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to retinoid RXR receptors and are useful as antiproliferative agents for dermatological and oncological indications.




As used herein the term"lower"” denotes groups containing 1-4 car bon

atons. Lower al kyl groups nmay be straight chained or br anched.
Preferred are methyl and ethyl. The term "hal ogen" 25 includes. fl.uorine,
chlorine, brom ne and iodine with brom ne being preferred. Exanpl es of
5-8 . menber ed carbocycllc rings formed by R err] and R2 together with
the carbon atons to which they are attached are benzene, cycl opentene, .
-cycl ohexene, cycl oheptene of which benzene is preferred. Exanpl es of
5-8 nenbered heterocyclic riings forned by Rlerr] 30 and R2 together wth
the carbon atons to which they are attached are t hi ophene, furan,
di hydrofuran and pyridi ne of which thiophene is preferred. R4 - R[err]
are preferably | ower alkyl; nost preferably methyl. Gn/So 27.6.95"
REPLACEMENT SHEET _ - 2- Xis
preferably ethylene. R10 is preferably hydr ogen. Wien the opt i onal
dotted bond is present and part of the nesoneric system of . an aronatic
ring, this neans that the additional bond is considered to be

del ocal i zed over the ring as described in the classical nodel of 5
aromaticity. The conpounds of fornmula | wherein R3 is hydroxy form-
salts wi th pharnmaceutically acceptabl e bases such as alkali salts, e.g.
Na - and K-salts, and ammoni um or substituted ammoni um salts such

~trimethyl ammoni um salts which are within the scope of this 10 i nvention

N
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In one aspect the invention 'corrpri ses conpounds of the fornula: :
[err] : wherein Rlerr]-is lower alkyl and Rerr] is hal ogen, or
Rlerr] andweeaoskest aken together with the carbon atom; t o WACT/EBPYS®3021 t hey
.are attached forma 5-8 nenbered carbocyclic r 5-8 nenbered
het erocyclic ring containing one sulfur, en atom .

wherein, when said ring is . aromatic, t jeen the
carbon atons" " adjacent to Rerr] and R[! S ,: & Mesomeric
system R3-R7, 20 Rlerr] and X are as |nforrrula| ~and

phar maceut i cal ly. accept abl e Rétigoiel AcidbNXReteptae! gggﬁdsf ormul a- | a.

I n anot her aspect the invention ‘preferably conprises conpounds 25 of t he
formula: [err] ~ wherein

Rlerr]-R err] R[’Elue]pmlehtxlnvmtmm i relatesmod andvel retinoit poid nKemtepea | y
accept abl € s %lﬁf 1EBhELX Mo’ Pakficuidtly, Ofﬂgﬂp?esent hpvennon relates to

REPLACENMENT
5 compounds of the formula I:

wherein the dotted bond is optional;, and, when the dotted
bond is present, Rl is lower alkyl and R2 is hydrogen or -
halogen, or R1 and R2 taken together with the carbon atoms to
10~ which they are attached form a 5-8 membered carbocyclic ring
' or a 5-8 membered heterocyclic ring containing one sulfur,
oxygen or nitrogen atom, wherein, when said ring is aromatic,
~ the dotted bond is part of the mesomeric system; or, when the
dotted bond is absent, R! and R2 taken together are methylene
15 to form a cis-substituted cyclopropyl ring; R3 is hydroxy or
- lower alkoxy; R4, R5, R6and R7 are, independently, hydrogen or
lower alkyl; X is (>CR8R9)y; and n is 1,2 or 3; RS, RY are,
independently, hydrogen or lower. alkyl; R10 is hydrogen, alkyl
or alkoxy;
20 and pharmaceutically acceptable salts of carboxylic ac1ds of formula I.

As used herein the term "lower" denotes groups containing 1-4
carbon atoms. Lower alkyl groups may be straight chained or
branched. Preferred are methyl and ethyl. The term “halogen"

25 includes fluorine, chlorine, bromine and iodine with bromine being
preferred. Examples of 5-8 membered carbocyclic rings formed by Rl
and R2 together with the carbon atoms to which they are attached are
benzene, cyclopentene, cyclohexene, cycloheptene of which benzene is
preferred. Examples of 5-8 membered heterocyclic rings formed by Rl

30 ‘and R2 together with the carbon atoms to which they are attached are

- thiophene, furan, dihydrofuran and pyridine of which thiophene is
preferred. R4 - R7 are preferably lower alkyl, most preferably methyl.
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R




-3a - WO A-9504036 discl oses K Sedi gt \j gnydr onapht hal ene
derivatives that may contain afl- .al | pﬁg;s,_ggl'%tégénoi acid side chain. GB-A-2

122 200 diwolegesisst et r ahydr onapt takrienoic acuxtmhmnmatlves
that are suitable for the treat mant of . nqopl asms and der mat oses.

X is preferably ethylene RIO s preferably hydrogen When the
opt1onal dotted bond is present and part of the mesomeric system of
an aromatic ring, this means that the additional bond is considered to
be delocalized over the ring as described in the classical model of

5 aromaticity.

- The compounds of formula I wherein R3 is hydroxy form salts
with pharmaceutically acceptable bases such as alkali salts, e.g. Na
and K-salts, and ammonium or substituted ammonium salts such
trimethylammonium salts which are within the scope of this

10 invention. ' |

In one aspect the invention comprises compounds of the formula: (

A

wherein R! is lower alkyl and R2 is hydrogen or halogen or
R! and R2? taken together with the carbon atoms to which

15 they are attached form a 5-§ membered carbocyclic ring or a
5-8 membered heterocyclic ring containing one sulfur,
oxygen or nitrogen atom, wherein, when said ring is
aromatic, the double bond between the carbon atoms
adjacent to R! and R? is part of the mesomeric system R3-R7,

20 R10 and X are as in formula I;

" and pharmaceutically acceptable salts of carboxylic acids of formula
Ia.

In another aspect the invention preferably comprises compounds
25 of the formula '

Ib

wherein R3-R7, R10 and X are as in formula I: |
and pharmaceutically acceptable salts of carboxylic acids of formula
Ib. ' —— " |
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REPLACEMENT SHEET WD 96/ 05165 THIS SHEET HAS BEEN
PCT/ EP95/ 03021 : - REPLACED The

conmpounds Ofygldgfsiggventi on al'so, at doses : arePCT,Ewg,aforﬂ ve by
thensel ves, increase the activity of conpoygnds which

- Especially preferred compounds of formula Ia are compounds of
.the formula: o '

la(l)

where'in_ R! through R7 are as in formula Ia. Particularly preferred are
" compounds of formula Ia(1) in which R4-R7 are all methyl, and R1-R3
are as in formula Ia. Most preferred are compounds of formula Ia(l)
10 in which R4-R7 are all methyl and R3 is hydroxyl and R1-R2 are as in _
formula Ia.

Espec1ally preferred compounds of formula Ib are compounds of
the formula ' '
15

I1b(1)

~ wherein R! through R7  are as in formula Ib. Particularly preferred
. are compounds of formula Ib(1) in which R4-R7 are all methyl, and R3
20" is as in formula Ib. '

~ The inuention;.al_so comprises the pharmaceutically acceptable
salts of carboxylic acids of the compounds of formulas Ia(1) and Ib(1).

25 The compounds of this invention demonstrate a hrgh degree of
selecnvny toward the RXR family of receptors They are useful as
annprohferauve agents and have utility for dermatological and
oncological mdrcauons In partrcular the compounds of the invention

inhibit prohferatron of sebocytes, and so are useful for the treatment

30 of acne.
-
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bind to retinoic acid receptors (RAR). An exanple of such an RAR-

sel ective retinoi'ds isiali=-trans retinoic acid. Thus, the admi nistration 5
of the co f the'invention in conbination with an | ective
retinoid ;?Iag\?\'gﬁsﬁe use of much | ower dosgs of the RAR- Rﬁg“i"”é‘{’?@ _ :
retinoid for indications in which such RAR sel ective retinoid I s used.
One such indication is the treatnment of human | eukem a. © The
conpounds of t hiEh¢ rompoundscafi thes intentionealso abrdnsaatatomlﬁﬁhvuhely atgands

for other ”LiﬁlaEE‘/erRxgeﬂié}h&l%s,t BRcrRaEe ﬁtép%t?tw Yof conttﬁg‘i R d@fm”mnes

het er odi nmer vitam n o) s”or
thereby i ncﬁe‘g rFHBPW gf:lfdegeceptors. &B‘m XBO“F@"HI%GF@?%@FORAR'eukem a
cell line vvtuedd:ctnse eveqiinicdds eisy all-traseneitinoie ic¢id eThag) ¢hé nsigasistration

di ff tiat d US 9, 86,
567538 86 SR AR fle Shventich ThOLORBIAAEAY i & RAK:

cel | - di f f er explectiveoretinaid iallgwec the/iusg. of mouchdlosverodoses off thel RAR-

di fferenti atdeddctive él'eﬁh%mjafoq M@hueﬂi ﬁlh%vﬁﬁ:ﬁaﬁﬁ@lf'tRRA(-selecﬁW?etmeli

| eukem a. The differenti at S was as
their oxi datltszs‘b‘Lt One such; dt“FPél‘?‘bdﬁcﬁ'ieoﬁfe@FmQBt of %PG@%éP@@mﬂbl i um

(NBT). HL-60 cells were maintained in RPM 1640 medi um suppl enent ed
with 105 FCS, -2ihd -cgimpeunidse of 1thi$/ inventioni can alsolvisé eused%ii corAbitRiona!

Soi e oo Rl Mol R e nyoled” S MbnEle ' OIAL M LRRCBIMEY, 17

of RPM / FCS Which §@eaehetzsodlmﬁr§ Witht t ®ngwi vitamin &2 oempounds or
mcrolitre Qily@oirdemdt@rhéhé%o't!i&twy 1ncréﬁshﬁ’$ ethdif &MEp4.cte nedium were added
at the sanme tine to yield. final concenirations between 10 11 and 10-6 M

etk Solutt onsgbiod ek yman o0, LM B E el a8 o™
mul ti channelsepisitine etoarretiB8oid-imgucede diffier éntidthomi (seel Baeanufn NBTaSQI ution
gédlrr?{ gﬂnafnhr?t?r% Nh“qlc%gtfbcgqfson ?@%ﬁ%‘ﬁf :li%g %gﬁgﬁﬁg}cgﬁl?on ﬁgﬂ;g@d 2and
100 mi crol i tgdel for testing cell- differentiation 1n3ucmg activity. The 1nducnon '
of HL-60 differentiation is a standard model for the treatment of
human leukemia. The differentiation of HL-60 cells was assayed by
measuring their oxidative potential via the. reduction of
20 _mtrobluetetrazollum (NBT). HL-60 cells were mainrained in RPMI
1640 medium supplemented with 105 FCS, 2mM L-glutamine, 1 mM
sodium pyruvate, 1% non-essential amino acids, 50 U/ml penicillin
and 50 microgram/ml streptomycin. The cells were found to be free
of mycoplasma. 30,000 cells/100 microlitre’ of RPMI/FCS were seeded
25 into flat-bottom microtiter wells. 10 microlitre of a retinoid solution
diluted in complete medium were added at the same time to yield
final concentrations between 10-11 and 10-6 M (stock solutions of 10-
2 M in ethanol were kept at -20°C and protected from light). After 3
days the medium was removed with a multichannel pipette and
30 replaced with 100 .microlitre of NBT solution (1 mg/ml in PBS with
' 200 nM phorbol mynstate acetate) Following an additional hour
incubation at 37°C the NBT solution was removed and 100 microlitre
of 10% SDS in 0.01 N HCI was added. The amount of the reduced NBT
| was quantified photorriétrically at 540 nm usin'g an automated plate
357 reader. The mean of 3 wells was calculated. S.E.M. were between 5
and 10%. ' '



of 10% SDS in 0.01 N HCl was added. The anount of the reduced NBT was
quantified photonetrically at 540 nmusing an automated plate 35 reader.
The nean of wy seisked Was cal culated. S.E.M were between 5  pcHBfYsHEIN
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- 5- ~ Figures 1-6 show the effect of all-trans retinoic.acid al one
and in- conbi ngtion with corrpounds of t resent invention in inducing
HL- 60 cel | %zléﬁcénh@a ishew the effect o ?JD ltrans setinoig, agidcalpae nand ins

( 2E, 4E) - 3- net kymtinhfohSwatlB, dbrh 6ﬁﬁd@tdﬂ/ |th5 ﬁneieﬁt mvenuon in inducing HL-

.Eggﬁglygrg) na%lat Q%lﬁpnq}gﬁ%ég %Eogphen -yl ]-penta- d| enoic acid

( 2E, 4E) - 3- net hyl - E(lRS 2RS) - 2- (5, 5, 8, 8-tetranet hyl -
5,6,7,8-tetrahydro Ihaﬁtﬁﬂi‘éSeh-ﬁz yl)-cycl opropyl]: - penta- 2, 4-di enoi c. 10

acid (Exangy e@m oundCOAPYYNE2E 4E)-3- methyl -5- [3 -(5,5,8,8-tetramethyl-5,6,7,8-
( 2E, 4E) - 3- et

t et r ahydr o- naﬁ%&rﬁ‘ Jéﬁoflﬁs‘ &Hyﬁrfﬁemlépil% -4r Xﬁopené%‘pd“ dle'{‘Eﬁanﬁlcéd 1);
Conpound X i s (BExample82R, -tetranethyl -5, 6, 7, 8- tetrahydr70 2- ) '
napht al eneca R BefE (2B 3% RERS QB SR 2 i?fiﬁes -tetramethyl-
- conpounds of Bhbs/ Sntetrahydrarnaphthaleand- yb)t—cmol@pmpxll]n-pemé #hdienoic
10 acid (Example 6);
- Compound C is. (2E 4E)-3- methyl -5- [2 (5.5,8,8-tetramethyl-5,6,7, 8-
| tetrahydro-naphthalen-2-yl)-phenyl]-penta-2,4-dienoic acid
(Example 1); _
_ - Compound X is p- (5 5,8,8,-tetramethyl-5,6,7,8- tetrahydro-Z-
15 naphthalenecarboxamido)-benzoic acid (see, e.g. w 4,703,110).

