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PROCESS FOR THE PREPARATION OF 
17-DESOXY-CORTCOSTEROIDS 

FIELD OF THE INVENTION 

0001. The present invention is directed to a novel process 
for the preparation of 17-desoxy-corticosteroids. 

BACKGROUND OF THE INVENTION 

0002 The corticosteroids are a particular type of steroids 
having the basic carbon skeletal formula which contains 21 
carbon atoms in 4 rings. A thru D. 
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provides high region-selectivity of hydroxyl removal at posi 
tion 17 of the corticosteroid while one or more halogen 
groups at positions 2, 6, 7 and 9 remain intact. The region 
selectivity of the process enables the use of this process for 
facile preparation of biologically active 17-desoxy corticos 
teroids having one or more halogen groups at positions 2, 6, 7 
and 9. 

0007. In one embodiment, the present invention relates to 
the preparation of a corticosteroid derivative having the gen 
eral Formula I: 

Formula I 

0003 Corticosteroids are known to have anti-inflamma 
tory and immunomodulatory properties useful in the treat 
ment of numerous diseases, including autoimmune and 
inflammatory diseases. 
0004 A large number of 21-hydroxy-20-oxo-17-desoxy 
pregnane compounds are known as therapeutically valuable 
Substances with the action of natural corticoids, i.e. ofadreno 
cortical hormones, or they can be used as intermediates for 
obtaining such active substances. These compounds have 
principally been obtained by removing the hydroxyl group in 
carbon 17. The removal of the hydroxyl group is normally 
carried out in several steps, usually by a direct or indirect 
exchange of the hydroxyl group for an hydrogen atom. 
Numazawa et al. (J. Chem. Soc. Chem. Commun., 1984 and 
Chem. Pharm. Bull., v.34(9), pp. 3722-3726 (1986)) disclose 
the deoxygenation of the Dihydroxyacetone moiety at C-17 
by using Iodotrimethylsilane for the preparation of Hydro 
cortisone, Cortisone, Prednisolone and Prednisone. German 
Patent NOS. 11694.44 and 121 1194 disclose a multistep syn 
thesis of 17-Desoxicorticosteroids. 
0005. The processes described above suffer from various 
disadvantages. Therefore, there is an unmet need for an 
improved process for the preparation of 17-desoxy-corticos 
teroids in a single chemical step from commercially available 
starting materials. 

SUMMARY OF THE INVENTION 

0006. The present invention provides an improved process 
for the preparation of 17-desoxy corticosteroid derivatives in 
a single chemical step. The present invention is specifically 
advantageous in preparing 17-desoxy corticosteroid deriva 
tives having one or more halogen groups at positions 2, 6, 7 
and 9 of the corticosteroid. In a preferred embodiment, the 
present invention provides an improved process for the prepa 
ration of Diflucortolone, Desoximetasone, Clocortolone, 
Fluocortolone, 7C.-Chloro-11B,21-dihydroxy-16C.-methyl 
pregna-1,4-diene-320-dione and 2-Bromo-6(3,9-difluoro 
11,21-dihydroxypregna-1,4-diene-320-dione. It was Sur 
prisingly found that the process of the present invention 

wherein R is OH and R is H, or R and R form together a 
double bond with O. R. is Hand R is CH, or R is CH and 
R is H, and wherein at least one of Xs is independently Cl, 
Br or F. 

0008. The preparation process of the present invention 
comprises reacting the corticosteroid derivative of general 
Formula II 

Formula II 

wherein R-R and X-Xs areas defined above with an excess 
of Trimethylsilyl Iodide in the presence of an aprotic solvent 
to yield the 17-desoxy corticosteroid derivative of Formula I. 
0009. The process of the present invention does not have 
the drawback referred to the known processes since it pro 
vides 17-desoxy corticosteroid derivatives in a single chemi 
cal step. The process of the present invention does not require 
the protection of the halogen groups which are present in the 
starting material against undesired reactions with the Trim 
ethylsilyl Iodide reagent. The process of the present invention 
employs easy to handle reagents and the reaction proceeds 
with high yield of the 17-desoxy corticosteroid derivative. 
Particular halogen groups which are present in the starting 
material are fluorine, bromine or chlorine atoms in one or 
more of positions 2, 6, 7 and 9 of the corticosteroid. 
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DETAILED DESCRIPTION OF THE PRESENT 
INVENTION 

