(12) STANDARD PATENT (11) Application No. AU 2006248906 B2
(19) AUSTRALIAN PATENT OFFICE

(54)

(51)

(21)
(87)
(30)

(31)

(43)

(44)

(71)

(72)

(74)

(56)

Title

Process for preparing
3alpha(beta)-7alpha(beta)-dihydroxy-6alpha(beta)-alkyl-5beta-cholanic acid

International Patent Classification(s)

C07J 9/00 (2006.01) A61P 9/10 (2006.01)
A61K 31/575 (2006.01)
Application No: 2006248906 (22) Date of Filing:  2006.05.19

WIPO No:  WO006/122977

Priority Data

Number (32) Date (33) Country
MI2005A000912 2005.05.19 IT
Publication Date: 2006.11.23

Accepted Journal Date: 2012.04.12

Applicant(s)
Intercept Pharmaceuticals, Inc.

Inventor(s)
Pellicciari, Roberto;Ferrari, Massimo

Agent / Attorney
Fisher Adams Kelly, Level 29 12 Creek Street, Brisbane, QLD, 4000

Related Art

W02005/082925 A2 (INTERCEPT PHARMACEUTICALS, INC.) 09 September 2005.
Pellicciari, R. et al., Journal of Medicinal Chemistry, Vol. 47, No. 18, pages 4559-4569.
W02002/072598 A1 (PELLICCIARI), 19 September 2002.

Pellicciari, R. et al., Journal of Medicinal Chemistry, Vol. 45, No.

17, pages 3569-3572.




w0 2006/122977 A3 | H0E 00 00O O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date
23 November 2006 (23.11.2006)

PO

(10) International Publication Number

WO 2006/122977 A3

(51) International Patent Classification:

C07] 9/00 (2006.01) AGIP 9/10 (2006.01)
AG6IK 31/575 (2006.01)
(21) International Application Number:
PCT/EP2006/062446
(22) International Filing Date: 19 May 2006 (19.05.2006)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
MI2005A000912 19 May 2005 (19.05.2005) IT

(71) Applicant (for all designated States except US): ER-
REGIERRE S.P.A. [IT/T]; Via Francesco Baracca 19,
[-24060 San Paolo d’Argon (IT).

(72) Inventors; and

(75) Inventors/Applicants (for US only): FERRARI, Mas-
simo [IT/IT]; Via Antonio Locatelli 7, 1-24069 Cenate
Sotto (IT). PELLICCIARI, Roberto [IT/IT]; Via Ulisse
Rocchi, 60, I-06123 Perugia (IT).

(74) Agents: GERVASI, Gemma et al.; Corso Di Porta Vittoria
9, [-20122 Milan (IT).

(81) Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KM, KN, KP, KR, KZ, LC, LK, LR, LS, LT, LU, LV,
LY, MA, MD, MG, MK, MN, MW, MX, MZ, NA, NG, NI,
NO, NZ, OM, PG, PH, PL, PT, RO, RU, SC, SD, SE, SG,
SK, SL, SM, SY, TJ, TM, TN, TR, TT, TZ, UA, UG, US,
UZ, VC, VN, YU, ZA, ZM, ZW.
(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, EE, ES, FI,
FR, GB, GR, HU, IE, IS, IT, LT, LU, LV, MC, NL, PL, PT,
RO, SE, SI, SK, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA,
GN, GQ, GW, ML, MR, NE, SN, TD, TG).

Published:
with international search report

(88) Date of publication of the international search report:
18 January 2007

Fortwo-letter codes and other abbreviations, refer to the "Guid-
ance Notes on Codes and Abbreviations" appearing at the begin-
ning of each regular issue of the PCT Gazette.

(54) Title: PROCESS FOR PREPARING 3a(B)-70(B)-DIHYDROXY-60(B)-ALK YL-53-CHOLANIC ACID

-
-
.

., O

ol "OH

-

(87) Abstract: Process for preparing 3o-70u)-di-
hydroxy-60()-alkyl-58-cholanic acid (I) in which
R is a linear or branched C,-Cs alkyl and the relative
intermediates 3a-hydroxy-6[3-alkyl-7-keto-53-cholanic
(VIII) and 3a-hydroxy-6o-alkyl-7-keto-53-cholanic
(IX).