From the results obtained it is obvious that the effect of the
compounds of this invention and all-trans retinoic acid is more than
additive.

20 Accordingly, the compounds of this invention can find use in the
treatment of conditions that are mediated by retinoid receptors. For
example, the compounds of this invention may be used in the
~treatment and prevention of dermatological conditions such as acne or
psoriasis. The compounds of this invention have reduced toxicity or

25 teratogenicity as compared to classical RAR-selective retinoid
- compounds such as all-trans retinoic acid. The. compounds of this
invention may be administered together with RAR-selective retinoids
thus reducing the dosage of such retinoids and the risk of unwanted
effects connected to such - treatment.

30 ) In accordance with the prcsent invention the compounds of
" formula I can be prepared by reactmg a compound of formula II



additive. 20 Accordi ngly, the.'corrpounds of thi s' I nvention can find

use in the ~ treatnent of conditions that are nediated by retinoid

receptors. § exanpl e, the conpounds of this inventio M sed in
t he ; vg %(gﬂfs and prevention of. dernatol ogi cal COI’ldItlg ‘ﬁ"és acne
or psor|a5|s The conpounds of this inhvention have reduced tOXICIty or

25 teratogenicity as conpared to cI ‘assi cal RAR- sel-ective retinoid
conpounds such as alA% tR%m,s rleti n#?c acid. The conpounds of this

i nvention may be adnmipPis d>tsdet her. with RAR-sel ective retinoids

thus reducing the dgsag tinoids and the risk of unwarﬁ ed
effects connected to e teent. 30 I n accordance with the
present ‘invention t ’ of “formula | can be prepared by
reacting a compound '0f FTornula II WO 96/ 05165 .

PCT/ EP95/ 030with a compound of formula III _6 - [err]

with a conpound of fornmula 1.l
s\/k,coa | -

wherem A is formyl and B is tnarylphosphomum or di-
(lower alkoxy)phosphinyl; or A is tnarylphosphomum or di-
(lower alkoxy)phOSphmyl and B is formyl; R is lower alkoxy,
and R1, R2, R4, RS, RS, R7 and R10 are ‘as defined above;
' 10 to yield a compound of formula I wherein R3 is lower alkoxy, and, if
| - desired, hydrolysing the lower alkoxy group R3 m the s0 obtamed
compound of formula I.

The reaction of the compound II with the compound IIT can be
15 camed out accordmg to methods whlch are known per se for the
Wltn_g or Homer reaction.

‘The reaction wherein one. of the compounds of formula II and IIT
contains a triaryl (preferably triphenyl)phosphonium group (Wittig
20 reaction) can be effected in the presence of an acid-binding agent, e.g.
| a strong base such as e.g. butyllithium, sodium hydride or the sodium
salt of dimethyl sulphoxide, but primarily in the presence of an -
ethylene oxide which is optionally substituted by lower alkyl, such as
ep_oxybutane, opt'ionally'in a solvent, e.g. in an ether such as diethyl
25 ether or tetrahydrofuran or in an aromatic hydrocarbon such as
'benzene, in a temperature range lying between room témperature
and the boiling point of the reaction mixture. The anion to the
phosphonium group can be an inorganic anion such as chloride or
bromide or hydrogen sulfate, or an organic anion such as tosylate.

30 The reaction wherein one of the compounds of formula II and III
contains a dialkoxyphosphinyl group (Horner reaction) can be carried
out in the presence of a ‘base ‘and, preferably, in the presence of an

~'inert organic solvent, e.g. in the presence of sodium hydride in



_ferr] 5 wherein Ais fornyl and B is triaryl phosphonium or di-

(I ower al koxy) phosphinyl; or-Ais tri aryl phosphonium or di- (Il ower
al koxy) phosphbogidiggend B is fornyl; R is |ower alkoxy; iggs“g[, £l
Rlerr], Rerr], Rerr], Rerr], R[err] and Rlerr] are as deTPlne above; 10

to yield a conpound of fornula | wherein 'Rferr] is lower al koxy, and, if

"~ desired, hydrolysing the | ower al koxy group Rerr] in the so obtai ned
conpound of fbenzdme,l toluene, dimefliydformmamide; sétrahgdrofyrannddiokanet lort ke

. conmpound 11 t cor t 5@.&42 n per
se for the fa}{;\??ﬂe%%d&g %a%?é £'$bd8m’ A Qféf lé\t,g 1?2%& ir(elg\rg]o

of the conpousedium mmaaenn amqthamnol, in gotemperature rTamggl lyingrhatusen

i phenyl) phogphend ufMedboilin oink dof? 4hé okabtion) miRfurS B BCHrERred lfect
presence of an I ds bi ndin %gqe ‘gm f(il strf base su dagme

butyl 11t hi dm OF JheLIRYERHGE U GompeRids,af Torufa 1,reiprepagad o pRase,
but primaril yai mmpeupdeeferfomla di whereanhw esmefommydewmﬂu ahcompomindood! | y
substituted by,lougr Effp aIIylna

sol vent, e.qg. Ycl)ﬂn an. elaie‘yhgﬁez gl e%lg gé or hydr ofur an or in

an aromati c hydr ocar bon s benzene in at erature range |ying .

bet ween room terrpeAatth\l%'O%tamﬁﬂdCW@xHBPI Fﬁ’éj [§(§Feﬂ't opffarmulach ganobeni xt ure.

The anion to hydrolyze@hnﬁwQﬂanﬁergkﬁuwmqmrb@e ag.g. nbygmaﬁmem %tﬁusikaﬁ%
chlori de- er ani,c _ani on s

hyd | f at
ool e, Yog gespetiallcd By irdnthiedly Wit AdichusticRBofict3ufed" o8 polSic,
and 111 cbydrdxidea sdluatidmmprmstpmptyatugcomgd—ﬂymg reetstéennrooan be
carried Inetgmgerétﬁfepi Giﬂﬁebehrggbftﬁ a&fither?éfétiﬂ&pmggﬁréhe presence

of an rgani ¢ sol vent t he presence sodi um hydr| de i-n

The thus-obtained- carboxyhc ac1d of formula I can be isolated in
15 a manner known per se as such or as a salt, e. g as an alkali salt,
esPecmlly as the Na or K salt.

The compounds of formula II are novel compounds and are also
an object of the present invention. The compounds of formula II can
20 be prepared as set 'forth in Schemes 1,2 and 3 below wherein R.is'
lower alkyl, Z is bromine or iodine, and R1, R2 and R4 - R7 and R10 are
as defined earlier: | :



WO 96/ 05165 PCT/ EP95/ 03021

o -7- benzene, tol uene, dinethylformanm de, tetrahydrofuran di oxane or a
1, 2-di met Rpgyabdgene, or also a sodium al coholate in an al kKpppeposiuabhi

sodi um nmethylate in methanol, in a tenperg@ture range |lying between - 00
~and the boiling point of the reaction mxture. In a preferred aspect 5 of
.the invention, the conpounds of fornmula | are prepared by reacting a
conmpound of formJIa Il whefein Ais -fornyl with a conmpound of formula
111 wherein B is di-(lower alkoxy)phSspemayi | At hus- obt ai ned
carboxylic acid ester of fornula |I' can be - hydrolyzed in a nmanner known
per se, e.g. by treat me[hts v&,th al kalis, 10 especially by treatnment with
aqueous-al coholic sodiu pot as% um hydr oxi de solution in a _

t enper ature range |ying oom t enmpér at ure and 't he boiling point
of the reaction m xtur eX The ,t h’us-o@#ﬁéd carbo®lic acid of
formula | can be isolatedydn® a'%ranner kn@w peCoOSR as such or as a
salt, e.g. as an al kali rSalm*, ~espegially as the Na or K salt.

The conpounds of forrmula 1l are novel Yconpounds and are al so an obj ect
of the present invention. (he conpounds_ of fgunula Il can 20 be prepared as
set forth in Schenmes 1,2 and 3 bel oW y el |s “lower alkyl, Zis
‘bromine or iodine, and Rlerr], Rer R Rlerr] and R[err] are
as defined earlier: X (3)

. ‘tj *

4)




WD 96/ 05165 , , ' . PCT/ EP95/ 03021
Schene 1 [err] WO 96/ 05165 - '

PCT/ EP95/ 0%0@ds/s165 ~Schenme 2 [err] . PCTIEP95/JS€‘flr.]
: -9. :




VIO 96/ 05165 'PCT/ EP95/ 03021

-10- _ - - Schenme 3 _

[err] 5165 _

bt Lpos) SSRLOIO0. | L 11 . FCTERSaR

Conmpounds of fornmula Il wherei.n the dotted bond is present, Rlerr] i's
~lower alkyl and R err] is hydrogen;or R err] and R err] taken together with

t he carbon atons to whjch theySchemeadt ached form a 5-8 nenbered

aromatic or non-aromatic ring which may contain one sulfur, oxygen 5 or

nitrogen.atomcan be obtained as sef fgrth in Scheme 1. In Schene 1la

compound of fornmula (1) is first coryefted ipto its |ithiumor
magnesium salt, transnetallated to <
transition netal (preferably pall aXiu alyzed reaction, coupled

with a conpound of formula (2) to yhg -ﬁpound({% fornula (3). 10 The

carboxylic acid ester group in thenéonpoﬁnd of fornmula (3) can be

erivative and then, in a

reduced, e.g. by neans of a netal hydride such as diisobutyl- al um num
hydride to forma conpound of fornula {4) the hydr oxynet hyl group of
whi ch can be converted, e.g., by treathent wi t h an oxi di zi ng agent such -

as manganese dioxide, to yield a 15 coppound ofchqﬁpula Il wherein Ais
formyl; Rlerr] is |ower alkyl and

X 9
RS R*
CH,OH
(10)




i s hydrogen; or Rlerr] and Rerr] taken together with the carbon atons to

which they are attached forma 5-8 nmenbered aromatic or non- aromat.ic
ting whi ch weyemeissai n one sul fur, oxygen or nitrogen atom pepg 1
Compounds of - fornula Il wherein Rerr] is Jower alkyl and R2 I s’é’ﬁ’“’“ﬁm ogen
can be prepared as set forth in Schene 2. 'Accordl ng to Schenme 2, a

compound of formula (5) is submitted to"a Wttig-Horner reaction with a

tri(lower alkyl)pGosmavndsepfitformmlyi | whereionpbendotted bénd dsnptesefify) R1The
ester group ify 1&Qef URHqOR2 ! ff 'Egh?or%é})-ofa{f%'a 2 tﬂEHh"%g&ﬂgf ’lgggapﬁ; q
fornyl group by.a two-step re Ui‘;_lﬁ arfd dxi dation 25 processs as d r e
above to yiel BX‘ibr?@'@b?l‘BSuEstW icly shay, are  Aftachedsfermsa S+&gpemberedy. The

conpound of. fmromitﬁc(&l) Ma{tﬁnhﬁboﬁﬁgd whicﬁghﬁil l;'t\bn@ain tornga?ulf}llr, oxygen
hal tiQn- enat i on _procedure. e.d. P

el enont ar y SnapbaBHoBaR S48 cras” Bef PBEAIREY 2,850 SpBh in SefieTachate ciehame a
strong.  base ugrcampound dofafatnulac(b) Ss fit§tucoeeertad interies (BiYmt or yi el d

ound of nfa I isPheftal o] : I WPRER: | kyl _and
R GO i el o W2 ARSHR O o0
is absent and'2nSitigrermptalndpreferallyn Ralladingy) satalygedy reaatiomn coupled
‘obt ained as swefithf ar'cbmpoulnunommmlﬁi(z)nEjoSghelraf_a?:camptvri]maurag fbfrrgftﬂi wha
1) is tregtegqln.a [ a zed reaction.w
o " 38° cAnb eBSRoRE Y3 et REETE GSTEDRTRN B, RSRER ) o o
propar gyl al cteduced , e.g\Wbyoeimis66f a metal hydride such as diisobutyl-
PCT/ EP95/ 030241uminum hydride to form a. compound of forhfula (4) the
: hydroxymethyl__ group of which can be converted, e.g., by treatment
- with an ox_idizing agent such as manganese dioxide, to yield a |
15 compound of formula II vyh‘erein A is formyl; RY is lower all;yl and R2
- is "hydrogen;or R1 and _R2 ‘taken together with the carbon atoms to
which they are attached form a 5-8 membered aromatic or non-

‘aromatic ring which may contain one sulfur, oxygen or nitrogen atom.

