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METHOD FOR THE PREPARATION
OF 60-FLUORO CORTICOSTEROIDS

Background of the Invention

Field of the Invention

[0001] The present invention relates to the manufacture of 6a-fluorinated corticosteroids. In

particular, the invention relates to the manufacture of 6a,9a-difluoro-11,17¢,21-trihydroxy-

160 (or B)-methyl-prednisolones and their 17- and/or 21-substituted derivatives.

Related Art
[0002] Certain halogenated corticosteroids, particularly 6a,9a-difluoro-113,17a,21-

trihydroxy-16c (or B)-methyl -prednisolones and their 17-and/or 21-substituted derivatives,

represented generally by compound I (R’ = Me), are known anti-inflammatory agents having

pronounced activity.

)

0P NF

Examples of compounds in this class include diflorasone (R' = OH, R’ = B-methyl),

flumethasone (R' = OH, R’ = a-methyl), and halobetasol propionate. These agents have a 6-

fluoro substituent exclusively in the alpha-(equatorial) configuration. Derivatives of these
compounds, e.g., diflorasone diacetate, halobetasol propionate, flumethasone acetate etc.,
have also been shown to have enhanced anti-inflammatory activity.

[0003] Traditional methods for inserting fluorine in the 6-position of the steroid molecule
consist of converting the corresponding 3-ketosteroids into appropriate 3-enolates and
reacting these unstable intermediates with a source of electrophilic fluorine. Common
sources of electrophilic fluorine that have been used are frequently toxic and gaseous, for
example perfluoryl perchlorate. These known procedures generally lead to mixtures of both
the 6-a- and 6-B-diastereomers which must then be separated by, for example, crystallization

or column chromatography. For pregn-4-enes, the relative amount of alpha-epimer may be
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increased by bubbling anhydrous hydrogen chloride through a mixture of isomers in an nert

organic solvent (See, for example, U.S. Patent No. 4,036,831).
[0004] U.S. Patent No. 4,255,331 discloses a method of preparing diflorasone derivatives

which includes, as a key step, 6-fluorination of 98,11B-epoxy-16-B-methylpregna-1,4-diene-
3,20-dione 17, 21-diesters. This conversion was performed in two steps by the formation of
unstable 3-enolacetate and reaction of this derivative with fluoroperchlorate.

00057 A second method (Kavolda et al. Chimia 46, 1992, pp. 338-344; Swiss. Pat.
631185; GB1563638) includes hydrogenation of the 1,2-double bond of pregna-1,4-diene-
3,20-dione, preparation of the 3-ethyl enolate, 6-fluorination of the enolate by
fluoroperchlorate and oxidation of the 6-fluoropreg-4-ene with DDQ to restore the pregna-
1,4-diene configuration. Although this reaction proceeds with some stereoselectivity, it also
utilizes the explosive and toxic gaseous fluoroperchlorate as the source of electrophilic
fluoride. This reagent “has become a reagent with limited appeal. Its loss of popularity
stems from difficult handling, threatening explosions, unwanted chlorinated by-products,
and unavailability” (M. Hudlicky, A.E. Pavlath (ed.), “Chemistry of Organic Fluorine
Compounds II”, ACS, Washington, DC 19935, pp. 163, 164).

[0006] There thus remains a need for safe and effective methods of preparing fluorinated
steroids that are useful as anti-inflammatory agents. There 1s also a continuing need for

methods of forming these compounds 1n a stereoselective manner.

Summary of the Invention

[0007] In summary, the present invention is the reaction of a stereoselective fluorinating
agent with epoxidized corticosteroids esterified at the 21-position without esterification of
the 17-position, to stereoselectively obtain a 6-alpha-fluoro derivative. These useful
intermediates may then be transformed into other derivatives and analogs such as 6a-fluoro
and 60, 9o~difluoro corticosteroids. The invention 1s thus a safe, effective and
stereoselective route to a broad range of compounds having potential use as potent anti-
inflammatory agents.

[0008] This invention succeeds where previous efforts have failed by providing a safe,
effective and stereoselective synthesis of 6-o-fluorinated corticosteroids, such as, for
example, 60, 9a-difluoro-11p, 17a, 21-trihydroxy-16a(or B)-methyl -prednisolones and
their 17- and/or 21-substituted derivatives. Prior methods have relied on explosive, toxic

and gaseous reagents and/or required separation of epimeric or diastereomeric mixtures,

particularly the 6-beta-fluoro epimer.
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[0009] This invention differs from the prior art in modifications which were not previously
known or suggested by developing novel methods of 6-a-fluorocorticosteroid synthesis.

10010] This invention satisfies a long felt need for a safe, effective and stereoselective
processes for preparing known corticosteroid anti-inflammatory agents of enhanced
potency. The invention may be further used to develop syntheses for other new steroid
derivatives.

[0011] The invention 1s a method for producing a 6a-fluorinated corticosteroid or derivative

thereof by reacting an epoxide of Formula II

. 5\“}” l
. o |
/l”\m,/L:J u

with a stereoselective fluorinating agent to stereoselectively form a compound of Formula
VII

T,

where R! is OC(0O)-Ry, R*is C(O)-Ry, R’ is H or Ry and the dashed line is a single or double
bond; and each Ry may be the same or different and is independently selected from (C;.
»)alkyl, aryl, and heteroaryl. R* may be, for example, acetyl; R> may be, for example, alpha,
or beta methyl; R' may be, for example, acetate or propionate. The stereoselective
fluormating agent used in the reaction may be, for example, a fluoropyridinium or
fluoroquinuclidium compound, for example, Selectﬂuor@, 1-fluoropyridinium triflate, 1-

fluoropyridinium tetrafluoroborate, or 1-fluoropyridinium pyridine heptafluorodiborate.



