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ABSTRACT OF THE DISCLOSURE

Steroid derivatives represented by formula (I) are

disclosed.

wherein R is a hydrogen atom, a halogen atom, a hydroxy

group, oOor a group -0OCOR,, wherein R, is (a) a linear or

branched alkyl group which may be substituted by a
nalogen atom or a cycloalkyl group, (b) a cycloalkyl

group, or (c) an aryl group. The compounds are useful

for curing or alleviating i1nflammation or rheumatism.
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TITLE OF THE INVENTION
NOVEL STEROID DERIVATIVES
BACKGROUND OF THE INVENTION
Field of the Invention:

This invention relates to novel steroid derivatives,
processes for preparing such steroid derivatives, and
pharmaceutical compositions for curing or alleviating
inflammation or rheumatism comprising the same as an active
component.

Description of the Background Arts:

Many steroid derivatives are known to possess anti-
inflammatory activity. They are used for the most part as
drugs for external application for the treatment of chronic
rheumatism and dermatosis. In recent years, steroid
derivatives possessing stronger local anti-inflammatory
activity, such as dexamethasone valerate, dexamethasone

dipropionate, clobetasol propionate, and the like, have been
developed.

These steroid derivatives, however, exert, through
percutaneous absorption, systemic action along with the
strong local anti-inflammatory activity. Furthermore, there
is concern about side effects which may be caused by such
systemic action.

Development of steroid derivatives having strong anti-
inflammatory action with a high local selectivity and no

side effects have therefore been desired.
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In view of this situation, the present inventors have
synthesized a number of ester derivatives of dexamethasone
in which the 17- or 2l-position -OH is esterified, and have
investigated their pharmaceutical effects. As a result, the

inventors have found that steroid derivatives of formula (I)

below exhibited strong local anti-inflammatory action with

the least systemic action, and were useful for the treatment

not only of inflammation but also of rheumatism. Such a

finding has led to the completion of the present invention.

SUMMARY OF THE INVENTION

Accordingly, an object of this invention is to provide

a steroid derivative represented by formula (I),

wherein R is a hydrogen atom, a halogen atom, a hydroxy

group, or a group -OCOR,, wherein R, 1s (a) a linear or

branched alkyl grouo which may be substituted by a

halogen atom or a cycloalkyl group, (b) a cycloalkyl
group, or (c) an aryl group.

Another object of the present invention is to provide

processes for preparing steroid derivatives of formula

(1)
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Still another object is to provide a pharmaceutical

composition for curing or alleviating inflammation or

rheumatism comprising a steroid derivative as an active
component.

Other objects, features and advantages of the invention
will hereinafter become more readily apparent from the
following description.

DETAILED DESCRIPTION OF THE INVENTION
AND PREFERRED EMBODIMENTS

Fluorine, chlorine, bromine, and iodine are given as
preferable halogen atoms represented by R in formula (I).
Especially preferable halogen atoms are chlorine and
bromine.

Preferable linear or branched alkyl groups represented
by Ry are those having 1-23, particularly 1-15, carbon
atoms. Fluorine, chlorine, bromine, and iodine are given as
preferable halogen atoms which may be substituted with the
alkyl group. Especially preferable halogen atoms are
chlorine and bromine. Cycloalkyl groups represented by R;
are those having 3-6 carbon atoms.

