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The present invention is concerned with novel retinoids of
the general formula

wherein

X is oxo or a group OR! in the 4- or 5-position;

R is hydrogen, alkyl or acyl; and

R2 is hydrogen or alkyl;

the dotted bonds are dptional and a 3,4-double bond can only be
present when X is in the 5-position;

as well as pharmaceutically usable salts of carboxylic acids of
formula |

Furthermore, the invention is concerned with a process for
the manufacture of these retinoids and their salts, pharma-
ceutical preparations containing these retinoids or their salts as
well as the use of these retinoids and their salts as medicaments
or for the production of medicaments.

In the compounds of general formula | alkyl groups are
preferably lower alkyl groups (with "lower" denoting groups with
1-7 C atoms), which can be straight-chain or branched, such as
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert.-butyl,
pentyl, hexyl and heptyl. The term acyl preferably refers to lower
alkanoyl groups such as acetyl, propionyl, butyryl and pivaloyl;
aromatic acyl groups such as benzoyl and toluyl; and araliphatic - -
acyl groups such as phenylacetyl.
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10 = wherein X Is oxo or a group ORerr] in the 4- or 5-position;
Rl err] is hydrogen, alkyl or acyl; and R2 is hydrogen or alkyl; 15 the

dotted bonds are optional and a 3, 4-dou®l e bond can only be present when
Xis in the 5-position; as well as pharmaceutically usable salts of
carboxylic acids of formula 1. 20 Furthernore, the invention is
concerned with ngmf Gt Yl SORN AR PLSs and
their salts, phgdr:@- cseejt: ifggmmyrele@%liégn)se Igoérﬁggf)gﬁngRt ﬁéééé@cbrégti noi ds or
their sal t Pregent 3p|R- Q& Y1RNANIOMErS LS (TAGEMAES-and their salts as
medi canment s or for the production of nedicanments. 2 In the

5
aroups (i th °1 dhereralient ohgln et SonreuRds Be tormbleD] EoMhliseR "can be
st r ai ghts claompountsaof lthe, forautiiaas met hyl , ethyl, propyl, isopropyl,

butyl, isobutyl, tert.-butyl, 30 pentyl, hexyl and heptyl. The term acyl
preferably refers to | ower '

COOR?2

especially those of the formulae

10 '
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IB
. COOR2 |
R'O
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™™
_ Ic
COOR?
, RO
15
in which X, R1 and R2 have the significance given above.
Further sub-groups of compounds of formula | are the
compounds of formulae ID, IE, IF, |G and IH
20
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al kanoyl groups such as acetyl, propionyl, butyryl and pival oyl

aromatic -acyl groups such as benzoyl and toluyl; and araliphatic acyl
groups such as phenyl acetyl . 3 2

Conpounds of formula | in which Xis a group ORlerr] can be present as R-
or S-enantioners or as racenates. A preferred group of conpounds of

formula | conprises 5 conpounds of the formul a

O N o
IF
COOR?
: S P N
A
2
COOR’ -
RO

Examples of compounds of formula | are:

(2Z,4E,6E,8E)-(R)-9-(4-Hydroxy-2,6,6-trimethyl-cyclohex-
1-enyl)-3,7-dimethyl-nona-2,4,6,8-tetraenoic acid,
10 (2Z,4E,6E)-(R)-9-(4-hydroxy-2,6,6-trimethyl-cyclohex-1-
enyl)-3,7-dimethyl-nona-2,4,6-trien-8-ynoic acid,
ethyl (2Z,4E,6E,8E)-(R)-9-(4-hydroxy-2,6,6-trimethyl-
cyclohex-1-enyl)-3,7-dimethyl-nona-2,4,6,8-tetraenoate,
(2Z,4E,6E,8E)-9-(5-0x0-2,6,6-trimethyl-cyclohexa-1,3-
15 dienyl)-3,7-dimethyl-nona-2,4,6,8-tetraenoic acid,
(2Z,4E,6E,8E)-(R)-9-(4-acetoxy-2,6,6-trimethyl-cyclohex-
1-enyl)-3,7-dimethyl-nona-2,4,6,8-tetraenoic acid,
(2Z,4E,6E,8E)-(R)-9-(4-methoxy-2,6,6-trimethyl- cyclohex-
1-enyl)-3,7-dimethyl-nona-2,4,6,8-tetraenoic acid,
20 (2Z,4E,6E,8E)-(RS)-9-(5-hydroxy-2,6,6-trimethyl-cyclo-
hex-1-enyl)-3,7-dimethyl-nona-2,4,6,8-tetraenoic acid,
(2Z,4E,6E,8E)-(RS)-9-(5-hydroxy-2,6,6-trimethyl-cyclo-
hexa-1,3-dienyl)-3,7-dimethyl-nona-2,4,6,8-tetraenoic acid,
(2Z,4E,6E,8E)-9-(5-0x0-2,6,6-trimethyl-cyclohex-1-enyl)-
25 3,7-dimethyl-nona-2,4,6,8-tetraenoic acid,
(2Z,4E,6E,8E)-9-(4-0x0-2,6,6-trimethyl-cyclohex-1-enyl)-
3,7-dimethyl-nona-2,4,6,8-tetraenocic acid, '
(2Z,4E,6E,8E)-(S)-9-(4-hydroxy-2,6,6-trimethyl-cyclohex-
1-enyl)-3,7-dimethyl-nona-2,4,6,8-tetraenoic acid  and
30 (2Z,4E,6E,8E)-(RS)-9-(4-hydroxy-2,6,6-trimethyl-
cyclohex-1-enyl)-3,7-dimethyl-nona-2,4,6,8-tetraenoic acid.
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COOR2 especially those of the fornulae 10 [err] and 15
i’n which X, R err] and R2 have the significance given above. Furt her
sub- groups of conpounds of formula | ar4 the

The compounds of formula | and their salts can be
manufactured in accordance with the invention by reacting a
compound of the general formula

wherein A is phenyl or substituted phenyl and Y- is an anion,
and X and the dotted bonds have the significance given
above, _

10 with S5-hydroxy-4-methyl-5H-furan-2-one in the presence of a
base, isomerizing isomers present in the reaction product in
which the C=C double bond formed in the reaction has the cis-
configuration to the trans isomers and, if desired, subjecting the
reaction product of formula | to one or more of the following

15 operations:

a) esterification of a carboxyl or hydroxy group;

b) etherification of a hydroxy group;

c) oxidation of a hydroxy group to an oxo group;

d) reduction of an oxo group to a hydroky group;
% e) steric inversion of a hydroxy group; and

f) conversion of a carboxy group into a salt. .

The foregoing reactions can be performed according to
30 methods known per se.

The reaction of compound Il can be carried -out according to
the known methods of the Wittig reaction. In this, the reaction
partners are reacted with one another in the presence of an acid-

35 binding agent, e.g. in the presence of a strong base, such as KOH in

an aqueous solvent; or sodium hydride, K tert.butylate or sodium
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compounds of formulae ID, IE IF, 1G and | H 20 | o, .

'"RCOOR2

[err]
5

ethylate in an anhydrous solvent, such as dimethylformamide or
methylene chloride, ih a temperature range lying between about
-30°C and room temperature. Preferably, compounds of formula I
in which X is oxo or hydroxy are used. The Wittig reaction yields
a mixture of cis/trans isomers of the C=C double bond formed in
the reaction. This mixture of 4E/Z isomers can be isomerized
selectively to the 4E-isomers in a manner known per se, e.g. by
treatment with Pd catalysts, such as Pd-(Il) nitrate.

Of the inorganic acid anions Y- the chloride and bromide
ions or the hydrosulphate ion are preferred and of the inorganic
acid anions the tosyloxy ion is preferred. Group A is preferably
phenyl.

The esterification of a carboxyl group in a compound of
formula | can be carried out e.g. by reaction with an alkyl halide
in the presence of a base, such as potassium carbonate, in an
organic solvent, such as e.g. ethyl acetate. The esterification of a
hydroxy group can be carried out by reaction with an acyl halide
in the presence of a base, such as pyridine. A hydroxy group can
be oxidized to an oxo group e.g. according to the methods of Swern
(dimethyl sulphoxide/oxalyl chloride) or Dess-Martin (periodate).
The reduction of an 6xo group to a hydroxy group can be carried
out with hydride reducing agents such as NaBH4. The steric
configuration of a hydroxy group can be inverted according to the
Mitsunobu method (reaction with triphenylphosphine, p-
nitrobenzoic acid and diethyl azodicarboxylate and subsequent
saponification).

Examples of salts into which the carboxylic acids of
formula | can be converted are alkali metal salts, such as Na and
K salts, alkaline earth metal salts, such as Ca and Mg salts, and
ammonium salts, e.g. salts with alkylamines and hydroxyalkyl-
amines or with other organic bases, such as dimethylamine,
diethanolamine and piperidine.
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3

[err] 5 Exanpl es of conpounds of fornula |I are:

(s2Z, 4E, 6E, 8E)-(R)-9-(4-Hydroxy-2, 6, 6-trinethyl-cycl ohex-

10

6

The compounds of formula Il can be prepared as described in
Pure and Appl. Chem. 57, 741 (1985) or the other literature
references given therein.

The compounds in accordance with the invention can be used
for the therapy and prophylaxis of dermatological disorders which
are accompanied by epithelial lesions, e.g. acne and psoriasis, as
well as malignant and premalignant epithelial lesions, tumours
and precancerous changes of the mucous membrane in the mouth,
tongue, larynx, oesophagus, bladder, cervix and colon.

The compounds of formula | and their salts can accordingly
be used in the form of pharmaceutical preparations.

The preparations which are used for systemic admin-
istration can be produced e.g. by adding a compound of formula |
or a salt thereof as the active ingredient to non-toxic, inert,
solid or liquid carriers which are usual in such preparations.

The preparations can be administered enterally,
parenterally or topicially. Preparations in the form of tablets,
capsules, dragées, syrups, suspensions, solutions and '
suppositories are e.g. suitable for enteral administration.
Preparations in the form of infusion or injection solutions are
suitable for parenteral administration.

For énteral and parenteral administration the compounds of
formula | can be administered to adults in amounts of about
10-400 mg/day, preferably 20-200 mg/day.

For topical administration the active ingredients are
conveniently used in the form of ointments, tinctures, creams,
solutions, lotions, sprays, suspensions and the like. Ointments
and creams as well as solutions are preferred. These prepar-
ations adapted for topical administration can be produced by
mixing the process products as active ingredients with non-toxic,
(inert, solid or liquid carriers which are suitable for topical

treatment and which are usual in such preparations.

L
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1 -enyl)-3, 7-di methyl -nona-2, 4, 6, 8-tetraenoic acid, 10

(2Z,4E,6E)- (R) -9- (4- hydroxy-2, 6, 6-trimethyl-cyclohex-1 - enyl) -3,
7-di net hyl -nona-2,4, 6-trien-8-ynoic acrd, et hyl

(2Z, 4E, 6E, 8E) - (R) - 9- (4- hydroxy-2,6, 6-trimethyl- cycl ohex-1 -enyl)-3
, 7-di met hyl - nona- 2, 4, 6, 8-tetraenoate,
(2Z, 4E, 6E, 8E) - 9- (5-ox0- 2, 6, 6-trimethyl -cycl ohexa-1 ,3- 15
(2242 oF 65) - (ROManISAEY, AOUL - B35 disTor oy Pchg%, solutipnseag ) - 5
8;) dl( g)et gylvzeibm- abéu6, B-1-5% ppnefarably . 3I 2‘;{:, omtmérﬁzlé &k, éfeams are
cl ohex-
-enyl)-3, 7% "{%'E XRZE%&Eai %&@rﬁ§?%}éﬁét c acid, 20
(22, 4E, 6&, 8E) - (RS) 9- (5- hydroxy-2, 6, 6-trimethyl -cycl o- hex- 1

-enyl ) -3, 7- di nreffydedipad- §n4aﬁt|%xic9ér'itaeé‘§ Ct@@éﬂ'nerol N- meth¥]l-¥(-
(2Z, 4E, 6E, 8E) - ( S) 9- (5-"hydroxy- 2 tri -
. 3-di enyl ) 19Cep Eﬂ?@ﬂﬁ?ﬁ abnuel as ebu; %ttaoggw rexxent;ole or butyla AE,

6E, 8E) - 9- (M@xﬁt@hﬁeﬁé | & b aevsixebewith thBYprepardtions.