10

15

CA 02473471 2004-05-06

WO 03/047329 PCT/US02/38124

[0012] Further derivatives may be prepared. For example, a 17-ester may be formed by

reaction with a mild esterification reagent, for example a trialkyl orthoester such as
trimethyl orthoformate, triethyl orthopropionate or trimethyl orthoacetate. A 9a-fluoro
group and 11-hydroxy group may be formed by ring opening of the epoxide using HF.
Also, the 21-ester may be hydrolyzed and re-esterified using an acid anhydride.

[0013] In an exemplary embodiment of the invention, diflorasone and derivatives thereot

can be prepared by reacting an epoxide of Formula XX

=
R4O/\/

with a stereoselective fluorinating agent to stereoselectively form a compound of Formula
XXI

0
R
\'"/OH
0 CH,
= -
NN XXI

FId IT1ass

having R' = OC(0)-Rq4 and R* = C(0)-R4; where each Ry may be the same of different and
is independently selected from (C;4)alkyl, aryl and heteroaryl; and converting the
compound of formula XXI to diflorasone or a derivative thereof. For example, R' may be
acetate, R* may be acetyl and the stereoselective fluorinating agent may be Selectfluor®.
The compound of Formula XXI may be converted to diflorasone or a derivative thereot by
9a-fluorination and epoxide ring opening with HF, and ester hydrolysis using a weak base.
[0014] In another exemplary embodiment, the invention may be used as a method of

preparing flumethasone and derivatives thereof by reacting an epoxide of Formula XXI1I
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R4O/\

with a stereoselective fluorinating agent to stereoselectively form a compound of Formula

XXIII

NN XXIII

having R' = OC(0)-R4 and R* = C(O)-Rg; where each Ry may be the same or different and
1s independently selected from (C;.4)alkyl, aryl, and heteroaryl; and converting the
compound of formula XXITII to flumethasone or a derivative thereof. For example, R' may
be acetate, R* may be acetyl, and the stereoselective tluorinating agent may be Selectfluor®.
The compound of Formula XXIII may be converted to flumethasone or a derivative thereof
by 9a-fluorination and epoxide ring opening with HF, and ester hydrolysis using a weak
base.

[0015] In yet another embodiment, halobetasol propionate may be prepared from a
compound of Formula XXI. R' may be, for example, acetate, R” may be, for example,
acetyl, and the compound of formula XXI may be converted into halobetasol propionate by,
for example, (1) Ya-fluorination and epoxide ring opening by reaction with HF; (2) ester
hydrolysis using a weak base; (3) formation of a 17-propionate ester by reaction with
trimethyl orthoacetate; (4) formation of a 21-mesylate by reaction with mesyl chloride; and
(5) reacting the 21-mesylate with a chloride containing salt.

10016] Another aspect of the invention is a method for converting obtained 6a-fluoro

derivatives of formula I obtained from the reaction into diflorasone or flumethasone.
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[0017] The 1invention also provides a method for the synthesis of diflorasone or ,
flumethasone and corresponding derivatives substituted in 21- and/or 17-position.
|0018] Further objectives and advantages, as well as the structure and function of preferred

embodiments will become apparent from a consideration of the description, and examples.

Detailed Description
[0019] Embodiments of the invention are discussed in detail below. In describing

embodiments, specific terminology 1s employed for the sake of clarity. However, the
invention 1s not itended to be limited to the specific terminology so selected.

10020] A person skilled in the relevant art will recognize that other compounds and
derivatives can be prepared without parting from the spirit and scope of the invention.

The invention is the highly stereoselective 6a-fluorination of enolized 21-esters of 17-
hydroxy-9f3,11B-epoxy-16-B-methyl-pregna-3,5-diene-3,20-dione of formula II by
stereoselective fluorination agents. Fluorination of these substrates results in highly
stereospecific reactions not previously observed in the art. The 6a-fluorinated compounds

formed are useful as intermediates in the improved synthesis of 6a-fluoro corticosteroids

including, for example, diflorasone and related compounds and their analogs and

derivatives.

Preparation of 6o-Fluoro Intermediates

10021] Surprisingly, fluorination of a 17-hydroxy, 21-ester steroidal coinpound using
Selectfluor® and related fluorinating agents differs greatly from known fluorination

reactions with similar substrates. Use of the substrates according to the invention results in
a highly stereospecific yield in which 6o-fluorination is favored. A 21-ester enol lacking
the 17-ester group and having formula II ( R1=OCO-C1—C4—a1ky1, aryl, heteroaryl; R’=o or
B-Me; R*=Ac), for example, 17-hydroxy-93,113-epoxy-16(a or B)-methylpregna-3,5-diene-

20-dione 21-acetate and 21-propionate, led primarily to the 6a-epimers of general formula
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VII (R1=OCO-C1-C4-alky1, aryl, heteroaryl; R’=q or B-Me). Ratios as high as 95:5 (a.:p3)

were typically obtained.