Compounds of formula II wherein R! is lower alkyl and R? is

20 halogen can be prepared as set forth in Scheme 2. According to
Scheme 2, a compound 'o_f_for_mula (5) is submitted to a Wittig-Horner
reaction with a _tri(ldwer alkyl)phosponoacetate to yield a compound
of formula (6). The ester gfoup in the compound of formula (6) is then
converted into a formyl group by a two-step reduction and oxidation

% processs as described above to yield the compounds of formula (7)
~and (8), respectively. The compound of formula (8) can be haloge-
nated by a halogenation—'d'ehydrohalogenation procedure, e.g. by
treatment with elementary halogen such as Bry followed by dehydro-
halogenation with a strong base such as 1,8-diazabicyclo[5.4.0]undec-

30 7-ene (DBU) to yield a compound of formula II wherein A is formyl,
R! is lower alkyl and R is halogen. ) |

. Compounds of formula II wherein the dotted bond is absent and
R1 and R2 taken together are methylenie can be obtained as set forth
in Scheme 3. In Scheme 3 a compound of formula _(I)I'is treated in a
35 palladium catalyzed reaction with propargyl alcohol, to yield the
acetylene compound (9). The hydroxy group in the propargyl alcohol



can optionally be protected, 'e.g., 'by a trinmethylsilyl group. Reduction
- of the triple bond in conpound (9) affords conpound (10) which is

convert edgyj éﬂk fg8mpound (11) by a Sinmmons- Smith reaction. pﬂ,ﬁgmgpd (11)
1'ze

can be oxi usi ng nmet hods known in ty\l/ge art, e.g., 5 by pyridinium
chl orochromate, or by a Swern- or Dess-Mirtin oxi dation to yield a
conpound of fornmula Il wherein Ais fornyl, the dotted bond is absent
and Rlerr] ecamn. dfjtbondlly aiee;promgmd;ec gy Dy trimethylsilyl group. cRnﬂuondn of
formula 11 %@;ﬁi ¢ Bofid ! Ipﬂlﬂﬁp 'dfFord@,rco o%hal hich i
- al koxy) phosphi nyl oup can r ornu all
wherein A |%0ﬂ‘tﬂl' ingg. %@uepﬁg ?ﬁg ‘BGB re?ﬁfb‘?‘bxyrret hyl
group in a Cefisund¢IN) Rah be, ofidized bmsm@ernet}mﬂsaknownoirpltha anj @.g.,

hydri d BH

i e il AR o A, ) 4, S Doy o o
‘agent -such esidatiosphoryiekd axgompounde ofr formulphlr stherem A risbformyle thed
reacting ths?éeﬁa) %Osggd?bge%m@sdtw GNP R20qa e NoRether faféaﬁﬂékmgﬁeh' ne or

tri-(lower a hese reactions ca be carri'ed out in a
manner known pe formul.a_l heir salts

L, Se unds o
can be used in Cﬁg’lpoundﬁopﬁn fﬁmﬂ-ﬁé %@&RTF%I i AT YR OSP 1am Ofrp e
pr epar at l 0ndl(ﬂ@WeﬁY§ 9phosplingl owpodiame hee . prephsedadiiony compeundspound

- of for [e f t t 0xi C,
nert sdf; aobroryi dﬁcg ReraR Pwi% Fpl 5& rpdleifg R’ tortnyl grded K"
The prepar ahydrmcyunethlyé gromipn i ta Tpaneent awnj Pepassnege.alblyy mpangsof a
topically. Ppapaéalingfia h?dﬁh@ SRR’ NADIE! SepheRfg! the. hPIRISS Troup
syrups, -suspensions, solu |olns supposMBrl es are ev% Ssui t abl’e f.or -
enteral adnPH¥i 8t byégmg;f, or ch orme atom, € y treatment’ with a brominating
or chlorinating agent such as phosphorous oxychlonde or phosphorous
15 tribromide and reactmg the so-obtained bromide or’ ~chloride with a
tnarylphosphme or tri-(lower alkyl)phosphxte All these reactions can

be carried out in a manner known per se.

The compounds of formula I and thelr salts can be used in the
~form of pharmaceuucal preparations.

20 The preparations for systemic use can be produced e.g. by adding
a compound of formula I or a salt thereof as the active ingredient to
‘non-toxic, inert sohd or liquid carriers Wthh are usual in such
preparauons

_ The preparatlons can be administered enterally, parenterally or
s toplcally. Preparations in the form of tablets, capsules, dragées,
- syrups, suspensions, solutions and suppositories are e.g. suitable for
. enteral administration.

Preparatlons in the form of infusion or mJectlon ‘solutions are
 suitable for parenteral administration.

0 For enteral and parenteral admmlstratlon the compounds of
formula I can be administered to adults in amounts of about 1-100

'_ ~mg, preferably 5-30 mg/day.



’Preparations in the formof infusion or injection solutions are

suitable for parenteral admnistration. 30 For enteral and parenteral
adni ni st ratwggﬁmﬁgs conpounds -of fornmula | can be adm ni $HcqEPdsbdo €dul ts
I n anounts of about 1-100 ny, prefer a%y 5- 30 g/ day. WO 9% 05165
PCT/ EP95/ 03021 : - 13 - For

topi cal use the active substances are conveniently used in the’ f orm of

sal ves, tincturesforrtepiaal usentthenactive dubstances arst |con§¢mqmﬂwysu,sed in the
suspensi ons _afgni her Ishlifes, SaheBtesNer ”Bn?t'ﬁ)é’iﬁ% sofutfeis!t i @rg%rae/s

preferred. These preparatl o Sl . | cal  use can ‘be

by m xi ng thes‘hiPFW’@nisnéF‘éda’&n ’S‘e\m ﬁ"ﬁ%rﬁ‘%‘i)ﬁﬁmﬁnﬁ tW&ig| 4y solu tlgns |3T§ui d
carri eL S Whi cbre'fenreawmbdee p‘repaﬁa@iwmakiegfgmﬁmfot topicalhuyeé can_teesteI usual
in such prepar er e, are_conveni.en .
suitable a ouPla{ﬁi °§‘3/by mx&p&g etF' bla%ﬁge aéedﬁttgtwms non-tht a‘ge%fbgﬁlld
0.1-5% pref eombiquid. garriers mhlchamsmtab&c cforstopical treatmentdesd r whickan

ant i oxi dant q %"u h hsl err] t ocopheram ne as well as
~butyl at ed hyd?rdcgyugﬁlll go 9 bgt%)}? Bé > hydr oxyt ol uene, can be adm xed

th th t 'IIs a th by the
"E“mpl eg %?ﬁﬁr ? Of'gngsyoplcal use theree al‘rgvggmllgtﬁelntslyl suitable out u61 ?%, Y

preferably 0.3-2%, solutions as well as about 0.1 5%, preferably 0.3-
10 2%, salves or creams.

If desned an ant1ox1dant e.g. tocopherol N-methyl-'y-
tocopheramme as well as butylated hydroxyanisole or butylated -
hydroxytoluene, can be admixed with the preparations.

The invention is illustrated further by the Examples which follow.

15 . |  Example 1

E4E- thl.--'-_' -tetr _eh'- -tetrah
 naphtha lcn-z-yl)-phenyll-pgn;a-2,4-die_ngic acid

20 A. 5.4 g of 6-bromo-1,1,4,4-tetramethyltetralin were dissolved in
40 ml of tetrahydrofuran (THF) and 29 ml of a 1.5m solution of
tertiary butyllithium in pentane were added dropwise at -78°C. After
30 mmutes a solution of 2.7 g of anhydrous zinc chloride in 80 ml of
_ . THF was added After 30 minutes of stirring at -78°C this solution was
25 added slowly to a.second reaction mixture kept at 0°C and prepared in
~ the following way: 0.7 g of b1s(tr1pheny1phosphme)palladmm(ll)-
~ chloride were suspended in 60 ml of THF and 1.8 ml of a 20% soluuon
of dnsobutylalummum hydride in toluene were added. After
" 15 minutes the black reaction mixture was cooled to 0°C and a
130 solution of 5g of ethyl 2-icdo-benzoate in 70 ml of THF was added
dropwise. After 15 minutes of stirring at 0°C the first solution was
added. The reaction - mixture was stirred over-night at room
temperature, poured at icewater, acidified with 2N hydrochloric acid
and extracted several times with ethyl acetate. The combmed organic



15 Exanple 1 ‘
(2E. 4E) 3- Met hyl -5-[ 2- (5. 5. 8. 8- tetramethyl -5.6.7.8-tetrahydro-

napht hal enyegreélosegNeny! | - penta-2. 4-dienoic acid 20 A P%I?TF{PQS
6-brono-1,1,4,4-tetramethyltetralin were gl ssolved-in ’?ﬁm

tetrahydrofuran (THF) and 29 m of a 1. 5m sol ution of tertiary
butyllithiumin pentane were added dropw se at -78[err]C. After 30
m nutes a soﬂahﬂseonv&cdreZwisbed)fwatmwamus driedt avdrosodiumns@lfated amid THF

dded. f 25
‘2’3363 sleo Wy tfc‘p’ ordfed! ‘i‘g&eﬁll rédidue! Q&s%}zr&ﬂ&f‘d’gfr ﬁérr xﬁ8 érlgga‘r’"gz n

a S'S % rea {u xture
the fol | owi nexang/ely §°°dﬁt°m's( 9%h[§hyﬁ¥ﬁo§ Fn’éﬁcﬁ&?qa Q}Fﬂ’ll from
ghl or Lde vvelrbememﬁedgl f6Q-(8, I598 sTtﬁrmdngISSJﬂ ‘A]gs‘-tar ZWydre! ution ]

I'1 sobutylLal u il e t m_nut te_
bl ack rea t|'<5 Waﬁﬁ(g%ﬁ? o%aél‘ilg 6@1 g' gsa jte s‘ifp'ﬁﬁ}%n B’f'psa@
ethyl 2-iodo8b¥hzoate in 70 m of THF was added - dropwi se. After 15
mnutes of stirring at Oferr]C the first solution was added. The

reaction nixgure PES flatdrid § § wahaxsabwefaom 70 nnesperHFu FPWEPsat

i cewater, acid 2 ic,acid an ract sever
tines wth e%hgé%aégxm‘&!@ "'#h Fﬂ@ ginpm; hydride W)‘@& uene g¥as added

PCT. {1 Eg95/ 030dfopwise at 0°C After 2 hours of stirring at 0°C 50 ml of aphﬁsmxmree
resi due s %ﬁrﬁﬁﬂ&aﬂ et e iéﬁédatﬁﬁﬁwiﬁ%/f@ﬁ%ﬁ L daiBBagor)
give after r23rydtef Iﬁl‘iahydmchlm'm acld The reaction mixture was extracted (
- with ethyl acetate, washed with water, dried and evaporated to give
2.4 g of a colourless oil which crystallized in the cold. Recrystallization ~
~ from hexane gave 2-(5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-
15 naphthalen-2-yl)-benzylic alcohol, m.p. 111-113°C>

=3

_)

C  This alcohol (2.1 g) was dissolved in 50 ml of methylene chloride
and 8.5 g of manganese dioxide were added. The reaction mixture
was stirred overnight at room temperature, then filtered and
evaporated to give 2.6 g of a colourless oil which was crystalllized

20 from hexane and yielded 2.0 g of 2-(5.5.8.8-tetramethyl-5,6,7,8-
‘tetrahydro-naphthalen-2-yl)-benzaldehyde, m.p. 85-87°C.

D 0.7 g of sodium hydride dispersion (50% in mineral oil) were
washed 3 times with pentane, dried and suspended in 30 ml of THF.
~ A solution of 3.0g of 4- (dxethoxyphosphmyl) 3-methyl-crotomc acid
25 ethylester in 30 ml of THF was added slowly at 0°C. The reaction
mixture was stirred for 1 hour at room temperature, cooled again to
0°C and a solution of 2.2 g of the above mentioned aldehyde in 15 ml
of THF ‘was added dropwise. The reaction mixture was stirred at room
temperature for about 3. hours, then poured on ice- water and
30_: extracted with ether. The organic phases were washed with water,
dried and evaporated to give 59 gof a yellow oil which was purified
by filtration through a silica gel column (solvent hexanefethyl acetate
= 19:1) to afford 29 gofa colourless oil. -

B E  The oil (2.0 g) was dissolved in 50 ml of ethanol and a solutxon |
" 35 of 4.1 g of potassium hydroxide in 20 ml ‘of water was added. After



hexane 2.6 g of 2-(5,5,8,8-tetranethyl-5,6,7,8-tetrahydro- 5

napht hal en- 2-yl )-benzoic acid ethyl ester as white crystalls, mp. 79-
8l[err]C. wooelkigs This material (2.6 g) was dissolved in peripeg§seddi- and
32 m of ~a 20% solution of dii sobUtylﬁl um num hydride in toluene was
added dropwi se at O[err]C. After 2 hoot$§ of stirring at O[err]C 50 m =
of a 1:1 mxture 10 of methanol and water were added dropwi se fol |l owed by
addi tion of addifonndf @0 fil bf TKENIthe isolwionl. wish avaraeed ito 4@ tfok 4 ViRsurs.,

fo grve . oH SOl BeeRiCiafure Fepolied, i EPrall, Tt SBRR 20
"Recrystalli zahydmchlorm ranidhardnexygasted with ethyl acetate. The organi¢ phases
2-(5,5, 8, 8-t ARy Mted v@tﬂ &aftéitcr&fiidrﬁnd 1évamte&1adoe 13e y:i) ﬁ‘%ﬂﬂ}i\k}bc

al cohol, mp. 111- hi's al cohol ed in
50 m of met HPRITIA cﬁ*ﬁ‘?‘i &Ealhzauaﬂdffé”% 3 B‘F"W&ﬁgaﬁe%‘éyb tﬁl@ \Mde #a8el.
;rhf reagt i 03 yiekded €1.6 gwardf ilZFI4EN—3GmhyI}I5t-[2a-t(5r5;8tﬂ tewaneth LL5$6 7i.8en
iltered an 0 u oi

L eorer a0 wpralfyaee ﬁggﬁgnaelegg%w éh%ngrlg e, a.aie%%c Am &0 Wite
2-(5.5.8. 8- teqrwamils;ymp, 61 80-382

t etrahydro- napht hal en-2-yl )- benzal dehyde “mp. 85-87[err] C. D. 0.7 ¢
of sodi um hydri de di spersion (50% i n%%_ﬁﬂrz‘?i ) were  washed 3 tines
with pentape, dried and suspended in 3 HF. A solution of 3.0 g
of 4-(di etlﬂoxyphosphl nyl ) - 3- net hyI crotom c acid 25 et hyI ester in 30 m of
THF was added(2E g\ Méthorle! : : eth , ped for 1

hour at room {emparatHr £, 1999 202 15 By entas WL tlon of 2.2 g of
t he above ne F 5. ' - ‘ et i The -
reaction mxture was stirred at room- temperature for about 3 hours,

then poured on ice-water and 30 extracted with ether. The organic phases
were washed with Mataaalogy :odExeﬁap?ledlevmmrc@tm»%bmm %x@*@nﬁihesxeéd astAPAEW

?le \\I/\antChﬁéﬂaWE%et ﬁﬂ Oélégfla?y4 tgfrgl'eﬁlylttetrg " gnd"’ | 'ectﬁyf’el:% -10 OcJ ugn

thiophenecarboxylate, ‘m.p. 188-189°C.

mple

20
In analogy to Example 1, this compound was synthesized starting
with 6-bromo-1,1,4,4-tetramethyltetralin and methyl-2-iodo-3-
thiophenecarboxylate, m.p. 195-197°C. |
7.2 | -  Example 4
30 In analogy to Example 1, this compound was syﬁthesized starting

with 6-bromo-1,1,4,4- tetramethyltetralm and methyl- 3-1odo-4-
thlophenecarboxylate m.p. 192- 193°C.