3, 7-di net hyl'- nona- 2, 4, 6, 8-tetraenoi ¢ acid,
(2Z, 4E, 6E, 8E) - 9- ( 4- oxo 2,6,6-trimethyl - cyclohex-l -enyl) -
3, 7- di mgg hyl - noMehe attﬁnﬂj taeft thecompeunds in accordande? it thie

8E) - (9)-9- gﬁvd@{ﬂ@ﬁx% thé: trgagr‘hgﬁg §‘9’ %Fﬁé%ﬁ%‘% demonstrated using the

l-enyl)-3, I - noha aenoi ¢ ac
test procedures described hereinafter:

1. Inhibition of the proliferation of human sebocytes (in vitro)
15 Literature: Methods in Enzymology 190, 334 (1990), T. Doran and
S. Shapiro

2. Changes in the differentiation of pig sebocytes (in vitro),
induction of keratin 7.

Cultures of pig sebocytes are prepared from isolated sebum
glands of conscious minipigs. They react to treatment with
retinoids by expressing keratin 7, which also corresponds to the
in vivo situation. Keratin 7 is considered to be a marker for a

25 modified differentiation of sebocytes. The resulting phenotype
can no longer produce sebum. The measurement of the keratin 7
induction is based on an ELISA assay using a mouse-monoclional
antikeratin 7-antibody.

30 3. Minipig model (in vivo)

The skin of the minipig has a similar anatomical structure
to that of human skin. In particular, the sebum glands resemble
those of human acne patients. Under retinoid treatment they

% show the same histological changes as in human beings. The pigs
receive a daily oral dosage of test substance during 8 weeks. A
biopsy is taken and investigated histologically every 2 weeks.
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30 (2Z, 4E, 6E, 8E) - (RS) - 9- (4- hydr oxy- 2, 6, 6-t ri met hyl - cycl ohex- 1
<enyl)-3 , 7-di net hyl -nona- 2, 4, 6, 8-tetraenoi c acid.

4 The conpounds of fornmula | aBd their salts can be
manuf actured in accordance with the invention by reacting a conmpound of
t he general fornula [err] wherein A is phenyl or substituted

phenyl and Y- i $nathi9niest.the compodnd prepared lin Elcirhple RosHewsaae a he
signifi Can%l%s%'g\éegf 10 mg/kg already after 3-4 weeks a clear reduction in
sebum glands, which have largely disappeared after 8 weeks. In
contrast to isotretinoin, no side effects on skin and mucous
5 membrane occur at a dosage of 50 mg/kg.

Teratogenic effects belong to the most severe side effects
of all retinoids. The compounds claimed herein are significantly
less teratogenic than e.g. isotretinoin or tretinoin. The limb bud

10 cell culture assay (literature: Arch. Toxiol. 60, 403 [1987] A.
-Kistler) was used to evalute the teratogenic potential. The
correlation between [Csg in this test and the in vivo teratogen-
icity is very good.

15 Compound of Example IC50_(nM)
T >1000
3 >1000
4 >1000

20 Isotretinoin - 200

Tretinoin 80

The invention is illustrated in more detail by the following
Examples.

Example 1

50 g of [(2E,4E)-(R)-5-(4-hydroxy-2,6,6-trimethyl-1-
cyclohexen-1-yl)-3-methyl-2,4-pentadienyl]-triphenylphos-

3 phonium chloride were dissolved in SO0 ml of isopropanol and
treated with 11 ¢ of'5-hydroxy-4-methy|-5H-furan-Z-one. After
cooling the reaction mixture to -30°C 120 ml of an aqueous 2N
KOH solution were added dropwise and the mixture was stirred at
~-300°C under argon for a further hour. The reaction mixture was

% subsequently poured on to 1.3 | of ice-water, extracted 6 times
with 500 ml of a hexane/ethyl acetate mixture (2:1) each time,
the aqueous, alkaline solution was acidified by adding ice-cold 3N
sulphuric acid while cooling with ice and subsequently extracted
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above, |10 with 5-hydroxy-4-nethyl -5H-furan-2-one in the presence of a

base, isonerizing isoners present in the reaction product in whi ch the
C=C doubl e bond formed in the reaction §as the cis- configuration to the
trans isonmers and, if desired, subjecting the reaction product of
formula | to one or nore of the follow ng 15 operati ons: a)

cotier |1 ot 9l RyGROHRY acBlafl S PRY GHRRMRS ryaseobves BRABEY WL O °
d) reductisatucatedh sodium aihborideasolutionydedupyer 20diim ssiphate i nver si on
% a_hydr ogg glelihaorddd, Thi) visc‘éﬁ@"%e?liow raéig%ece\{a%%@am UidsdIkg @ salt.
e foregoing_react]ons can be pertolrmed accordl n 0 -
in 800 ml of ethyl acetate, treated with 108 g of silica gel
5 (Merck 0.063-0.2 mm), warmed slightly on a steam bath for
5 minutes while stirring vigorously and, after filtration,
concentrated on a rotary evaporator. The thus-obtained yellow,
crystalline crude product was treated with 500 ml of aceto-
nitrile and heated to 50°C under argon. A clear, yellow solution
10 was obtained by the portionwise addition of about 700 ml of
acetonitrile. After the addition of 1.1 g of triphenylphosphine
and 118 ml of a 0.125% solution of palladium(ll) nitrate in
acetonitrile the reaction mixture was stirred at 50°C for
- 3 hours. The end product crystallized out upon cooling the
15 reaction solution to -109C. It was filtered off, washed with
hexane and dried at 40°C in a high vacuum. Recrystallization from
hexane/ethyl acetate gave 15 g of (2Z,4E,6E,8E)-(R)-9-(4-
hydroxy-2,6,6-trimethyl-cyclohex-1-enyl)-3,7-dimethyl-nona-
2,4,6,8-tetraenoic acid, m.p. 180-182°C (dec.), [a]® =-49.7 (c =
20 1, dioxan).

Example 2

3 g of the carboxylic acid obtained according to Example 1

25 were treated in succession with 120 ml of methyl ethyl ketone,
5.2 g of finely ground potassium carbonate and 7.4 g of ethyl
‘jodide and heated at reflux under argon and while stirring
vigorously for 2.5 hours. The reaction mixture was poured on to
ice/TN hydrochloric acid, extracted with ether, washed with

8 water, dried and evaporated. The oily crude product was filtered
-over silica gel (eluent hexane/ethyl acetate 2:1) and recrystal-
lized from hexane. There were obtained 2.9 g of ethyl (2Z,4E,6E,
8E)-(R)-9-(4-hydroxy-2,6,6-trimethyl-cycliohex-1-enyl)-3,7-
dimethyl-nona-2,4,6,8-tetraenoate in yellow crystals, m.p. 93-

3 95°C, [a]® =-45.5 (c = 1, dioxan).
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30 net hods known per se. The reaction of conmpound Il can be

carried out according to t he known nethods of the Wttig reaction. In
this, the reaction partners are reafged wi th one another in the presence
of an acid- 35 binding agent, e.g. in e presence of a strong base, such

as KOH in an aqueous solvent; or sodiumhydride, K tert.butylate or

sodi um 5 ethylate in an '
anhydrous sol vent, such as di net hylg@%lﬁ—a% or met hyl ene chloride, in a
tenperature range Iy| ng between about -30[err] C and room t enper at ure.
Preferably, cony f I [ LPxy are
used. The th| g react g& {6) F_’géln?plk 1 b)/ Peé(@ﬂtﬁ& fb & &XP(EZ) (ﬁ,y@ ?4

hydroxy-2,6,6- trlmethyl 1-cyclohexen-1-yl)-3-methyl-2-

5 penten-4-ynyl]-triphenylphosphonium chloride with 2.3 g of 5-
hydroxy-4-methyl-5H-furan-2-one there were obtained, after
palladium-catalyzed isomerization of the crude product and
recrystallization from hexane/ethyl acetate, 3.1 g of (2Z,4E,6E)-
(R)-9-(4-hydroxy-2,6,6-trimethyl-cyclohex-1-enyl)-3,7-

10 dimethyl-nona-2,4,6-trien-8-ynoic acid as yellow crystals, m.p.
189-1900°C (dec.), [a]® =-87.3 (c = 1, CHCI3).

Example 4

15 9 g of [(2E,4E)-3-methyl-5-(2,6,6-trimethyl-5-oxo-1,3-
cyclohexadien-1-yl)-2,4-pentadienyl]triphenylphosphonium
bromide and 1.7 g of 5-hydroxy-4-methyl-S5H-furan-2-one were
suspended in 100 ml of isopropanol. After cooling the reaction
mixture to -30°C 20 ml of an aqueous 2N potassium hydroxide

20 solution were added dropwise. After stirring at -300C for
30 minutes the reaction mixture was poured on to ice-water,
extracted 3 times with hexane, the alkaline aqueous phase was
acidified with ice-cold 3N sulphuric acid and extracted several
times with ethyl acetate. The organic phase was washed with

25 water, dried and evaporated. The brownish, viscous oil was
purified by chromatography on silica gel (eluent hexane/ethyl
acetate 3:1). The thus-obtained yellow oil (about 4 g) was
dissolved in 100 ml of acetonitrile, treated with 150 mg of
triphenylphosphine and, after heating to 50°C, 10 ml of a 0.125%

30 palladium(ll) nitrate solution in acetonitrile were added
dropwise. After heating to 50°C for 2 hours the reaction mixture
was cooled to 0°C. After 2 hours the separated crystals were
filtered off under suction and recrystallized from hexane/ethyl
acetate. There were obtained 1.4 g of (2Z,4E,6E,8E)-9-(5-ox0-~

% 2,6,6-trimethyl-cyclohexa-1,3-dienyl)-3,7-dimethyl-nona-
2,4,6,8-tetraenoic acid in yellow crystals, m.p. 188°C (dec.).
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5 a mxture of cis/trans isoners of the C=C doubl e bond forned in t he

reaction. This mxture of 4E/Z isoners can be isonerized selectively to
the 4E-isoners in a manner known per s&] e.g. by treatment with Pd
catal ysts, such as Pd-(l1) nitrate. 10 O the inorganic acid anions
Y- the chloride and bromide - ions or the hydrosul phate ion are preferred
and of the inorganic aci d anionsEkgﬁuﬂ?sgloxy lon is preferred. Goup A
is preferably phenyl . e esterification of a carboxyl group
in a conpound of formula | can be carried out e.g. by reaction with an

al kyl hali de 7 ngt{qﬁ Q(Qfeqsy-ymetbﬁss -(2)8,16-2simetind s5m@-aur4)onat e, fi n
a C on of a

hydr oxy. o GWFIGBRXEE- 1702 Ahepieh nkrlﬁﬁ%%ﬁhaﬁﬁﬁeﬁ%rﬁ R\ ne

pr esences ofand bhsle, gsoﬁhdedIyszd4ﬁmethyh35d+-<ﬁM9a@f2ommecamere be ox: di zed

d

t88| Sﬂogrge%r g%qﬁeq]f@ff%’g) hﬂgof:)i’sé I n (per| og%hﬁg the (rghgﬁtpgéuct I on

of an oxo ¢RBEPre dd-BHGKoRySYLEIGR @£n1 J6 @rQfi patassiugyuhygdrexidg in i de

reduci ng acgt ﬁ'llsﬁﬁhs@é é‘ﬂ?&ﬂﬂ w'ﬂéeaéﬂéﬁ' Gré’éwlgénfthGHéﬁi | OAfEdr §tlFbiH{;0Xy

group _Can %% '_59588%} ) C%iﬁhpgs t?xe reaction mixture was poured on to
10 200 ml of ice-water, extracted 6 times with a hexane/ethyl
acetate mixture (2:1), the organic phases were washed with
water, the combined, aqueous phases were acidified with 3N
sulphuric acid and extracted several times with ethyl acetate.
The organic phases were washed (H20), dried (Na2S04) and
15 evaporated. The oily residue was dissolved in 100 ml of ethyl
acetate, treated with 12 g of silica gel and stirred vigorously at
400C under argon. After cooling the silica gel was filtered off,
rinsed well with ethyl acetate and the solution was evaporated.
The residue was dissolved in 30 ml of acetonitrile and, after the
20 addition of 256 mg of triphenylphosphine, treated dropwise at
500C with a solution of 26 mg of palladium nitrate in 5 ml of
acetonitrile. After stirring at 50°C for 1 hour the reaction
mixture was cooled to 0°C and, after 1 hour, the precipitate
which separated was filtered off. After recrystallization twice
25 from hexane/ethyl acetate there were obtained 1.4 g of
(2Z,4E,6E,8E)-3,7-dimethyl-9-(2,6,6-trimethyl-5-oxo-cyclohex-
1-enyl)-nona-2,4,6,8-tetraenoic acid in yellow crystals m.p.
178-1790C.