5
0 o
'''OH
O R’
/Q /
0P NF > VI
F
10

[0022] Selecttluor® is a safe fluorination reagent which replaces fluorine perchlorate.

Fluorine perchlorate, previously used to prepare 6a-fluoro derivatives of corticosteroids, is

difficult to handle. Other similar fluorinating reagents are known and are disclosed in, for

example, U.S. Patent No. 5,086,178, which is incorporated herein by reference in its

15  entirety.
[0023] The stereospecific fluorination reactions according to the present invention can be
carried out 1n acetonitrile. Other solvents that can be used include dichloromethane,
dimethyl formamide, diethyl ether, and tetrahydrofuran. Alcohols can also be used.
However, mixed solvent systems that include alcohol are used for vicinal alkoxy

20  fluorination, and vicinal alkoxy fluorinated compounds can be an expected side product in
such solvent systems. Most substrates react readily at room temperature. As used herein,
room temperature refers to a temperature in the range of 17-25 °C. Less reactive substrates
may require higher temperature, including temperatures up to the reflux temperature of the
solvent.

25 [0024] The sigmificance of the present invention, which presents a highly stereospecific 6o-
fluorination of 17-hydroxy, 21-ester compounds, is highlighted by the fact that previous

attempts at 6-fluorination of steroids using the same or similar fluorination reagents have
generally resulted 1n product which was non-stereospecific with respect to the substituted 6-

fluorine. When stereospecific fluorination was achieved, the 6B-fluoro configuration

30 predominated. In particular, fluorination of corticosteroid compounds with an ester group at

7
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the 17-position does not strongly favor the 6a-fluorinated epimer. For example, fluorination
of 93,11B3-epoxy-16[3 methylpregna-3,5-diene-3, 20-diene 17,21-diacetate of general
formula VI (where R'=0Ac; R*=R*=Ac; R’=Me and B is a single bond) by Selectfluor® led
to a mixture of 6a- and 6p-fluoroderivatives, in a ratio of about 4:6 (a:3). The observed

reaction 1s consistent with previous studies in which steroidal compounds were reacted with
Selecttluor®. See, for example, R.E. Banks “Selectfluor™ reagent F-TEDA-BF4 1 action:
tamed fluorine at your service” (describing the reaction of hydrocortisone enol acetate and
prednisolone enol acetate to give mixtures of 6a and 6f 1somers in ratios of 47:53 and
53:47, respectively), which is incorporated herein by reference in its entirety. Although Lal

achieved stereospecificity in fluorinating 3,17a-diacetoxy-3,5-pregnadiene-3,20-dione in the

6-position, B-fluorination was favored; the ratio of stereoisomers was 30:70 (o.:3), as

presented in G.S. Lal, J. Org. Chem. 1993, 58, 2791, which 1s incorporated herein by
reference 1n its entirety. Studies of fluorination of compounds using Selectfluor® and

similar reagents are also presented in the following publications: R.E. Banks et al., J. Chem.

Soc., Chem. Commun. 1992, 595; G.S. Lal, Synth. Commun. 1995, 25 (5), 725; R.E. Banks
et al., J. Chem. Soc., Chem. Commun. 1994, 343; Zupan, M. et al., J. Fluorine Chem., 1995,
70, 7; D.P. Matthews et al., Tetrahedron Lett. 1993, 34 (19), 3057; M. Brunavs et al., J.
Fluorine Chem. 1994, 201; M.A. McClinton et al., J. Chem. Soc., Perkin Trans. I, 1992,
1891; H.F. Hodson et al., Tetrahedron, 1994, 50 (6), 1899; S. Stavber & M. Zupan, J.
Chem. Soc., Chem. Commun. 1994, 149; and S. Stavber et al., Tetrahedron Lett. 1994, 35
(7), 1103, each of which 1s incorporated herein by reference in entirety. In contrast to the
present mnvention, these references generally do not show any particular stereospecificity
when using these reagents.

[0025] The 17-hydroxy, 21-ester steroids used to form the reactive enol forms, which serve
as substrates for the fluorination step, have the general formula V wherein R'=OCOR;
where Rq may be (C;-4)alkyl, aryl or heteroaryl. Suitable aryl and heteroaryl compounds
include aromatic moieties having six-membered rings, for example phenyl and 2- or 4-
pyridyl, as well as bicyclic aromatic substituents, for example naphthyl, quinolinyl,
isoquinylinyl and similar substituents. R’ may be H or substituted as either the o or B
epimer with (Ci-4)alkyl, aryl or heteroaryl, as defined above. Methyl is an exemplary value
of R’. The dashed bond at B represents either a single or double bond. These 21-esters are

readily prepared from commercially available steroids by known methods ascertainable to
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O
Ri
A Y 3
s\ R, R
92 ‘v’;/\»f/ v,

[0026] Enolization of the 21-esters of formula V is accomplished by known methods to give
rise to compounds of formula II, where R! and R® are as defined above and R* is C(O)R4
where Ry may be (Ci-3)alkyl, aryl or heteroaryl. Suitable aryl and heteroaryl compounds
include aromatic moieties having six membered rings, for example phenyl 2- or 4-pyridyl,
as well as bicyclic aromatic substituents, for example naphthyl, quinolinyl, isoquinylinyl,
and similar substituents. Catalysts can be used in this enolization step; examples of catalysts
are sulfuric acid, p-toluenesulfonic acid, methansulfonic acid, or pyridinium tosylate.