= 19:1) to afford 2.9 g of a colourless oil. E The oil (2.0 g) was
dissolved in 50 m of ethanol and a solution 35 of 4.1 g of potassium

hydr oxi de wo 9805165 of water was added. After : WO 96/ 0pteEP9s/o3021
PCT/ EP95/ 03021 15 . addition of 20
m of THF, the solution was warrred to 40[err]C for 4 hours. The col d

reaction mxture was poured on icewater cidified wth 2N hydrochloric
acid and extracted with ethyl acetat m&gam c phases wer e washed -
with water, dried and evaporated to givera crystalline 5 material.

e ystel 8o S0 LB Rt LA T G R b
t et r ahydr o- njfhmi adfeabge- §HHF pB\&ng] of ﬂ@@tﬁu 2werediadded cata@1Q@ =ml the t e
DTS il s st i e 208 06147
napht haI en A 5 )Sll'g &bdn ateérﬁflﬁdéﬂtﬂ%l) hthalgn-2-yl)-ethanene,

anal ogy to Eiimllved lin tslm $nIC©MHFJ wese addede drs 319%5& %im%é%&hﬁtbs at
6- brono- 1, tetreggfthylt tralin and e

t hi ophenecar gg;a,ﬁg{rg) ?L%@f rﬁqgtmuelayat 40 o} Por 16 hours. The

reaction mixture was then poured onto crashed ice/NH4Cl, extracted

10 with EtOEt, washed with brine and H20, and dried over Na2SO4. |
Evaporation of the solvent, followed by flash chromatography (silica
- gel, hexane/AcOEt = 97:3) yielded 3.70 g of (E)-3-(5,5,8,8-
tetramethyl-5,6,7,8-tetrahydro-naphthalen-2-yl)-but-2-enoic  acid
ethyl ester as yellowish oil (GC-purity 98%).

b) 3.70 g of '(E)-3-(5,5,8;8-tetramethyl-5,6,7;8?'tetrahydro-
naphthalen-2-yl)-but- '2-en0ié acid ethyl ester were dissolved in 38
ml of abs. THF. After coohng to -75°C 26.7 ml of 1.2M DIBAL-H
(toluene) were added by syringe within 5 minutes. After 10 minutes

. 20 the reaction mixture was warmed to 0°C ‘and kept at this temperature
for 1/2 hour. Since TLC indicated that some starting material was left,
additional 3.0 ml of DIBAL-H were added at 0°C. After 15 minutes
the reaction mixture was quenched with crashed ice/HCI and

- extracted with EtOEt. The organic extract was washed with NaHCOs3-

" 25 solution and brine, dried over Na;SQO4, and the solvents evaporated
i.V. The 'rer'naining (E)-3-(5,5,8,8-tetramethyl-5,6,7-,8-tetrahydro-
naphthalen-2-yl)-but-2-en-1-0l (3.42 g). was used without further
purification for the next step.

2 ¢) 3.42 g (E)-3-(5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-
naphthalen-Z -yl)-but-2-en-1-0l were dlssolved in 23 ml of CH2ClI2
and treated with 16.1 g of MnO2. The reaction mixture was vigorously
stired at ambient temperature over night and then filtered through

- Celite. Evaporation of the solvent followed by flash chromatography

‘B (silica gel, hexane/AcOEt 92:8) afforded 2.86 g of (E)-3-(5,5,8,8-
tetramethyl-$§,6, 7,8- -tetrahydro- naphthalen -2- yl) but 2-enal as pale
yellow oil. :



Exanpl e 3
(2E. 4E) - 3-Methyl -5-[2-(5.5.8.8-tetranet hyl -5.6.7. 8- tetrahydro- 20

napht hal en-woykpsis$i ophen- 3-yl | - pent a- 2. 4-di enoic acid EMSIJD:{J%'I
anal ogy to Exanple 1, this conpound was swt hesi zed starti ng

6- brono-1 144tetrarrethy|tetralln and "’ net hyl - 2-i odo- 3-
t hi ophenecar boxyl ate, mp. 195-197] err] C. 25
Exanmple 4 . (2E. 4E) 3 l\/bthyl - 5- -(5.5.8.8 -tetranmethyl-5.6.7.8

JLetranydro- gy @ebt? 8- ¢ @4@@ Ql%‘?é'trﬂnbc? Xg.se@tﬁﬁ%eﬁ %ﬁ@p'c aci d-

30 I.n ana esl ze artln
with 6- brondlqp%%lylaf% ﬂw&ﬂnm twere; dissglye

t hi ophenecar hepoleditte, -75°C. 11P2ql BTBry (0. 63V‘@l?6¢’1ﬁ§éﬁéd in 3 ml of CH2C12,
PCT/ EP95/ 0

0
Exanple 5 3 Q&a%)addefl 5o, b%fdﬁﬁar?oéﬁ‘ﬁoﬁ}b%c@f"ftgr%clﬁptt %?retllpylm’é"é{tﬁ aheths
di ssol ved i temperaturai TECabndicated. the FormasforK@f Bthevadibramitsl 41980 [ml rdfC

and the 5 mpBY Gval ithefladd¥d 4R Gt BiiceSafll Y TerhBERSAA! YhRed 008, OF -
~ After 1/2 hour the reaction mixture was poured onto crushed -ice/HCI,

_ extracted with EtOEt, washed twice with brine, dried over NaS0O4 and

10 the solvents removed i.V. Flash chromatography (silica gel,

" hexane/AcOEt = 96:4) yielded 0.95 g of the labile (E)-2-bromo-3-
(5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-naphthalen-2-yl)-but-2-enal
as. yellow 'crystals of m.p. 115-117°C. Double bond geometry was
proven by NOE.- .

o
e). 290 mg of NaH (50% in mineral oil) was suspended in 8 ml of
abs. THF and treated at 0°C with 1.69 g of 4-(diethoxyphosphinyl)-3-
methyl-crotonic ‘acid ethyl ester. When the development of Hy had
ceased (1/2 hour at 0°C), 1.04 g of (E)-2-bromo-3-(5,5,8,8-
2 tetramethyl-5,6,7,8-tetrahydro-naphthalen-2-yl)-but-2-enal,
dissolved in 8 ml of abs. THF, was added and stirring continued for
3/4 hour at 0°C and for 1 hour at room temperature. The reaction
mixture was then quenched with crashed ice and extracted with EtOEt.
Twice washing with brine, drying over Na;S04 and evaporation of the
25 solvent afforded the crude product which was purified by flash
chromatography (silica gel, hexane/AcOEt = 98:2) to give 527 mg of
(2E,4E,6E)-6-bromo-3- méthyl 7-(5,5,8,8-tetramethyl-5,6,7,8-
- tetrahydro-naphthalen-2-yl)-octa-2,4,6- tnenoxc acid eéthyl ester as
yellow crystals of m.p. 97- 98 5°C.

f) 472 mg of (2E,4E,6E)-6-bromo-3-methyl-7-(5,5,8,8-
tetramethyl-5,6,7,8-tetrahydro-naphthalen-2-yl)-octa-2,4,6-trienoic
acid ethyl ester were dissolved in 10 ml of EtOH/THF = 1:1 and
‘treated with 2.65 ml of 2N aq. NaOH. The reaction mixture was stirred
35 for 22 hours at' ambient temperature in the dark. It was then poured
" onto crushed ice, extracted with AcOEt, washed with brine and H3O,
and dried over NaS0g4. Evaporafion of the solvent and twofold



(5,5,8,8 -tetranmethyl -5 , 6,7, 8-tetrahydro-napht hal en-2-yl) - et hanone,
di ssolved in 30 m of THF, were.added dropwi se within 30 m nutes at

room tenper “and stirring continued at 40[err]C for Wmﬂ'he
reaction mx9t§}3$lre6§was t hen poured onto c§%§hed ice/NHHerr]d, extracted 10

with Et OEt, washed with brine and Hert and dried over NaJerr]SOerr].
Evaporati on of the solvent, followed by flash chromatography (silica

tgelt, he?ﬁnledr @Enzm??é(&b?ﬁmsacﬁzg) ofieldsd- Fir(lb, HSB-mg ofd . »
etrane - ro- . K o : o

ester as )}Ce(l ﬁﬁr&‘?@ﬁa&@?@t}?‘@552'8%)‘8@‘“?@@'586@?3- y
(E) - 3- (5, 5, epmhydroamaphthalen-2-ylBocta-2ahpdtrienoic acid as " yellow

napht hal en-Zs 3 MoENPRE-18pea et hyl ester were dissolved in 38 m
-of abs. THF.&yﬁa%sePd%oo Ing to -75[err]C 26.7 m of 1.2M DI BAL-H

(tol uene$ were added by syringe within 5 mnutes. After 10 mnutes 20 the
reaction mxture was warned to O[ er Bxamaplg Gept at this tenperature. for
1/2 hour. Since TLC indicated that sone starting material was |eft,
additional 3.0 m of DI BAL-H were added at Oferr]C. After 15 m nutes

the reacti om) nmixki# egwaf guede hddbrama-(Ss2Sdetrameatbyl-3:6,7,8- extracted

with EtCEt. : S g8 9% hwhigHERsovdd ia5 2590l igfn

and brine, ‘&ﬁag’ﬂ%gg‘@pﬁ‘ erE?aS g‘_’?ﬁ;ﬁs d .tggz%%l veg)%.s 15 algfdo 95 . V.

The rendPni Piperidine SHCECSSIYLY T Eqaﬁ{/]ﬂ’é, 6 P Ue s rg@mgg 4rd, U.9o g

napht hal en- gf tul; kind- 2:351gl o6l (Ph)3 B2 The \internak demipenature f washthen raised . _

purification f ba next en.. 3 wled '

’D s (o 5B $4-95°6 130 2’}17 ﬁ(—)tperﬁ’-%ﬁyg?’gf tritnethylsilane were added (

* napht hal en- ¢iayldropping-fannel ovithén e4 diovss| dter i zslditiosal diqusr thed [err]-
and {1 eat edpctiinl GoikbreO bydd Pourdd ortBa¢+AsHBAMICEHICY BBAc.Vladr OS] y
stirred at anbient, tenperatur, ﬂf& i Pht n thelg f.ilt red,t rgu h

Cel i te. 1Bvaptgoionsly stirrede uadily ﬂaﬂ‘aﬁ%@ *&#t.f? sH ﬂﬁt_ilﬁbpagr ﬁgﬂ/ 35

(silica gel¢leaou¥@nEtOFEwas 2dded, ahé olagers wél6 sepdrated -ahd 3hS, Grganic

;g} amet hyl oRade wabhed! HAMY b " it D) ovet! NepSTU, @¥aPation of
: ‘the solvent: and purification by flash chromatography (silica gel,

hexane/AcOEt = 85:15) afforded 60.6 g of 3-(5,5,8,8-tetramethyl-
. 20 5,6,7,8-tetrahydro-naphthalen-2-yl)-prop-2-yn-1-ol as ochre- yellow
crystals of m.p. 84-85°C (GC-purity >96%).

b) 30.3:g of 3-(5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-naphthalen-

~ 2-yl)-prop-2-yn-1-ol were dissolved in 500 ml of abs. EtOH and

25 hydrogenated at ambient temperature and 1 atm of Hz-pressure. The -
catalyst (Lindlar type A, 30 g) was added in three portions. The
disappearance of starting material was followed by GC. After ca. 11
hours. the catalyst was filtered off and the EtOH-solution evaporated

~ to dryness to yield 30.9 g of (Z)-3-(5,5,8,8-tetramethyl-5,6,7,8-

% tetrahydro-naphthalen-2-yl)-prop-2-en-1-ol as orange-coloured oil
(GC-purity:  91.6%), which Wa_s used without further purification for
the next step. | ' '

. ¢) 125 g of Zn-dust (activated by washing with HCI, H20, EtOH,

35 - acetone, and EtOEt): and 1.89 g of freshly purified CuCl were refluxed

' in 120 ml of abs. EtOEt for 20 minutes. After cooling, 18.0 g of (Z)-3-
(5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-naphthalen-2-yl)-prop-2-en-
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- 17 - 2.86 g of (E)-3-(5,5,8,8-tetranethyl-5,6,7, 8-tetrahydro-

d)
napht hal en- >[6ls &Relt - 2-enal were dissolved in 16 ml.of CH ery and
cooled to ‘%g e’?’? . 1.1 eq. of Br2 (0.63 nm), dissolved in@%@@rﬂh
CHerr]C[err], 5 was added drop by_dropI%nd the m xture kept for 10
mnutes at this tenperature. TLC indicated the formation of the

fli br omi fle- 4. ﬂ;%l,n‘dists'blvoe[d img A o&'g?fOEt!d?gr@'aﬂdéﬂhQBHGw%de& hlas_.zt ml of
e erature r ' err . er ur e cLlon Xt ur S
bour et ont o <& 2y The/ethre . was, Keph cindirrd R o2 16 Risg Affeibalf, fE°
brine, dried waerpowrpdrofteCceashedaing, lextranted ovithnEtOEswvastied . withrHpO,
fggfr‘é‘t ?%; ?g%% ?gié?f%v%" NaySOJ1CERFoAtTN of B8’ dolveht! ARf hsdhgd fifspt he .
(5,5, 8, 8- t Bt reremasegtaphy; (silica; sghyherantdAsOR 51 99:19) yielded dA28 g ofas
%el :\loo\év cr1 ést 84mstz&%gg«ﬁ@s%&%[—amgga/etﬁwm ,66,1»;81de9|ew§&irro>tnu@hthgledrpi_20vgn

. e). . 081 N.m ne I .\Was nded I n
o or P apsyDRyelofihyiheriadd 'as EeboRAdR il XGE e 0765,