30 Example 6

0.5 g of (2Z,4E,6E,8E)-3,7-dimethyl-9-(2,6,6-trimethyl-5-
oxo-cyclohex-1-enyl)-nona-2,4,6,8-tetraenoic acid was
dissolved in 25 ml of ethanol while warming slightly and treated

35 with 100 mg of sodium borohydride while cooling with ice. After
stirring at 0°C for 1 hour the reaction mixture was poured on to
ice-water, acidified with 2N hydrochloric acid and extracted with
ethyl acetate. The organic phases were washed (H20), dried
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M t sunobu net hod (reaction with triphenyl phosphi ne, p- ni t robenzoi c

acid and di ethyl azodi carboxyl ate and subsequent saponi fication). 30
Exanpl es of salts into which the carbokglic acids of formula | can be
converted are alkali metal salts, such as Na and K salts, alkaline earth
metal salts, such as Ca and My salts and ammonium salts, e.g. salts

Wi tﬂ al kél Nam@)l@riwwapwéﬁed IThe amogshous résiduet was filtgead c bases,
such 2 0 R0DL AUl i S A AARRE St .11 e o
Appl . Chemresrystadliz¢d feem hexane/ethyl acetateat WSS g of :
(2Z,4E,6E,8E)-9-(5-hydroxy-2,6,6-trimethyl-cyclohex-1-enyl)-
5 3,7-dimethyl-nona-2,4,6,8-tetraenocic acid was obtained in
yellow crystals, m.p. 152-1540°C,

Ekample 7

10 2.5 g of the ethyl ester prepared according to Example 2
were dissolved in 35 ml of abs. tetrahydrofuran and treated in
succession at 0°C with 3.8 -g-of triphenylphosphine, 2.4 g of p-
nitrobenzoic acid and dropwise with a solution of 2.5 g of diethyl
azodicarboxylate in 30 ml of tetrahydrofuran. After stirring at

15 room temperature for 2 hours the mixture was evaporated, the
residue was taken up with ether and stored in a refrigerator for
3 hours. The precipitate (triphenylphosphine oxide) which
thereby separated was removed, the filtrate was concentrated
and the residue was purified by chromatography (silica gel,

20 hexane/ethyl acetate 5%). There was obtained 0.68 g of a yellow
oil which was dissolved in 15 ml of ethanol and, after the
addition of a solution of 0.78 g of potassium hydroxide in 3 ml
of water, 3 ml of ethanol and 3 ml of tetrahyrofuran, stirred at
450C for 6 hours. The reaction mixture was subsequently poured

25 on to ice-water, acidified with 1N hydrochloric acid and
extracted with ethyl acetate. The organic phase was washed
(H20), dried (Na2S04) and evaporated. The crystalline residue was
filtered over a small column (silica gel, ethyl acetate) and, after

: recrystallization from hexane/ethyl acetate, gave 190 mg of

0 (2Z,4E,6E,8E)-(S)-9-(4-hydroxy-2,6,6-trimethyl-cyclohex-1-
enyl)-3,7-dimethy|-nona-2,4,'6,8-tetra'enoic acid in yellow
crystals, m.p. 178-1800°C, [a]¥ = +48.2 (c = 0.66, dioxan).

Example 8

1 g of the carboxylic acid prepared according to Example 4
was suspended in 50 ml of methyl ethyl ketone, treated with
1.5 g of finely ground potassium carbonate and 1.3 ml of ethyl
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ref erences given therein. 5 The conpounds in accordance with the
I-nvention can be used for the therapy and prophyl axis of dermatol ogi cal
di sorders which are acconpani ed by ggithelial |esions, e.g. acne and
psori asis, as wel | as malignant and prenalignant epithelial |esions,

t unours and precancerous changes of the nucous nenbrane in the nouth, 10

t ongue, | ar; y addl FeneCET MX .. A . The
congounds Ol?ﬁﬁ]f%? %ﬁf"%@‘g%g ?ﬁé?ﬁﬂgﬁ s?céhﬁ%cgﬂpgicgﬁgﬂ?/d_reaggo&ed in the

form of phamigidre: was pouspdr ani tadce-water, neutralizedewithatlidns which are
sed for s ' | Bei ' i Qi ﬁgﬂﬁp ing a
gorrpound of _Go'?a“qugﬁf QCIddre%ﬁggF‘%d W]Itﬁgétﬁsg Q{: e a(’:,'?’iv ggﬁiedb%‘a%jgz’lnt gto

non- toxi ¢, WFEH; (Na2SQa); ang evargratedar 1 e, thusiobFained velldw ot Wasn

Dar ent or ol 1 oDy (o e e o = o
capsul es, 'a1 e@g,a géYﬁp‘g';s ﬁjgge Sﬂgjesg&nﬁifri‘%r?gh%&stér 53%3&"9&% es are

e.g. suitabbH.for enteral admnistration.

1.18 g of cerium trichloridee7H20 were dissolved in 25 ml
10 of methanol and treated in succession with a solution of the
above ethyl ester in 5 ml of methanol and 120 mg of sodium
borohydride. After the evolution of gas had ceased (about
- 5 minutes) the mixture was evaporated and the orange residue
was purified by chromatography (silica gel, hexane/ethyl acetate
15 =4:1). 1.04 g of the corresponding hydroxyester were obtained
as a yellow oil. This oil was dissolved in 25 ml of ethanol,
treated with a solution of 1.6 g of potassium hydroxide in 12 mi
of water and stirred at 40°C for 4 hours under argon. The cooled
reaction mixture was poured on to ice-water, acidified to pH 3
20 with TN hydrochloric acid and extracted with ethyl acetate. The
organic phase was washed (H20), dried (Na2S0O4) and evaporated
and gave 0.95 g of an orange, amorphous residue. Filtration over
~ a small column (silica gel, hexane/ethyl acetate = 1:1) and
crystallization from hexane/ethyl acetate gave (2Z,4E,6E,8E)-9-
25 (5-hydroxy-2,6,6-trimethyl-cyclohex-1,3-dienyl!)-3,7-dimethyl-
nona-2,4,6,8-tetraenocic acid in yellow-orange crystals, m.p. 108-
1100C.
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Prep}arations in the formof infusion or injection solutions are 25 suitable

fior parenteral admnistration. For enteral and parenteral
adm ni strati on the conpounds of fort#ila | can be adninistered to adults
i n anobunts of about 10-400 nyg/ day, preferably 20-200 nyg/day. 30
For topical admnistration the active ingredients are conveniently used
in the formof ointnments, tincturesgxampbersh sol utions, |otions, sprays,
suspensions and the like. G ntnents and creans as well as solutions are

preferred. These prepar- 35 ations adapted for topical adm nistration can
be produced by Hardrgelatine eapsubes canpbedpreduced as: fokowsyr edi ents with

non-t oxi c, inert, solid or liquid carriers which are suitable for
t opi cal tregt ment and which are usual in such pr epar ati ons.

ngredient ma/capsule

1. Spray-dried powder containing 75% compound | 20

2. Sodium dioctylsulphosuccinate 0.2

3. Sodium carboxymethylcellulose 4.8

4. Microcrystalline cellulose _ 86.0

5. Talc 8.0

6. Magnesium stearate 1.0

' Total 120
5

The spray-dried powder, which is based on the active
ingredient, gelatine and microcrystalline cellulose and which has
an average active ingredient particle size of <1um (measured by
means of autocorrelation spectroscopy), is moistened with an

10 aqueous solution of sodium carboxymethylcellulose and sodium
dioctylsulphosuccinate and kneaded. The resulting mass is
granulated, dried and sieved, and the granulate obtained is mixed
with microcrystalline cellulose, talc and magnesium stearate.
The powder is filled into size 0 capsules.

Example B

Tablets can be produced as follows:

Ingredient mg/tablet

1. Compound | as a finely milled powder 20
2. Powd. lactose . 100
3. White corn starch 60
4. Povidone K30 8
5. White corn starch _ 112
6. Talc 16
7. Magnesium stearate 4

Total 320

This Sheet Has Been Replace

[T




Conveni ent | y, about 0.1-5% preferably 0.3-2% solutions as wel | as

about 0.1-5% preferably 0.3-2% ointnents or creans are sui table for
topical adm nistration. 5 | f yi§sired, an antioxidant, e.qg.
tocopherol, N-nmethyl-[err]- t ocopheram ne as well as butyl ated

hydr oxyani sol e or butyl ated hydr oxyt ol uene, can be adm xed with the
preparations. 10 - The activity of the conpounds in accordance with
t he invention_in the treatnent of acne can be denonstrated using the
test procedures The dinelvamilled; sisbstance is mixed with; lacbaserange

Er ol i ffr at ip})ggilfn?,?'a,iinﬂi%ggﬁﬁcytaﬁh(i The Miﬁiur@iééirﬁérs@éﬁééiwmf Bads in
nzymol ogy aqueous sofu]tlon )df ;bvn ornz%anKajrﬁj and Eheacgga,' aRd the resulting
5 mass is granulated, dried and sieved. The granulate is mixed with
the remaining corn starch, talc and magnesium stearate and
pressed to tablets of suitable size.

Example C

10
A lotion can be produced as follows:

Ingredient

1. Compound |, finely milled 109
2. Carbopol 934 : 0.6¢g
3. Sodium hydroxide g.s.ad pH 6
4. Ethanol, 94% 50.0¢g
5. Demineralised water ad 100.0 g

The active ingredient is incorporated in the 94% ethanol/
15 water mixture with protection from light. Carbopol 934 is
stirred in until gelling is complete and the pH value is adjusted
with sodium hydroxide.

Example D

A cream can be produced in a manner known per se from the
ingredients listed hereinafter:

Wt.%
Compound of formula | 0.1-5
Cetyl alcohol '5.25-8.75
Arlacel 165 (glyceryl/PEG 100 stearate) 3.75-6.25
Miglyol 818 (caprylic/capric/linoleic acid
triglyceride) 11.25-18.75
Sorbitol solution ' - 3.75-6.25
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2. Changes in the differentiation of pig sebocytes (in vitro),

I-nduction of keratin 7. Cul tures of pig sebocytes are prepared
fromisol ated sebum gl ands of conscigus m ni pigs. They react to
treatment with retinoids by expressing keratin 7, which also corresponds
to the in vivo situation. Keratin 7 is considered to be a marker for a
25 nodified differentiation of sebocytes. The resultin phenot can no
| onger probDdA Nazum The neasurenent of the keratin 7(? ]Jégl onis

based on ac Fﬁbéﬁl 'I‘BS r"9gap)nonocl onal ang 0a25n 7-anti body.