Specific examples of groups represented by R; include:
as linear alkyl groups, methyl, ethyl, n-propyl, n-butyl,
n-nonyl, n-undecanyl, n-tridecanyl, n-pentadecanyl, and the
like; as branched alkyl groups, i-propyl, i-butyl, sec-
butyl, t-butyl, i-pentyl, neopentyl, t-pentyl, i-hexyl, and
the like; as halogenoalkyl groups, 3-chloropropyl, 3-

bromopropyl, 3-fluoropropyl, 4-chlorobutyl, 4-bromobutyl,
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4-fluorobutyl, 5-chloropentyl, 5-bromopentyl, 5-
fluoropentyl, 6-chlorohexyl, 6-bromohexyl, 6-fluorochexyl,
and the like; as cycloalkylalkyl groups, 2-cyclohexylethyl,
2-cyclopropylethyl, 2-cyclopentylethyl, 3-cyclopropylpropyl,
J-cyclopentylpropyl, 3-cyclohexylpropyl, 4-cyclopropylbutyl,
4~-cyclopentylbutyl, 4-cyclohexylbutyl, 5-cyclopropylpentyl,
5-cyclopentylpentyl, 5-cyclohexylpentyl, 6-cyclopentylhexyl,
and the like; as cycloalkyl_groups, cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, and the like; and as aryl groups,
phenyl, naphthyl, 2-methylphenyl, 4-methylphenyl, 2-
ethylphenyl, 4-ethylphenyl, 2-methoxyphenyl, 4-
methoxyphenyl, 2-ethoxyphenyl, 4-ethoxyphenyl, 2-
aminophenyl, 4-aminophenyl, 4-dimethylaminophenyl, 2-
hydroxyphenyl, 4-hydroxyphenyl, 2-nitrophenyl, 4-
nitrophenyl, 2-chlorophenyl, 4-chlorophenyl, 2-bromophenyl,
4-bromophenyl, 2-fluorophenyl, 4-fluorophenyl, 2,6-
dichlorophenyl, 2,6-dibromophenyl, biphenyl, and the like.
Compounds of formula (I) of the present invention can
be prepared by known esterification, desoxydation, or
halogenation. Some examples of the processes for preparing
compounds of formula (I) are given below.
(1) Process for preparing a compound having a hydroxy group

for R in formula (I): the compound of formula (Ia)



wherein R’ represents an alkyl group.

In this process, dexamethasone (II) is reacted with a
trialkyl orthocyclopropane carboxylate of formula (III) in

the presence of an acid, thus producing an intramolecular
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orthoester compound of formula (IV). The compound of
formula (IV) is then hydrolyzed to produce l7-ester compound
(Ia).

Trimethyl orthocyclopropane carboxylate, triethyl
orthocyclopropane carboxylate, and the like are.given as
examples of preferable trialkyl orthocyclopropane
carboxylates of formula (III). Preferable acids which can

be used in the reaction are, for example, p-toluenesulfonic

acid, methanesulfonic acid, and the like.
Hydrolysis is carried out in the presence of
hydrochloric acid, acetic acid, or oxalic acid at a

temperature from -10°C to room temperature.

(2) Process for preparing a compound having a group

-OCORy for R in formula (I): the compound of formula

(Ib)
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According to the above reaction scheme, compound (Ia)

and a carboxylic acid (V) or its reactive derivatives are
reacted to produce 17,21-diester derivative (Ib). '

As reactive derivatives of carboxylic acid (V)whiéh
can be used in this process acid halogenides, acid
anhydrides, mixed acid anhydrides, and the like are given.
The reaction is preferably carried out in the presence of a
tertiary amine such as pyridine, trimethylamine,
triethylamine, or the like, and a deacidifying agent such as
an alkali carbonate, alkali hydroxide, alkali hydride, or

the like, and in a solvent which is not involved in the

reaction, such as ether, tetrahydrofuran, toluene,
chloroform, dichloromethane, or the like.

(3) Process for preparing a compound having hydrogen for R

in formula (I): the compound of formula (Ic)

R2S02X
(vi )

(I a)

(vi)

1) Alkali Iodide
2)Reduction
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wherein X is a halogen atom and R, is an alkyl group or a

phenyl group which may be substituted by an alkyl group.
According to the above reaction scheme, compound (Ia)

1s reacted with a sulfonyl halide derivative (VI) to produce

2l-sulfonate derivative (VII), which is reacted with an

alkali metal iodide followed by reduction to produce 21-desoxy

derivative (Ic).