10

15

20

WO 2006/122977 PCT/EP2006/062446

PROCESS FOR PREPARING 3a(f)-7a(B)-DIHYDROXY-6a(B)-ALKYL-583-
CHOLANIC ACID.

Description

FIELD OF THE INVENTION

The present invention concerns a process for the preparation of 3a-7a(B)-
dihydroxy-6a(B)-alkyl-5B-cholanic acids.

STATE OF THE ART

Farnesoid X receptors (FXR) are initially orphan nuclear receptors, identified for
the first time from a cDNA library of rat liver (B.M Forman et al., Cell. 81:687-693
(1995)), they are members of the family of nuclear receptors of ligand-activated
transcription factors, including the receptors of steroid, retinoid and thyroid
hormones (D.J. Mangelsdorf, et al, Ce/l.8-3:841-850(1995)).

Several bile acids of a natural type bind together and activate FXR in physiological
concentrations as described in W0OO00/37077 and in particular chenodeoxycholic,
deoxycholic, litocholic acids and the relative conjugates with taurine and glycine.

It is also believed that FXR are involved in the regulation of the homeostasis of bile
acids and of cholesterol.

WO002/072598 describes 3-a,7-a-dihydroxy-6a-alkyl-(allyl)-5B-cholanic acids with

general formula (A)

\‘\\

OH

(A)
in which R’ is ethyl, propyl or allyl which are also agonists of Farnesoid X

receptors.
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In particular the compound with formula (I) in which R’ = ethyl is two magnitude
order more powerful than chenodeoxycholic acid, the most powerful natural FXR
agonist

The compounds with general formula (A), used in particular to increase HDL
cholesterol, to lower triglycerides for the prevention and treatment of hepatic
diseases of cholestatic origin, are prepared with a process comprising the
following stages:

i) reacting 3-a-hydroxy-7-keto-5p-cholanic acid of formula (Il)

\
\\\

OH

HO™ o
(1)

with dihydro pyrane to obtain the corresponding 3-a-tetrahydropyranyloxy-7-keto-

5B-cholanic acid of formula (B)

OH

(B)

i) reacting the compound (B) with an alkyl bromide with formula R'Br in which R’

has the meanings indicated above, to obtain the compound (C)
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\
\\\

OEt

(€)
iif) reducing the compound (C) with sodium borohydride to give (D),

W
\‘\

OEt

HOY" """ OH

’illl

(D)
iv) hydrolysing (D) to give the compounds (A).
Even though this process comprises only few stages, it presents a series of
drawbacks.
Firstly, in all stages the reaction products are purified on a chromatographic
column, namely a very expensive separation method that cannot be realised on an
industrial scale.
Moreover the reaction yield in stage (i) is extremely low (12-13%), with a
considerable decrease in the global yield, which is lower than 3.5%.
Moreover, still in this stage, hexamethylenphosphonamide is used as a reactant,
which is a known cancerogenic agent
SUMMARY OF THE INVENTION
The Applicant has now found a process which makes it possible to obtain both

compounds with general formula (1)
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1N

OH

oh "OH

e

(1)

in which the dashed bond (----) ‘in position 6 and 7 indicates that the substituent
may be in position a or B chosen in the class consisting of:
5 i) 3-a,7-a-dihydroxy-6-a-alkyl-5B-cholanic acid with general formula (1A)

-
.
-

0

OH

(1A)

ii) 3-a,7-a-dihydroxy-6-p-alkyl-5B-cholanic acid with general formula (IB)

10
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i) 3-a,7-B-dihydroxy-6-a-alkyl-53-cholanic acid with general formula (IC)

Ry

OH

HO"" " OH

5 (IC)
in which R is a linear or branched C4-Cs alkyl, comprising the following stages

a) esterifiying 3a-hydroxy-7-keto-5B-cholanic acid (II)

\
\\\

OH

HOW" o)

(I)
in methanol in an acidic environment to obtain methyl 3a-hydroxy-7-keto-5@3-
10 cholanate (lll),

W
\“

OMe

HO™ o)
()
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b) Silylating methyl 3a-hydroxy-7-keto-5B-cholanate (lll) with trimethylchlorosilane
to obtain the corresponding 3-a-trimethylsiloxy-7-keto-5B-cholanate (1V),

K
\“

0

OMe

OSi(ch, o
(V)
c) Silylating methyl 3a-trimethylsiloxy-7-keto-5B-cholanate (IV) obtained in stage
5 (b) with trimethylchlorosilane in the presence of a strong base to obtain methyl
3a-,7 ~di-trimethylsiloxy-6-en-5B-cholanate (V),