30 3. VI VO The skin of as a
simlar an 3’” c,q)i)/reﬁ“s l& o that of human skin. 62)%7%21 Béglil t he
sebum gl andﬁe ﬂi’ﬁl@en t hose of human acne patients.QQ3840.226i noi d

The pi gs. b'r‘c% Fploth e 2o dosags of et SubsiOO FPRES wacks.

A bi opNaOl (ﬂﬂ%rsaiutio'ngvest i gat ed hi stol ogi cal | y @ér~).25weeks.

Water g.s. 100.00
Example E

Wt.%
Compound of formula | 0.1-5
Pluronic L 101 (poloxamer 331) 10.00
Aerosil 200 (silicon dioxide) 8.00
PCL liquid (fatty acid ester 15.00
Cetiol V (decyl oleate) 20.00
Neobee oil (medium chain triglyceride) 15.00
Euhanol G (octyldodecanol), a.s. 100.00

The physical properties of the preparation can be altered by
varying the ratio between the adjuvants in Examples D and E.
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In this test the conpound prepared in Exanple 1 shows at a '
ng/ kg already after 3-4 weeks a clear reduction in sebu l“! mimﬁ “ Il
[

have | argely di sappeared after 8 weeks17In contrast to is LNnomnN, s No*
side effects on skin and nucous 5 nenbrane occur at a dosage of 50 ng/kg.
Teratogenic effects belong to the nost severe side effects of all
retinoids. The conpounds cl ai med her significantly | ess
teratogenic than e.g. isotretinoin o%nm n. The linb bud 10 cell
culture assay (literature: Arch. Toxiol. 60, 403 [1987] A Kistler) was
used to eval ute t.he tComiprimds: ofathengepkral Tfsrmula correl ation between
IC[err] inthis test and the in vivo terat ogen- icity is very good.

wherein
X is oxo or a group OR1 in the 4- or 5-position;
R is hydrogen, alkyl or acyl; and
10 RZ2 s hydrogen or alkyl;
the dotted bonds are optional and a 3,4-double bond can only be
present when X is in the 5-position;
as well as pharmaceutically usable salts of carboxyhc acids of

formula 1.
15
2. Compounds according to claim 1 of the formula
1A
0 3. Compounds according to claim 1 of the formula
S e
\ B
COOR
RO ©
4, Compounds according to claim 1 of the formula
2%

A e G N
IC

OOR?
=10 COO
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15 Compound of Exanpl e 1
>1000 3 >1 000 ||I||II| 0L R |I|l

>1 000 20 | sotretinoin 18 200
Tretinoin ' 80 The | nvent [ on [ s
illustrated in nore detail bythefollovmng Exanpl es. -

Exanple 1 [ ( | nmet hyl -

cycl ohexen- ﬁ/ DE (ﬁ’hﬁ)ég ﬁgg (ﬂ%).g Qlyﬁ flo{%ﬁze(n%lk ﬁ”ﬁ" honi um

chl ori de vv@b’@@l gsoh@w.)n soslimetdyy 2tREraenoi¢ e 2Ck wi th 11 9
of 5-hydroxy-4-nethyl - 5H furan- 2-one. After cooling the reaction

m'xturet0-30[ r]C o) on were added
dr opwi se and th *m Xt I{/T»L%? 4?%&‘52@%%@ §l\t4\‘3’(§'[3@$< gmﬁ argon for a
furt her shotrimé&bhyl-eaatiotex+lxenyé) 87 -dimethyl-nona- 2 4,6,8-

tetraenoate.

7. (2Z,4E,6E,8E)-(S)-9-(4-Hydroxy-2,6,6-trimethyl-
cyclohex-1-enyl)-3,7-dimethyl-nona-2,4,6,8-tetraenocic acid.

10 .
8. Compounds according to claim 1 of the formula
S e e N
. D
COOR?
RIO
15 0. Compounds according to claim 1 of the formula
R'O P N
IE
COOR?

10. (2Z,4E,6E,8E)-9-(5-Hydroxy-2,6,6-trimethyl-
20 cyclohex-1-enyl)-3,7-dimethyl-nona-2,4,6,8-tetraenoic acid.

11. Compounds according to claim 1 of the formula

o s e YN
COOR?

12. (2Z,4E,6E,8E)-9-(5-0x0-2,6,6-trimethyl-cyclohexa-
1,3-dienyl)-3,7-dimethyl-nona-2,4,6,8-tetraenocic acid.

13. (22,4E,6E,8E)-3,7-Dimethyl-9-(2,6,6-trimethyl-5-
0 oxo-cyclohex-1-enyl)-nona-2,4,6,8-tetraenoic acid.
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35 subsequently poured on to 1.3 1 of ice- mgtglgemgs)geg ﬁged6 t
500 M of a hexane/ethyl acetate m xture (2 H “!H"m"l"l
al kal i ne solution was acidified by addjgg i Wl

while cooling with ice and subsequently ext

9 3 times with ethyl acetate. The orgam c phase was washed W th-

cvaporated. The Uscage Ranidy,aPRerdha o diain o MEIGRARE | | 500 1 o

ethyl acetate, treated W|th 100 g of silica gel 5 (I\/Erck 0.063-0.2 mm,

warnmed slightly on a steambath for 5 mnutes while stirring vigorously
and, after filtration, con s a rotary evaporator. The
t hus- obt ai ned yel | ow, Z

2
COOR G

RO

5 . 15. (2Z,4E,6E)-(R)-9-(4-Hydroxy-2,6,6-trimethyl-
cyclohex-1-enyl)-3,7-dimethyl-nona-2,4,6-trien-8-ynoic acid.

16. The compounds of claims 1-15 for use as
medicaments, especially for use in the therapy and prophylaxis of
10 acne, psoriasis, light- and age-damaged skin as well as malignant
and premalignant epithelial lesions and inflammations.

17. Pharmaceutical preparations, containing a compound
of claims 1-15 and usual pharmaceutical carrier materials.

18. The use of compounds of claims 1-15 for the
production of medicaments for the therapy and prophylaxis of
acne, psoriasis, light- and age-damaged skin as well as malignant
and premalignant epithelial lesions and inflammations.

19. A process for the manufacture of the compounds of
general formula | and pharmaceutically usable salts thereof,
which process comprises reacting a compound of the general
formula

wherein A is phenyl or substituted phenyl and Y- is an anion,
and X and the dotted bonds have the significance given - -
0 above,
with 5-hydroxy-4-methyl-5H-furan-2-one in the presence of a
base, isomerizing isomers present in the reaction product in
which the C=C double bond formed in the reaction has the cis-



crystal li ne crude product was treated with 500 mi of aceto-
heated to 50[err] C under argon. A clear, yellow solution 10 Nmm Il nua ulll

the portionw se addition of about 700 2b of = acetonitrile. After the S
addition of 1.1 g of triphenyl phosphine and 118 m of a 0.125% sol ution
of palladiun(ll) nitrate in acetonitrile the reaction m xture was

stirred at r ]G f.or rad upon
cool i ng theé)?{ofﬁwlgg 4’3}056‘,"%'[ ﬁ%ﬁs‘t bsomgfse%ﬁcg it #8%\/5%3 m&&é@ﬁgf washed
with hézaﬁﬁoaharqdugti cft fcmpular] ¢oi ane or gnommfu e Fﬁeﬂowmm lization
from h acetate gave 1 5 g of (2Z 4E, 6E, 8E)-(R -9-(4-

hydr oxy-2, 6, 6- tr| rret hyl -cycl ohex-1 -enyl)-3, 7-di net hyl -nona- .

2,4,6, 8- t et r aenoi c acid, mp. 180-182[err]C (dec.), [[err]]20 =-49.7 (c =

20 1, digpxa)) . esterification of a carboxyl or hydroxﬁX? 3 g of
the carboxylic acid obtained according to Exanple 25 were treated in

succession with 120 ml of nethyl ethyl ketone, 5.2 g of finely ground
pot assi um dir boretherification of af hydngky groupydi de and heated at refl ux
under argon and while stirring vigorously for 2.5 hours. The reaction
m xture was poured on to

c) oxldatlon of a hydroxy group to an oxo group;

10 :
d) reduction of an oxo group to a hydroxy group;

e) steric inversion of a hydroxy group; and
15 f) conversion of a carboxy group into a salt.

20. The novel compounds, preparations, process and use as
described hereinbefore especially with reference to the Examples.

0 - * %k
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i ce/ IN hydrochloric acid, extracted with ether, washed with 30 water, dried

and evaporated. The oily crude product was filtered over silica gel

(el uent hexane/ethyl acetate 2:1) and pgcrystal- = [lized from hexane.
There were obtained 2.9 g of ethyl (2Z, 4E, 6E, 8E) - (R) - 9- (4- hydr oxy- 2,

6, 6-trinmethyl-cyclohex-1 -enyl)-3,7- di et hyl - nona- 2, 4, 6, 8-tetraenoat e
in yellow crystals, mp. 93- 35 95[err]C. [[err]][err] = -45.5 (c= 1,

di oxan) . 10 '

Exanpl e 3 : I n anal ogy to Exhbgtract by reacting 10 g of
[(BE)-(R-5-(4-  hydroxy-2, 6, 6-trinethyl- 1 -cyclohexen-1

-yl)-3-net hyl -

‘Retinoids of the general formula
5

wherein

X is oxo or a group OR1 in the 4- or 5-position;
10 R' is hydrogen, alkyl or acyl; and

R2 is hydrogen or alkyl;

the dotted bonds are optional and a 3,4-double bond can only be

present when X is in the S-position;

as well as pharmaceutically usable salts of carboxylic acids of
15 formula |

can be used for the therapy and prophylaxis of dermatological
disorders which are accompanied by epithelial lesions, e.g. acne
and- psoriasis, as well as malignant and premalignant epithelial

20 lesions, tumours and precancerous changes of the mucous
membrane in the mouth, tongue, larynx, oesophagus, bladder,
.cervix and colon.
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¥ {\Pexrs wp‘j, AX0 (OAF ~
5 penten-4-ynyl]-triphenyl phosphoni um chl ori df vmggp@‘@mm SHEETS SG
hydroxy 4- met hyl - 5H-f ur an- 2- one there were ob m r g°d..'... to paged Mo
pal | adi um cat al yzed i soneri zation of the crud m Hg

recrystallization from hexane/ethyl acetate, E]rIﬂa ng § :g ngfgqo
(R -9-(4-hydroxy-2, 6, 6-trimethyl-cycl ohex- t A ;‘"to paged.....
di net hyl - nona- 2, 4, 6 trien-8-ynoic-acid as :yel ow cr %alspgﬁ Pi‘éqéil

90[err]C (dec.), [[err]][err] =-87.3 (c =1,

Example 4 15 9 g of [(2E, 4E)-3-nethyl -5- (PéTE QFi mﬁmaﬂl&t«\ol"l 3-
cycl ohexadien- 1 -yl)-2,4-pent admmwmom um brom de and
1.7 g of 5-hydroxy-4- met hyl - 5H- f suspended in 100 m of

i sopropanol . After cooling the reaction m xture to -30[err]C 20 m of an

aqueous 2N potassi um hydroxi de 20 sol ution were added dropw se. After
stirring at $30[ err] Theoprese®® imventien isheoneerriech withxnovel mﬁinpidseg on
to ice-water, X iad jjes wth hexane, the al kaline agueous phase
was -  aci dlflewﬁééﬁéﬁg%@b%ﬁl sul phuric acid and extracted several :
times with ethyl acetate. The organi c phase was washed with 25 water, dried
and evaporated. The brownis ' * Il

wherein
X is oxo or a group OR! in the 4- or 5-position;
R1 - is hydrogen, alkyl or acyl; and
R2 is hydrogen or alkyl; S
15 the dotted bonds are optional and a 3,4-double bond can only be
present when X is in the S-position;
as well as pharmaceutically usable salts of carboxylic acids of
formula |. :

2 Furthermore, the invention is concerned with a process for
. the manufacture of these retinoids and their salts, pharma-
ceutical preparations containing these retinoids or their salts as
well as the use of these retinoids and their salts as medicaments
or for the production of medicaments.