Methanesulfonic acid chloride, benzenesulfonic acid
chloride, toluenesulfonic acid chloride, and the like are
given as examples of sulfonyl halide derivative (VI) used in
the sulfonylation of the above process. The reaction is
preferably carried out in the presence of a tertiary amine
such as pyridine, trimethylamine, triethylamine, or the
like. Sodium iodide, potassium iodide, or the like can be
used for iodidation of the sulfonate derivative (VII).
Reducing agents which can be preferably used in the
reduction are sodium thiosulfate, sodium bisulfite, sodium
metabisulfite, and the like. It is desirable that the
reaction be carried out in a solvent which is not involved
in the reaction, such as ether, tetrahydrofuran, toluene,

chloroform, dichloromethane, or the like.

(4) Process for preparing a compound having a halogen

atom for R in formula (I): the compound of formula (Id)



e

D

(I d)

21-Halo derivative (Id) can be obtained by reacting
2l-sulfonate derivative (VII) and a lithium halide.

Lithium chloride, lithium bromide, and the like are
given as lithium halides used in the above process. The
reaction is carried out in a solvent such as -
dimethylformamide or the like at a temperature of 100-120°C
for 5-10 hours with stirring.

Other features of the invention will become apparent in
the course of the following description of the experimental
examples showing the anti-inflammatory effect by the use of
the'compounds of the present invention and the examples for

the preparation thereof, which are given for illustration of

the invention and are not intended to be limiting thereof.

EXAMPLES
Experimental Example 1
Anti-inflammatory Effect

Using Wister male rats weighing 130-150 g, each group
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consisting of 6 rats, the local selectivity of the anti-
inflammatory action was investigated by the systemic and
local administration of the compounds of the present
invention and comparative compounds.

In the evaluation of systemic administration, a
test compound suspended into 1% gum arabic was
subcutaneously injected into the back of rats at doses of 0.01,
0.03, 0.1, and 0.3 mg/kg (5 ml/kg). After 60 minutes
following the administration, 1% carrageenin (0.1 ml) was
injected into the plantar surface of the right hind paw.

The paw volume was measured with a plethysmometer before and
3 hours after the carrageenin injection. The value was
compared with the corresponding value of the control group,
thus obtaining the edema inhibition rate, from which EDy4
was determined.

For the local administration test, the test compound
suspended in 1% carrageenin was subcutaneously injected into
a paw in the rats at doses of 0.01, 0.03, and 1.0 pg/paw
(0.1 ml/paw). Three hours after the carrageenin injection,
the volume of the edema was compared with the corresponding
value of the control group, thus obtaining the edema
inhibition rate, from which EDgn was determined.

The ratio of the EDyg values thus obtained was taken

for the evaluation of the local selectivity.

Local Selectivity

(A) [EDgg for Systemic Administration])

(B) [EDgqg for Local Administration)

10
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The higher the value, the greater is the selectivity.

The results are shown in Table 1.

TABLE 1

EDgg values

(A) Systemic (B) Local Local
Administration Administration Selectivity
(mg/kg) (ng/kg) (A)/(B)
Compound No. 1 |
of this invention 0.28 0.08 3.50
Compound No. 4
of this invention 0.83 0.21 3.95
dexamethasone-
17-butylate 0.18 0.29 0.62
dexamethasone-
17,21-d1butylate 0.34 0.17 2.00

Experimental Example 2

Skin Vessel Constriction Activity (L0ca1 Anti-

inflammatory Effect on Human Skin)

Skin vessel constriction effects on human skin of the
present 1nvention were investigated according to the
following method. Dexamethasone 17,21-dipropionate which is
known as a very strong anti-inflammatory agent for external
application was used as a comparative compound.