OMe

ssigIN Sosicn,

9
10

d) Reacting methyl 3a-,7 —di-trimethylsiloxy-6-en-5B-cholanate (V) with the
aldehyde R-CHO in which R has the meanings indicated above and a Lewis

acid, to obtain methyl 3a-hydroxy-6-alkylidene-7-ksto-5B-cholanate (V1),
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K
\“

OMe

0
OH H |

R‘\“
(V1)
e) hydrolysis of methyl 3a-hydroxy-6-alkylidene-7-keto-5p-cholanate to 3a-
hydroxy-6-alkylidene-7-keto-5B-colanic acid (VII),

-
-

OH

(Vi)

f) hydrogenating 3a-hydroxy-6-alkylidene-7-keto-5B3-cholanic in an aqueous

alkaline environment with Pd/C to 3a-hydroxy-63-alkyl-7-keto-5B-cholanic acid

(VI
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g) optionally heat treating the intermediate (VIIl) in an aqueous alkaline
environment to obtain the corresponding 3a-hydroxy-6a-alkyl-7-keto-583-
cholanic (IX)

(IX)
h) reducing the ketonic group in position (7) to 7-hydroxy group of the

intermediate (VIII) or (IX) according to one of the following alternative operating
conditions:
h’) reducing 3a-hydroxy-6a-alkyl-7-keto-53-cholanic compound (IX) with metallic
hydride to 3a-,7a-di-hydroxy-6a-alkyl -53-cholanic acid (I1A),
h") reducing 3a-hydroxy-6a-alkyl-7-keto-5B-cholanic compound (IX) in the
presence of sodium and alcohol and obtaining 3a-,7B-di-hydroxy-6a-alkyl-583-
colanic (1C);
h') reducing 3a-hydroxy-6B-alkyl-7-keto-53-cholanic (VIIl) in the presence of a
metallic hydride to 3a-,7a-di-hydroxy-683-alkyl-5B-cholanic (IB).
The process according to the present invention in particular for obtaining 3a-,7a-
di-hydroxy-6a-alkyl-5B-cholanic acids (IA) presents considerable advantages with
respect to the known process described above. In fact, although it contemplates a
larger number of stages, it allows the product with formula (I) to be obtained with
decidedly satisfactory global yields (24.6%), in any case decidedly higher than
those of the known process. Moreover, the intermediates do not need to be
purified by chromatography and the use of reagents, such as the highly toxic
hexamethylenphosphonamide is avoided.
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Lastly, with the process of the present invention and as shown above, it is possible
to obtain the new compounds of formula (IB) and (IC) which may be used a
hepatoprotectors in particular for the treatment and prevention of hepatic diseases
of cholestatic origin.

The present invention therefore concerns pharmaceutical compositions containing
as active principle at least one of the acids (I-B) and (I-C) and the respective
pharmaceutically acceptable salts in combination with suitable excipients and/or
diluents.

DETAILED DESCRIPTION OF THE INVENTION _

The esterifying reaction of the 3a-hydroxy-7-keto-5B-cholanic acid (ll) in stage (a)
of the process of the present invention is preferably carried out at a temperature
between 30 and 60°C in an acid environment, in which the acid is preferably
methanesulphonic acid.

The silylating reaction of the hydroxy group in position 3a- of methyl 3a-hydroxy-7-
keto-5B-cholanate contemplated in stage (b) of the process of the present
invention is preferably carried out in an apolar solvent, more preferably an
aromatic solvent, even more preferably toluene, in the presence of a hydrogen ion
acceptor preferably consisting of a tertiary amine, of aliphatic, alicyclic or
heteroaromatic type, even more preferably said tertiary amine is triethylamine.
According to a particularly preferred embodiment, before being used in stage (c),
methyl 3-a-trimethylsiloxy-7-keto-5B-cholanate is not isolated and purified, but on
the contrary in this stage the oily residue is used which is obtained after
evaporating the reaction solvent from which the salts have previously been
removed by water extraction.