[0027] In an exemplary method, the 3-acetate (R*=Ac) is formed by the reaction of
isopropenyl acetate in mild acid conditions to form enol acetates of formula II (R'=0CO-C;-
C,-alkyl, aryl, or heteroaryl; R*=a or B-Me; R*=Ac). The reaction of isopropenyl acetate
carried out under more rigorous conditions (higher temperature, excess of strong acid, etc.)

gives rise to 17, 21-diester enol acetates of the general formula VI (R1=OCO~C1-C4-a1ky1,
aryl, heteroaryl; R*=R’=Ac, R’=a or p Me).

LT
0
B~ K -

RO

[0028] As used herein, “stereoselective fluorinating agents” are compounds that tluorinate
enolized 21-esters of 17-hydroxy-98,11B-epoxy-16-p-methyl-pregna-3,5-diene-3,20-dione
and related compounds in the 6-position to stereoselectively produce the o-epimer.

Typically, stereoselective fluorinating agents donate an electrophilic fluorine moiety. The
9
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o-epimer 1s considered to be stereoselectively produced if the ratio of 6a-F:6B-F 1s, for
example, about, 60:40 or greater, about 70:30 or greater, about 80:20 or greater, about 95:5
or greater, or 1f the o-epimer 1s produced exclusively.

[0029] Examples of stereoselective fluorinating agents useful in the present invention
include salts of positively charged species having an N-F bond. Several such compounds
are known and, for the purposes of the present invention, may be broadly categorized in two

classes: fluoropyridiniums and fluoroquinuclidinium compounds, represented by general

structures III and IV, respectively. Known fluoropyridinium compounds of formula III

useful 1n practicing the invention include those having

/l\ TN
XN N \N/
F X F -
11 IV

R=R,~R,=H; Ry=R,=R,=CH3; and R,=R,=CH3, R,=H. Known fluoroquinuclidinium

compounds of formula IV useful i practicing the invention include those having A=CH and
A=N+-CH2C1 X . The counterions (X ) for both the fluoropyridiniums and
fluoroquinuchdinium compounds are non-nucleophilic anions such as, for example,

tetrafluoroborate (BF, ), phosphorous hexafluoridate (PFs ) and organic sulfonate esters, e.g.

triflate. Fluoropyridinium pyridine heptafluorodiborate 1s also useful in practicing the
invention. It 1s to be understood that, as used herein, the term fluoropyridiniums and
fluoroquinuclidinium mmplies the presence of a suitable counterion 1f none 1s specifically
mentioned. A specific example of a fluorinating agent useful for practicing the invention is

Selecttluor®, which 1s available commercially from Air Products, Inc. Selectfluor® is a
fluoroquinuclidinium salt having A=N-CH,Cl1 BF; and X=BF, and is also referred to as F-
TEDA.

Reactions of 6a-Fluorinated Intermediates

[0030] The compounds of general formula VII (R1=OCO-C1-C4-a1ky1, aryl, heteroaryl;

R’=Me (o or [3), are readily converted into known 6a-fluoro corticosteroids and their

10
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derivatives. Examples of typical derivatization pathways are outlined in Scheme 1. For
example, reaction with 70% hydrofluoric acid at low temperatures results in simultaneous

9a fluorination and epoxide ring opening to yield difluorinated corticosteroids of formula
VIII. Using this technique, the 21-esters of diflorasone (R'=0COR; R’=B-Me) and

flumethasone (R’=0-Me), including the 21-acetate and 21-propionate esters, have been

prepared. Alternatively, the 6a-fluoro corticosteroids of formula VII may be hydrolyzed in

mild base, e.g. potassium carbonate, to give rise to the de-esterified epoxides of formula IX.

The ester in the difluoride of formula VIII may be hydrolyzed in a like manner to give
difluorocorticosteroids of formula X. In an alternate route, the epoxides of formula IX may
be subject to the 9a-fluorination/ring opening reaction to yield the same

difluorocorticosteroids of formula X. Using either of these synthetic routes, diflorasone

(R*=B-Me) and flumethasone (R’=a-Me) have been prepared.

Scheme I

[0031] Corticosteroids of formula X may be used as a starting material for preparing a wide
range of 6a-fluorinated corticosteroid derivatives. Without being limited, the most common
derivatives that may be prepared using this methodology are compounds formed by further
reaction at the 17, 21, and/or 11-hydroxy groups. Such derivatives include, for example,
carboxylate, sulfonate, sulfate, sulfite, phosphate, phosphite, phosphonyl and phosphonate

esters, carbonates, carbamates, ethers, etc. In addition, derivatives may be prepared by
11
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replacing one or more of the hydroxyl groups with other reactive groups, for example,
halides (F, Cl, Br, I), nitriles, amines, etc., using chemistry known to persons skilled in the

art.
[0032] The 6a-fluorinated betamethasone 9,11-oxido 21-acetate (VII, R!=0Ac, R> = 3-

methyl) may be converted into a corresponding 17,21-acetate by action of isopropenyl
acetate 1 the presence of acid or base catalyst. Reaction of this 17,21-diacetate with