4- (di et hoxyphosphi nyl) - 3- met hyl -crotonic acid.ethyl ester. Wen the |
?%’elzogfgm) g(fl E2551§§83n128?eﬁ'_§§ﬂy( il 02l y [ohe6i88) wad - §18s81vel in 130
t et r anet hyd- smé of §Fo&ile andiceoledpta HiA°6h-25,m) of absy RMSO was slevalyo| ved
et i " FRIOSHLT, M Mo B30 At 10 g 6050 of (RS20
tL:Lrlquenc-hedeé\ﬂ'st’ﬁ%’ﬁ&gmem@'ﬁmﬁﬁéﬁgg ot-ﬂagfx&?fend-y% ce washing
with brine, deydloprapymethireol; |di§aived n30emipof aFCHaClof wase added -
dropwise at -60°C. After 15 minutes, 38.7 ml of NEt3 was added and
15 the cooling bath was removed. 1 héur later, the rgaction mixture was
quenched with crashed ice, extracted with EtOEt, washed with brine
and Hz0, dried over Na3SOg4, and evaporated i.V. Flash
chromatography (silica gel, hexane/AcOEt = 94:6) afforded 12.52 g of
(1RS,2SR)-2-(5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-naphthalen-2-
20 yl)-cyclopropylcarbaldehyde as pale yellow oil. |

e) 234 g of NaH (50% in mineral oil) was suspended in 120 ml of
abs. DMF and treated at 0°C with 16.8 g of 4-(diethoxyphosphinyl)-3-
methyl-crotonic acid ethyl ester. When the de\ielopmeﬁt of Hz had
25 ceased (ca. 1/2 hour at 0°C), 12.5 g of (1RS,28R)-2-(§,5,8,8-
tetramethyl-5,6,7,8-tetrahydro-naphthalen-2-yl)-cyclopropyl-
‘carbaldehyde, dissolved in 25 ml of abs. DMF, was slowly added at
0°C. Stirring was continued for 30 minutes. The reaction mixture was
then pouréd_ onto.-Et'OHleo = 8:2 and extracted with hexane. The
30 hexane-layer was dried over NaSO4 and evaporated i.V. Flash _
chromatography (silica gel, hexane/AcOEt = 98.5:1.5) yielded 8.85 g of
' (2E,4E)-3'-methyl-5-[(1RS,2RS)‘-2-(5,5,8,8-tetraméthy1-5,6,7,8-
~ tetrahydro-naphthalen-2-yl)-cyclopropyl]-penta-2,4-dienoic acid
~ethyl ester as colourless oil (ca. 94% pure according to !H-NMR)
3 besides 8.46 g of E/Z-mixture ((2E,4E)/(2Z,4E) = ca. 2:1).



25 solvent afforded the crude product which was purified by flash
chromat ography (silica gel, hexane/AcCEt = 98:2) to give 527 ng of

( 2E, 4E, 6E)w@ obis1g®- 3- net hyl -7 - (5,5, 8, 8-tetranethyl -5, 6, 7, PCT/EPI5/03021
t et rahydro- napht hal en-2-yl)-octa-2;4,6-trjenoic acid et hyI ester as
yellow crystals of mp. 97-98.5[err]C 30~ f) 472 nmg of

( 2E, 4E, 6E) - 6- br ono- 3- net hyl - 7-(5, 5, 8, 8-

tetranet hyl £f5, 6, 8,84t gt razth,;(@ﬁﬁ]’i)ﬂihtﬁmhylw—SE[(ﬂIRS ORS)-2:(5,5; &,84-tememeth 1-

d et hyl | f ted
Wih 5 ob ool SiFeaatlysrs f‘%ﬁh*ﬁe%@ ?‘o%ﬂ °§%%“V€vsﬂs%?#a22~d§5dwno¢%a °
hours at. anﬁp%tethiélnﬁétﬁét(ﬁae 9% e Recerding i@ HANMRoo wasd dissohved oin
crushed i ce,]10@xfnash EI(!MEtO}BeﬂEn awasﬁre@tew tvrthbmrml %TOBN[%YNQOH Th@nd

dried oves Nl Gtdd St wal? N QDR IR P K
- 18 - ¢h1;e&t days.z At iwas (thaxapmiradOEnto: Bashed, iiet,d entratted IwatHGBt(DBt of

(25 45 65) - Gau@sAAMTHf! afid(drigd o\%rSNEZSWEO ¥hothtich Bt e solye

t et rahydr o- na nal ¢ “acl Ltals
of mp. 189ap of‘@pfqlg cgystalhsatlon (hexane/AcOEt 8:2 and kﬁ){meéde{d 25 a)

tléfr ghog crigd naeohe PEME)-3- ﬂﬁeﬂiﬁ SE[KERTSEBRS) @(SIZSS? tetrameth 1 5, 6 7,
oi peridi e ARG ba?egs%#é@ﬁ@?w @a&cwfﬁr@@l @ea'f (%/ﬁhsiwwsd 39“85

white crystals of m.p. 150-151°C
E_xamp le 7

5 In analogy'_ to Example=6 .e). and _f)'th'ere' wasmrepéred

tetrahydro-n htl -2- D-cyclopropyll-penta-2.4-dienoic _acid

- 20 as white crystals of mp. 108-1109, aDRT=+16_1_° (CHCI3, c=0.8%),f1_‘om
(1R,ZS)-Z-(S,S,8,8-tétramethy1-5,6,7,8-tetrahydro-naphthalen-2-y'l)-
cyclopropylcarbaldehyde and 4-(diethoxyphosphinyl)-3-methyl-
crotonic acid ethyl ester by Wittig-Horner-reaction, separatidn of
double bond isomers and base-catalyzed hydrolysis. The prerequisite
aldehyde was synthesized, using as key step an enantioselective .
cyclopropanation as described in Chemistry Letters 1992, 61, and
-ensuing Swern. - ox1datlon as follows:

v

1. 67 g of of (Z)-3-(5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-

30 naphthalen-2-yl)- prop-2-en-1-ol were dissolved in 36 ml of CH2Cl2.
At 0°C 7.62 ml of Et2Zn- solunon (1M[hexane]) was added, followed 15
min. later by 1.33 ml of L-(+)- diethyl tartrate, dissolved in 18 ml of
CH2CI2 . Stirring was continued for 45 min. The reaction flask was
then cooled to -229C and another portion of 13.8 ml of Et2Zn-solution

35 (1M[hexane]) was added followed by 2.23 ml of CH2I2. The reaction
flask was allowed to reach +180C during 16h. After quenching with
crushed ice/NH4Cl-solution, the mixture was extracted with EtOEt,



of Cul, and 1.35 g of (Ph)3P. The internal tenperature was then raised

to 90-95[err]C and 150 m of propargyl oxy-trinethyl silane were added

vi a droppi n@ofggses Wi thin 4 hours. After 1 additi-onal hour HOTZEP9s/03021
reaction mixture was poured onto crashed_ipge/ HO conc. and 15 vigorously
stirred until TLC indicated that all sil yI et her had been cl eaved. Et CEt
was added, .the | ayers were separated and: the orgapnjc phase washed with
H err] 0 and bwasked wigh rdil oGl MQﬂO,e‘mﬁ@r%‘fﬂoNa&so"r aqcheevg@py@tﬁgl thd

purification Hgy §S*1= ﬁ?ﬁom P%}S siﬁ@a 981, hexamRPXBUEA7/1385: 15)

o e oty Smﬁsd 15T neroh (18 308 (5.4.8.8 tframethylys.6.7.BefotEhydro-

~crystals of nhaphfhal@bReyN}dydl6prapylmethatély) 99% pure) acc8fdidg go GC. The

25 %, M ahabi S MAUGRASH LG o, Gpeyy, Leners

hydr ogenat ed é995tr;b613ntbmemremqmuslarn@rqven,mt hefopticalr pesty evashe
catal yst (Ling ertfrﬁiQ& A (R dbxtestagéelded in three portions. The .

di sappearance o arting materi al s followed by GC. After ca. 11
‘hours the catalyst was filtered off and the Et OH sol ution evaporated to

dryness to yield 3889 mlobf (fﬁ%y(&sﬁlﬁdSORalylehmﬂdd a6 dissdlvéd in 13 ml
tet rahydr gonagpleabelaZad koplapic-6sol 68 P A AMIDIROUERLoN in 4 mil

(GC-purit rther pur
next step.  of GH2Clp2 wag S&thﬂddﬁl T V8t Byl Qﬁgh‘PfhélR»ZS*) 21(:1

Herr]0, Et OH(53§8 8ctoifheth @'4 -t@@ﬁ &%&a%thafémz-ﬁ tified Cud
Ygrg ref:cuxedg clopropy met%ano ssolved 1n m? of | éﬂz&?g, 'e{ra'fse added Hing,
g0 (2)°% propy s
(5,5, 8, 8-t et r diopwide at6:65%B- AfterabQ dnin.n@2T9 hal eof- NEtR) wasopddedrand the
15 cooling bath was removed. 1 h later, the reaction Jnixture was
quenched with crushed ice, extracted with EtOEt, washed with brine
and H20 dried over Na2S04, and evaporated i.V. Flash
chromatography (silica gel, hexane/AcOEt =9/1) yielded 876 mg of
" (1R,28)-2-(5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-naphthalen-2-yl)-

20 cyclopropylcarbaldehyde a_s pale yellow oil, 99% pure according to GC.

The optical purlty was determmed as follows (cf. J. Org. Chem.
46, 5159, 1981): ' -

25 22mg of -(1R,-28)-2-(5.,5_,8,8-tetramethyl—S,6,7,8-tetrahydrd—
naphthalen_—2-yl)-cyclopropy1¢arbaldehy’de were dissolved in 0.5 ml
toluene and treated subsequently with 30 mg of MgS0O4-2H20, 1 mg of
pTsOH, and 16 ml of D-(-)-2,3-butane-diol.T he mixture was kept for

: 110 min. at 50°. Then it was poured onto crushed ice, extracted with

30 EtOEt, washed with H20, dried over Na2S04, and eVaporated i.V. GC-

~ analysis indicated a diastereomeric ratio of 91.9/3.90, corresponding

- to an e.e. of 92%. The 1H-NMR spectrum was in full agreement wuh
‘this analysis. ' '
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-19- 1-ol, dissolved in 40.m of EtOEt, were added, followed by 15.2
m of wWobgdsidd [err]. The mixture was kept under reflux urs.
Afterwards, It a8 was poured onto crashgd ice, extracted Wléf P%?’E@?
washed with Herr]O, and dried over '[err]Sqerr] Evaporation of the
sol vent and ensuing fllash 5 chromat ography (silica gel hexane/ AcOCEt =
90:10) vyielded 11.28 g of , . Example 8§ -

(I RS, 28R)-2-(5, 5,8, 8-tetramet hyl - 5678tetrahydro naphthalen 2- : _
yl ) -cycl opropyl net hanol as yel |l owi sh_oil (GG purit 97.69% . d) 5.25
m of freshly dibianalegytai ﬁwamnim&huésus;nssa-(rgd dlntmx%otamam iaf the

CH err] C1| eé?&lo@@dp@@&'i@ﬁ §@p, 6tiérer [was Sprepatedf abs. DMVBO was sl oW y
added (T raised to -52[err]C)p_ After 10 mnutes, 14.35 g of (1RS, 2SR)- 2-
(5,5,8, 85tetrarrethyl 5,6,7,8 -tet&ahydro naphthal en- 2- yI) .

cycl opropyl AN Ly OB ¢ lekh ; 8 _ _
! Hhaie i : beRfa D Wa%i gggand 15

dr opwi se at
t he cool i ng™D3

guenched with crashed i ce, extract ed W|th Et CEt washed W|th bri ne and
Hoerr]0, drhedvisiuetcriailer of 565.60310600at RY¥apds60o(CHCY, E=09%), 3
chr omat ography (silica gel, hexane/ AcCEt = 94:6) afforded 12..52 g of (1

- RS, ZSR)- -(5,5, 8, 8- tetrarrethyl 5,6,7, 8- tetrahydro napht hal en- 2-- 20 :
yl)-cycl opropyl car bal dehyde as pal e Mﬂ_ﬂ e) 2.34 g of NaH
(50% in mneral oil) was suspended in 120 m of abs. DWF and treated a
Oferr]Cwith 16.8 ¢ of 4- (di_et hoxyhosphl nyI) 3- ' rret hyI crotonic acid
et hy| est er 2 N ) ‘eﬂn&-n::n' A{O . Eo L A Q. < §3 d 9 hour at
O[err]C), 1R4a '

tetramethyl- -tetrahydro-naphthal en-2-y -cyc opr opyT -
car bal d yd@-s-t-%q ssolved in 25 nl of abs. DVF, was sl owky added at .
Oferr]C Stirring was continued for 30.m nutes. The reaction mxture was

1.59 g of 2-Bromo-5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-
naphthalene were dissolved in 12 ml of THF and treated at -75° with
4.37 ml of 1.5M nBuLi (hexane). After 15 min 850 mg of scrupulously

20 dried ZnCl2, dissolved in 9 ml of THF, were added and the mixture
stirred at -759 for 1/2 h.

In the meantime, 210 mg of ((Ph)3P)2PdCl2 were suspended in

a second flask containing 12 ml of THF and reduced by adding via

25 syringe 497 ml of DIBAL-H (1.2M [toluene]). After stirring for 1h at
00, 1.70 g of (2E,4E)-5-(2-bromo-cyclopent-1-enyl)-3-methyl-penta-
2,4-dienoic acid ethyl ester, dissolved in 6 ml of THF, was added to
the resultant black PdO-solution, followed by the above prepared
arylzinc-solution which was transferred via a double-ended needle .