The subsequent silylation of the ketonic group in position 7 contemplated in stage
(c) of the process of the present invention is preferably carried out using as the
strong base an alkaline amide obtained from ammonia or an alkaline amide of a
secondary aliphatic amine. According to a particularly preferred solution, lithium
diisopropylamide is used as the strong base. This reaction is preferably carried
out in a polar aprotic solvent, and even more preferably said solvent is
tetrahydrofuran.
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According to a preferred embodiment the product obtained in stage (c), before
being used in the following stage (d), is not isolated and purified, but on the
contrary in this case too the oily residue is used obtained by evaporating the
reaction solvent from which the salts have been previously extracted with water.
Stage (d) is preferably carried out in an apolar solvent, preferably chosen from
alkyl halide, and even more preferably this solvent is methylene chloride.

Stage (d) is preferably carried out using boron ftrifluoride etherate as the Lewis
acid at a temperature between —90 and —60°C for a period of 2 to 4 hours in the
presence of the aldehyde R-CHO in which R has the desired meanings.
Subsequently, the reaction mixture is reacted at a temperature between 0 and
35°C for a period of 1 to 6 hours.

In this case too, before being used in the following stage (e), the product obtained
in stage (d) is not isolated and purified, but the oily residue is used which was
obtained after evaporating the reaction solvent, from which the salts and water-
soluble components have been removed with water extraction.

Stage (e) is preferably carried out in an alcoholic solvent, preferably methanol, in
the presence of an alkaline hydroxide, even more preferably said alkaline
hydroxide is an aqueous solution of 30% sodium hydroxide.

The temperature is preferably comprised between 20 and 60°C.

Stage (e) reaction product is preferably isolated after acidification, by
crystallisation with an organic solvent, preferably chosen from ethyl acetate and
acetone, possibly in the presence of water.

The hydrogenation reaction contemplated in stage (f) is preferably carried out in
an aqueous environment in the presence of an aqueous solution of sodium
hydroxide with pressure between 1 and 3 atmospheres. When the process of the
present invention contemplates stage (g), in particular when the compounds with
general formula (IA) or (IC) have to be prepared, this stage is preferably carried
out directly on the reaction mixture coming from hydrogenation reaction and is
preferably carried by heating said reaction at a temperature between 95 and
105°C for a few hours to allow the epimerization of the 6-B-ethyl group into 6-a-
ethyl.



10

15

20

25

30

WO 2006/122977 PCT/EP2006/062446

11

The reaction product coming from stage (f) or possible stage (g) is isolated from

the reaction mixture preferably using the following operating conditions.

1) adding the aqueous solution, from which the catalyst has been removed by
filtration is acidified preferably with 85% phosphoric acid,

2) ethyl acetate is added to the mixture obtained in stage (1) and the whole is
heated at a temperature between 40 and 70°C.

3) this is then cooled to a temperature between 0 and 30°C and the precipitate
obtained is filtered and subsequently dried.

When the reduction of stage (h) is carried out according to the operative conditions

contemplated in stage (h’) to obtain the compound with formula (IA) or according

to the operative conditions contemplated in stage (h™’) to obtain the compound

with formula (IB) of the process of the present invention, the metallic hydride is

preferably sodium borohydride and the reduction reaction is carried out in an

alkaline aqueous solution. The reaction is preferably carried out at a temperature

between 70 and 105°C for 1 hour.

Instead, when the reduction of stage (h) is carried out according to the operating

conditions contemplated in stage (h") it is preferably carried out in linear or

branched C¢-Cs alcohol, even more preferably in sec-butyl alcohol, at the solvent

reflux temperature. The product obtained from stage (h’) or (h™’) is preferably

isolated according to the following operative conditions:

1) adding a water immiscible solvent to the reaction mixture, preferably an apolar

solvent such as methylene chloride, and acidifying the mixture preferably with

phosphoric acid,

2') stirring and allowing to rest to the mixture obtained thereafter eliminating the

aqueous phase,

3’) extracting the product from the organic phase with water and ammonia,

4’) adding phosphoric acid to the aqueous phase thus obtained and stirring the

whole for a few hours at a temperature between 20 and 50°C,

5') recovering and drying the precipitated product by filtration.

The process of the present invention is suitable in particular for the preparation of

compounds with formula (I) in which R is preferably methyl.
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Some examples of preparation according to the process of the invention of the
compounds with formula (I) and in particular (IA), (IB) and (IC) in cui R = methyl
are given for illustrative purposes, but not limitative.