hydrofluoric acid gives a diflorasone diacetate.
[0033] Further analogs of known 9a. fluorinated corticosteroids may also be prepared

through the intermediate VII. One common approach is to use nucleophiles other than F in
the epoxide ring-opening reaction. For example, chloride or bromide may be introduced
using hydrochloric or hydrobromic acid, respectively. This would place other substituents
at the 9- position, preferably in a stereoselective or stereospecific manner. These
compounds can then be derivatized at any of the resultant hydroxy groups, or the
nucleophile used in the ring opening reaction may undergo further replacement. Given the
increased anti-inflammatory activity observed in the 6a-~fluorinated corticosteroids as a
class, 1t 1s expected that members of this group may be effective, potent anti-inflammatory
agents.

[0034] Some examples of derivatives and analogs of corticosteroids and their preparation
are shown in Schemes II and III. For example, 17-ester derivatives of the general formula
XI (R2=CO-C1-C4-alkyl, aryl, heteroaryl) can be formed from the corticosteroid of formula
X by reaction with a mild esterification reagent such as a proper trialkyl orthoester.
(Scheme II) These products may be further esterified at the 21-position by reaction with an
acid anhydride to form 17,21-diesters of formula XII (R'=CO-C;-Cs-alkyl, aryl, heteroaryl).
Using this methodology, a broad range of diesters derived from the same or different acids
may be prepared.

[0035] For example, reaction of diflorasone with trimethyl orthoacetate in DMA in presence
of p-toluene sulphonic acid (PTSA) leads to diflorasone 17-acetate (Formula XI; R*=Ac,
R=B-Me). Thié 17-acetate is readily converted into diflorasone 17,21-diacetate through

reaction with acetic anhydride in the presence of potassium acetate (Formula XII:
R*=R'=Ac, R’=B-Me).

12
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10036] Other 17-esters may be similarly obtained. For example, diflorasone 17-propionate
may be obtained by reacting diflorasone with triethyl orthopropionate. Another
esterification reagent which may be used is trimethyl orthoformate.

10037] Reaction of the 17-ester and other derivatives is not limited to further esterification,
but may be used to produce additional derivatives. For example, as shown in Scheme III,
reaction of diflorasone 17-propionate (XIII), prepared as above, with methansulfonyl

chloride (MesCl) leads to the mesylate (XIV). The mesylate may then be heated with LiCl
in DMA to give halobetasol propionate (XV).
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10038] The following non-limiting examples illustrate the novel aspects of this invention.
Persons of ordinary skill in the art will recognize that different derivatives may be prepared
using known synthetic methods without departing from the invention. Structure were
confirmed by spectroscopically or by comparison to a known sample.

10039] It will be appreciated by persons skilled in the art that other acids or acid derivatives
can be utilized to prepare a broad range of ester derivatives. These include other sulfonic
acid esters, carboxylate esters, phosphate, phosphoric and phosphoric acid esters, etc. These
may be esters having R' =R* (see for example, Formula XII) or may be mixed acid esters
where R' and R” are different. Other derivatives may similarly be obtained by reaction with
the esters described herein, as well as others. Thus, in addition to its usefulness in preparing
known 60-fluorinated corticosteroids, the present invention is useful for preparing a broad

range of new 6a-fluorinated corticosteroid derivatives.

EXAMPLE I
[0040] To a solution of 17-hydroxy-9B,11B-epoxy-16-B-methyl-pregna-1,4-diene-3,20-
dione 21-acetate (5.0 g) in isopropylidene acetate (50 ml) was added concentrated sulfuric

acid (0.25 ml). The mixture was stirred for 2 hours and the excess sulfuric acid neutralized
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with triethylamine. The resultant solution was evaporated in a vacuum, the residue
dissolved 1n acetonitrile (50 ml) and F-TEDA (8.0 g) added. The resultant mixture was
stirred 1 hour, diluted with water and extracted with ethyl acetate. The organic layer was
washed with water and concentrated in vacuum. The residue was triturated with methanol
to obtain pure 6-o-fluoro-17-hydroxy-9f,11B-epoxy-16-p-methylpregna-1,4-diene-3,20-
dione 21-acetate.

[0041] The following steroids of general formula VII were prepared 1n an analogous
manner:

6o-fluoro-17-hydroxy-9f3,11B-epoxy-16pB-methylpregna-1,4-diene-3,20-dione 21-
propionate;
6a-fluoro-17-hydroxy-983,113-epoxy-16c-methylpregna-1,4-diene-3,20-dione 21-acetate;
and

6a-fluoro-17-hydroxy-93,11p-epoxy-16-a-methylpregna-1,4-diene-3,20-dione 21-

propionate.

EXAMPLE II (comparative).
[0042] A solution of 9B,11B-epoxy-16p-methylpregna-1,4-diene-3,20-dione 17,21-diacetate
(4 ¢) 1n 1sopropylidene acetate (50 ml) was heated with PTSA (0.4 g) for 2 hours. When the
reaction was complete, potassium acetate (4 g) was added and the solvent removed under
vacuum. The residue was dissolved in ethanol (40 ml) and reacted with F-TEDA (4 g) for
16 hours. The reaction mixture was poured mto water and stirred 2 hours. The white
precipitate that formed was filtered, washed with water and dried.