Fifteen (15) healthy male subjects who were free from
any skin disease anamnesis, such as eczema, dermatosis, or

the like, received the test. Test compounds were diluted

11
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with 95% ethanol to make 6 sample solutions with different
concentrations; highest concentration: 1x10“2, lowest
concentration: 1x10~7, A strap to which acryl cells
(diameter: 12 mm, thickness: 2 mm, height, 3 mm) were fixed
was applied to the back of each subject. The test compound
solution was then dropped with a pipette, 0.02 ml per drOp,
according to a key-code allocated at random. After drying
by air, the strap was peeled off. The coated area was
covered with a polyvinylidene chloride film, of which the
periphery was fixed with a strap for the patch test. The
period of time during which the covering was applied was 16
hours. The judgment was made according to the following
standard four times at 1, 2, 5, and 8 hours after the
removal of the film.
<Evaluation Standard>
++ : The coated skin was strongly pale.

+ : The coated skin was distinctly pale.

* : The coated skin was slightly pale.

- ¢ No change was observed in the coated skin.

The results were analyzed by the probit method to

obtain the EDgp value (2 +) at which the coated area was

clearly pale. The results are shown in Table 2, in which
the relative value for the compounds of the present
invention determined by taking the EDgn value for

dexamethasone 17,21-~dipropionate as 100 are given in

parentheses.

12
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TABLE 2

EDgy value (2 +) concentration (%)

1 hour 2 hours 5 hours 8 hours
Compound No. 1 1.45x10"% 1.19x10"% 7.29x10-% 1.24x10-2
of this invention (378) (345) (1182) (257)
Compound No. 4 5.10x10"% 3.17x10"% 2.00x10"3 1.36x10-2
of this invention (107) (130) (431) (235)
dexamethasone- 5.48x10"% 4.11x10"% 8.62x10-3 3.19x102

17,21-dipropionate

The above experimental data show that the steroid

derivatives of the present invention have strong anti-

inflammatory activity, with higher local selectivity
than conventional compounds. Since the compounds of the

present invention are strongly effective at the local area
and exhibit weak systemic activity (side effect), they are
very useful as a medicine for curing or alleviating
inflammation or rheumatism in mammals including human beings,
especially as an anti-inflammatory steroid agent.

Compound (I) of the present invention can exhibit its
effect by administration either orally or otherwise.
Because of its excellent local selectivity, however, non-
oral administration, e.g. through the skin, rectum, or the
like, is preferable. Conventional base materials'can'be
blended with Compound (I) for preparing external application
preparations such as ointments, creams, lotions, cataplasms,

and the like, or suppositories. Such base materials may

13



-t

“2 014750

include various kinds of oils and fats derived from plants or
animals, water-soluble base materials, e.g. polyalkylene

glycol; humectants, e.g. glycerol, propylene glycol; surface

active agents, preservatives, stabilizers, pH adjusting

agents, and the like.

Synthesis Example 1

Synthesis of dexamethasone 1l7a-cyclopropanecarboxylate
[9a-fluoro-116,17,21~trihydroxy-16a-methylpregna-1,4-diene-

3,20-dione l1l7-cyclopropanecarboxylate] (Compound 1)

2.36 g (6.01 mmol) of dexamethasone, 1.50 g (10.3 mmol)
of trimethyl orthocyclopropanecarboxylate, and 30 mg of p-
toluenesulfonic acid were dissolved into 6 ml of
dimethylformamide, and the solution was stirred for 8 hours
at 80°C. After cooling and an addition of 0.05 ml of

pyridine, the reaction mixture was poured into ice water and

extracted with chloroform. The extract was washed with
water and dried over anhydrous sodium sulfate. After
evaporating chloroform under reduced pressure, 60 ml of
methanol, 20 ml of chloroform, and 1 ml of 2 N aqueous
solution of oxalic acid were added to the residue. The
mixture was stirred for 7 hours at room temperature. After
the reaction, the solvent was evaporated under reduced

pressure and the residue was purified over silica gel column
chromatography to obtain 1.56 g (yield: 56;4%) of the title

compound as colorless crystals.