EXAMPLE 1- PROCESS FOR PREPARING 3a-,7a-DIHYDROXY-8a-ETHYL-58-
CHOLANIC ACID of formula (IA) in which R =methyl

a) preparation of methyl 3-a-hydroxy-7-keto-58-cholanate (ill).

17.0kg of 3-a-hydroxy-7-keto-58-cholanic acid, 68kg of methanol and 0.17kg of
methansulphonic acid are charged into a reactor. The reaction mixture is then
heated to 30-60°C for 1 hour and 25.5kg of demineralised water are added. The
mixture obtained is then sfirred, cooled to 20-25°C until a good precipitation is
obtained, then cooled further to 0-15°C. The precipitate is filtered and washed with
a mixture of water and methanol and further dried in a oven at about 40°C. 15kg
of methyl 3a-hydroxy-7-keto-5B-cholanate (lll) is thus obtained..Stoichiometric
yield 85.2%. |

b) preparation of methyl 3a-trimethylsiloxy-7-keto-5B-cholanate (1V),

15.0kg of methyl 3a-hydroxy-7-keto-5@-cholanate, 45kg of toluene, 7.5kg of
triethylamine, 7.5kg of trimethylchlorosilane are charged into a reactor.

The mixture is heated to 70-80°C and is kept under stirring at that temperature for
about 1 hour, then 37.5kg of water are added and the mixture is stirred at 15-20°C.
The lower aqueous phase is then separated and eliminated. The organic phase is
concentrated until an oily residue is obtained, which 15 kg of tetrahydrofuran are
added to.

The solution thus obtained containing methyl 3a-trimethylsiloxy-7-keto-5p-
cholanate (IV) is used in the following stage (c).

c) preparation of methyl 3a-, 7_-di-trimethylsililoxy-58-cholanate (V)"

30kg of tetrahydrofuran are loaded in a reaction, then the mixture is brought to a
temperature between -90° and -60°C, 9.8kg of 100% lithium diisobropylamide
and 9.3kg of trimethylchlorosilane are added, and the whole solution of
tetrahydrofuran prepared in (b) and containing methyl 3-a-trimethylsiloxy-7-keto-
5B-cholanate is poured. The mixture is then stired for about 1 hour at a
temperature between-60 and ~90°C for 1 hour. A solution of 4.50kg of sodium

bicarbonate and 60 kg of water is then poured and the mixture is stirred at 0-10°C,
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and the lower aqueous phase is separated and eliminated. The lower phase is
then concentrated until an oily residue is obtained, which 45.0Kg of methylene
chloride- are added to.
The solution of methyl 3a-,7 —di-trimethylsililoxy-58-cholanate thus obtained is
sent to the next stage (d).

reparation of methyl 3a-hydroxy-6-ethyliden-7-keto -5B-cholanate (V1) in which
R = Methyl
The whole solution of methyl 3a,7 —di-trimethylsililoxy-5B-cholanate in methylene
chloride coming from the preceding example in ‘charged into a reactor and cooled
to —90/-60°C 1.97kg of acetaldehyde and 5.5kg of boron trifluoride étheraté are
then added. The reaction mixture is kept under stiring at the above femperature
for 2/4 hours. After that it is heated to 30-35°C and kept at that temperature for
about 2/4 hours. Then 60kg of water are added. The mixture obtained-is stirred
and the aqueous phase is separated. The solution thus obtained containing methyl
3a-hydroxy-6-ethyliden-7-keto-5B-cholanate is sent to the next stage.
e) preparation of 3a-hydroxy-6-ethyliden-7-keto-58-cholanic (VII) acid in which R
=CHj,
The solution of methyl 3-a-hydroxy-6-ethyliden-7-keto-58-cholanate in methylene

chloride obtained in the previous stage is charged into a reactor. The solvent is

then removed by distillation until an oily residue is obtained, which 15 kg of
methanol are added to.

The reaction mixture is then heated to 45-50° C and 7.5kg of 30% sodium

hydroxide are poured , and the reaction mixture is kept at the above temperature

for about 1 hour. Then 30kg of water are added. 45.0kg of methylene chloride and

7.5kg of 85% phosphorﬁc acid are subsequently added. The lower organic phase is

separated and the aqueous phase is eliminated subsequently. The solvent is-
removed from the organic phase by distillation until a pasty residue is obtained.