0010. In the following detailed description, numerous spe 
cific details are set forth in order to provide a thorough under 
standing of the invention. However, it will be understood by 
those skilled in the art that the present invention may be 
practiced without these specific details. In other instances, 
well-known methods, procedures, and components have not 
been described in detail so as not to obscure the present 
invention. 
0011. The term “17-desoxy corticosteroid derivatives' as 
used herein, refers to corticosteroid derivatives having no 
hydroxyl group in the 17 position and having at least one 
halogen group at position 2, 6, 7 or 9 of the corticosteroid. 
0012. It has surprisingly been found that it is possible to 
prepare 17-desoxy corticosteroid derivatives having at least 
one halogen group at position 2, 6, 7 or 9 of the corticosteroid 
in a single chemical step by reacting the 17-hydroxy starting 
material with an excess of Trimethylsilyl Iodide. The process 
of the present invention does not require the protection of the 
halogen groups present in the starting material against undes 
ired reactions with the Trimethylsilyl Iodide reagent. 
0013 The preparation of 17-desoxy corticosteroid deriva 

tives involves reacting the starting material of Formula II with 
an excess of Trimethylsilyl Iodide in the presence of an apro 
tic solvent. The molar ratio between Trimethylsilyl Iodide 
and the 17-hydroxy starting material is between about 2:1 to 
about 10:1, preferably between about 2:1 to about 6:1. 
0014. The aprotic solvent suitable for the reaction may be 
for example Acetonitrile, chlorinated solvents, or aromatic 
solvents, and is preferably methylene chloride or acetonitrile 
or a combination thereof. Minor amounts of a polar protic 
co-solvent such as water or C-C-alcohol may be added to 
the reaction in order to enhance the reaction yield. In a pre 
ferred embodiment, between about 0.05% to about 1.0% (v/v) 
of the polar protic co-solvent may be added to the reaction, 
more preferably, between about 0.1% to about 0.5% (v/v) of 
the polar protic co-solvent may be added to the reaction. A 
preferred polar protic co-solvent which may be used is metha 
nol or isopropyl alcohol. 
0015 The 17-hydroxy starting materials of Formula II are 
known compounds which may be obtained commercially. 
These include for example FlumetaSone, DexametaSone, 
Paramethasone, Betamethasone, 9-Chloro-6C-fluoro-11, 17, 
21-trihydroxy-16C.-methylpregna-1,4-diene-320-dione, 
Halopredone or Alclometasone. 
0016. The reaction temperature employed for the reaction 
between Trimethylsilyl Iodide and the 17-hydroxy starting 
material is in the range from between about -30°C. and about 
+30°C., more preferably in the range of between about -20° 
C. and about +20° C. 
0017 Depending on the respective conditions (tempera 

ture, concentration of Trimethylsilyl Iodide and the starting 
material, the solvent etc.), the reaction time is from about 15 
minutes to about 3 hours, more preferably from about 15 
minutes to about 2 hours. 
0018 Following the reaction of the 17-hydroxy starting 
material of Formula II with Trimethylsilyl Iodide, the reac 
tion solution is preferably quenched with sodium thiosulfate 
or bisulfite. The 17-desoxy product is isolated using one of 
the common procedures known in the art, preferably using an 
organic solvent which is not miscible with water such as ethyl 
acetate or toluene. 
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0019. Following the extraction, the reaction is completed 
by washing the organic layer, preferably with a solution of a 
weak inorganic base such as Sodium bicarbonate and a satu 
rated solution of salt such as sodium chloride and evaporating 
the solution to dryness to yield the 17-desoxy corticosteroid 
of the invention. In other embodiments, standard chemical 
procedures for isolation of the corticosteroid may be 
employed Such as extraction or filtration. 
0020. The present invention may preferably be used for 
the preparation of Diflucortolone, Desoximetasone, Clocor 
tolone, Fluocortolone, 7C.-Chloro-113,21-dihydroxy-16C.- 
methylpregna-1,4-diene-320-dione and 2-Bromo-6(3,9-dif 
luoro-1 1,21-dihydroxypregna-1,4-diene-320-dione. More 
preferably, the present invention is used for the preparation of 
Clocortolone and Desoximetasone. In a preferred embodi 
ment, Clocortolone may be further converted to Clocortolone 
Pivalate by using methods known in the art. 
0021. The present invention further relates to a method of 
preparing Clocortolone having the structure of Formula III, 

Formula III 

2. 
F 

the method comprising the steps of 
0022 (a) Reacting a 17-hydroxy epoxide of Formula IV 

Formula IV 

with a stereo-Selective fluorinating agent to stereo-Selectively 
form a 17-hydroxy epoxide 6'-fluorinated compound of For 
mula V 
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Formula V 

2. 
F 

wherein R' and Rare OC(O) Rd; wherein each Rd may be 
the same or different and is independently selected from 
(C) alkyl, preferably CH: 
0023 (b) hydrolyzing the compound of formula V with an 
alkaline carbonate, preferably potassium or Sodium car 
bonate in an organic solvent, preferably in C-C alcohol, 
to form a compound of formula VI; 

Formula VI 

2. 
F 

0024 (c) opening the epoxide of the compound of formula 
VI by a reaction with hydrogen chloride, to form a com 
pound of formula VII; 

Formula VII 

0025 (d) reacting the compound of formula VII with Tri 
methylsilyl Iodide in the presence of an aprotic solvent, 
wherein the molar ratio between Trimethylsilyl Iodide and 
the compound of Formula VII is between about 2:1 to about 
10:1, to form a compound of formula III; and 

0026 (e) quenching the reaction of step (d) and isolating 
the compound of Formula III. 