In the -compounds of general formula | alkyl groups are
preferably lower alkyl groups (with "lower" denoting groups with
1-7 C atoms), which can be straight-chain or branched, such as
methyl, ethyl, propyl, isopropyl, butyl, isobutyl, tert.-butyl,

30 pentyl, hexyl and heptyl. The term acyl preferably refers to lower
alkanoyl groups such as acetyl, propionyl, butyryl and pivaloyl;
aromatic acyl groups such as benzoyl and toluyf; and araliphatic

acyl groups such as phenylacetyl. RE?LACEMENT SHEET)
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purified by chromatography on silica gel (eluent hexane/ethyl acetate
3.1). The thus-obtained yellow oil (about 4 g) was di ssolved in 100 m

of acetonitrile, treated with 1 50 ng of tri phenyl phosphi ne and, after
heating to 50[err]C 10 ml of a 0.125% 30 pal ladiun(l1) nitrate solution in
acetonitrile were added dropwi se. After heating to 500[err]C for 2 hours
the reaction m xture was cooled to O[err]C. After 2 hours the separated
crystals were filte r t 1f
hexane/ et hyl acet at QSWé%d?mg‘r?efom%é ?%W?‘% '%l% 5‘-6&&% cdfi'be
(2Z, 4E, 6E, 8E) - 9- (Bresait s B, o5, S-enantiamers @;ca%rraﬁamﬁte&d. enyl)-3
, 7-di rrethyl nona- 2,4, 6, 8 tetraen0| c acid in yellow crystal s, mp 1
SE%%{]GCS( dec.). A preferred group of compounds of formutd | comprises |
5 compounds of the formula
1a
especially those of the formulae
10
' A G
) B
15 : COOR
and
e
IC
COOR?
15
in which X, R1 and RZ have the significance given above.
- Further sub-groups of compounds of formula | are the
compounds of formulae ID, IE, IF, IG and IH
m .
A e N
D
COOR?
RO
RlO S P
IE
COOR? [DEDI 20w
25 | REPLACEMENT
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7 g of [(2E, 4E)-3-nethyl-5-(2,6, 6-trinethyl -5-o0xo0-1- _
cycl ohexen-1-yl)-2, 4-pent adi enyl ] tri phenyl phosphonium b gﬁEEQQENEmﬂ7$HEEE
of 5-hydroxy-4-net hyl - 5H f uran- 2- one were suspended i 100 m of '
i sopropanol . After cooling the reaction j xture to -30[¢rr1d s i pn
of 1.76 g of potassium hydroxide in 30 m*¥ of isopropaholl was added

dropwi se thereto. After stirring at -30[err]C for 40 M nutes the
reaction mxture was poured on to 10 200 m of ice-waterlextracted 6 tjne

[92)

w th a hexane/ et hyl acetate mxture (2:1), the organic phases were
washed with wat er, tRe conbi ned{ aqueous| phases were acidified with 3N
sul phuric acid and egyaciked squeral tiqes M th ethyl acetate. The

organi ¢ phases were wa [€)r] SO4) and 15gevaporated. The
oi ly residue was dissol e n 100 n of ethylcoporacetate, treated with 12 g
of silica gel and stirret®vigorously at 40| err] C under argon. After

cooling the silica gel was filtered off, rinsed well with ethyl acetate

and the solution was evaporat ed. he residue was dissolved in 30 m of
acetonitrile and, after the 20 addit{ion of 256 ng of triphenyl phosphine,
treated dropw se at SORery] C w ' of 26 ng of palladium

nitrate in 5 m of  acetd{tr . After stirr n% t 50[err]C for 1 hour
oled to O[err]C &@ORifter 1 hggr, the

the reaction m xt ure
precipitate
RO

Examples of compounds of formula | are:

(22,4E,6E,8E)-(R)-9-(4-Hydroxy-2,6,6-trimethyl-cyclohex-
1-enyl)-3,7-dimethyl-nona-2,4,6,8-tetraenocic acid,
10 (2Z,4E,6E)-(R)-9-(4-hydroxy-2,6,6-trimethyl-cyclohex-1-
enyl)-3,7-dimethyi-nona-2,4,6-trien-8-ynoic acid,
ethyl (2Z,4E,6E,8E)-(R)-9-(4-hydroxy-2,6,6-trimethyl-
cyclohex-1-enyl)-3,7-dimethyl-nona-2,4,6,8-tetraenoate,
(2Z,4E,6E,8E)-9-(5-0x0-2,6,6-trimethyl-cyclohexa-1,3-
15 dienyl)-3,7-dimethyl-nona-2,4,6,8-tetraenoic acid,
| (22,4E,6E,8E)-(R)-9-(4-acetoxy-2,6,6-trimethyl-cyclohex-
1-enyl)-3,7-dimethyl-nona-2,4,6,8-tetraenoic acid, |
(2Z,4E,6E,8E)-(R)-9-(4-methoxy-2,6,6-trimethyl-cyclohex-
1-enyl)-3,7-dimethyl-nona-2,4,6,8-tetraenoic acid,
2 (22,4E,6E,8E)-(RS)-9-(5-hydroxy-2,6,6-trimethyl-cyclo-
hex-1-enyl)-3,7-dimethyl-nona-2,4,6,8-tetraenoic acid,
(2Z,4E,6E,8E)-(RS)-9-(5-hydroxy-2,6,6-trimethyl-cyclo-
- hexa-1,3-dienyl)-3,7-dimethyl-nona-2,4,6,8-tetraenoic acid,
(2Z,4E,6E,8E)-9-(5-0x0-2,6,6-trimethyl-cyclohex-1-enyl)-
2% 3,7-dimethyl-nona-2,4,6,8-tetraenoic acid,
(22,4E,GE,8E)-9-(4-oxo-2,6,6-trimethyl-cyc|ohex-1 -enyf)-
3,7-dimethyl-nona-2,4,6,8-tetraenoic acid, |
(2Z,4E,6E,8E)-(S)-9-(4-hydroxy-2,6,6-trimethyl-cyclohex-
1-enyl)-3,7-dimethyl-nona-2,4,6,8-tetraenocic acid and
20 (ZZ,4E;6E,8E)-(RS)-9-(4--hydroxy-2,G,G-trimethyl-
cyclohex-1-enyl)-3,7-dimethyl-nona-2,4,6,8-tetraenoic acid.



whi ch separated was filtered off. After recrystallization
hexane/ et hyl acetate there were obtained 1.4 g of
(22, 4E, 6E, 8E) - 3, 7-di net hyl -9-(2, 6, 6-tri nmet hyl - 5- oxo-cycl g
1-enyl)-nona-2,4,6,8-tetraenoic acid in yellgw crystals,
78-179[err]C. 30 Exampl e 6

SRR R T IRE  —

REBLACEMENT SHEET

hdx- 1 1 JuL w97
mip.
5ot

(2Z, 4E, 6E, 8E)- 3, 7- di met hyl - 9- (2, 6, 6- t ri met hyl - 5-

oxo-cycl ohex- 1-enyl ) -RB3=@n neist 6 F8AMBISF | a‘%@dw\?ﬁ sf&ﬁéﬁq#é/ed in 25

of ethanol while warm n SQd ht agd trealﬁd ) )

bor ohydri de whi | 8 pﬁg m gecordance with the inyeption
the reacti on m Xtompowrsd pfuthsl general formgla- wat er, aci di
hydrochl oric acid and extracted with . ethyl acetate. Th

wer e washed (H20), dried

+ -
P(A)sY

wherein A is phenyl'or substituted phenyl

.sodi um

0
BACHNGOR 1 hour
fied with 2N
e organi ¢ phases

and Y- is an anion,

and X and the dotted bonds have the significance given

above,
10 with 5-hydroxy-4-methyl-S5H-furan-2-one in the

presence of a

base, isomerizing isomers present in the reaction product in
which the C=C double bond formed in the reaction has the cis-
configuration to the trans isomers and, if desired, subjecting the

reaction product of formula | to one or more of
15 operations:

the following

a) esterification of a carboxyl or hydroxy group;

b) etherification of a hydrbxy group;

¢) oxidation of a hydroxy group to an oxo group;

3y _ d) reduction of an oxo group to a hydroxy group;

25 e) steric inversion of a hydroxy group; and
f) conversion of a carboxy group into a salt.

_ The foregoing reactions can be performed
20 methods known per se.

according to

The reaction of compound Il can be carried out accbrding to
the known methods of the Wittig reaction. In this, the reaction

partners are reacted with one another in the presence of an acid-
binding agent, e.g. in the presence of a strong base, such as KOH in
an aqueous solvent; or sodium hydride, K tert.butylate or sodium



12 (Na2SO4) and evaporated. The anorphous residue RPPLACEMﬁmﬁdSHEET
. 228

over a small colum (silica gel, hexane/ethyl acetate ¥
recrystallized from hexane/ ethyl acetate. 0.35 g of
(2Z, 4E, 6E, 8E) - 9- (5- hydroxy-2, 6, 6-tri nmet hyl -cycl ohex-1 {epyl )41 JUW. 1997

3, 7-di net hyl -nona- 2, 4,6, 8-tetraenoic acid was obt ai ned{ip yel | ow ,

crystals, mp. 1 52-1 54[err]C Exanpl ¢ 7
| O 2.5 g of the ethyl ester prepared according te-Exanple 2 _were
dissolved in 35 m of abs. tetrahydrofuran and {reated in successi on at
O[err]C with 3.ethylate iniamanhysioysnselvens, sughoas dimethyifan iQ aci d

and dropwi se wirhbtRyReleuthidtidé, i a tembefarireyrange Ipirflibeaweery labiguti n 30
m  of tetrahydr%%ﬁg n. After itlrrlng a b; .00 'te era ura fO{ 2 hOﬁ%?
the nixture was £Q0m frgmperarute.q frefgrablyy Sompoynds et fermyia
?t or eﬂ i nI ahr efini which of is; oxo or HydrouysareTusedr eThel Wittig reaction yields
tri phenyl phposphi : epal, ;
(triphenyl phosnbiggyGid 48) cithkfdhs isorhBRY PR RUCRILINNE DRI hed 6
- “the reaction. This mixture of 4E/Z isomers can be isomerized
selectively to the 4E-isomers in a manner known per se, e.g. by
treatment with Pd catalysts, such as Pd-(ll) nitrate.

10 Of the inorganic acid anions Y- the chloride and bromide
ions or the hydrosulphate ion are preferred and of the inorganic
acid anions the tosyloxy ion is preferred. Group A is preferably
phenyl.

15 The esterification of a carboxyl group in a compound of

formula | can be carried out e.g. by reaction with an alkyl halide
~ in the presence of a base, such as potassium carbonate, in an

organic solvent, such as e.g. ethyl acetate. The esterification of a
hydroxy group can be carried out by reaction with an acyl halide

20 in the presence of a base, such as pyridine. A hydroxy group can
be oxidized to an oxo group e.g. according to the methods of Swern
(dimethyl sulphoxide/oxalyl chloride) or Dess-Martin (periodate).
The reduction of an oxo group to.a hydroxy group can be carried
out with hydride reducing agents such as NaBH4. The steric

25 configuration of a hydroxy groUp can be inverted according to the
Mitsunobu method (reaction with triphenylphosphine, p-
nitrobenzoic acid and diethyl azodicarboxylate and subsequent
saponification).

