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(57)  The present invention is directed to a stereose-
lective process for the preparation of the C-22 R epimer
of budesonide, having a purity higher than 90%, com-
prising the following steps:

a) stereoselective transketalisation of 9a-bromo-
desonide or 9a-iodo-desonide, by reaction with
butyraldehyde in the presence of a halohydric acid
selected from between aqueous HBr and Hl, to give
9a-bromo-budesonide or 9a-iodo-budesonide;

b) treatment of Sa-bromo-budesonide or Sa-iodo-
budesonide from step a) with a dehalogenating
agent.
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Printed by Xerox (UK) Business Services
2.167 (HRS)/3.6



1 EP 0994 119 A1 2

Description

Field of the invention

[0001] The present invention relates fo a stereose-
lective process for the preparation of budesonide, a glu-
cocorticoid with anti-inflammatory activity, in the form of
the 22R epimer, which, is pharmacologically more
active than the corresponding 225 epimer.

Prior art
[0002] Due to the presence of acetal carbon at the
C-22 position, budesonide, ie. [16,17-butyli-

denebis(oxy)-11,21-dihydroxy-pregna-1,4-diene-3,20-
dione], exists in the form of epimer at the C-22 position.
The 22R epimer of budesonide, sometimes also
referred to as epimer B, is the most active from a phar-
macological point of view.

This is the reason why continued efforts have been
made to develop a stereoselective process for the prep-
aration of the 22R epimer as well as separation proc-
esses for isolating high-purity 22R budesonide from
mixtures obtained by non-stereoselective processes,
which contain both the 22R and the 228 epimers.
EP-569 369 describes a method for the preparation of
22R budesonide starting from 11B,16a,17a,21-tetrahy-
droxy-1,4-pregnadiene-3,2-dione 21-acetate by treat-
ment with butyraldehyde in 70-80% aqueous HF,
followed by hydrolysis of the acetate to budesonide.
EP-A-164 636 describes the preparation of budesonide
and of structurally correlated 16,17-pregnane acetals in
the form of mixtures in which the R epimer is preponder-
ant, by transketalisation of the corresponding 16-a,17a-
acetonides (or 16,17-diols) of 16-a-hydroxypred-
nisolone with butyraldehyde in aqueous HF or HCI in
concentrations not higher than 90%.

The use of HF, highly corrosive, requires special equip-
ment, which involves higher production costs; moreover,
it arouses serious environmental problems related to its
disposal, especially when used in very high concentra-
tions, as in the processes described in EP-569 369 and
EP-A-164 636.

[0003] As may be inferred from the Examples of
EP-A-164 636, mixtures of the two epimers are always
obtained, in which the R epimer never exceeds 90%.
When operating in the presence of aqueous HCl, yields
do not improve and the product obtained is less pure.
EP-A-262 108 describes a method for the preparation of
epimeric mixtures of 11p-hydroxy-16,17-acetals of
pregnane derivatives by reaction of the corresponding
16,17-diols or 16,17-acetonides with carbonyl com-
pounds in the presence of acid catalysts, preferably per-
chloric acid, in hydrocarbon solvent, e.g. isooctane, or
halogenated hydrocarbon solvent, such as chloroform
or methylene chloride.

EP-A-262 108 also describes a method for preparing
predominantly of the 22R epimer: the reaction is carried

20

25

30

35

40

45

50

55

out in the presence of high quantities (approx. 20 times
by wt. in respect of the organic substrate) of granular
material (e.g. sand or ceramic material) in fine particles.
In any case, the reaction is carried out in the presence
of one of the aforementioned organic solvents, whose
use, due to their toxicity, is to be avoided.

GB 1,429,922 describes the synthesis of budesonide
and its structural analogues by treatment of the corre-
sponding 16a,17a-diols of 11B,21-dihydroxy-pregna-
1,4-diene-3,20-diones with aldehydes in dioxane in the
presence of perchloric acid. This method yields mix-
tures of epimers at the C-22 position: their separation is
difficult to perform and may be obtained only by tech-
niques, such as gel filtration, as described in USP
3,928,326 or in GB 1,428,416, which can be hardly
scaled-up.

It is, therefore, felt the need for a stereoselective proc-
ess for the preparation of the R22 epimer of budeso-
nide, not requiring time-consuming and expensive
purification procedures and being free from the draw-
backs of the processes known in the art.