[0043] The product thus obtained was found to be a mixture of 60% 6-- and 40% 6-a-
fluoroisomers. A sample practically free from [-1somer was obtained aiter three

crystallizations from methanol.

EXAMPLE III.

[0044] A cold (—10 to —15° C) solution of 6a-fluoro-17-hydroxy-9f3,11B-epoxy-16-
methylpregna-1,4-diene-3,20-dione 21-acetate (1.62 g) in 70% hydrofluoric acid (25 ml)
was stirred for 3.5 hours. The solution was then diluted with 250 ml of water, stirred for 1
hour and the precipitate of diflorasone 21-acetate was filtered.

[0045] The following steroids were prepared in an analogous mannetr:

Diflorasone 21-propionate;
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Flumethasone 21-acetate; and

Flumethasone 21 -propionate

EXAMPLE IV.

10046] A solution prepared from potassium carbonate (0.7 g) and water (7 ml) was added to
a suspension of diflorasone 21-acetate (1.4 g) in methanol (15 ml) with stirring. Stirring
continued for 3 hrs, and the solution was concentrated in vacuum and the residue diluted
with water. The resultant suspension was filtered to obtain diflorasone, which was washed
with water and dried.

[0047] Flumethasone was prepared in an analogous manner from flumethasone 21-

propionate.

EXAMPLE V.

[0048] A mixture of diflorasone (1 g) and PTSA (0.3 g) was added to N,N-
dimethylacetamide (10 ml) and stirred until dissolved. To this solution, trimethyl
orthoacetate (1 ml) was added and the solution stirred for 5 hrs. The solution was then
diluted with 40 ml of water and stirred additional 3 hrs. Diflorasone 17-acetate formed as a
precipitate that was filtered, washed with water and dried.

[0049] Diflorasone 17-propionate was prepared by the analogous manner.

EXAMPLE VI.

[0050] To a solution of diflorasone 17-acetate (2.5 g) in N,N-dimethylacetamide (25 ml),
potassium acetate (2.5 g) was added followed by acetic anhydride (3 ml). The mixture was
stirred 2 hrs, diluted with water (100 ml) and stirred an additional 2 hrs. A precipitate of

diflorasone diacetate formed which was filtered, washed, and dried.

EXAMPLE VII.

[0051] Triethylamine (4ml) was added to a solution of diflorasone 17-propionate (3 g) in
N,N-dimethylacetamide (30 ml) followed by the addition of methansulfonyl chloride (1.4
ml). The resultant suspension was stirred 1 hour and hydrochloric acid (10 ml, 2N) added.
The suspension was stirred an additional 1 hour and a precipitate of diflorasone 17-

propionate-21-mesylate formed which was filtered, washed and dried.
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EXAMPLE VIII. .
[0052] Daflorasone 17-propionate-21-mesylate (1.5 g) was dissolved in DMA (10 ml) and

lithitum chloride (0.2 g) added. The mixture was heated to 100-110°C and stirred for 3 hrs.

The solution was then cooled to 50-55°C, diluted with 10 ml of water and stirred 2 hrs more.

A precipitate of halobetasol propionate formed and was filtered, washed with water and

dried.

EXAMPLE IX.

[0053] A solution of potassium carbonate (1.35 g) in water (7 ml) was added to a
suspension of 6-a-fluoro-17-hydroxy-98,11B-epoxy-16-B-methylpregna-1,4-diene-3,20-
dione 21-acetate (3 g) in methanol (30 ml). The reaction mixture was stirred 10 hrs, and a
precipitate of 60-fluoro-17,21-dihydroxy-98,11B-epoxy-16B-methylpregna-1,4-diene-3,20-

dione formed. The product was filtered, washed with water and dried.

EXAMPLE X.
[0054] A solution of 6a-fluoro-17,21-dihydroxy-98,11B-epoxy-16B-methylpregna-1,4-
diene-3,20-dione (2.4 g) in 70% hydrofluoric acid (25 ml) was stirred for 5 hours at —10° to

—15° C. The solution was then diluted with 250 ml of water, stirred for 1 more hour and the

precipitate of diflorasone was filtered.

EXAMPLE XI.

[0055] A mixture of 6a-fluoro-17,21-dihydroxy-9f,11B-epoxy-16-B-methylpregna-1,4-
diene-3,20-dione (1.0 g) and PTSA (0.78 g) was added to N,N-dimethylacetamide (10 ml)
and stirred until dissolved. Trimethyl orthoacetate (0.7 ml) was added and the solution
stirred for 3 hrs. The solution was then diluted with water (40 ml) and gtirred an additional
3 hrs to form 60-fluoro-17-hydroxy-98,11B-epoxy-16B-methylpregna-1,4-diene-3,20-dione

17-acetate as a precipitate which was filtered, washed with water and dried.

EXAMPLE XII.