0027. The compound of Formula III may be further 
reacted with Pyvaloyl Chloride in the presence of an organic 
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base, preferably N,N-Dimethylaminopyridine, and an 
organic solvent, preferably methylene chloride, to form the 
compound of formula XI. 

Formula XI 

1. 

0028. The present invention further relates to a method of 
preparing Diflucortolone having the structure of Formula XII 

Formula XII 

2. 
F 

comprising the steps of 
0029 a) reacting a 17-hydroxy epoxide of Formula IV 

Formula IV 

R 

with a stereo-Selective fluorinating agent to stereo-Selectively 
form a 17-hydroxy epoxide 6'-fluorinated compound of For 
mula V 
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Formula V 

2. 
F 

wherein R' and Rare OC(O) Rd; wherein each Rd may be 
the same or different and is independently selected from 
(C) alkyl, preferably CH: 

0030 b) hydrolyzing the compound of formula V with 
an alkaline carbonate, preferably potassium or sodium 
carbonate in an organic solvent, preferably in C-C, 
alcohol, to form a compound of formula VI; 

Formula VI 

2. 
F 

0031 c) opening the epoxide of the compound of for 
mula VI by a reaction with-hydrogen fluoride to form a 
compound of formula XIII: 

Formula XIII 

2. 
F 

0032 d) reacting the compound of formula XIII with 
Trimethylsilyl Iodide in the presence of an aprotic sol 
vent, wherein the molar ratio between Trimethylsilyl 
Iodide and the compound of Formula XIII is between 
about 2:1 to about 10:1, to form a compound of formula 
XII; and 

0033 e) quenching the reaction of step (d) and isolating 
the compound of Formula XII. 
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0034. The 6'-fluorination method used in the present 
invention is disclosed in U.S. Pat. Nos. 7,098,328 and 7,718, 
793, which are assigned to the applicant of the present inven 
tion, both are incorporated herein by reference. In a specific 
embodiment, the Stereo-selective fluorinating agent to be 
used in the present invention is selected from fluoropyri 
dinium compounds and fluoroquinuclidium compounds. In a 
preferred embodiment, the Stereo-selective fluorinating agent 
is selected from the group consisting of 1-fluoropyridinium 
triflate, 1-fluoropyridinium tetrafluoroborate, and 1-fluoro 
pyridinium pyridine heptafluorodiborate. Most preferred flu 
orinating agent is 1-chloromethyl-4-fluoro-1,4-diazoniabi 
cyclol2.2.2]octane bis-(tetrafluoroborate) (Selectfluorr). 
0035. The 17-hydroxy epoxide of Formula IV is prefer 
ably generated by reacting a compound having the formula 
VIII 

Formula VIII 

O 

with an acetylating agent in the presence of a weak base and 
a polar solvent to form the compound of formula IX; and 

Formula IX 

reacting the compound of formula IX with isopropenyl 
acetate to form the compound of Formula X. 

Formula X 
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0036. The acetylating agent is preferably acetic anhydride 
oracetylchloride, the weak base is preferably sodium acetate 
or potassium acetate and the polar solvent is preferably dim 
ethylacetamide or dimethylformamide. 
0037. The reaction of step (a) is conducted in the presence 
of a solvent selected from the group consisting of acetonitrile 
and dichloromethane, preferably with acetonitrile. The reac 
tion is preferably conducted at room temperature. 
0038. The present invention also relates to medicinal 
preparations in the form of dosage units that contain at least 
one of the 17-desoxy corticosteroid derivative according to 
the invention alone or inadmixture with one or more adjuncts, 
especially medicinal preparations in Solid or semi-solid form. 
0039. The following examples are presented in order to 
more fully illustrate the preferred embodiments of the inven 
tion. They should in no way be construed, however, as limit 
ing the broad scope of the invention. 

EXAMPLES 

Methods 

0040. The structures of the 17-desoxy corticosteroid 
derivatives produced by the process of the present invention 
were confirmed by Infra Red spectra, MS spectra and NMR 
methods and by comparison with the corresponding stan 
dards. 
0041 H- and 'C NMR spectra were determined on a 
Varian 500 MHz using suitable deuterated DMSO and Tet 
ramethylsilane (TMS) as an internal reference. The chemical 
shifts were expressed in ppm (ö) downfield from TMS and 
coupling constant (J) in Hz. Known standard NMR tech 
niques were used to determine multiplicity which was abbre 
viated as follows: S-singlet, d-doublet, t-triplet, q-quartet, 
m-multiplet, dd-double doublet. 
0042. Mass spectra were taken on a Finnigan LC/MS 
model LCQ DUO spectrometer using CI. Data were 
expressed in m/e units and with relative intensities given in 
percentage (%). 
0043 IR spectra were recorded on Nicolet Avatar 360 
FT-IR instrument using potassium bromide pellets. The 
absorption wavelength is expressed in cm. 