Summary of the invention

[0004] The Applicant surprisingly succeeded in
obtaining the 22R epimer of budesonide having a purity
higher than 90% by transketalisation of a particular sub-
strate, the desonide derivative of formula (1) reported
hereinafter, with butyraldehyde in the presence of an
aqueous halohydric acid selected from HBr and HI. If
necessary, the reaction product may be further enriched
in the desired 22R epimer by one or more recrystallisa-
tion procedures.

The Applicant has moreover unexpectedly found that
the ratio between epimers at the C-22 position keeps
substantially unaltered when the aforesaid reaction
product is subjected to dehalogenation to give the final
budesonide of formula (I) shown below.

lt is, therefore, object of the present invention a stereo-
selective process for the preparation of budesonide in
the form of 22R epimer of formula (1)

0]

having purity higher than 90%, said process comprising
the following steps:

a) stereoselective transketalisation of the desonide
derivative of formula (Il)
(n
wherein Y is selected between Br and |, by reaction
with butyraldehyde in an aqueous halohydric acid
selected between HBr and HI, to give the com-
pound of formula (I}

(1
wherein Y has the meaning above reported;
b) treatment of 9ua-bromo-budesonide or 9a-iodo-
budesonide of formula (lll) from step a) with a
dehalogenating agent, to give budesonide of for-
mula (1).
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[0005] Features and advantages of the process
according to the present invention will be illustrated in
detail in the following description.

Detailed description of the invention

[0006] The present process allows the obtainment
of budesonide having an R/S ratio of epimers at the C-
22 position higher than 90:10.

In particular, the Applicant has found that, in the tran-
sketalisation conditions in acqueous HBr or HI accord-
ing to the present invention, budesonide with an R/S
ratio higher than 90:10 generally forms in a period
shorter than 10 hours.

Compared with the transketalisation in aqueous HF of
the prior art, the reaction in aqueous HBr and Hl of the
present invention is surprisingly advantageous, as it
gives high-purity 22R budesonide in high yields and it
secures greater reliability and safety of the industrial-
scale process, thanks to the lower environmental impact
and to the higher solvent power of aqueous HBr.
Instead, the prior art suggested a decreased power of
halohydric acids from HF to higher molecular weight
acids.

According to typical embodiments of the present inven-
tion, step a) utilises, as a transketalisation substrate,
halohydrin of formula (l1), in which Y is selected from
between Br and |, which may be easily prepared from
commercial products, to obtain the corresponding com-
pound of formula (Ill), 9a-bromo-budesonide or 9a-
iodo-budesonide, which is subjected to dehalogenation
in step b) to give budesonide of formula ().

According to a preferred embodiment of the present
invention, the transketalisation substrate consists of the
compound of formula (Il) in which Y is Br, i.e. 9a-bromo-
desonide.

Step a) is carried out by causing the substrate of for-
mula (Il) to react with butyraldehyde in a molar ratio
preferably ranging between 1:1 and 1:5, and more pref-
erably between 1:3 and 1:4, expressed as moles of
aldehyde with respect to moles of substrate of formula
(.

Said step a) is carried out in the presence of an aque-
ous halohydric acid selected from between HBr and HI,
in a concentration ranging from 20% to 70% by weight.
Aqueous HBr in a concentration of 48% to 62% approx.,
typically of 48% approx., or aqueous Hl in a concentra-
tion of 47% to 67% approx., typically of 55% to 57%
approx., corresponding to the products available on the
market, are preferably used.

The transketalisation reaction of step a) is carried out
preferably at a temperature ranging from 10°C to 20°C,
more preferably at 20°C.

Said reaction is generally carried out using 1 to 20 parts
by vol. of aqueous HBr or Hl per part by wt. of substrate
of formula (I1).

According to a typical embodiment of the present inven-
tion, transketalisation is carried out exclusively in aque-
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ous halohydric acid as a reaction solvent; in any case,
also other convenient water miscible organic solvents
may be optionally added.

Step a) gives 9a-bromo-budesonide or Sa-iodo-budes-
onide of formula (lll) with a R/S ratio between epimers
at the C-22 position of approx. 90:10, with reaction
times shorter than 10 hours, preferably of ca. 5 hours.
The product of formula (lll) is typically isolated from the
reaction mixture by precipitation in water, pre-cooled to
a temperature ranging from 0°C to 5°C, in a quantity
equal to ca. 10 parts by vol. in respect of the volume of
the reaction mixture.