[0056] To a solution prepared from 60-~fluoro-21-hydroxy-98,11B-epoxy-16-
methylpregna-1,4-diene-3,20-dione 17-acetate (2.5 g) in N,N-dimethylacetamide (25 ml),
potassium acetate (2.5 g) was added followed by acetic anhydride (3 ml). The reaction
mixture was stirred 4 hrs, diluted with water (100 ml) and stirred additional 2 hrs. A
precipitate of 60-fluoro-9f,11B-epoxy-16B-methylpregna-1,4-diene-3,20-dione 17,21-

diacetate formed which was filtered, washed and dried.
17



10

15

20

CA 02473471 2004-05-06
WO 03/047329 PCT/US02/38124

EXAMPLE XIII

10057] Concentrated sulfuric acid (0.1ml) was added to a solution of 60~-tluoro-17-hydroxy-
9pB,11B-epoxy-16-B-methylpregna-1,4-diene-3,20-dione 21-acetate (1.0 g) in isopropylidene
(10 ml) acetate (10 ml) and the mixture stirred at 50°C for 6 hrs. The solution was then
neutralized with triethylamine and concentrated in vacuum. The resultant residue was
dissolved in water and extracted with ethyl acetate. The organic layer was separated, dried
and the solvent removed. The dry residue was triturated with methanol (10 ml) to obtain

6a-tluoro-9B,11p-epoxy-16B-methylpregna-1,4-diene-3,20-dione 1 7,21-d1acetate.

EXAMPLE XIV.

[0058] A solution of 6a-fluoro-17,21-dihydroxy-9,1 1B-epoxy-16B-methylpregna-1,4-
diene-3,20-dione diacetate (2.0 g ) in 70% hydrofluoric acid (30 ml) previously cooled to —
10 to ~15° C was stirred for 3.5 hours. The solution was then diluted with water (250 ml),

stirred for 1 hour and the precipitate of diflorasone diacetate (compound XII wherein R' =

Ac,R*=Ac, and R® = B-Me) was filtered.

[0059] The embodiments illustrated and discussed in this specification are intended only to
teach those skilled in the art the best way known to the inventors to make and use the
invention. Nothing in this specification should be considered as limiting the scope of the
present invention. All examples presented are representative and non-limiting. The above-
described embodiments of the invention may be modified or varied, without departing from
the mvention, as appreciated by those skilled in the art in light of the above teachings. It is
therefore to be understood that, within the scope of the claims and their equivalents, the

invention may be practiced otherwise than as specifically described.
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WHAT IS CLAIMED IS:
1. A method for producing a 6o-fluorinated corticosteroid or derivative thereof,

comprising reacting a 21-ester, 17-hydroxy epoxide of Formula II

R4O/\/

with a stereoselective fluorinating agent to stereoselectively form a 21-ester,

17-hydroxy 6o-fluorinated compound of Formula VII

O ol

\'1OH
O R>
A /

0F NF N\ VI

wherein:

R' is OC(O)-Ry;

R* is C(O)-Ry;

the dashed line is a single or double bond; and,

R’ is selected from H and R4, wherein each Ry may be the same or different and is
independently selected from (C;-4)alkyl, aryl and heteroaryl.

The method of claim 1, wherein the stereoselective fluormating agent is selected
from fluoropyridinium compounds and fluoroquinuclidium compounds.

The method of claim 1, wherein the stereoselective fluorinating agent is selected
from the group consisting of 1-fluoropyridinium triflate, 1-fluoropyridinium
tetrafluoroborate, and 1-fluoropyridinium pyridine heptafluorodiborate.
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The method of claim 1, wherein the stereoselective fluorinating agent is
Selectfluor®.

The method of claim 1, wherein the reaction is conducted in a solvent selected from
the group consisting of acetonitrile, dichloromethane, dimethyl formamide,
diethyl ether, tetrahydrofuran, and alcohols.

The method of claim 1, wherein the reaction is conducted in acetonitrile.

The method of claim 1, wherein the reaction is conducted at room temperature.

The method of claim 5, wherein the reaction is conducted at a temperature greater
than room temperature and less than or equal to the reflux temperature of the
solvent.

The method of claim 1, wherein R* is acetyl.

The method of claim 1, wherein R® is methyl.

The method of claim 10, wherein said methyl is alpha.

The method of claim 10, wherein said methyl is beta.

The method of claim 1, wherein R! is acetate.

The method of claim 1, wherein R is propionate.

A method of preparing diflorasone and derivatives thereof comprising reacting an

epoxide of Formula XX
0O
R
\'""OH
0 CHs,
i /
R4O/ \/\/ XX

with a stereoselective fluorinating agent to stereoselectively form a

compound of Formula XXT; and,
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16.

17.

ss BINTEN

converting the compound of formula XXI to diflorasone or a derivative thereof,

wherein R' is OC(0)-Rq, R* is C(0)-Ry, and each R4 may be the same or different
and 1s independently selected from (C-4)alkyl, aryl and heteroaryl.

The method of claim 15, wherein R! is acetate, R” is acetyl, the stereoselective

fluorinating agent is Selectfluor® and converting the compound of formula

XXl to diflorasone or a derivative thereof comprises

9a-fluorination and epoxide ring opening by reaction with HF, and

ester hydrolysis using a weak base.