3 The whole mixture was kept at ambient temperature for 1 h, then
poured onto crushed ice and extracted with EtOEt. Washing with sat.
NaCl-solution, drying over Na2S804, and evaporation to dryness left a
crude product which was purified by flash chromatography (silica gel,
hexane/AcOEt = 96/4) and finally crystallized from hexane to give

¥ 1372 g of the title compound as yellowish crystals of mp. 83-860.



f hen poured onto EtOH/ H20 = 8:2 and extracted wi th hexane. The 30
hexane-| ayer was dried over Na2S®™ and evaporated i.V. Flash

chr omat ogr apdvesksikd i ca gel , hexane/ AcOEt = 98.5:1.5) y| eI de f
(2E, 4E) - 3-met hyl - 5- [ (1 RS, 2RS) - 2- (5, 5, 8, 8- tetrarrethyl g&mﬁ'&ﬂﬁ

t et r ahydr o- napht hal en- 2-yl ) - cycl opropyl ]~ 2hent a- 2, d| en0| c acid et hyl
ester as colourless oil (ca. 94% pure accordi ng to 1H NVR) 35 besides 8. 46

f B Z- t Q. .
g C?'/ oz 3136 ure (hef pRRYeGAIsHE) (2B3E)S-12-bromo- é%l%@e%ll En]yg fgol §4 ¢ of

2 i
(2E a8 - 3- nofisHYkRent1s2 drdienoic cid gethyloesteroptan Synthesized a8 follows:

5,6, 7, 8-t etrahydr o- napht hal en-2-yl ) - cycl opropyl-] -penta-2, 4-di enoi ¢

acid ethyl ester ordi

100 m of T W&g%% i"‘*"’lgﬁﬂe (9801 e b W sSedbap B A U o

reaction m x wd2-Regt 9fn e&l@’fd":l’thoéﬁblléﬂb imbybtbu!lﬁ'e?‘r-nmc acidhr ee

days. It was etliyln epreyr *dsoadded raasped 'Iflfbemmﬁrrea‘iﬁa%dsuhkh fét 15 mi f\yened
e s

p, 2
and 1 K'L?L{]d"@r@ forf BOCENR A R SEGE Rekeelite 15850573 8 ok 2amemps. 25
g of (2E, 4E) cgc}npelmlrl--ﬁn{ec;arlhﬁldm@)deZ dissdlved8inel t amdt beDtMB Awds ddded
tetrahydro-n - r.Qp. t dj enel
! ed}oﬁ  Ehd 1@;&&&? 8P¥eakt RSP 70 Amdki. ‘4P D 6nd %k %h 3 RT.

white crystal S
Exanpl'e 710 25 he mlxtm RS Wt@@ﬁdnﬁﬂ@ erushedhdce,) extractedvwithr EfGEed

(2E. 4E) - 3- Metvrgshed [With 1saf. MRCRs¢lationd dided e6ver ™™ 4803, Gand %vaporated to
dryness. Purification of the residue by flash chromatography (silica
gel, hexane/AcOEt = 97/3) and crystallization' from hexane/trace -

~amounts of AcOEt yielded finally 3.408 g of pure (2E,4E)-5-(2-bromo-
15 cyclopent-1-enyl)-3-methyl-penta-2,4- dlCl’lOlC acid -ethyl ester as
yellowrsh crystals of mp 85 860.

_ 1.32 g of (2E,4E)-3-Methyl-5-[2-(5,5,8,8- tetramethyl 5.6, 7 8-
tetrahydro -naphthalen-2-yl)-cyclopent-1-enyl]-penta-2,4-dienoic
25 acid ethyl ester was dissolved in 13 ml of THF/EtOH = 1/1 and treated
with 5.6 ml of 3N NaOH. The mixture was kept for 48 h at ambijent
temperature and then poured onto crushed ice/HCL. Extraction with
AcOEt, washing with H20, drying over Na2S04, evaporation of the
- solvent, and recrystallization from AcOEt afforded 803 mg of the title
30 compound as yellow crystals of mp. 195-1969(dec.). |



t et r ahydr o- napht hal en- 2-yl ) - cycl opropyl | - pent a- 2. 4-di enoic acid- 20 as
white crystals of rrp 108-110, aDRT=+161[err] (CHO [err], c=0.8%,from

(1 R 2S)- ;8-tetramethyl -5 , 6,7, 8-tetrahydro- naphtli,%lrﬁ&g 5% :
cycl opropyl car ball dehyde and 4-(di et hoxyphosph| nyl ) - 3-net hyl - crotonic
acid ethyl ester by Wttig-Horner-reacti &, separation of  double bond

| somers and base-catal yzed hydrolysis. The prereqU|S|te 25 al dehyde was -
synt hesi zed, using as key step an ena%%é g% efjive cycl opropanati on as
described in Chem stry Letters 1992 _ ensuing Swern - oxi-dation,
as follows: 1.67 g of of :

(2)-3-(5,5, 8, 8-t ghr afeldps -tb, 6xampl¢ e10 athede OWeB@ prepared

napht hal en-2-yl ) -prop-2-en-1-ol were dissolved in 36 m of CH[err]CI[err]
At Olerr]C 7.62 m of Et 2Zn- sol utlon (I I\/[hexane]) was added foI I owed 15
min. |atep HRBE.4E)-3+tMgthiyl¢SA(2-65 5.8 . ithyl-5i6 pira

CH err] Cllergdphthlail&Al NSy ] 6 ' dnb OT-platil hdigacher fl ask was
-then cooled TO -¢Z7 nd_a [ pdo 8 :
CEt[err] Zn- sASuYeHOWE E?ai{ %]i O fol | oved by 2.23 m of
CHerr]1[err]. The reaction flask was aIIowedto reach +18[err]Cdur|ng
16h. After | ] ' Isheg

was extract ee )
PCT/ EP95103 id washed wi th
dil. HJ an I d % err] and evaporated to -
dryness. Fl gaﬁﬁwé’ﬁé%‘og r‘aphy 19 '%L?%%?gﬁhexane/ Ac OEt 87/ 13) yi el ded‘
1. 057 g of (IRZS) 2-(5,5, 8, 8-tetranet hyl - 5678tetrahydro- '

napht hal en- 2-yl ) -cycl opr opyl net-hanol , maccor ding to GC. .The -

15 | Hard -gelatine capsules can be produced,-as follows:

Ingredients o o ~ mg/capsule
1. Spray-dried powder containing 75% of compound I 20
2. Sodium dioctylsulphosuccinate - 0.2
3. Sodium carboxymethylcellulose - 4.8
4. Microcrystalline cellulose , ' : : 86.0
5. Talc : A S 8.0
6. Magnesium stearate L 10
' ' Total - 120

The spray-dried powder, which is based on the active
'ingtedient, gelatine and micre_crystalline cellulose and which has an
20 - average lparticle_size of the active ingredient of <1 m (measured by
| means of autocorrelation spectroscopy), is moistened with an aqueous
solution of sodium carboxymethylcellulose and sodium dioctyl-
sulphosuccinate and kneaded. The resulting'mas's is granulated, dried
and sieved, and the granulate obtained is mixed with microcrystalline
25 cellulose, talc and magnesium stearate. The powder is filled into size
0 capsules. | | ' |



5 -absolute configuration was assigned in analogy to Chenmistry Letters
1992, 61, but not rigorously proven; the optical purity was determ ned -
at the nextwoiss®msi6s 381 mM of freshly distilled oxapgiEwsasdide was
dissolved in 13 m 10 of CHerr]C[err] aRd cooled to -65[err]. 687 m of
abs. DVMBO, dissolved in 4 m of CHerr|[CJ[err], was slowy added. After
10 mn., 1.04g of (IR, 2S)-2- (5,5,8,8-tetranethyl-5,6,7,8 ,
-t et rahydr o- napht hal en- 2-yl »- cycl dgxamplend hanol , "di ssolved in 11 n
of CHerr]dJ[err], was added dropwi se at -65[err]. After 10 mn., 2.79
m of NEt3 was ad and the 15 cpoli,ng b was renoved. 1 h later, the
reaction mxture Sﬁgblets CGBeHEhE’EP‘ﬁ]CFF} g? u@-’h&?ﬁ:ce, extracted with EtOEt,
- washed with brine and H.err]0, dried over NaJerr]Sderr], and
evaporated i. & chromat ography (silica gel, hexane/ A ) -
yiel ded 876 Ihefedithts | “gitjiablet
(1R 2S)-2-(5,5,8,8-tetranet hyl -5, 6, 7, 8-t etrahydro-napht hal en-2-yl)- 20
cycl opropyl cay batsiapyaRd a5 agah efiNely ailRdl poRRférpur e according to Ggp

The optical pyri determned as follows (cf. J. Og. Chem 6,
5159, 1981): 5253;‘%3\??“‘9%13 of 100 |

(1R, 2S) - 2- (5, 3, 8Waiteetormrestanch- 5, 6, 7, 8-t et rahydr o- 60 _
napht hal en- 2- ¥l ' r | car bal dehyde were dissolved in 0.5 m
tol uene and t%égoéé&éﬁgslgggently with 30 ng of MgSO err]-2H err] O 18rrg of
pTsOH, and 165n WhiiteDcory -stahbut ane-di ol . T he m xture was kept fokl2 = 110
mn. at 50[ erg] Talfen it was poured onto crushed ice, extracted w thg30
Et OEt:, washed_wi H err] O, dried over Na[err]SOerr], and evaporat e% i. V.
GC- - anal ydi sMagnesliBq SiMAtst ereonmeric ratio of 91.9/3.90, —% .
correspondi ng to an e.e. of 92% The 1H NVR-spect Tgeabas in fu320
agr eenent \g th this anal ysi s. : : )
S _ 5
The finely milled active ingredient is mixed with lactose and a
portion of the corn starch. The mixture is moistened with an aqueous
solution of Povidone K30 and kneaded, and the resulting mass is
granulated, dried and sieved. The granulate is mixed with the
10 remaining corn starch, talc and magnesium stearate and pressed to

tablets of suitable size.

Example C
| Soft gelatine capsules can be prepared as follows:
15 . | o
Ingredients . mg/capsule
1. Compound I ' | - 5
2. Triglyceride : ' : 450
: Total 455

10 g of compound I are dissolved in 90 g of medium-chain
'triglyc':eride while stirring and under inert gasification and protection
from light. The solution is processed as a capsule fill mass to soft

20 gelatine capsules containing 5 mg of active ingredient.



WO 96/ 05165 o ' A PCT/ EP95/ 03021

- 22 - , - Exanpl e 8 n anal ogy to
Exanpl e 7wowélosissi ng D-(-)- diethyl tartrate in the CVdTaiospaapt | on
‘step, there was prepared 5 ( 2E.4E) 93 -Methyl -5 - [( IR 2R) -2-(5
.5.8.8 -tetranethyl-5 .6.7 .8 -
tetrahydro naphthalen 2 yl)-cycl opropyl | - pent a-2 4 di enoi c aC|d as
white crystals of np. 93-960, aDRT=- M[err] c=0. 9% '
Exanpl e 9 (2E 4E) 3 - I\/Ethyl 5-92-(5.5
© . 8.8-tetranet hyl 8-te .
napht hal en- 2- yi )ACW}%&*}P eepﬁ}/’%lugﬁgrﬂsaf%ugfw&i'enoi c acid ethyl 15 ester
1.59 g of 2-Bronp-5,5,8 ,8-tetranethyl-5,6,7, 8-tetrahydro- napht hal ene

were di ssoly&%dﬁe}ﬁsm of THF and treated at -75[err] with 4.37 m of
1. 5M nBuLi After 15 min 850 ng of scrupulously 20 dried

ZnCl[err], dissolved in 9 m of THF, were added and the m xture stirred
at ‘75[e”]1f@orﬁgauﬂd I finely milled the nmeantine, 210 ng of

10g
((Ph)3P)[erg] P re suspended in ° a second flask contaigi 12
m of THF a d(?a(é'jh Lg&/waddl ng via 25 syringe 497 ml of DI BAL-H (Q’.6ggll

[tol uenel).3AfSadiust i hydroxider | h at 00, 1.70 g of g.s. ad pH 6
( 2E, 4E) - 5- (Z.- %rtﬁmdlcwquent -1-enyl) - 3-net hyl - pent a- . o  500¢g
| 5. Demineralized water ' | | ad 1'00.0 g
5 | ‘

The active mgredlent is incorporated into the 94% ethanol/water
mixture with protection from light. Carbopol 934 is stirred in until
gelling is complete and the pH value is adjusted w1th sodlum
hydrox1de



2,4-dienoic acid ethyl ester, dissolved in 6 Ml of THF, was added to

the resultant black Pd[err]-solution, foll owed by the above prepared

aryl zi nc- soyglospsieyhi ch was transferred via a doubl e- ended rmfﬂpgs,ﬁjazl The
whol e nmi xture was _kept at anbi ent terrpera%}re for 1 h, then pour ed ont o
crushed ice and extracted wth ECEt st =4 §ol ution,

_ dryijng O:,/\Er rl\lla[err] . wl fiﬂ oLatlon to crude
pr oduct i ch was er mﬂ Ec r orEliadnysaip A '
hexane/ AcOEt = 96/ 4)* nal stall'i zed f  give 35 1.372

g of the title corrpound as yeIIOW| sh crystals of np. 83-86[err]. WO

96/ 05165 Compounds of . the formula I PCT/ EP95/ 03021

- 23 - - The prerequisite EZE 4E) - 5- ( 2- br ono- cycl opent - 1- enyl ) - 3-

met hyI pent a- 2, 4- di engs C gaci dRet hyl gester was synthesi zed as foll ows:

2.03 g of " NaH(50%|n Nher al ..suspended in 120 nl- of 5 DWF. 12.9 ¢

of 4-(diethoxy- phosph ny thyI Ut er0R® aci d ethyl ester was
added at O[err]. The o xtu fas. stirreggd,or 15 mn at Oferr]. and for
30 min at RT. After recepl Ir'mg tgeOferr], § 72 g of 2-brono-

cycl opent - 1- enecar bal @8hyte, dissolved in 11 ml of DW, was added drop
by drop and al | ongfieféin €€ tddteéd 1&1{6 ris éf)ughﬁl rhné”@vlﬁéﬁ the dbtted- 10
The mxture was then poured ontgQ.cru , w,t h Et OEt,

washed witK sat-. 1$oPIRSEBh, r}seio‘%reraﬁﬂél[ ’érh}'dr%ﬁ& BYapor at ed -

to dryness. Phalof natoromlohndhyrmﬁedueogmhét aehhctireom:arhng apbms(silica
o ncoat el ded 19 ﬁ o §RED S éﬁﬁsh#éafdz%%% B (5EaRErd EigbocyclH e
cycl opent - | - enyl)rmgrrerhyls&rmamamednwgmy aug Isantaining eme
sulfur, oxygen or nitrogen atom, wherein, when said ring is
10 : aroniatic, the dotted bond is part of the mese.}neric system;
or, when the dotted bond is absent, Rl and RZ taken together
are methylene to form a cis-substituted cyclopropyl ring; R3
is hydroxy or lower alkoxy; R4, R3, RS and R7 are,
independently, hydrogen or lower alkyl; X is (>CR8R9),; and n
15 is 1,2 or 3; R8, RY are, indépendently,_hydrogen or lower
alkyl; R10 is hydrogen, alkyl or alkoxy;
and pharmaceutically acceptable salts of carboxylic acids of formula I.