About 37.5kg of ethyl acetate are added to the residue and the mixture is heated

to 65-75°C, then cooled to 10-35°C. The precipitate obtained, filtered and washed

with ethyl acetate, is dried.
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8.0kg of 3-a-hydroxy-6-ethyliden-7-keto-5B-cholanic acid are obtained, with a
stoichiometric yield of 51.8% calculated on methyl 3-a-hydroxy-7-keto-5p-
cholanate.

f) preparation of 3-a-hydroxy—6-B-ethyl-7-keto-5B-cholanic _acid (IX) in which
R=CHs)

8.0 kg of 3-a-hydroxy-6-a-ethyliden-7-keto-5B-cholanic acid, 48.0kg of water,
5.1kg of 30% sodium hydroxide, 0.80kg of 5% Palladium/Carbon are charged into

a reactor. The reaction mixture is hydrogenated at a pressure between 1 and 3
atmospheres, until the hydrogen absorption is no longer noted.

(9) preparation of 3a-hydroxy —6-a-ethyl-7-keto-5B-cholanic acid (IX)

At the end of the reaction the mixture is heated to 95-105°C and is kept at that

temperature for a few hours to allow the 3a-hydroxy—6-3-ethyl-7-keto-5p-cholanic

acid (VIII) to convert into the corresponding epimer of the desired 3a-hydroxy —6-
a-ethyl-7-keto-5B-cholanic acid (IX).

The suspension is filtered, and the catalyst is recovered. 5.1kg of 85% phosphoric
acid 9.6 kg of ethyl acetate are added to the filtered solution, and the reaction
mixture is heated to a temperature between 40 and 70°C. It is cooled to a
temperature between 0 and 30°C and the precipitate is recovered by filtration.
After washing with ethyl acetate, the precipitate is dried in a oven at 65°C. 5.0kg of
3a-hydroxy-6a-ethyl-7-keto-B-cholanic acid are obtained. Stoichiometric vyield:
62.2%.
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Analysis

3-a-hydroxy—6-a-ethyl-7-keto-5B-cholanic (IX)

CasHaz04 m.p. 185-188°C |

The "H-NMR analysis carried out with the instrument Bruker DRX-ADVANCE-
400Mhz, dissolving the specimen in CD30D, gave the following results:

0.62 ppm (s, 3H of methyl Cyg); 0.76ppm, J=7.4Hz (t, 3H of methyl Cy); 0.89ppm
J=6.5Hz, (d, 3H, of methyl Cy4); 1.18ppm (s, 3H, of methyl C1q), 2.21 ppm (m, 2H,
-CHz- of Cj3); 2.50ppm, J=11.17Hz (yt, CH on Cg); 2.85ppm J =13Hz and J=
5.4Hz (dd 1H in Cg), 3.50ppm (m, CH on Cj). |

The *C NMR analysis carried out with the instrument Bruker DRX-ADVANCE—

200Mhz, dissolving the specimen to be analysed in a mixture of CD;OD and

CDCl3, gave the following results:
212.82ppm (C7); 179.44ppm (Ca4), 71.26ppm (Cs), 54.77ppm (C47), 51.98ppm
(C14),18.84ppm (C24), 18.34ppm (C2s), 12.09ppm (C1s).

h') preparation of 3a,7a-dihydroxy-6a-ethyl-53-cholanic _acid with formula (I) in

which R= methyl.

5.0kg of 3a-hydroxy-6a-ethyl-7-keto-B-cholanic acid, 5.0kg of water, 2.50 kg of
sodium hydroxide are loaded in a reactor. The mixture is then heated to 70-105°C
and a mixture of sodium borohydride dissolved in 2.50 kg of water is poured, the
mixture is then kept warm for 1 hour, cooled to room temperature, and 10.0kg of
demineralised water, 15.0kg of methylene chloride and 3.00kg of 85% phosphoric
acid are added. The mixture is stirred, the lower organic phase is separated and
the aqueous phase is removed.

Crystallization of the crude product is obtained by cooling the organic solution.
This product is dissolved in 50kg of demineralised water and 1.10kg of 30%
ammonia. The mixture is then stirred until a complete solution is obtained, and
keeping the mixture at 20-50°C, 1.50kg of phosphoric acid is poured. The
precipitated mixture is stirred, always at a temperature between 20 and 50°C, then
the precipitate is recovered by filtration, washed with water and dried.