30 Examples of salts into which the carboxylic acids of
formula | can be converted are alkali metal salts, such as Na and
K salts, alkaline earth metal salts, such as Ca and Mg salts, and
ammonium salts, e.g. salts with alkylamines and hydroxyalkyl-
amines or with other organic bases, such as dimethylamine,

3 diethanolamine and piperidine.”



and the residue was purified by chromat ography (silica ge
acetate 5% . There was obtained 0.68 g of a yellow oifl
dissolved in 15 m of ethanol and, after the addi ti on

0.78 g of potassiumhydroxide in 3 m ofgwater, 3 m jof

m of tetrahyrofuran, stirred at 45[err]C for 6 hour

Lo Arrn
KECLACEME

-h O

NT %‘é:ﬁ‘y

Lo |
L et-hanal _and

The reaction

i

|
|

m xture was subsequently poured 25 on to ice-water, acidified—wrth—N

was weshed aci&iﬁ‘?@;ﬁ@ﬁ%&‘ 6%1@‘5 ! e Tieperqf o8 desibpIan®

ed

resi due was

e
§32) pr dgeqether
and, after r sfeyehees | gicbhothdreinn hexane/ et hyl acet at e,

e
theyR

30 (2Z,4E, 6E,8E)-(S)-9-(4-hydroxy-2, 6,6-trinethyl-cyclohex-1 -

enyl)-3, 7-di met hyl -nona- 2, 4,6, 8-tetraenoic acid in %el | ow
mp. 178-1 80perr]C, The ampeusds in @ccopdance wvith &

Sampl 6 4 - waors e ShltaBy, s SRk of dePnbitRTfiEs

Weet at e)
gave 190 ng of

| ~crystals,
. invention can be used

SRPLEL LN,

0l
1.5 g of finely @rreoaﬁsogm%rygam anithalial desions; exdnacoe ang)psoriasis, as
well as malignant and premalignant epithelial lesions, tumours

and precancerous changes of the mucous membrane in the mouth,
10 tongue, larynx, oesophagus, bladder, cervix and colon.

The compounds of formula | and their salts can accordingly

be used in the form of pharmaceutical preparatio

ns.

15 The preparations which are used for systemic admin-
istration can be produced e.g. by adding a compound of formula |
or a salt thereof as the active ingredient to non-toxic, inert,
solid or liquid carriers which are usual in such preparations.

20 The preparations can be administered ente

rally,

parenterally or topically. Preparations in the form of tablets,

capsules, dragées, syrups, suspensions, solutions

and

suppositories are e.g. suitable for enteral administration.
Preparations in the form of infusion or injection solutions are

25 suitable for parenteral administration.

./

For enteral and parenteral administration the compounds of

formula | can be administered to adults in amounts of about

10-400 mg/day, preferably 20-200 mg/day.

For topical administration the active ingredients are
conveniently used in the form of ointments, tinctures, creams,
solutions, lotions, sprays, suspensions and the like. Ointments
and creams as well as solutions are preferred. These prepar-

3% ations adapted for topical administration can be produced by
mixing the. process products as active ingredients with non-toxic,
inert, solid or liquid carriers which are suitable for topical
treatment and which are usual in such preparations.



13 | odi de and heated at reflux for 1 hour. The cg

m_xture was poured on to ice-water, neutralized wth jRF mr; SHEEI C
acid, extracted with ethyl acetate, washed (H20), ddi ed (Na2SO4) ang
evapor ated. The thus-obtained yellow oil was, 5 purifiled by lciidloneqogfaphy
(silica gel, hexane/ethyl acetate = 2:1)" and gave|l1]|5 g of the
correspondi ng ethyl ester as a yellow oi l. 1.18 g of Cerjum
trichloride.7H err] O were dissolved in 25 m 10 of methanol _and treatedjin
succession with a solution of the above ethyl ester in-5 m of nethanol

and 120 ng of sodi umConvémienblysralsbut 6{1-8%)] prefarably i2B8-2%, ssolutionscassed
(about ° M NYERsds HBBUT & 14536, BreferaB B $LR! biktiReRtE Wcclcaths tre

suitable for . topical administration.

If desired, an antioxidant, e.g. tocopherol, N-methyl-y-
tocopheramine as well as butylated hydroxyanisole or butylated
hydroxytoluene, can be admixed with the preparations.

10 The activity of the compounds in accordance with the
invention in the treatment of acne can be demonstrated using the
test procedures described hereinafter:

Nt

1. Inhibition of the proliferation of human sebocytes (in vitro)
15 Literature: Methods in Enzymology 190, 334 (1990), T. Doran and
S. Shapiro

2.  Changes in the differentiation of pig sebocytes (in vitro),
induction of keratin 7.

Cultures of pig sebocytes are prepared from isolated sebum
glands of conscious minipigs. They react to treatment with
retinoids by expressing keratin 7, which also corresponds to the
in vivo situation. Keratin 7 is considered to be a marker for a

2 modified differentiation of sebocytes. The resulting phenotype

j " can no longer produce sebum. The measurement of the keratin 7

induction is based on an ELISA assay using a mouse-monoclonal
antikeratin 7-antibody.

& 3. Minipig model (in vivo)

The skin of the minipig has a similar anatomical structure
to that of human skin. In particular, the sebum glands resemble
those of human acne patients. Under retinoid treatment they

% show the same histological changes as in human beings. The pigs
receive a daily oral dosage of test substance during 8 weeks. A
biopsy is taken and investigated histologically every 2 weeks.



was purified by chromatography (silica gel, hexane/ethyl E fciﬁit(;EcME%T S 1).
1.04 g of the correspondi ng hydroxyester were obtained as a vell ow ai li.
This oil was dissolved in 25 m of ethanol, treated Wifh talS8LB%6n |of
1.6 g of potassium hydroxide in 12 n ofgwater and stircred at 40[erri]
for 4 hours under argon. The cool ed reaction m xturef was poured on to

I ce-water, acidified to pH 3 20 wwth 1 N hydrochl oric ach

and evaporated - adll s teBt R Esﬁ*@éﬁ%ﬁgémﬁ& E4Eb Oy e3>
Filtration over dosage ofal0 mﬂ«m ajreadycaftgs| 3- e&e@i@s@tﬁ ar gegugtion=in.: 1)

and crystal 'sewm ahaemvh%ﬁnﬁé@é hx.?a9ea|§a PR é?t?eﬁlé WeeRS) -fr 25
(5- hydroxy 2, 6, 6-tri

onal S 9% 5 ¢ cioohmirabt, tor ot RN, o1 5ias aers oy skinrand ygous
110[ er _r] C. 5 membrane occur at a dosage of 50 mg/kg.

Teratogenic effects belong to the most severe side effects
of all retinoids. The compounds claimed herein are significantly
less teratogenic than e.g. isotretinoin or tretinoin. The limb bud

10 cell culture assay (literature: Arch. Toxiol. 60, 403 [1987] A.
Kistler) was used to evalute the teratogenic potential. The
correlation between ICsqg in this test and the in vivo teratogen-
icity is very good.

15 Compound of Example ICs0_(nM)
1 >1000
3 | >1000
4 >1000

0 Isotretinoin 200

Tretinoin : 80

The invention is illustrated in more detail by the following
Examples.

) - Example 1

50 g of [(2E,4E)-(R)-5-(4-hydroxy-2,6,6-trimethyl-1-
cyclohexen-1-yl)-3-methyl-2,4-pentadienyl]-triphenylphos-

30 phonium chioride were dissolved in 500 ml of isopropanol and
treated with 11 g of 5-hydroxy-4-methyl-5H-furan-2-one. After
cooling the reaction mixture to -30°C 120 ml of an aqueous 2N
KOH solution were added dropwise and the mixture was stirred at
-30°C under argon for a further hour. The reaction mixture was

8% subsequently poured on to 1.3 | of ice-water, extracted 6 times
with 500 ml of a hexane/ethyl acetate mixture (2:1) each time,
the aqueous, alkaline solution was acidified by adding ice-cold 3N
sulphuric acid while cooling with ice and subsequently extracted



Exanmpl e A Hard gel ati ne capsul es can be p %%

I ngr edi ent [ capsul e | .
Spray-dri ed pomder cont ai ni ng 75% conpound 1 20 2.1 3ablilung97

di octyl sul phosucci nat e 0.2 . | Sodi um

car boxymet hyl cel | ul ose 9 4.8 4. Mcrocrystallihpe
cel | ul ose 86.0 5. Talc

8.0 6. Magnesi um stearate

Tot al 12035times withTethylpacstatei ed heoatganicvphase m%a&%%h% with

e verage ad; Sahited)Shaium>chl: %Waﬁt Yrldd ovedt! SebiRAR suphaech has
ge actrve in I en article size measu y ans of
aut ocorrel ati oandpevapes%@q;) Th% \ﬂﬁq:%'ﬂ%nléﬁl Fé)sdq e was agam dissolved
in 800 ml of ethyl acetate, treated with 100 g of silica gel
5 (Merck 0.063-0.2 mm), warmed slightly on a steam bath for
5 minutes while stirring vigorously and, after filtration,
concentrated on a rotary evaporator. The thus-obtained yellow,
crystalline crude product was treated with 500 mi of aceto-
nitrile and heated to 50°C under argon. A clear, yellow solution
10 was obtained by the portionwise addition of about 700 ml of
acetonitrile. After the addition of 1.1 g of triphenylphosphine
and 118 ml of a 0.125% solution of palladium(ll) nitrate in
acetonitrile the reaction mixture was stirred at 50°C for
3 hours. The end product crystallized out upon cooling the
15 reaction solution to -100C. It was filtered off, washed with
hexane and dried at 40°C in a high vacuum. Recrystallization from
hexane/ethyl acetate gave 15 g of (2Z,4E,6E,8E)-(R)-9-(4-
hydroxy-2,6,6-trimethyl-cyclohex-1-enyl)-3,7-dimethyl-nona-
2,4,6,8-tetraenoic acid, m.p. 180-182°C (dec.), [a]® =-49.7 (c =

20 1, dioxan).
Ex le

3 g of the carboxylic acid obtained according to Example 1
25 were treated in succession with 120 ml of methyl ethyl ketone,
© 5.2 g of finely ground potassium carbonate and 7.4 g of ethyl
iodide and heated at reflux under argon and while stirring
vigorously for 2.5 hours. The reaction mixture was poured on to
ice/1N hydrochloric acid, extracted with ether, washed with
% water, dried and evaporated. The oily crude product was filtered
over silica gel (eluent hexane/ethyl acetate 2:1) and recrystal-
lized from hexane. There were obtained 2.9 g of ethyl (2Z,4E,6E,
8E)-(R)-9-(4-hydroxy-2,6,6-trimethyl-cyclohex-1-enyl)-3,7-
dimethyl-nona-2,4,6,8-tetraenoate in yellow crystals, m.p. 93-
35 950C, [a]?® =-45.5 (c =1, dioxan).



| 0 aqueous sol ution of sodium carboxynethyl cel |l ul ose gond.sadi um

di octyl sul phosucci nate and kneaded. The resulting nassﬂE?iACEQﬁ@ﬂhSHE@@
dried and sieved, and the granul ate obtained is m xed ' -
m crocrystalline cellulose, talc and nagneﬁiun1stearate1 [
filled into size 0 capsules. 15 0

Tabl ets can be produced as foll ows: I ngr edi ent

1. Conmpound | as a finely mlled powder ' 20
Ex_a_m,p]g_g_ 100 33— Whi-te—eern

ng/ t abl et
Powd. | actose
starch

1 1T\Q_=ﬁhﬁ§¥£e: s

W'

60 4. Povi done K30

8 5. White corn starch 1 6 | c
16 7. Magnesi um skeanatagy to Example 1, by reacting 10 g OET(EI)‘(R)'S‘?‘I"

Tot al 320
5

10

hydroxy-2,6,6-trimethyl-1-cyclohexen-1-yl)-3-methyl-2-
penten-4-ynyl]-triphenylphosphonium chloride with 2.3 g of 5-
hydroxy-4-methyl-5H-furan-2-one there were obtained, after
palladium-catalyzed isomerization of the crude product and
recrystallization from hexane/ethyl acetate, 3.1 g of (2Z,4E,6E)-

- (R)-9-(4-hydroxy-2,6,6-trimethyl-cyclohex-1-enyl)-3,7-

dimethyl-nona-2,4,6-trien-8-ynoic acid as yellow crystals, m.p.
189-1900C (dec.), [a]¥ =-87.3 (c = 1, CHCI3).