Example 1 

Synthesis of Diflucortolone from Flumetasone 
0044) 20 ml of dry Acetonitrile cooled to -20° C. and 0.7 
ml of Trimethylsilyl Iodide were added to 1.0 g (2.43 mmol) 
of Flumetasone (Formula II: R is OH, R is CH, X and X 
are F, all other R and X are H) in the stream of dry Nitrogen. 
The reaction mixture was stirred for 2 hours at -20° C., 
quenched with 5% sodium thiosulfate and extracted with 
Ethyl Acetate. The organic layer was washed with a solution 
of Sodium bicarbonate and a saturated Solution of sodium 
chloride and evaporated to dryness. 0.9 g (93% yield relative 
to the starting material) of Diflucortolone was obtained (For 
mula I: R is OH, R is CH, X and X are F, all other Rand 
X are H). 
0045 MS, IR and NMR results of the Diflucortoloneprod 
uct are as following: 
10046) MS: 395 (MH+), 375 (MH-HF), 355 (MH-2HF). 
0047 IR: IR(KBr): 3440 (OH), 1720 (CO), 1671 (CO), 
1627 (C–C), 1605 (C=). 
0.048 H-NMR: 7.29 (d. 1H, H-1), 6.28 (dd. 1H, H-2), 
5.68 (m, 0.5H, H-6), 5.61 (m, 0.5H, H-6), 5.51 (m. 1H, 
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HO-11), 5.03 (t, 1H, HO-21), 4.11 (m. 1H, H-11), 4.01 (d. 2H, 
H-21), 2.54-2.68 (m, 1H), 2.39-2.50 (m. 1H), 2.19-2.25 (m, 
2H), 1.88 (d. 1H), 1.62-1.76 (m, 3H), 1.48 (s, 3H, Me-19), 
1.42-1.56 (m, 1H), 1.21-1.1.16 (m, 2H), 0.872 (d. 3H, 
Me-22), 0.83 (s.3H, Me-18). 
0049 C-NMR: 209.714 (C), 184.393 (C), 162.910, 
162.808 (Cs, F-splitting), 151.952 (C), 128.952 (C), 119. 
483, 119.375 (C, F-splitting), 100.768, 99.360 (C. F-split 
ting), 87.915, 86.081 (C. F-splitting), 70.080, 69.796 (C, 
F-splitting), 69.010 (C), 66.784 (C),59.683 (C) 48.116, 
47.940, 47.906, 47.717 (Co F-splitting), 44.481 (C), 
42.667 (C), 33.753, 33.598 (C, F-splitting), 32.548 (C), 
32.061, 31.973, 31.912, 31.824 (C8, F-splitting), 30.146 
(C), 22.727, 22.680 (C19, F-splitting), 21.604 (C22), 
15.722 (C18). 

Example 2 

Synthesis of Desoximetasone from Dexametasone 
0050. Desoximetasone (Formula I: R is OH, R is CH, 
X is F, all other R and X are H) was obtained from Dexam 
etasone (Formula II: R is OH, R is CH, X is F, all other R 
and X are H) by reacting Dexametasone with Trimethylsilyl 
Iodide in Acetonitrile as described in Example 1, except that 
the reaction mixture was stirred for 30 min at 0°C. The yield 
relative to the starting material was 80%. 
0051 MS and IR results of the Desoximetasone product 
are as following: 
0052 MS: 377 (MH+), 357 (MH-HF), 339 (MH-HF 
HO). 
0053 IR(KBr): 3517 (OH), 3348 (OH), 1720 (CO), 1671 
(CO), 1616 (C–C), 1599 (C–C). 

Example 3 

Synthesis of Desoximetasone from Dexametasone 
0054 15 g (38.22 mmol) of Dexamethasone were dis 
solved in 225 ml of a mixture of Dichloromethane and Aceto 
nitrile (95:5) cooled to -8°C. and 16.5 ml of Trimethylsilyl 
iodide were added. The reaction mixture was stirred for 1 
hour at -8°C., and quenched with 30% sodium bisulfite. The 
Dichloromethane solution was washed with a solution of 
sodium bicarbonate. A solution of 115 ml of Hydrochloric 
acid (32%) was added to the Dichloromethane solution and 
the mixture was stirred for 1 hour. The Dichloromethane 
solution was washed with 110 ml of Hydrochloric acid 
(32%). The Hydrochloric acid solution (225 ml) was then 
diluted with 200 ml of water, stirred for 1 hour and filtered, 
followed by the addition of another 250 ml of water to the 
solution. After 1 hour the mixture was filtered to give 12g of 
Desoximetasone (83%). 