4.50 kg of 3a-,7a-di-hydroxy-6a-ethyl-5B-cholanic acid of formula (I) are obtained,
in which R= methyl. Stoichiometric yield: 89.6%.
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EXAMPLE 2 preparation of 3-a,7a-di-hydroxy-6p-ethyl-53-cholanic acid of formula
(IB) in which R = methyl.

The 3-a-hydroxy-63-ethyl-7keto-5B-cholanic acid of formula (VIII) prepared as
described in example 1 stages (a)-(f) and isolated as described in stage (g), is
reduced using the same operating conditions described in example 1 stage (h’). 3-
a,7a-di-hydroxy-6B-ethyl-5p-cholanic acid of formula (IB) is then obtained in which
R = methyl.

Analysis

3-a,7-a-di-hydroxy—6-B-ethyl-53-cholanic (I1B)

C26H4404 m.p. 115-118°C

The 'H-NMR analysis carried out with the instrument Bruker DRX-ADVANCE-
400MHz, dissolving the specimen in CD3;0D, gave the following results:

0.70ppm (s, 3H of methyl C4g); 0.95ppm (s, 3H, of methyl C4g), 1.00ppm, J=7,65Hz
(t, 3H of methyl Cg); 1.45ppm J= 3.5Hz, (d, 3H, of methyl C51);

2.25 ppm (m, 2H, -CH>- of Cz3); 3.40ppm (m, CH on C3), 3.62ppm (m, CH on Cy).
The *C NMR analysis carried out with the instrument Bruker DRX-ADVANCE-

200Mhz, dissolving the specimen to be analysed in a mixture of CD;OD and

CDCl3, gave the following results:

177.91ppm (C24), 72.18ppm (C3), 71.68ppm (C7); 55.79ppm (C+7), 50.83ppm
(C14),18.17ppm (C21), 14ppm (Cz6), 11.60ppm (C1s).

EXAMPLE 3 preparation of 3-a,7B-di-hydroxy-6a-ethyl-5B-cholanic acid with
formula (IC) in which R= methyl

According to the operative conditions described in example 1 stages (a)-(g), the
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intermediate (IX) is prepared, to which is added until complete solution sec-butyl
alcohol in which sodium has previously been dissolved in molar quantities with
respect to the compound (IX) between 3:1 and 3:2. 3-a,7B-di-hydroxy-6a-ethyl-53-
cholanic acid with formula (IC) is obtained in which R= methyl

Analysis

3-a,7-B-di-hydroxy—6-a-ethyl-5B3-cholanic (IC)

C26H4404 m.p. 217-219°C
21

-
-,
-

of
W

W

OH

26
The "H-NMR analysis carried out with the instrument Bruker DRX-ADVANCE—

400MHz, dissolving the specimen in CD;0D, gave the following results:

0.56ppm (s, 3H of methyl C1g) ; 0.73ppm, J=7.4Hz (t, 3H of methyl C); 0.81ppm
(s, 3H, of methyl C4g), 0.82ppm J= 4.60Hz, (d, 3H, of methyl Cz1); 2.21ppm (m, 2H,
-CHa- of Cy3), 3.80ppm (br, O-H of hydroxyl on C3, on C7; and of carboxyl Cy);
3.10ppm (m, CH on C5); 3.44ppm (m, CH_on Cj).

The *C NMR analysis carried out with the instrument Bruker DRX-ADVANCE—
200MHz, dissolving the specimen to be analysed in a mixture of CD;0D and
CDCI3, gave the following results:

179ppm (Cs4), 75.65ppm (C-), 71.87ppm (Cs), 56ppm (C+7), 55ppm (C14), 18.4ppm
(C21), 12.24ppm (Cz), 11.20ppm (C1s).
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CLAIMS

1. A process for preparing 3a,7a(p)-dihydroxy-6a(p)-alkyl-5B-cholanic acids

with general formula (I)

0}
wherein the dashed bond (----) in position 6 and 7 indicates that the substituent may
be in position a or B, chosen in the class consisting of:

1) 3a,7a-dihydroxy-6a-alkyl-5B-cholanic acid with general formula (1A)

\R
(1A)

i1) 3a,7a-dihydroxy-6B-alkyl-5B-cholanic acid with general formula (IB)

(1B)

ii1) 3a,7B-dihydroxy-6a-alkyl-5B-cholanic acid with general formula (IC)

o]