Example 4

9 g of [(2E,4E)-3-methyl-5-(2,6,6-trimethyl-5-0x0-1,3-
cyclohexadien-1-yl)-2,4-pentadienyl]triphenylphosphonium '
bromide and 1.7 g of 5-hydroxy-4-methyl-5H-furan-2-one were
suspended in 100 ml of isopropanol. After cooling the reaction
mixture to -30°C 20 ml of an aqueous 2N potassium hydroxide
solution were added dropwise. After stirring at -30°C for
30 minutes the reaction mixture was poured on to ice-water,
extracted 3 times with hexane, the alkaline aqueous phase was
acidified with ice-cold 3N sulphuric acid and extracted several
times with ethyl acetate. The organic phase was washed with

‘water, dried and evaporated. The brownish, viscous oil was

purified by chromatography on silica gel (eluent hexane/ethyl
acetate 3:1). The thus-obtained yellow oil (about 4 g) was
dissolved in 100 ml of acetonitrile, treated with 150 mg of
triphenylphosphine and, after heating to 50°C, 10 ml of a2 0.125%
palladium(ll) nitrate solution in acetonitrile were added
dropwise. After heating to 50°C for 2 hours the reaction mixture
was cooled to 0°C. After 2 hours the separated crystals were
filtered off under suction and recrystallized from hexane/ethyl
acetate. There were obtained 1.4 g of (2Z,4E,6E,8E)-9-(5-oxo-
2,6,6-trimethyl-cyclohexa-1,3-dienyl)-3,7-dimethyl-nona-
2,4,6,8-tetraenoic acid in yellow crystals, m.p. 1889°C (dec.).



15 The finely mlled substance is m xed w
porti.on of the corn starch. The m xture is noi stened

PICHENT ...

sol uti on of Povi done K30 and kneaded, and the resul tfi mass i s ;
granul ated, dried and sieved. The granul &tle is m xed 1 JULH@9T efuii ni ng
corn starch, talc and nagnesi um stearate and preqdsdd to tablets £l
sui tabl e si ze. Exanplje T I0 A'

" lotion can be produced as foll ows: Example 5

7 g of [(2E,4E)-3-methyl-5-(2,6,6-trimethyl-5-ox0-1-

cyclohexen-1-yl)-2,4-pentadienyl]triphenyiphosphonium bromide

5 and 1.4 g of 5-hydroxy-4-methyl-SH-furan-2-one were
suspended in 100 ml of isopropanol. After cooling the reaction
mixture to -30°C a solution of 1.76 g of potassium hydroxide in
30 ml of isopropanol was added dropwise thereto. After stirring
at -300°C for 40 minutes the reaction mixture was poured on to

10 200 ml of ice-water, extracted 6 times with a hexane/ethyl
acetate mixture (2:1), the organic phases were washed with
water, the combined, aqueous phases were acidified with 3N
sulphuric acid and extracted several times with ethyl acetate.
The organic phases were washed (H20), dried (Na2S04) and

15 evaporated. The oily residue was dissolved in 100 ml of ethyl
acetate, treated with 12 g of silica gel and stirred vigorously at
400C under argon. After cooling the silica gel was filtered off,
rinsed well with ethyl acetate and the solution was evaporated.
The residue was dissolved in 30 ml of acetonitrile and, after the

20 addition of 256 mg of triphenylphosphine, treated dropwise at
500C with a solution of 26 mg of palladium nitrate in 5 ml of

~ acetonitrile. After stirring at 50°C for 1 hour the reaction

mixture was cooled to 0°C and, after 1 hour, the precipitate
which separated was filtered off. After recrystallization twice

25 from hexane/ethyl acetate there were obtained 1.4 g of
(2Z,4E,6E,8E)-3,7-dimethyl-9-(2,6,6-trimethyl-5-oxo-cyclohex-
1-enyl)-nona-2,4,6,8-tetraenoic acid in yellow crystals, m.p.
178-1790C. '

0.5 g of (2Z,4E,6E,8E)-3,7-dimethyl-9-(2,6,6-trimethyl-5-
oxo-cyclohex-1-enyl)-nona-2,4,6,8-tetraenoic acid was
dissolved in 25 ml of ethanol while warming slightly and treated

3 with 100 mg of sodium borohydride while cooling with ice. After
stirring at 0°C for 1 hour the reaction mixture was poured on to
ice-water, acidified with 2N hydrochloric acid and extracted with
ethyl acetate. The organic phases were washed (H20), dried
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| ngr edi ent 1. Conpound I, finely mlled REPL EMF\IT SHES!

1.0 g 2. Carbopol 934 . P.bg
3. Sodi um hydr oxi de qls.1 éd-”#HW?/ 4

Et hanol , 94% _ 12 20.0 g 5. '

Demi neral i sed wat er ad 100.0 g The
active ingredient is i ncorporat ed in the 94% et hanol / ' ‘With

protection fr Cab 934, i _stiredlnu til gelling,is
conpl ete and t{&abgaﬂl ﬁé’gaﬂﬁfeﬁdedsrhe..mqp GUFLﬁﬁSHi}]{ﬁ b‘!a%dblt red
Eﬁarrpl e D i over a émalleeoiuram (silicar gdl)dsekdne/athyphacetateown1pk) and from
t he |ngre | I
W% fﬁ%?ﬁélﬁ%?ﬂﬁ%f HeXahEYethy! acetate. 0.35 g fc

(22 4E,6E,8E)-9-(5-hydroxy-2,6,6-trimethyl-cyclohex-1-enyl)-

5 3,7-dimethyl-nona-2,4,6,8-tetraenoic acid was obtained in
yellow crystals, m.p. 152-1540°C.

Example 7

10 2.5 g of the ethyl ester prepared according to Example 2
were dissolved in 35 ml of abs. tetrahydrofuran and treated in
succession at 0°C with 3.8 ¢ of triphenylphosphine, 2.4 g of p-
nitrobenzoic acid and dropwise with a solution of 2.5 g of diethyl
azodicarboxylate in 30 mi of tetrahydrofuran. After stirring at

15 room temperature for 2 hours the mixture was evaporated, the
residue was taken up with ether and stored in a refrigerator for
3 hours. The precipitate (triphenylphosphine oxide) which
thereby separated was removed, the filtrate was concentrated
and the residue was purified by chromatography (silica gel,

20 hexane/ethyl acetate 5%). There was obtained 0.68 g of a yellow
oil which was dissolved in 15 ml of ethanol and, after the '
addition of a solution of 0.78 g of potassium hydroxide in 3 ml
of water, 3 ml of ethanol and 3 ml of tetrahyrofuran, stirred at
450C for 6 hours. The reaction mixture was subsequently poured

25 on to ice-water, acidified with 1N hydrochloric acid and

~ extracted with ethyl acetate. The organic phase was washed
(H20), dried (Na2S0O4) and evaporated. The crystalline residue was
filtered over a small column (silica gel, ethyl acetate) and, after
_ recrystallization from hexane/ethyl acetate, gave 190 mg of

30 (2Z,4E,6E,8E)-(S)-9-(4-hydroxy-2,6,6-trimethyl-cyclohex-1-
enyl)-3,7-dimethyl-nona-2,4,6,8-tetraenoic acid in yellow
crystals, m.p. 178-180°C, [a]® = +48.2 (c = 0.66, dioxan).

Example 8
1 g of the carbdi&lic acid pfepared according to Example 4

was suspended in 50 ml of methyl ethyl ketone, treated with .
1.5 g of finely ground potassium carbonate and 1.3 ml of ethyl
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iodide and heated at reflux for 1 Ro0R75Fife arsdled reaction
mixture was poured on to ice-water, neutralized with 1N
hydrochloric acid, extracted with ethyl acetate, washed (H20),
dried- (Na2S04) and evaporated. The thus-obtained yellow oil was
purified by chromatography (silica gel, hexane/ethyl acetate =
2:1) and gave 1.5 g of the corresponding ethyl ester as a yellow
oil.

1.18 g of cerium trichloridee7H20 were dissolved in 25 ml
of methanol and treated in succession with a solution of the
above ethyl ester in 5 ml of methanol! and 120 mg of sodium
borohydride. After the evolution of gas had ceased (about
5 minutes) the mixture was evaporated and the orange residue
was purified by chromatography (silica gel, hexane/ethyl acetate
= 4:1). 1.04 g of the corresponding hydroxyester were obtained
as a yellow oil. This oil was dissolved in 25 ml of ethanol,
treated with a solution of 1.6 g of potassium hydroxide in 12 ml
of water and stirred at 40°C for 4 hours under argon. The cooled
reaction mixture was poured on to ice-water, acidified to pH 3
with 1N hydrochloric acid and extracted with ethyl acetate. The

. organic phase was washed (H20), dried (Na2SO4) and evaporated

and gave 0.95 g of an orange, amorphous residue. Filtration over
a small column (silica gel, hexane/ethyl acetate = 1:1) and
crystallization from hexane/ethyl acetate gave (2Z,4E,6E,8E)-9-
(5-hydroxy-2,6,6-trimethyl-cyclohex-1,3-dienyl)-3,7- dimethyl-
nona-2,4,6,8-tetraenocic acid in yellow-orange crystals, m.p. 108-
1100C.
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Conmpound of formula | 0.4145 Pl uroni c

101 (pol oxaner 331) ' 10. 00 Aerosil 200 (4i “i cony gijpxh9ie)
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The physical properti eExarhplénd preparati on can be al tered

Hard gelatine capsules can be produced as follows:

ngredien ma/capsule
1. Spray-dried powder containing 75% compound 1 20
2. Sodium dioctylsulphosuccinate 0.2
3. Sodium carboxymethyicellulose 4.8
4. Microcrystalline cellulose 86.0
"~ 5. Talc 8.0
6. Magnesium stearate 1.0
' | Total 120

The spray-dried powder, which is based on the active
ingredient, gelatine and microcrystalline cellulose and which has
.an average active ingredient particle size of <lum (measured by
means of autocorrelation spectroscopy), is moistened with an
aqueous solution of sodium carboxymethylcellulose and sodium
dioctyisulphosuccinate and kneaded. The resulting mass is
granulated, dried and sieved, and the granulate obtained is mixed
with microcrystalline cellulose, talc and magnesium stearate.
The powder is filled into size O capsules.

Example B-

Tablets can be produced as follows:

ngredien , . mg/tablet
1. Compound | as a finely milled powder 20
2. Powd. lactose ' 100
3. White corn starch 60
4, Povidone K30 ' 8
5. White corn starch 112
6. Talc o ' 16
7. Magnesium stearate 4

Total 320
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formul a
5-position;

al kyl ; the dotted bonds are opti onal anpb5a 3, 4- doubl ¢
present when X is in the 5-position;

10

d ai ns 1.  Conpound e
[err] wherein X IS 0OX0 or a group in the 4- o
Rerr] is hydrogen, alkyl or acyl; and [JO{R21 1idUb{887ogkn
ond can onl

-4

4

The finely milled substance 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 resuiting
mass Is granulated, dried and sieved. The granulate is mixed with
the remaining corn starch, talc and magnesium stearate and
pressed to tablets of suitable size.