Example 4 

Synthesis of Clocortolone from 9-Chloro-6C.-fluoro 
11, 17.21-trihydroxy-16C.-methylpregna-1,4-diene-3, 

20-dione 

0055 Clocortolone (Formula I: R is OH, R is CH, X is 
C, X is F, all other R and X are H) was obtained from 
9-Chloro-6C.-fluoro-1 1,17.21-trihydroxy-16C.-methylpre 
gna-1,4-diene-320-dione (Formula II: R is OH, R is CH, 
X is C, X is F, all other R and X are H) by reacting with 
Trimethylsilyl Iodide in Acetonitrile as described in Example 
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1, except that the reaction mixture was stirred for 15 minutes 
at 20°C. The yield relative to the starting material was 63%. 
0056. MS, IR and NMR results of the Clocortolone prod 
uct are as following: 
0057 MS: 411 (MH+), 391 (MH-HF), 371 (MH-2HF), 
353 (MH-2HF-HO). 
0058 IR(KBr): 3583 (OH), 3506 (OH), 3303 (OH), 1704 
(CO), 1761 (CO), 1632 (C–C), 1600 (C-C). 
0059 'H-NMR: 7.30 (d. 1H, H-1), 6.27 (dd. 1H, H-2), 
5.09 (m. 1.5H, H-6, OH-11), 5.55 (m, 0.5H, H-6), 5.04 (t, 1H, 
HO-21), 4.30 (m, 1H, H-11), 4.02 (d. 2H, H-21), 2.54-2.68 
(m. 1H), 2.39-2.50 (m, 1H), 2.19-2.25 (m, 2H), 1.88 (d. 1H), 
1.62-1.76 (m, 3H), 1.59 (s.3H, Me-19), 1.18-1.25 (m, 2H), 
0.872 (d. 3H, Me-22), 0.89 (s.3H, Me-18). 
0060 C-NMR: 209.707 (C), 184.414 (C), 162.673, 
162.565 (C, F-splitting), 152.080 (C), 128.607 (C), 119. 
422, 119.375 (C, F-splitting), 87.414 (C. F-splitting), 
85.979, 84.341 (C. F-splitting), 73.451 (C), 69.017 (C), 
66.851 (C7), 59.683 (C) 49.903, 47.805 (Co F-splitting), 
44.421 (C), 42.078 (C), 33.855, 33.699 (C, F-splitting), 
32.609 (Cs), 32.521, 32.183 (Cs, F-splitting), 30.132 (C), 
24.135 (C), 21.631 (C), 16.331 (Cs). 

Example 5 

Synthesis of Clocortolone from 9-Chloro-6C.-fluoro 
11, 17.21-trihydroxy-16C.-methylpregna-1,4-diene-3, 

20-dione 

0061 Clocortolone was obtained as described in Example 
4 using Acetonitrile that also contained 0.5% (v/v) of water. 
The yield relative to the starting material was 60%. 

Example 6 

Synthesis of Clocortolone from 9-Chloro-6C.-fluoro 
11, 17.21-trihydroxy-16C.-methylpregna-1,4-diene-3, 

20-dione 

0062 1 g of 9-Chloro-6C.-fluoro-11, 17.21-trihydroxy 
16C.-methylpregna-1,4-diene-320-dione (2.34 mmol) was 
reacted with 1.2 ml Thimethylsilyl Iodide (8.2 mmol) in 20 ml 
acetonitrile containing 0.1% methanol at 0°C. for 30 minutes 
in a stream of dry Nitrogen. The reaction mixture was 
quenched with 5% sodium thiosulfate and sodium bicarbon 
ate saturated solution. Ethyl acetate was added to the reaction 
mixture. The product was filtered, washed with water and 
dried to obtain clocortolone. The yield relative to the starting 
material was 72%. 

Example 7 

Synthesis of Clocortolone from 9-Chloro-6C.-fluoro 
11, 17.21-trihydroxy-16C.-methylpregna-1,4-diene-3, 

20-dione 

0063 Clocortolone was obtained as described in Example 
4 using Acetonitrile that also contained 0.1% (v/v) of isopro 
pyl alcohol. The yield relative to the starting material was 
85%. 

Example 8 

Synthesis of Fluocortolone from Paramethasone 
0064 Fluocortolone (Formula I: R is OH, R is CH, X 

is F, all other R and X are H) is obtained by reaction of 
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Paramethasone (Formula II: R is OH, R is CH, X is F, all 
other X and R are H) with Trimethylsilyl Iodide in Acetoni 
trile as described in Example 1. 

Example 9 

Desoxigenation of AlclometaSone 
0065 7C.-Chloro-113,21-dihydroxy-16C.-methylpregna 
1,4-diene-3,20-dione (Formula I: R is OH. R. is CH, X is 
Cl, all other X and Rare H) is obtained from Alclometasone 
(Formula II: R is OH, R is CH, X is C1, all other X and R 
are H) by reaction of Alclometasone with Trimethylsilyl 
Iodide in Acetonitrile as described in Example 1. 

Example 10 

Desoxygenation of Halopredone 

0.066 2-Bromo-6(3,9-difluoro-1 1,21-dihydroxypregna-1, 
4-diene-3,20-dione (Formula I: R is OH, X and X are F. X. 
is Br, all other X and Rare H) is obtained from Halopredone 
(Formula II: R is OH, X and X are F, Xs is Br, all other X 
and Rare H) by reaction of Halopredone with Trimethylsilyl 
Iodide in Acetonitrile as described in Example 1. 