With a view to enriching the product from step a) in the
desired 22R epimer, it may be purified by one or more
crystallisations from a convenient solvent or solvent
mixtures.

The solvent preferably used in the crystallisation of
compound of formula (lll) is selected from the group
consisting of water, methyl alcohol, methylene chloride,
tetrahydrofuran, diisopropyl ether, and mixtures thereof.
The temperature at which the product to be purified is
re-dissolved preferably ranges from 20°C to 40°C.
According to a preferred embodiment of the present
invention, the product from step a) is purified by crystal-
lisation from methyl alcohol/water, at a temperature of
20°C to 40°C.

The product from step a), optionally purified by crystalli-
sation, is then subjected to dehalogenation in step b) to
give the corresponding product of formula (l).

The ratio between budesonide epimers at the C-22
position achieved in the transketalisation of step a) in
aqueous HBr or HI is unexpectedly at least maintained
in dehalogenation of step b), or better increased by
approx. 1% in favour of the 22R epimer.

The dehalogenation reaction in step b) is typically car-
ried out at a temperature of 50°C to 70°C.

The dehalogenating agent is typically an organotin
hydride, such as tributyl tin hydride, typically used in the
presence of a radical initiator, e.g. a,a "-azoisobutyroni-
trile or benzoyl peroxide, generally in an ethereal sol-
vent, e.g. isopropyl ether, ethyl ether, tetrahydrofuran, or
in ethyl acetate, acetonitrile, or in an aromatic solvent,
e.g. toluene, or in an aprotic polar solvent, e.g. dimeth-
ylformamide.

According to a preferred embodiment of the present
invention, in step b) tributyl tin hydride is used in the
presence of a,a'-azoisobutyronitrile, the solvent is tet-
rahydrofuran and the temperature ranges from 50°C to
70°C.

The stereochemistry of the intermediate of formula (I11)
and of the final product of formula () as well as of the
products obtained from purification treatments, if any,
was evaluated by HPLC analysis on a convenient col-
umn.

The following examples are conveyed by way of indica-
tion, not of limitation, of the present invention.
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Example 1

Preparation of 9a-bromo-budesonide of formula (l11)

starting from 9g-bromodesonide of formula (11)

[0007]

a) Transketalisation: 9a-bromo-desonide (27 @)
was added under stirring at a temperature of 10°C
to a mixture consisting of 48% aqueous hydrobro-
mic acid (270 ml) and butyraldehyde (21.6 ml). The
reaction was continued for 6 hrs. The reaction mass
was poured into water (2,700 ml), pre-cooled to
5°C, to yield a suspension from which a solid was
separated by filtration.

Purification: The solid was crushed in diisopropyl
ether (270 ml) at 40°C. The crushed product was
dissolved in methanol (400 ml) at 40°C and repre-
cipitated by addition of water (400 ml). This opera-
tion was performed twice. The solid was then
dissolved in a mixture of ethyl acetate (50 ml) and
tetrahydrofuran (150 ml), previously decolourised
on carbon (2 g). The resulting solution was concen-
trated under vacuum to a volume of 40 ml. The solid
was allowed to precipitate by addition of diisopropyl
ether (200 ml); then, it was filtered and dried under
vacuum at 40°C.

16.5 g of 9a-bromo-budesonide (yield = 59%) with
an R/S ratio of 95:5 was obtained.

Example 2

Preparation of 9a-bromo-budesonide (lIl) starting from

9g-bromo-desonide (I1)

[0008]

a) Transketalisation: 9a-bromo-desonide (30 ¢)
was added under stirring at a temperature of 20°C
to a mixture of butyraldehyde (24 ml) with 48%
aqueous hydrobromic acid (300 ml). The reaction
was continued for 4 hrs. The reaction mass was
poured into water (3,000 ml), pre-cooled to 5°C, to
yield a suspension from which a solid was sepa-
rated by filtration.