2. Compounds as in claim 1 of the formula

20 wherein R! is lower alkyl and R2 is hydrogen .or halogen, or

R! and R2 taken together with the carbon atoms to which
~ they are attached form a 5-8 membered carbocyclic ring or a
5-8 membered heterocyclic ring containing one sulfur,
_ oxygen or nitx_'ogen' atom, wh_erein; when said ring is

25 aromatic, the double bond between the carbon atoms
adjacent to R! and R2 is part of the mesomeric system; R3-R7,
R10 apd X are as in formula I;

This Sheet Has Been Replaced




yell owi sh crystals 85-86ferr]. _
Exanpl e 10 20 (2E.4E)-3-Methyi=5—2—5.5.8.8-tetramethyl-5.6.7.8

-tet rahydrwosvslosms]apmm cl opent -1 - enyl | - pent.a- 2CtmE¥H=e¥02C  aci d
1.32 g of (2E 4E)-3 m M(ka 828tetram5thyl 5,6,7, 8-
tetrahydro- napht hal en- 2- Y1 ) cyc - 1"-enyl] -penta-2,4-dienoic 25 acid .
ethyl- ester ‘was-di'ssol ved:i.n-18 ml of THF/EtOH = 1/1 and treated wth

5.6 m of 3Mndapharmaceutically caceeptablpt salts Ofsmrmxselmumds of foemuda at ur e

and then poyiped onto crushed ice/HO . Extraction with AcCEt, washing
with Herr] drying over Na[err]S(err], evaporatlon of the sol vent,

and recrystal | i zat j,on fro -Ac Ot ffor ed 803, title 30 orrpound
“as yel l ow cryst él Stgmg%m § RS 1'96‘{ ? Jher emrril an%\g%%'f‘gfs

PCT/ EP95/ C3GRith the carbon atoms to whlch they are attachédi-form a 5 8

Exanpl e )" exanpl e 10 there were prepared: 5
(2E. 4E)-3’:L|ve'¥‘ﬁm|b°§e‘?2 %@’0%9@1@ ’{é)amet hyl - 5.6. 7. 8+ t et r ahydr o-

napht hal en- 2-yl cl ohept -1, -enyl | ent a 4-dienogjc_acid el | ow
chstaI s of rr% % 55. " agmié clanen r& which (1;'3 (3%,&) 3- methyl 5 [5

(5,5,8,8- tetramethyl -5,6,7,8-tetrahydro- naph;thalen 2-yl)-cyclopent-
-enyl]-penta -2,4-dienoic acid ethyl ester. - .

- 5. A compound as in claim 2 which is (2E, 4E) 3-methyl-5 -[2-
10 (5 5,8,8-tetramethyl-5,6,7,8-tetrahydro- naphthalen -2-yl)-cyclopent-  §
1-enyl]-penta-2,4-dienoic acid.

6. A compound as in claim 2 which is (2E,4E)-3-methyl-5-[2-
(5,5,8,8-tetramethyl-5,6,7,8- tetrahydro- naphthalen 2-yl)-cyclohept-
1-enyl]-penta-2, 4-dxenoxc ac1d ' :

15 7. A compound as in claim 2 which is (_2E 4E) -3- methyl -5-2-
(5,5,8,8-tetramethyl-5,6,7,8- tetrahydro naphthalen -2- yl) cyclohex 1-
enyl]-penta-2,4- dleno1c acxd

8. Compounds as in c_lalm 2 wherein R! and R2 taken together
with the carbon atoms to which they are attached form a phenylene
~ 20 ring.

9. A oompound as in claim 8 which is (2E,4E)-3-methyl-5-[2-
(5,5,8,8-tetramethyl-5, 6,7,8- tetrahydro naphthalen -2-yl)-phenyl}-
penta-2,4-dienoic acid. '

_ '10. Compounds as in claim 2, wherein the dotted bond is present
25 and R! and R2 taken together with the carbon atoms to which they
are attached form a 5- 8 membered aromatic heterocychc Ting.

11, A compound as in claim 10 which is (ZE 4E) 3-methyl-5-[3-
(5,5,8,8-tetramethyl-5,6,7,8- tetrahydro naphthalen 2-yl)- thlophen- _
2-yl]-penta- 2 4 dlenow ac1d B



( 2E. 4E) - 3- Met hyl - 5- rth 5.6.7.8-tetrahydro- 10

napht hal en- 2-yl ) -cycl ta 2.4-dienoic acid  as yellow sh

crystal S of Woms081s8- 2$mm w PCT/EPSSRSRL € A
_ Hard gel ati ne*capsu pr %uced as foI | ows:

Ingredlents : ng/capsule

1.- Spray-dried powder containing 75% of conpound | : 20 2. Sodi um
di oct yl sul phosuccl?athe compeund as in claim 10 which is0(2E,4E)-3-m8tirjlusn[2- -

car boxynet hyl E?'ﬂ B' S’St‘étramethyl 5,6,7,8-tetrahydro- naph‘fhﬁlen 28§'13 ‘h1°P§°“Ta| c

M crocrystall

8.0 6. Magr asfé’faﬁéﬁ’é’lc acid. 1.0
Tot al 120 : The spray-dried powder, which i s based on the
active i ngredl®ntA gurhpound @ dnnciaimelgswhichnis (2E|4E )RS ematiylvgu[gh

has an 20 av f t sured
by mear515 %gl’ga%ﬁﬁh%tﬁgf_%ggéc’tgr]ggcopxcﬁ'o qu&qgggﬁg'\ﬂ}ﬁﬁﬁ #Sous
sol ution of sﬁcﬁ’ll]npe‘htar%dx dignoigl cagidul ose and sodi um dioctyl -

sul phosucci nate and kneaded. The resulting nmass is granul ated, dried

and sieved, and th4 Qompowids abtiai BREm 2 wrfeeeinvvkﬂhumh‘al stal line 25
cel lul ose, talc and magnesi um stearate. The powder is fil i nto si ze

0 capsul es. 15. A compound as in claim 14 which is (2E,4E 6E) 6-bromo-3-

methyl-7-(5,5,8,8-tetramethyl-5,6,7,8- tetrahydro -naphthalen-2- yl)-
10 octa-2,4,6-trienoic acid ethyl ester.

16. A compound 'as in claim 14 which is (2E,4E 6E)-6 bromo-3-
methyl-7-(5,5,8,8- tetramethyl -5,6,7,8- tetrahydro naphthalen 2-yl)-
octa-2,4,6-trienoic acid.

17. Compounds as in. claim 1, of the_ 'formula

ib

15
wherein R3-R7, R10 and X are as in formula I;

| and pharmaceutically acceptable salts of carboxylic acids of forthula
Ib. -

: 18. A compound as in claim 17, which is (2E,4E)-3- inethyl 5-
20 [(1RS,2RS)-2-(5,5,8,8-tetramethyl-5,6,7,8-tetrahydro-naphthalen-2-
yl)- cyclopropyl] -penta-2,4-dienoic acid. :

- 19. A compound as in claim 17, whlch' is (2E,4E)-3-methyl-5-
[(1S,28)-2-(5,5,8,8-tetramethyl-5,6,7,8- -tetrahydro- naphthalen 2-yl)-
cyclopropyl] -penta-2,4-dienoic " acid. :

25 °  20. A compound as in claim 17, which is (2E 4E)-3-methyl-5-
[(1R,2R)-2-(5,5,8,8- tetramethyl -5,6,7,8- -tetrahydro-naphthalen-2-yl)-
cyclopropyl]-penta-2,4-dienoic acid. |



WO 96/ 05165 'W*SSHEET / EP95/ 03021

- 25 - Ex mmt Tabl et b
pr Od”.ced %oB%eryvs Ll!l “‘ ‘JHH'HH“‘IM“‘ e ED _ pcr;m;oszzlcan )

ng/ t abl e ffnelyoml | ed powder

- 20 2. Powd. | actose , . 100 3.
White corn starch ﬁ 'j 60 4. Povi done
K30 . .. 21. Conipounds of formula II -8 . 5. Wite corn-
starch _ _ ' 112+ 6. Talc

16 = 7. Magnesium gst e¢fr at gt R2 ‘ o 4

Total - 320 5 thalfinely mlled active |ngred|ent is m xed

with lactose and a n of the corn starch.. The mxture |§ noi st ened

wi th an aqueous Qf Pow done K30 and.kneaded, and the resulting
mass i s granul ate@X dried Bid sieved. The granul ate is mixed with the
10 renmaining corn &ar%‘h talc and rragne5| um stearate and pressed to-
tablets of suitable size. Exanmple C

Soft gel atine caylsereirs Aais H@rmdparmarah:tmsphommlsr di-(lower

alkoxy)phosphinyl; and R!, R2, R4, R5, RS, R7 and R10 are as
5 defined in claim 1. - .

22. Pharmaceutical ‘preparations, containing a compound of
formula I of claim 1 or phar'maceutically acceptable salts of a ' ‘
carboxylic acid of formula I and usual pharmaceutlcal carrier
materials. ' '

10 23. Process for the preparation of com'pou'nds %f formula I of
claim 1 and pharmaceutically acceptable salts of carboxylic acids of
formula I, which process comprises reacting' a’ compound of formula II

with a compound of formula III

B,\)\/COR- -

‘wherein A is formyl and B is triarylphosphonium or di-
(lower alkoxy)phosphinyl; or A is triarylphosphonium or di-
(lower alkoxy)phosphinyl and B is formyl; R is lower alkoxy;
20 and RI, R2, R4, RS, RS, R7 and R10 are as defined in claim 1;
to yield a compound of formula I wherein R3 is lower alkoxy, and 1f
desired, hydrolysing the lower alkoxy group R3 in the so obtained
compound of formula I

15

25 24. Compounds of formula I a pharmaceutically acceptable salts
of a carboxylic acid of formula I whenever prepared by the process of
claim 25 or by an obvious chemical equrvalent thereof.

Sheet Has Been Re; laced
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| ngredi ent s ' \ -yl capsul e 1.
Conpound | 2.
Triglyceri
“Tot al %%Qﬁfg ’ Imm I”'”"‘ﬂ””!ﬂf,!{mrrpound I are di ssol ve ,EIPI%SIE 21
medi um chai n trigl ycérl e wmhi Ing and under inert gasifi cat | on
and protection fromlight. The solution is processed as a capsule f-i Il
mass to soft 20 gel atine capsules containing 5 ng of act i ve ingredient.
WD 96/ 05165 / EP95/ 03021
_26 - - 25. The use of compounds @Xgm\ga[)[ of cla1m AOF PRAMA o be
. produced as éahdiansy acceprablecdisahs sof a célrbo@yhpoamd of ffomaiuya i ké €d
1 09 - 0.6
- 3. Sod| Eﬁ{&ﬁ groexglt ' - 'g.s. ad pH 6
4 Et hanol , 94% _. 50.0 g 5.

Deni ner al Szed wa26r The use of compounds of formula I of clgimi do oy pharma-
ceutically acceptable salts of a carboxylic acid of formula I in the

manufacture of pharmaceutical preparations for the treatment of
acne, psoriasis or leukemia. -

27. The novel compounds, preparations, process and use .
10 substantially as described hereinbefore.

e e Ak



‘5 The active ingredient is incorporated into the 94% ethanol/water
-mxture with protection fromlight. Carbopol 934 is stirred in until

gel ling is %%B_L,ﬁ;ge and the pH value is adjusted with sodi wergEpesysspXi de.

- ¢/3 Qains : 1. Conpounds of
theforrrulal ferr] wherein the dotted bond is
‘optional; and, when the.dotted 5 bond is present, Rerr] is |ower
al kyl and R2 is ' hal,ogen, or R{err] and R err] taken together wth
t'he carbon atons ' to which they are attached forma 5-8 nenbered
car bocyclic ring or a‘5-8 menbered heterocyclic ring containing one
sul fur, oxygen or nitrogen atom wherein, when said ring is 10,
aromatic, the dotted bond is part of the nesoneric system 01, when
the dotted_bond is absent, Rerr] and R err] taken toget her are
met hyl ene BePHorm a cis-subsStituted Cycl ppr opy|—#+ngalifans retinoic acid alone
| 300 _ | ——  +compoundA1x10-8M

250 —~#%= . compound A1x10-7M
e :
Al M
o 200 + compound A 1x 10-6
g
w
a
0150
100
80
0 / I T 1ﬁrﬂ'ﬂ1_-1_‘l-l_m1l' -
0 1x10°1° 1x10°8 x10°®
Molar Concentration
350 _a all-trans retinoic acid alone
—o—  +compound B 1x 10-8M
300
«@~ 4 compound B 1x10-7TM
250 B
—— ' 4+ compound B 1x 10-6 M
3200
w
S 150
100
80 _
o / rllllll‘ L) I'IIIII'I" kN T fllllll
0 1x10°° x10® 1x10°®

Molar Concentration

Fig. 2



1s hydroxy or |ower al koxy; R4, R5, R6 and R7 are, | ndependent |y,
hydrogen or lower alkyl; Xis (>CR8R9)n; and n 5 Is 1,2 or 3; R8, RO
are, i ndepsyolegisshgs, hydrogen or | ower - al kyl; R err ] PCHREPSSHB2geN,

al kyl or al'koxy; * = ‘and pharnaceuticably acceptable salts of carboxylic
acids of fornula I. 2. Conpounds as in claim1l of the formula
[err] 20 wherein R err] is |lower alkyl and R2 is hal ogen, or
Rlerr] and Rlerr] taken-together with the carbon atons to which

they are attached forma 5-8 nenbered carbocyclic ring or a 5-8
menbered heterocyclic ring -containing one sulfur, . a4 F alas

ni trogen &POF Wher ern, when sa ' s 25 =% aragn%ﬁsc%%g%afgul%e bond
bet ween t he rbon at ons S
the mesom&Pg system R3-R e R gr] and X are as in fornula I;
REPLACENMENT SHEET '

28 FEB 19%%0 b/ 03021 WD 96/ 05165
+compound C 1 x 10-6 M
2 200 |
w
S 150
100
50
0 / T . 1 v
0 1x107° 1x10° 1x10°® __
'Molar Concentration s
Fig. 3
350 —a— compound X alone
200 ~5—  +compound C1x 10-8 M
== s compound C1x10-7M
250
p o + ¢ompound C 1 x 10-6 M
o 200
2
V)
S 150
100
50 | . o .
0- / T T VIin T lllull|- .I T T Vet
S0 1x10°1° 1x10°° 1x10°®

Molar Concentration

Fig. 4



> and phar maceutical ly acceptable salts: of carboxylic acids of fornula

| a.