A method of preparing flumethasone and derivatives thereof comprising reacting an

epoxide of Formula XXII

" NN XXII

with a stereoselective fluorinating agent to stereoselectively form a

compound of Formula XXIIT; and,
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O . AR CI—I3
/ ;
o = : XXIII
F

converting the compound of formula XXIII to flumethasone or a derivative thereof,
wherein R' is OC(0)-Ry, R* is C(O)-Ry, and each R4 may be the same or different
and 1s independently selected from (C;-4)alkyl, aryl, and heteroaryl.
18.  The method of claim 17, wherein R' is acetate, R* is acetyl, the stereoselective
fluormating agent is Selectfluor® and converting the compound of Formula
XXIII to flumethasone or a derivative thereof comprises
9a-fluorination and epoxide ring opening by reaction with HF, and

ester hydrolysis using a weak base.

19. A method of preparing halobetasol propionate comprising reacting an epoxide of

Formula XX

=
R4O/\/\/ XX

with a stereoselective fluorinating agent to stereoselectively form a

compound of Formula XXT; and,

22



10

15

20

25

CA 02473471 2004-05-06

WO 03/047329 PCT/US02/38124

20.

21.

22.

23.

24.

25.

26.
27.

converting the compound of formula XXI to halobetasol propionate,

wherein R’ is OC(0)-Rg, R* is C(0)-Ry, and each Ry may be the same or different
and 1s independently selected from (C;-4)alkyl, aryl, and heteroaryl.

The method of claim 18, wherein R! is acetate, R* is acetyl, the stereoselective
fluormating agent is Selectfluor® and converting the compound of formula
XXI to halobetasol propionate comprises:

Ya-fluorination and epoxide ring opening by reaction with HF and ester hydrolysis
using a weak base;

formation of a 17-propionate ester by reaction with trimethyl orthoacetate;

formation of a 21-mesylate by reaction with mesyl chloride; and,

reacting said 21-mesylate with a chloride containing salt.

The method of claim 1, further comprising forming a 17-ester of the compound of
formula VII by reaction with a mild esterification reagent.

The method of claim 21, wherein the mild esterification reagent is a trialkyl
orthoester.

The method of claim 22, wherein the trialkyl orthoester is selected from trimethyl
orthoformate, triethyl orthopropionate, and trimethyl orthoacetate.

The method of claim 1, further comprising forming a 9a-fluoro group and 11-
hydroxy group by ring opening of the epoxide using HF.

The method of claim 1, further comprising hydrolyzing a 21-ester to form a 21-
hydroxy.

The method of claim 25, further comprising esterifying the 21-position.

The method of claim 21, further comprising hydrolyzing a 21-ester to form a 21-
hydroxy.
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The method of claim 27, further comprising esterifying the 21-position.
The method of claim 1, wherein the epoxide of Formula II is generated in situ.

The method of claim 1, wherein the epoxide of Formula II is generated by the

reaction of a composition having the Formula V

with an acylating agent, wherein

R' is OC(0)-Ry, R* is C(O)-Ry, the dashed line B is a single or

double bond, R’ is selected from H and Ry, and each Ry may be the same
or different and is independently selected from (C;-4)alkyl, aryl and

heteroaryl.

The method of claim 30, wherein the acylating agent is isopropenyl acetate and R*

1S acetyl.

A method for producing a 6a-fluorinated corticosteroid, comprising:

reacting a 21-ester, 17-hydroxy epoxide of Formula XXV

OC(O)(CH,), H

\'""OH

H,CC00” NN XXV

, with a stereoselective fluorinating agent to stereoselectively form a

21-ester, 17-hydroxy, 6a-fluorinated compound of Formula XXVTI;
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OC(0)CH;4

ey RIS

0} reacting the 21-ester, 17-hydroxy, 6a-fluorinated compound of Formula
: XXVIwith hydrofluoric acid to form a 21-ester, 11,1 7-dihydroxy,
6a,9a-difluorinated compound of Formula XXVII; and,

OC(O)CH,4

s B IFIIT

reacting the 21-ester, 11,17-dihydroxy, 6a,90-fluorinated compound of

10 Formula XXVII with a weak base to form a 11,17,21-trihydroxy,
6a,90a-difluorinated compound of Formula XXVIII,

wherein

R’ is methyl,

25



CA 02473471 2004-05-06
WO 03/047329 PCT/US02/38124

n=1or 2, and
the stereoselective fluorinating agent is selected from the group comprising
Selecttluor®, 1-fluoropyridinium triflate, 1-fluoropyridinium
tetratluoroborate, and 1-fluoropyridinium pyridine
5 heptafluorodiborate.

33.  The method of claim 32, wherein reacting the 21-ester, 17-hydroxy epoxide of
Formula XXV with a stereoselective fluorination agent is conducted in
acetonitrile.

34.  The method of claim 32, wherein the methyl is beta and the compound of Formula

10 XXVIII 1s diflorasone.

35.  The method of claim 32, wherein the methyl is alpha and the compound of Formula

XXVIII 1s flumethasone.
36.  The method of claim 34, further comprising the steps of:

reacting the 11,17,21-trihydroxy, 6a,9a~fluorinated compound of Formula
15 XXVIII with trimethyl orthoacetate to form a 17-propionate ester;
reacting the formed 17-propionate ester with mesyl chloride to form a 21-

mesylate; and,

reacting the formed 21-mesylate with a chloride containing salt to form halobetasol

propionate.

20

26



(1)

(V1)



	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - claims
	Page 23 - claims
	Page 24 - claims
	Page 25 - claims
	Page 26 - claims
	Page 27 - claims
	Page 28 - claims
	Page 29 - claims
	Page 30 - abstract drawing