Purification: The solid was dissolved in tetrahydro-
furan (150 ml) at 40°C, concentrated under vacuum
to obtain an oil, whereto diisopropyl ether (150 ml)
was added. By filtration a product was obtained
which was then redissolved at 40°C in methanol
(550 ml) and reprecipitated by addition of water
(550 ml). Filtration and drying under vacuum at
40°C gave 19 g of 9a-bromo-budesonide (yield =
62%) with an R/S ratio of 97:3.
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Example 3

Preparation of 9a-bromo-budesonide (ll1) starting from

9u-bromo-desonide (1I)

[0009]

a) Transketalisation: 9a-bromo-desonide (53 g)
was added under stirring at a temperature of 20°C
to 48% aqueous hydrobromic acid (530 ml). Then
butyraldehyde (42.4 ml) was added dropwise. The
mixture was caused to react for 2.5 hrs. The reac-
tion mass was poured into water (4,000 ml), pre-
cooled to 5°C, to yield a suspension from which a
solid was separated by filtration.

Purification: The solid was dissolved in methylene
chloride (500 ml) at 40°C and reprecipitated by
addition of water at room temperature, followed by
concentration under vacuum to small volume and
addition of diisopropyl ether (500 ml). The solid was
separated by filtration, and redissolved at 40°C in a
mixture of methylene chloride (600 ml) and metha-
nol (15 ml). Once the mixture had been concen-
trated under vacuum to small volume, it was added
with diisopropyl ether (380 ml). The so-obtained
solid product was filtered and dried under vacuum
at 40°C to give 32.4 ¢ of 9u-bromo-budesonide
(vield = 59%) with an epimeric R/S ratio of 97:3.

Example 4

[0010]

b) Debromination: 9a-bromo-budesonide (32.4 g)
prepared as per Example 3 was dissolved in tet-
rahydrofuran (324 ml). Then tributyl tin hydride
(17.8 ml) and a,«’-azoisobutyronitrile (0.32 g) were
added and the reaction mixture was refluxed for 16
hrs. Once 9a-bromo-budesonide was completely
disappeared, as revealed by HPLC, the mixture
was concentrated under vacuum, diluted with diiso-
propyl ether (250 ml), cooled to 10°C, and filtered.
The solid product was washed with diisopropyl
ether and, finally, air dried.

24.0 g of budesonide (yield = 88%) with an epimeric
R/S ratio of 98:2 was obtained.

Claims

1.

A stereoselective process for the preparation of
budesonide in the form of 22R epimer of formula (I)
having a purity higher than 90% said process com-
prising the following steps:

a) stereoselective transketalisation of the deso-
nide derivative of formula (ll) wherein Y is
selected between Br and |, by reaction with
butyraldehyde in the presence of a halohydric
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acid selected between aqueous HBr and HI, to
give the compound of formula (Ill) wherein Y
has the meaning above reported;

b) treatment of 9ua-bromo-budesonide or 9a-
iodo-budesonide of formula (lll) from step a)
with a dehalogenating agent, o give the budes-
onide of formula (I).

The process as claimed in claim 1, wherein the
butyraldehyde/9a-bromobudesonide or butyralde-
hyde/9a-iodo-budesonide molar ratio in step a)
ranges from 1:1 1o 1:5.

The process as claimed in claim 2, wherein said
molar ratio ranges from 1:3 to 1:4.

The process as claimed in claim 1, wherein the con-
centration of aqueous halohydric acid in step a)
ranges from 20% to 70% by weight.

The process as claimed in claim 4, wherein said
concentration is 48% by weight when said halohy-
dric acid is aqueous HBr, or said concentration is
55% to 57% by weight when said halohydric acid is
aqueous HI.

The process as claimed in claim 1, wherein step a)
is carried out with 1 to 20 parts by vol. of aqueous
HBr or HI per part by wt. of substrate.

The process as claimed in claim 1, wherein step a)
is carried out at a temperature of 10°C to 20°C.

The process as claimed in claim 1, wherein step a)
is carried out with a reaction time of 2 to 10 hrs.

The process as claimed in claim 1, wherein the
product 9a-bromo-desonide or 9a-iodo-desonide
from step a) is purified by re-crystallisation from a
solvent selected from a group consisting of water,
methyl alcohol, methylene chloride, tetrahydro-
furan, diisopropyl ether, and mixtures thereof.

The process as claimed in claim 9, wherein said
solvent is a methyl alcohol/water mixture.

The process as claimed in claim 1, wherein dehalo-
genation step b) is carried out at a temperature of
50 to 70°C.

The process as claimed in claim 1, wherein step b)
is carried out with an organotin hydride in the pres-
ence of a radical initiator.

The process as claimed in claim 12, wherein said
organotin hydride is tributyl tin hydride and said
radical initiator is a,o’-azoisobutyronitrile.
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