3. "Conpounds as in claim2, wherein R err] and Rl err] taken together
wWith the gagbaietons to which they are attached forma 5-BCHERASIINSEed

<carbocyclic ring.
‘(2E, 4E) - 3- net hyl - 5-[ 2-
(5,5, 8,8-tetranet hyl -
| -enyl]-penta-2,4-dienoic aci d et hyl
- claim2 which is (2E, 4E) 3- nethyl
(5 5, 8, 8- ssdtanT

is (2E, 4Exe

4. A conpgﬂpd as inh claim2 which is

-5, 6, 7, 8-t et rahydr o- napht hal en- 2- yl)-cycl opent-

ester. 5. A corrpound as in
5-[2- 10
-naphthahencﬂmywpddgcbmpent-

6. A conpound as in claim?2 which
— +compoundA 1x10-8M

, 8-tetraneth alen 2-4l) - cIo
1- enyl ] - pegg BN A conﬁ' "fh‘&?‘%lp‘m 2 which
is (2E 4E)-3 net 3 tetrana&hyl dA1lx10-

, 6,7, 8- QgE& hex- 1- %?Nﬁﬁp enf 5 4-di enoi c
aC|d & 2 wherein Rerr] and R[err] taken -
together::1 nich they are attached forma
phenyleﬁ% 3% 9. A conpopnd as in claim8 whichis
( 2E, 4E) - 3- neghyl - (5,5, 8, 8-tetfanethyl - ' _

16,7, 8-tet!Pd aphthalen 2-yl)-phenyl] - pent a- 2, 4- di enoi ¢ aci d.
50
/[ LR RS I'll T L T'I’K‘ ¥ TP T80 -
0 1x10™° 1x10°® 1x10°
Molar Concentration >
Fig. 5

400 —e— ctompound X alone

350 == +compound B1x108M '

306 - compound B 1 x 10-7M

. 250 "' + com;iolmd Bix 106 M

o
% 200 |
8

1_50

100

50
0 / LA rrrlr[ 1 LB L Ill’ Ll LR RALAL]
0 1x107"° x10® 0%
Molar Concentration '
Fig. 6




fo. Conpounds as in claim2, wherein the dotted bond is present 25 "and
Rlerr] and Rlerr] taken together with the carbon atons to which they . -

are attacw[L!!_8 menbered aromatic heterocyclic ring. .. 11. ¢,
A conpound as in claim 10 which is (2E, 4E)-3-net hyl - 5-[ 3- (5,5
,8,8-tetramethyl -5,6,7 ,8 -tetrahydro-naphthal en-2-yl)-thi ophen-

2 yl]-penta-2,4-dienoic acid. WO 96/-05165 . PCT/ EP95/ 03021

12. A corrpound as in claim 4«10 which is (2E 4E) 3-met hyl -5-[ 2- (5,5
,8,8-tetranmethyl -5,6,7,8-tetr lqlr 9 NRP - lJ - hen- :
3y|] penta24d|en0|c aci d: in claim 10
which is (2E, 4E)-3-nethyl-5-[3- 5 '

(5,5, 8, 8-tetranet k- préseft 8mtv%hf1%hygéﬂté§3‘%t haver J%tinlolctiHl eptor
4-yl] - pent a- 2 oun as |nca|m erein

e
R2 is hal og en(ﬁXﬂ) rflgandi.s ﬁﬂr%o?ﬁf&‘}ﬁ&ari&’ ithe cPrgsany Anypatien  elates to
( 2E, 4E, 6E) 56 bompoulds of thet Fytmula(%:5 ,8 ,8-tetranethyl-5 ,6,7,8
-t et rahydro- napht hal en-2-yl')- 10 octa- 2, 4 6-trienoic acid ethyl ester.
16. A conpound as in gBairh 14me chrts (2E 4E, 6E) - 6- br ono- 3-
met hyl -7-(5,5,8,8-tetr 8z hg/dro napht hal en- 2y|)
octa-2,4,6-trienoic afld._ I

Rio

RS R*

~wherein the dotted bond is optional; and, when the dotted
bond is present, Rl is lower alkyl and R2 is hydrogemr—ory
halogen, or R! and R2 taken together with the carbon atoms to

10 which they are attached form a 5-8 membered carbocychc ring
or a 5-8 membered heterocyclic ring contammg one - sulfur,
oxygen or nitrogen atom, wherein, when said ring is aromatic,
the dotted bond is part of the mesomeric system; or, when the
dotted bond is absent, R1 and R2 taken together are methylene

15 to form a cis-substituted cyclopropyl ring; R3 is hydroxy or
lower alkoxy; R4, RS, R6and R7 are, independently, hydrogen or
lower alkyl; X is (>CR8R9),; and n is 1,2 or 3; RS, RY are,
independently, hydrogen or lower alkyl R10 is hydrogen, alkyl
or alkoxy;

20 and pharmaceuucally acceptable salts of carboxylic acids of formula I

As used herein the term "lower" denotes groups contai'ning 1-4
carbon atoms. Lower alkyl groups may be straight chained or
branched. Preferred are. methyl and ethyl. The term "halogen”

25 includes fluorine, chlorine, bromine and iodine with bromine being
preferred. Examples of 5-8 membered carbocyclic rings formed by R!
and R2 together with the carbon atoms to which they are attached are
benzene, cyclopentene, cyclohexene, cycloheptene of which benzene is
preferred. Examples of 5-8 membered heterocyclic rings formed by R!

30 and R2 together with the carbon atoms to which they are attached are
thiophene, furan, dihydrofuran and pyridine of which thiophene is
preferred. R4 - R7 are preferably lower alkyl, most preferably methyl.
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7. Conmpounds as in claim 1, of the fornula -__
[err] : X ' CH -

| .... . Ib 15
wherein R3-R7, R10 and X are as in fornulg 1; and pharmaceutical ly -
acceptabl e salts of carboxylic acids of fornula | b. 18. A

conpound as in claim 17, which is (@E,_4E)-3- met hyl - 5- 20
[ (1RS, 2RS) - 2-X5is5 pgeferally; gthstlape. R is sprederably dhydrogen: nWhea she

yl) - cycl opr opgtiondndetted 4bh&Nidi prese@it dand part of the. mds6ATERIYINYskm i 6f
claim 17, which is E, 4E) - 3-.nmet hyl - 5- (1d§i 28% _1258565' idered
, 8, 8-t et r anetdy 1AIQIRUE BNy %ﬁyﬂ%ﬁgﬁa%h efd¢9iigral bond 1s consigered to

cycl opropyl | -iperdedocalized ewer chacridg a®escribe@Oin Aheoctassival asodel of ai m

17, which ts 4F) - 3- met hyl - 5- : :

[ (I R 2R) - 2é ( 53(1%'?%3.@:%(3(” anet hyl -5, 6, 7, 8-t et r ahydr o- napht hal en- 2-yl ) -

cycl opropyl ] -penta-2,4-dienoic acid. _ - B

3%3 - P .p}/ ]_ p21.Th§)mﬂa@yﬁ-§f o[folfqm,tga|l wherein R3 is hydroxy form salts
with pharmaceutically acceptable bases such as alkali salts, e.g. Na

~and K-salts, and ammonium or substituted ammonium salts such
trimethylammonium salts which are within the scope of this
10 invention. '

In one aspect the invention comprises compounds of the formula:

RS R* .

wherein R! is lower alkyl and R? is jhydsogen~of halogen, or
R! and R? taken together with the carbon atoms to which

15 they are attached form a 5-8 membered carbocyclic ring or a
5-8 membered heterocyclic ring containing one sulfur, |
oxygen or nitrogen atom, wherein, when said ring is
aromatic, the double bond between the carbon atoms ,
adjacent to R! and R2 is part of the mesomeric system; R3-R7,

20 R10 and X are as in formula I; . .
and pharmaceutically acceptable salts of carboxylic acids of formula

I1a. : : o ¢

In another aspect the invention preferably comprises compounds
25 of the formula: ' '

Ib

. RS RS |
wherein R3-R7, R10 and X are as in formula I;
and pharmaceutically acceptable salts of carboxylic acids of formula

to. | | REPLACEMENT SHEET
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Ferr] wherein Ais fornyl, triaryl phosphonium or di-(lower

al koxy) phosphinyl; and Rerr], Rerr], Rerr], Rerr], Rerr], Rerr]- and
Rierr] are as 5 defined in claiml_ o, _ 22. Pharmaceuti cal .
prepar ati ons, containing a conpound of 361‘or mula | of claiml or
pharmaceutical |y acceptable salts of a  carboxylic acid of fornmula I -and

usual phar WOeht9504038 discleges RXRegeleativestetrahrydronaplithalene dexivatives that
preparati owﬁf cERtER Walighatie tHbhéic'acid side HaahGB-ADY 102VGPERLIsES! | Y
accept abl e sal { s ,of carbo ic.agids qf ., fo la 1, ] ch process
conpri ses F%‘E@'i"iy ﬂﬁo%%ﬁﬁi%eﬂ}y PR eROIL Iac‘,‘{ ggnvatwemfteaﬁ suitable for
wi'th a comthetgeatimértr ofheoplasmséand dermatoses. [err]

wherein Ais fornyl and B is triaryl phosphoni umor di- (1 ower

al koxy) phosphinyl; or Ais triaryl phosphoniumor di-_

W
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%I ower al koxy) phosphinyl and Bis fornyl; Ris |ower al koxy; 20 and
Rlerr], Rerr], Rerr], Rerr], Rerr], Rerr] and Rerr] are as defined in

claim 1, to yield a conmpound of forrru%al | wherein R3 i's | ower al koxy,
and i f - desired, hydrolysing the | ower“alkoxy group R3 in the so

obt ai ned conpound of formula I.- 25 24. Conpounds of formula I a
pharmaceutical ly acceptable salts of Chaimes boxylic acid of fornula I '
whenever prepared by the process of claim2 or by an obvious cheni cal

equi val ent thereof.

28 FEB 1997 -1_.V\Q:8§{p%ia§g of the formuja I

conmpounds of formula I of claim

PCT/ EP95/ 03021 he use o _
1 or pharma- ceutigal Ry acgeptabjze salts of a carboxylic acid of
formula | as medi cagEnt S, S.— 6. Jhe use of conmpounds of fornula I
of claim 1 or pharmgs i cal 'Y aCy#€ptabRt salts of a carboxylic acid
of formula | in the : ture of pharmaceuti cal preparation§ for the
treat nent of acne, pPS i'gloor | eukent a. '
R® R*
wherein the dotted bond is optional; and, when the dotted
5 ~ bond is present, Rl is lower alkyl and R2 is fhydrogen—esf

halogen, or R! and R2? taken together with the carbon atoms
to which they are attached form a 5-8 membered carbocyclic
ring or a 5-8 membered heterocyclic ring containing one
sulfur, oxygen or nitrogen atom, wherein, when said ring is -
10 ~ aromatic, the dotted bond is part of the mesomeric system;
o1, when the dotted bond is absent, Rl and R2%aken together
are methylene to form a cis-substituted cyclopropyl ring} R3
is hydroxy or lower alkoxy; R4, R5, R6 and R7 are, .
independently, hydrogen or lower alkyl; X is (>CR8R%),; and n
15 is 1,2 or 3; R8, R9 are, independently, hydrogen or lower
alkyl; R10 is hydrogen, alkyl or alkoxy; |
and pharmaceutically acceptable salts of carboxylic acids of formula I

2. Compounds as in claim 1 of the formula

RS R* .
20 wherein R! is lower alkyl and R2 is Ha-yérogcn—u( halogen, or
R! and R? taken together with the carbon atoms to which
they are attached form a 5-8 membered carbocyclic ring or a
5-8 membered heterocyclic ring containing one sulfur,
oxygen or nitrogen atom, wherein, when said ring is
25 aromatic, the double bond between the carbon atoms
~ adjacent to R! and R2 is part of the mesomeric system; R3-R7,
R10 and X are as in formula I;
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*27. The novel compounds, preparations, process and use 10 substantially as
descri bed herei nbefore. - ) :

'!i . . . . _30-

21. Compounds of formula II

wherein A is formyl , triarylphosphonium or di-(lower
alkoxy)phosphinyl; and R1, R2, R4, R3, RS, R7 and R10 are as
5 defined in claim 1. '

'22. Pharmaceutical prepa:ations,- containing a compound of
formula I of claim 1 or pharmaceutically acceptable salts of a

carboxylic acid of formula I and usual pharmaceutical carrier
materials. | ' )

10. - 23. Process for the preparation of compounds pf formula I of
claim 1 and pharmaceutically acceptable salts of carboxylic acids of
formula I, which process comprises reacting a compound of formula II

with a compound of formula III

B\/K/ CoR m

wherein A is formyl and B is triarylphosphonium or di-
(lower alkoxy)phosphinyl; or A is triarylphosphonium or di-
(lower alkoxy)phosphinyl and B is formyl; R is lower alkoxy;
20 and R1, R2, R4, RS, RS, R7 and R10 are as defined in claim 1;
to yield a compound of formula I wherein R3 is lower alkoxy, and if

desired, hydrolysing the lower alkoxy group R3 in the so obtained
compound of formula I

15

25 24. Compounds of formula:I a pharmaceutically acceptable salts
of a carboxylic acid of formula I whenever prepared by the process of
claim- 2§ or by an obvious chemical equxvalent thereof.
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