14
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Synthesis Example 2
Synthesis of 2l-desoxydexamethasone 1l7a-cyclocarboxylate
[9a-fluoro-118,17-dihydroxy-l6a-methylpregna-1,4-diene-

3,20-dione l7-cyclopropanecarboxylate] (Compound 2)

0.92 g (2.00 mmol) of dexamethasone 17a-
cyclopropanecarboxylate was dissolved into 20 ml of‘
anhydrous tetrahydrofuran. After an addition of 1.0 ml
(7.18 mmol) of triethylamine, 0.30 ml (3.87 mmol) of
methanesulfonyl chloride was added dropwise, followed by
stirring for 8 hours at room temperature. The solvent was
evaporated under reduced pressure and the residue was
dissolved into chloroform, washed with water, and dried over
anhydrous sodium sulfate. After evaporating chloroform
under reduced pressure, the residue was crystallized from

ether to obtain 0.864 g (yield: 80%) of dexamethasone 17c-

cyclopropanecarboxylate 2l-methanesulfonate as colorless

crystals.

0.101 g (0.189 mmol) of the methanesulfonate was
dissolved into 5 ml of dimethylformamide and 100 mg (0.667
mmol) of sodium iodide was added to the solution. After
refluxing for 30 minutes, dimethylformamide was evaporated
under reduced pressure. To the residue was added 30 ml of a
5% aqueous solution of sodium metabisulfit'e and the mixture
was stirred for 30 minutes at room temperature. The
reaction mixture was extracted with chloroform, washed with

water, and dried over anhydrous sodium sulfate. After

15
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evaporating chloroform under reduced pressure, the residue
was purified over silica gel column chromatography to obtain

53 mg (yield: 63%) of the title compound as colorless

crystals.

Synthesis Example 3

Synthesis of dexamethasone 2l-chloride 17q-
cyclopropanecarboxylate [2l1l-chloro-9a-fluoro-118,17-
dihydroxy-l6a-methylpregna-1,4- diene-3,20-dione 17~
cyclopropanecarboxylate] (Compound 3)

171 mg (0.32 mmol) of dexamethasone l1l7c-
cyclopropanecarboxylate 2l1-methansulfonate was dissolved
into 10 ml of dimethylformamide. After an addition of 200
mg (9.09 mmol) of lithium chloride, the mixture was stirred
for 7 hours at 120°C. Dimethylformamide was evaporated
under reduced pressure and the residue was dissolved into
chloroform, washed with water, and dried over anhydrous
sodium sulfate. After evaporating chloroform under reduced
pressure, the residue was purified over silica gel column
chromatography to obtain 0.105 g (yield: 69.2%) of the title

compound as colorless crystals.

Synthesis Example 4

Synthesis of dexamethasone 17a,2l-dicyclopropanecarboxylate

[9a¢-fluoro-118,17,21-trihydroxy-16a-methylpregna-1,4-diene-

3,20-dione 17,21-dicyclopropanecarboxylate] (Compound 4)
1.04 g (2.26 mmol) of dexamethasone 17a-

cyclopropanecarboxylate was dissolved into 20 g of anhydrous

16
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tetrahydrofuran. After an addition of 1.0 ml (7.18 mmol) of

triethylamine, 0.50 g (4.78 mmol) of cyclopropanecarbonyl
chloride was added dropwise, followed by stirring for 8
hours at room temperature. The solvent was evaporated under

reduced pressure and the residue was dissolved into
chloroform, washed with water, and dried over anhydrous
sodium sulfate. After evaporating chloroform under reduced
pressure, the residue was purified over silica gel column

chromatography to obtain 0.96 g (yield: 80.7%) of the title

compound as colorless crystals.

Synthesis Examples 5-16

Compounds 5-16 were prepared in the same manner as

Synthesis Examples 1-4.