Example 11 

Desoxygenation of Betamethasone 
0067. 11B.21-Dihydroxy-9-fluoro-16?-methylpregna-1, 
4-diene-3,20-dione (Formula I: R is OH. R. is CH, X is F, 
all other X and R are H) is obtained by the reaction of 
Betamethasone (Formula II: R is OH, R is CH, X is F, all 
other X and R are H) with Trimethylsilyl Iodide in Acetoni 
trile as described in Example I. 

Example 12 

Synthesis of Clocortolone Pivalate 
0068 Clocortolone was converted into the corresponding 
Clocortolone Pivalate by the reaction with Pivaloyl Chloride. 
9 g (0.022 moles) of Clocortolone were diluted with 90 ml of 
Methylene Chloride and 13.38 g (0.11 moles) of N,N-Dim 
ethylaminopyridine were added followed by 5.4 ml (0.044 
moles) of Pyvaloyl Chloride. The mixture was stirred over 
night and washed with diluted Hydrochloric acid and water. 
The organic solution was separated, dried with sodium Sulfate 
and evaporated to dryness. 8.5 g of Clocortolone Pivalate 
were obtained. The crude product was purified by crystalli 
zation from Methanol-Methylene Chloride mixture. 

Example 13 

Synthesis of 17.21-Dihydroxy-9B. 113-epoxy-16C.- 
methyl-pregna-1,4-diene-320-dione 21-acetate from 
17.21-Dihydroxy-9B. 113-epoxy-16C.-methyl-pregna 

1,4-diene-320-dione 
0069 100 g of 17,21-dihydroxy-9B. 113-epoxy-16C.-me 
thyl-pregna-1,4-diene-320-dione dissolved in 500 ml N,N- 
Dimethylacetamide and 44 g of Potassium Acetate was added 
followed by the addition of 110 ml of Acetic Anhydride. The 
reaction mixture was stirred for 2 hours at ambient tempera 
ture. 1000 ml of water was added and the suspension formed 
was filtered. The precipitate was washed with water and dried 



US 2013/021 1069 A1 

in vacuum. 109.7 g (98%) of 17-hydroxy-9B. 113-epoxy 
16C.-methyl-pregna-1,4-diene-320-dione 21-acetate was 
obtained. 

Example 14 

Synthesis of 6C.-fluoro-17,21-hydroxy-9B. 113-ep 
oxy-16C.-methylpregna-1,4-diene-320-dione 21-ac 
etate from 17-hydroxy-9B. 113-epoxy-16C.-methyl 

pregna-1,4-diene-320-dione 21-acetate 

0070 100 g 17-hydroxy-9B. 113-epoxy-16C.-methyl-pre 
gna-1,4-diene-320-dione 21-acetate was dissolved in Isopro 
penylAcetate (1050 ml) and 2 ml of concentrated Sulfuric 
acid was added to formed a Suspension. The mixture was 
stirred for half an hour and the reaction was quenched by the 
addition of Triethylamine to obtain neutral pH. The formed 
Solution was evaporated to dryness, the residue was dissolved 
in acetonitrile (1000 ml) and 137 g F-TEDA was added. The 
mixture was stirred overnight, diluted with water and filtered. 
The precipitate was washed with water, triturated with metha 
nol and filtered. 60 g 6C-fluoro-17,21-dihydroxy-9B. 113-ep 
oxy-16C.-methylpregna-1,4-diene-320-dione 21-acetate was 
obtained. 

Example 15 

Synthesis of 6C.-fluoro-17,21-dihydroxy-9B. 11 B 
epoxy-16C.-methylpregna-1,4-diene-320-dione from 

6.C.-fluoro-17,21-dihydroxy-9B. 113-epoxy-16-O- 
methylpregna-1,4-diene-320-dione 21-acetate 

0071. A solution of potassium carbonate (45 g) in water 
(280 ml) was added to a suspension of 47 g of 6C.-fluoro-17, 
21-dihydroxy-9B. 113-epoxy-16-O-methylpregna-1,4-diene 
3.20-dione 21-acetate in methanol (565 ml). The reaction 
mixture was stirred for 10 hrs and diluted with water. A 
precipitate of 6C-fluoro-17,21-dihydroxy-9B. 113-epoxy 
16C.-methylpregna-1,4-diene-320-dione was formed. The 
product was filtered, washed with water and dried. The Yield 
was 36 g. 

Example 16 

Synthesis of Diflucortolone from 6C-fluoro-17.21 
dihydroxy-9B. 113-epoxy-16C.-methylpregna-1,4- 

diene-320-dione 

0072 A solution of 6O.-fluoro-17,21-dihydroxy-93, 11B 
epoxy-16C.-methylpregna-1,4-diene-3,20-dione (2.4 g) in 
70% hydrofluoric acid (25 ml) was stirred for 5 hours at -10° 
C. to -15° C. The Solution was then diluted with 250 ml of 
water, stirred for 1 more hour and the precipitate of Flumetha 
sone was filtered. 

