-(CRICR11)mR72 and R 2 is heteroaryl VI 20 conprising: treating a

conpound of formula VII 159 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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1 April 2005 where Gis a leaving group with a nucleophile R12-H and when
Ris C02-alkyl, followed by hydrolysis with a base. 71. TheliAr%?%éson as

her ei nbef ore described. 5 160

o030

65. Use as claimed in claim 63wherein the treatment comprises one or more additional

therapies.

66. Use of a compound of formula I, ora pro-drug thereof, as claimed in claim 1 for the
5 preparation of a medicament for repairing alveoli.

67. Use of a componnd of formula I, or a pro-drug thereof, as claimed in claim 1 for the

preparation of a2 medicament for treating cancer.

10 68. 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.

63. A pharmaceutical composition comprising a pharmaceutically effective amount of a
compound, or a pro-drug thereof, as claimed in claim 1 and, if desired, a pharmaceutical

15 inert carrier.

70- Process for the preparation of a compound of formula VI, where R! is COH or CO,-
alkyl, R is (CR'R"),-R" and R s heteroaryl

20
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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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