Analysis and characteristics of Compounds 1-16 are

given in Table 3.

17
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Preparation Example 1

<Ointment>
(gram)
Compound 1 0.05
White petrolatum 89.95
Light liquid paraffin 5
Propylene glycol 5
100

An ointment having the above formulation was prepared

according to a conventional method.

Preparation Example 2

<Cream>
(gram)
Compound 4 0.05
Cetanol 5
White petrolatum 7
Isopropyl myristate 5
Glycerol monostearate 4
Polyoxyethylenecetyl ether 2.5
(20E0)
Methyl paraoxybenzoate 0.1
Propyl paraoxybenzoate 0.05
Purified water 76.3
100

A cream was prepared using the above formulation
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according to a conventional method.

Obviously, numerous modifications and variations of the
present invention are possible in light of the above
teachings. It is therefore to be understood that within the

scope of the appended claims, the invention may be practiced

otherwise than as specifically described herein.
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WHAT IS CLAIMED IS:

l. A steroid derivative represented by formula (1),

wherein R 1is a hydrogen atom, a halogen atom, a hydroxy

group, or a group -0OCOR,, wherein R, is (a) a linear or

branched alkyl group which may be substituted by a
halogen atom or a cycloalkyl group, (b) a cycloalkyl
group, or (c) an arvl group.

2. A process for preparing a steroid derivative

\

represented by formula (Ia),

(I a)

which comprises:

reacting dexamethasone of formula (II),

25

Y2 A AL B R o BN R (A A ST 2 sy RS WIS 8 ROMALI O 2 T X SR T e A A I A i A ASUEAE N4 T MU A S e RTE AT T st s e e e e e



CA 02014759 2000-04-06

i
] ¥
N N (O )

i

and a trialkyl orthocyclopropane carboxylate of formula

(III),

™S
L~

>—C(OR")3 - (III)

wherein R’ 1is an alkyl group, in the presence of an acid,

thus producing an intermolecular ortho-ester compound of

formula (IV),

wherein R’ has the same meaning as defined in formula (III),

followed by hydrolysis of a compound of formula (IV).
3. A process for preparing a steroid derivative

represented by formula (Ib),
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~wherein R; is (a) a linear or branched alkyl group which
may be substituted by a halogen atom or a cycloalkyl
group, (b) a cycloalkyl group, or (c) an aryl group,
which comprises: |

reacting a compound of formula (Ia),

and a carboxylic acid of formula (V):

RyCOOH (V)

Or a reactive derivative thereof, wherein R, has the same

meaning as defined in formula (Ib).

4. A process for preparing a steroid derivative

represented by formula (Ic),
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(I ¢)

whlich comprises:

reacting a compound of formula (VII),

— (S0aR2
O\C

\\‘UCO ﬂ
~_ .~CHa

-

P
;\/ \/ ( V1 I)

wherein R, 1s an alkyl group or a phenyl group which may be

substituted by an alkyl group, and an alkali 1odide,

followed by reducing the reaction product.

5. A process for preparing a steroid derivative

represented by formula (Id),

(1 d)

28
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wherein X is a halogen atom, which comprises:

reacting a compound of formula (VII),

0S0.R
S/ ’

CHs \\...UCU‘<
1~ CH,

(VII)

wherein R, is an alkyl group or a phenyl group which may be

substituted by an alkyl group, and an alkali metal

halide.
6. A pharmaceutical composition for curing or
alleviating inflammation or rheumatism comprising (1) as an

active component a steroid derivative represented by formula

(L)«

wherein R 1s a hydrcgen atcom, a halogen atom, a hydroxy
group, ©or a group -CCOR,, wherelin R, 1s (a) a linear or
pranched aikyi groug which may be substituted by a
nalogen atom or a cyclocalkyl group, (b) a cycloalkyl
group, oOr (c) an aryl group, and (2) a pharmaceutically

acceptable carrler therefor.
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