0073 20 ml of dry Acetonitrile cooled to -20° C. and 0.7 
ml of Trimethylsilyl Iodide were added to 1.0 g (2.43 mmol) 
of Flumethasone in the stream of dry Nitrogen. The reaction 
mixture was stirred for 2 hours at -20°C., quenched with 5% 
sodium thiosulfate and extracted with Ethyl Acetate. The 
organic layer was washed with a solution of sodium bicar 
bonate and a saturated solution of sodium chloride followed 
by evaporation to dryness to obtain 0.9 (93%) g of Diflucor 
tolone. 
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Example 17 

Synthesis of Clocortolone Pivalate from 6C-fluoro 
17,21-dihydroxy-9B. 113-epoxy-16C.-methylpregna 

1,4-diene-320-dione 

0074. A solution of 6C.-fluoro-17,21-dihydroxy-9B. 11 B 
epoxy-16C.-methylpregna-1,4-diene-3,20-dione (2.4 g) in 
70% hydrochloric acid (25 ml) was stirred for 5 hours at -10° 
C. to -15° C. The Solution was then diluted with 250 ml of 
water, stirred for 1 more hour and the precipitate of 9-Chloro 
6.C.-fluoro-11, 17.21-trihydroxy-16C.-methylpregna-1,4-di 
ene-320-dione was filtered. 
0075 Clocortolone was obtained from 9-Chloro-6C.- 
fluoro-11, 17.21-trihydroxy-16C.-methylpregna-1,4-diene-3, 
20-dione by reacting with Trimethylsilyl Iodide in Acetoni 
trile as described in Example 16, except that the reaction 
mixture was stirred for 15 minutes at 20°C. The yield relative 
to the starting material was 63%. 
(0076. To obtain Clocortolone Pivalate, 9 g (0.022 moles) 
of Clocortolone were dissolved in 90 ml of Methylene Chlo 
ride and 13.38 g (0.11 moles) of N,N-Dimethylaminopyri 
dine were added followed by 5.4 ml (0.044 moles) of 
Pyvaloyl Chloride. The mixture was stirred overnight and 
washed with diluted Hydrochloric acid and water. The 
organic Solution was separated, dried with sodium sulfate and 
evaporated to dryness. 8.5 g of Clocortolone Pivalate were 
obtained. The crude product was purified by crystallization 
from Methanol-Methylene Chloride mixture. 
0077. While certain features of the invention have been 
illustrated and described herein, many modifications, Substi 
tutions, changes, and equivalents will now occur to those of 
ordinary skill in the art. It is, therefore, to be understood that 
the appended claims are intended to cover all Such modifica 
tions and changes as fall within the true spirit of the invention. 

What is claimed is: 

1. A process for preparing a compound of Formula I 

Formula I 

in which R is OH and R is H, or R and R form together a 
double bond with O. R. is Hand R is CH, or R is CH and 
R is H. and wherein at least one of Xs is independently Cl, 
Br or F, comprising the steps of 
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(a) reacting a compound of the formula II 

Formula II 

X, X, 

in which R-R and Xs are as defined in Formula I with 
Trimethylsilyl Iodide in a solution comprising an aprotic 
solvent, wherein the molar ratio between Trimethylsilyl 
Iodide and the compound of Formula II is between about 2:1 
to about 10:1; 

(b) quenching the reaction of step (a): 
(c) extracting the compound of Formula I from the Solution 

of step (b) using a first organic solvent to yield an organic 
layer comprising the compound of Formula I; and 

(d) isolating the compound of Formula I from the organic 
layer of step (c). 

2. The process of claim 1, wherein the aprotic solvent of 
step (a) is methylene chloride oracetonitrile or a combination 
thereof. 

3. The process of claim 1, wherein the compound of for 
mula II is selected from Flumetasone, DexametaSone, 
Paramethasone, 9-Chloro-6C-fluoro-11, 17.21-trihydroxy 
16C.-methylpregna-1,4-diene-320-dione, Halopredone and 
Alclometasone. 

4. The process of claim 1, wherein the molar ratio between 
Trimethylsilyl Iodide and the compound of Formula II is 
between about 2:1 to about 6:1. 

5. The process of claim 1, wherein the reaction temperature 
employed in step (a) is in the range from between about -30° 
C. and about +30° C. 

6. The process of claim 1, wherein the compound of For 
mula I is selected from Diflucortolone, Desoximetasone, Clo 
cortolone, Fluocortolone, 7C.-Chloro-113,21-dihydroxy 
16C.-methylpregna-1,4-diene-320-dione and 2-Bromo-6(3.9- 
difluoro-1 1,21-dihydroxypregna-1,4-diene-320-dione. 

7. The process of claim 1, wherein the quenching of step (b) 
is performed by adding to the reaction solution of step (a) a 
solution of sodium thiosulfate or bisulfate. 