Example C

A lotion can be produced as follows:

Inaredie

1. Compound 1, finely milled . 10g
2. Carbopol 934 _ _ 06¢g
3. Sodium hydroxide g.s. ad pH 6
4. Ethanol, 94% B 50.0¢
5. Demineralised water . ' ad 100.0 g

The active ingredient is incorporated in the 94% ethanol/
water mixture. with protection from light. Carbopol 934 is
stirred in until gelling is complete and the pH value is adjusted
with sodium hydroxide.

Example D

A cream can be produced in a manner known per se from the
ingredients listed hereinafter:

Wt.%
Compound of formula | ' 0.1-5
Cetyl alcohol 5.25-8.75
Arlacel 165 (glyceryl/PEG 100 stearate) 3.75-6.25
Miglyol 818 (caprylic/capric/linoleic acid
triglyceride) 11.25-18.75

Sorbitol solution 3.75-6.25

or



as wel | as pharnaceutically usable salts of .carboxylic {&HEAGEMEN‘?OS}EEP&

1. 15 2. Conmpounds according to claim1l of the florffitula

COOR2 20 3. Corrpounds accprdi ng to claim1 of the f%{m.‘lp\m\_ 99%enr i

4. Compounds according to claim1l of the forrmula 25 [efr

16
EDTA Nag ' 0.075-0.125
Carbopol 934P (carbomer 934P) 0.15-0.25
Butylated hydroxyanisole 0.0375-0.0625
Methylparaben _ 0.135-0.225
Propylparaben | 1 0.0375-0.0625
NaOH (10% solution) 0.15-0.25
Water q.s. 100.00
Example E
- Wt.%

Compound of formula | : : 0.1-5
Pluronic L 101 (poloxamer 331) 10.00
Aerosil 200 (silicon dioxide) 8.00
PCL liquid (fatty acid ester 15.00
Cetiol V (decyl oleate) 20.00
Neobee oil (medium chain triglyceride) 15.00
Euhanol G (octyldodecanol), q.s. 100.00

. The physical properties of the preparation can be altered by
varying the ratio between the adjuvants in Examples D and E.
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(2Z, 4E, 6E, 8E) - (R) - 9- (4- hydroxy-2,6,6- 5 trinethyl - cy clo

, 7-di net hyl - nona- 2, 4, 6, 8- tetraenoate.
(ZZ 4E, 6E, 8E) - (S) - 9- (4 Hydr oxy- 2, 6, 6-tri met Ayl - cyclohex-l :
-enyl )- 3, 7-di net hyl - nona- 2, 4, 6, 8-tet raenoi ¢ acid. 10 __
according to claim1 of the formula -@PLA@EW%P[EET
' 11JUL 1997
1. Compounds of the general formula
I
wherein
X is oxo or a group OR! in the 4- or 5-position;

R! is hydrogen, alky! or acyl; and

R2 is hydrogen or alkyl;

the dotted bonds are optional and a 3,4-double bond can only be
present when X is in the 5-position;

as well as pharmaceutically usable salts of carboxylic acids of
formula 1.~

2. Compounds according to claim 1 of the formula

RO

4, Compounds according to claim 1 of the formula

NN |
L oox? Ic
R1O OOR
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»enyl) -3, 7-di met hyl r npnet- 2 JUL61997t gt rjaenoi ¢ aci d. 1. *Cotfrpou
according to claimpl jof the formnul

18

| 5. (2Z,4E,6E,8E)-(R)-9-(4-Hydroxy-2,6,6-trimethyl-
cy_clohex-1-e_nyl)-3,7-dimethyl-nona-2,4,6,8-tetraenoic acid.

6. Ethyl (2Z,4E,6E,8E)-(R)-9-(4-hydroxy-2,6,6-
5 trimethyl-cyclohex-1-enyl)-'3,7-dimethy|-nona-2,4,6,8-
tetraenoate.

7. (2Z,4E,6E,8E)-(S)-9-(4-Hydroxy-2,6,6-trimethyl-
cyclohex-1-enyl_)-3,7-dimethy|-nona-2,4,6,8-tetraenoic acid.

10 _
8.  Compounds according to claim 1 of the formula
e
. D
COOR?
RO |
15 9. Compounds according to claim 1 of the formula
RO S e N .
IE
COOR?

10. (2Z,4E,6E,8E)-9-(5-Hydroxy-2,6,6-trimethyl-
20 cyclohex-1-enyl)-3,7-dimethyl-nona-2,4,6,8-tetraenoic acid.

11. Compounds according to cléim 1 of the formula

o LG N \ N
IF
‘ COOR?

12. (ZZ,4_E,6E,85)-9-(5-0xo-2,6,6-trimethyl-cyc|ohexa-
1,3-dienyl)-3,7-dimethyl-nona-2,4,6,8-tetraenoic acid.

13. (2Z,4E,6E,8E)-3,7-Dimethyl-9-(2,6,6-trimethyl-5-
30 oxo-c_:yclohex-1-enyl)-nona-Z,4,6,8-tetraenoic acid.
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(2Z, 4E, 6E, 8E)- 3, 7- Di met

|nethyl 5- 30 oxo-cyclo

-enyl)-nona-2, 4,6, 8-tet

19 14

5

10

.80 -

Corrpounds accord| ng to cl¥®m1 of the formula

14. Compounds according to claim 1 of the -formula

REPLACEMENT SHEE"

~
= M
Rlo | | | o

15. (2Z,4E,6E)-(R)-9-(4-Hydroxy-2,6,6-trimethyl-
cyclohex-1-enyl)-3,7-dimethyl-nona-2,4,6-trien-8-ynoic acid.

16. The compounds of claims 1-15 for use as.
medicaments, especially for use in the therapy and prophylaxis of
acne, psoriasis, light- and age-damaged skin as well as malignant
and premalignant epithelial lesions and inflammations.

17. Pharmaceutical preparations, containing a compound
of claims 1-15 and usual pharmaceutical carrier materials.

18. The use of compounds of claims 1-15 for the
production of medicaments for the therapy and prophylaxis of
acne, psoriasis, light- and age-damaged skin as well as malignant
and premalignant epithelial lesions and inflammations.

19. A process for the manufacture of the compounds of
general formula | and pharmaceutically usable salts thereof,
which process comprises reacting a compound of the general
formuia

wherein A is phenyl or substituted phenyl and Y- is an anion,
and X and the dotted bonds have the significance given
above,
with 5-hydroxy-4-methyl -5H-furan-2-one in the presence of a
base, isomerizing isomers present in the reaction product in’
which the C=C double bond formed in the reaction has the cis-

THIS SHEET HAS BEEN
REPLACED
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5, 15. (2Z, 4E 6E)- (R)-9- (4- Hydroxy-2, 6, 6-trimethyl - ¢
-enyl)-3, 7-di net hyl -nona-2,4,6-tri en-8-ynoi c acid. 16rm|

ST

conpounds of clains 1-15 for use as medi canents, especially ®0

the therapy and prophylaxis of 10 acne, psoriasis, |light- and age-danmaged
skin as well as malignant and premal i gr@gDt epithelial |esions and

I nfl ammati ons. 17. Pharmaceutical preparations, containing a
conpound of clainms 1-15 and usual pharmaceutical carrier materials. 15

18. The use of c’:’Bfi’F@Q@‘E%rPftoC{ b "ahs 1i|s5rﬁé?r‘s ?hﬂ, if dEé?ﬂétf”sBB'éHtinq .thﬁ
medi caments for th eaigg an Rrop yl'axi's o acne, piPrlaﬁls, I ght -
‘and age- dan’ageﬂe%q'(tlﬁnagr CFt . I ﬁahto one or more. Of the fO °W|ng
operations:
5 a) esterification of a carboxyl or hydroxy group;
b) etherification of a hydroxy group;
c) oxidation of a hydroxy group to an oxo group;
d) reduction of an oxo group to a hydroxy group;
e) steric inversion of a hydroxy group; and

15 f) conversion of a carboxy group into a salt.

20. The novel compounds, preparations, process and use as
described hereinbefore especially with reference to the Examples.

20 - % % *
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and prenmalignant epithelial |esions and inflammations. 19. A

process for the manufacture of the compourids of general formula |I as
tefined in claim1l and pharnaceutically usable salts t her eof , which
process conprises reacting a conpound of the general formul a 25 [err]
wherein A is phenyl or substituted phenyl @2nd Y--is an anion, and X
and the dotted -bonds have the significance given 30 above, wth

5- hydr oxy- 4- et hyl - SH-f ur an- 2- onNOVELYRETENOIDS of a base, isonerizing
i somers present in the reaction™product In whi ch the C=C doubl e bond '

fornmed in the reaction has the cLs-

Abstract

Retinoids of the general formula

wherein
X is oxo or a group OR1 in the 4- or 5-position;
10 R! is hydrogen, alkyl or acyl; and
R2 is hydrogen or alkyl;
the dotted bonds are optional and a 3,4-double bond can only be
present when X is in the 5-position; '
_ ‘as well as pharmaceutically usable salts of carboxylic acids of
15 formula | |

can be used for the therapy and prophylaxis of dermatological
disorders which are accompanied by epithelial lesions, e.g. acne
and psoriasis, as well as malignant and premalignant epithelial

20 lesions, tumours and precancerous changes of the mucous '
membrane in the mouth, tongue, larynx, oesophagus, bladder,
cervix and colon. '
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207, configuration to the trans de>|REP¢iAC&‘ﬁENTe§HEE1Tg th?c;"‘o‘m/'f !
reaction product of formula I to Hmmlmm “IIH ofowrng Lios's
operations: - 5 a) esterificati oR of aLcar bexylk or h/d b) w
~etherification of a hydroxy group; oxidatio ?ﬂ%?ﬁg g pto M
an oxo group; 10 d) reduction of an 50 group t ;

e) steric inversion of a hydroxy group; and 15 f | conver si on of a
carboxy group into a salt.

14. Compounds according to claim 1 of the formula

—

N

5 15. (2Z,4E,6E)-(R)-9-(4-Hydroxy-2,6,6-trimethyl-
cyclohex-1-enyl)-3,7-dimethyl-nona-2,4,6-trien-8-ynoic acid.

16. The compounds of claims 1-15 for use as
medicaments, especially for use in the therapy and prophylaxis of
10 acne, psoriasis, light- and age-damaged skin as well as malignant
and premalignant epithelial lesions and inflammations.

17. Pharmaceutical preparations, containing a compound
of claims 1-15 and usual pharmaceutical carrier materials.

18. The use of compounds of claims 1-15 for the
production of medicaments for the therapy and prophylaxis of
acne, psoriasis, light- and age-damaged skin as well as malignant
and premalignant epithelial lesions and inflammations.

19. A process for the manufacture of the compounds of general
formula 1 as defined in claim 1 and pharmaceutically usable salits
thereof, which process comprises reacting a compound of the general

formula

wherein A is phenyl or substituted phenyl and Y- is an anion,
and X and the dotted bonds have the significance given
30 above,
with S-hydroxy-4-methyl-SH-furan-2-one in the presence of a
base, isomerizing isomers present in the reaction product in
which the C=C double bond formed in the reaction has the cis-
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. configuration to the trans isomers and, if desired, subjecting the
reaction product of formula | to one or more of the following
operations:

a) esterification of a carboxyl or hydroxy group;

b) etherification of a hydroxy group;

c) oxidation of a hydroxy group to an oxo group;

d) reduction of an oxo group to a hydroxy group;

e) ' steric inversion of a hydroxy group; and

f) conversion of a carboxy group into a salt.