8. The process of claim 1, wherein the first organic solvent 
of step (c) is selected from ethyl acetate and toluene. 

9. The process of claim 1, wherein the isolation of the 
compound of Formula I in step (d) includes evaporation or 
filtration. 

10. The process of claim 1, wherein the solution of step (a) 
further comprises between about 0.05% to about 0.5% (v/v) 
of a polar protic co-solvent. 

11. The process of claim 10, wherein the polar protic co 
Solvent is selected from water and a C-C-alcohol. 

12. The process of claim 1, wherein R is OH, Ra which is 
CH, X, which is C and X, which is F. 

13. The process of claim 1, wherein R is OH, Ra which is 
CH and X which is F. 
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14. A method of preparing Clocortolone having the struc 
ture of Formula III 

Formula III 

2 
F 

comprising the steps of 
a) reacting a 17-hydroxy epoxide of Formula IV 

Formula IV 

R2 

with a stereo-Selective fluorinating agent to stereo-Selectively 
form a 17-hydroxy epoxide 6C.-fluorinated compound of For 
mula V 

Formula V 

2 
F 

wherein R' and Rare OC(O) Rd, wherein each Rd may be 
the same or different and is independently selected from 
(C-4) alkyl, 
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b) hydrolyzing the compound of formula V with an alka 
line carbonate in a first organic solvent to form a com 
pound of formula VI; 

Formula VI 

2. 
F 

c) opening the epoxide of the compound of formula VI by 
a reaction with hydrogen chloride to form a compound 
of formula VII; 

Formula VII 

d) reacting the compound of formula VII with Trimethyl 
silyl Iodide in the presence of an aprotic solvent, 
wherein the molar ratio between Trimethylsilyl Iodide 
and the compound of Formula VII is between about 2:1 
to about 10:1, to form a compound of formula III; and 

e) quenching the reaction of step (d) and isolating the 
compound of Formula III. 

15. The method of claim 14, wherein the (C) alkyl is 
CH. 

16. The method of claim 14, wherein the stereo-selective 
fluorinating agent of step (a) is selected from fluoropyri 
dinium compounds and fluoroquinuclidium compounds. 

17. The method of claim 16, wherein the stereo-selective 
fluorinating agent is selected from the group consisting of 
1-fluoropyridinium triflate, 1-fluoropyridinium tetrafluo 
roborate, and 1-fluoropyridinium pyridine heptafluorodibo 
rate. 

18. The method of claim 17, wherein the stereo-selective 
fluorinating agent is 1-chloromethyl-4-fluoro-1,4-diazoni 
abicyclol2.2.2]octane bis-(tetrafluoroborate) (Select 
fluor R). 

19. The method of claim 15, further comprising generating 
the 21-ester 17-hydroxy epoxide of Formula IV by (a) react 
ing a compound having the formula VIII 
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Formula VIII 

with an acetylating agent in the presence of a weak base and 
a polar solvent to form the compound of formula IX: 

Formula IX 

and 

(b) reacting the compound of formula IX with isopropenyl 
acetate to form the compound of Formula X 

Formula X 

O C us 
20. The method of claim 19, wherein the acetylating agent 

is acetic anhydride oracetylchloride, the weak base is sodium 
acetate or potassium acetate and the polar solvent is dimethy 
lacetamide or dimethylformamide. 

21. The method of claim 14, wherein the reaction of step (a) 
is conducted in the presence of a solvent selected from the 
group consisting of acetonitrile and dichloromethane. 

22. The method of claim 21, wherein the reaction of step (a) 
is conducted in the presence of acetonitrile. 

23. The method of claim 14, wherein the reaction of step (a) 
is conducted at room temperature. 

24. The method of claim 14, wherein the alkaline carbonate 
of step (b) is potassium or sodium carbonate. 
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25. The method of claim 14, wherein the first organic 
Solvent of step (b) is a C-C alcohol. 

26. The method of claim 14, wherein the aprotic solvent of 
step (d) is methylene chloride or acetonitrile or a combination 
thereof. 

27. The method of claim 14, wherein the quenching of step 
(e) is performed by the addition of a solution of sodium 
thiosulfate or bisulfate to the reaction of step (d). 

28. The method of claim 14, further comprising extracting 
the compound of Formula III from the reaction of step (e) 
using a second organic solvent to yield an organic layer com 
prising the compound of Formula III. 

29. The method of claim 28, wherein the second organic 
solvent is selected from ethyl acetate and toluene. 

30. The method of claim 14, wherein the isolation of the 
compound of Formula III includes evaporation or filtration. 

31. The method of claim 14, further comprising reacting 
the compound of Formula III with Pyvaloyl Chloride in the 
presence of an organic base and a third organic solvent to 
form the compound of formula XI 
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Formula XI 

2. 
F 

32. The method of claim 31, wherein the organic base is 
N,N-Dimethylaminopyridine. 

33. The method of claim 31, wherein the third organic 
solvent is methylene chloride. 

k k k k k 

  