OH

HO™ v OH
H
SR
(IC)

wherein R is a linear or branched C,-Cs alkyl , wherein said process comprises:

a) esterifying 3a-hydroxy-7-keto-5B-cholanic acid (1I)
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HO"

| %2
0]
I

n

in methanol in an acidic environment to obtain methyl 3a-hydroxy-7-keto-58-

cholanate (III),

OMe

o
[¢)
(¢]

HO™

(UD)]
b) silylating methyl 3a-hydroxy-7-keto-58-cholanate (III) with
trimethylchlorosilane to obtain the corresponding methyl 3a-trimethylsiloxy-7-keto-
5B-cholanate (IV),

OMe

| %E
O

O8I,
(V)

c) silylating methyl 3a-trimethylsiloxy-7-keto-5B-cholanate (IV) in the
presence of a strong base and trimethylchlorosilane to obtain methyl 3a,7-di-

trimethylsiloxy-6-en-5B-cholanate (V),

OMe

O8i(CR, OSi(CH,),

(o]

d) reacting methyl 3a,7-di-trimethylsiloxy-6-en-5B-cholanate (V) with the
aldehyde R-CHO and a Lewis acid, wherein R is a linear or branched C,-Cs alkyl, to
obtain methyl 3a-hydroxy-6-alkylidene-7-keto-5B-cholanate (VI),
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0
“\ Me
HO™" oy o]
R (VD

e) hydrolysing methyl 3a-hydroxy-6-alkylidene-7-keto-5B-cholanate (VI) to
3a-hydroxy-6-alkylidene-7-keto-5B-cholanic acid (VII),

=, 0
OH
ol T °
H.
H,

v
f) hydrogenating 3a-hydroxy-6-alkylidene-7-keto-5B-cholanic acid (VII) in an
aqueous alkaline environment with Pd/C to 3a-hydroxy-6p-alkyl-7-keto-5B-cholanic

acid (VIII)
o
OH
o 7} |
R

vt
g) optionally heat treating the intermediate (VIII) in an aqueous alkaline

environment to obtain the corresponding 3a-hydroxy-6a-alkyl-7-keto-5B-cholanic

acid (IX)
.
c&bw ’
ok H : ©
R”

(1X)

h) reducing the ketonic group in position (7) to 7-hydroxy group of the
intermediate (VIII) or (IX) according to one of the following alternative operating
conditions:

h") reducing 3a-hydroxy-6a-alkyl-7-keto-5B-cholanic acid (IX) with
metallic hydride to obtain 3a,7a-dihydroxy-6a-alkyl-5B-cholanic acid (IA),
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h") reducing 3a-hydroxy-6a-alkyl-7-keto-5f-cholanic acid (IX) with
metallic sodium and alcohol to obtain 3a,7B-dihydroxy-6a-alkyl-5B-cholanic
acid (IC);

h') reducing 3a-hydroxy-6B-alkyl-7-keto-5B-cholanic acid (VIII) with
metallic hydride to obtain 3a,7a-dihydroxy-6B-alkyl-5B-cholanic acid (IB).

2. The process according to claim 1, wherein the esterification of stage (a) is

carried out at a temperature between 30 and 60°C in an acid environment.

3. The process according to claim 2, wherein said acid is methanesulphonic acid.

4. The process according to any one of claims 1-3, wherein the silylation in stage

(b) is carried out in an apolar solvent in the presence of a hydrogen ion acceptor.

5. The process according to claim 4, wherein said apolar solvent is an aromatic
solvent.

6. The process according to claim 5 wherein said aromatic solvent is toluene.
7. The process according to any one of claims 4-6, wherein said hydrogen ion

acceptor is a tertiary amine of an aliphatic, alicyclic or heteroaromatic type.

8. The process according to claim 7, wherein said tertiary amine is triethylamine.

9. The process according to any one of claims 1-8, wherein methyl 3a-
trimethylsiloxy-7-keto-5B-cholanate (IV) obtained from stage (b) is not isolated and

purified before being used in stage (c).

10.  The process according to claim 9, wherein in stage (c), methyl 3a-
trimethylsiloxy-7-keto-5B-cholanate (IV) is used as an oily residue which is obtained
after evaporating the reaction solvent from which the salts have previously been

removed by extraction with water.
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11.  The process according to any one of claims 1-10, wherein the subsequent
silylation of the ketonic group in stage (c) is carried out using as the strong base an
alkaline amide obtained from ammonia or an alkaline amide obtained from a

secondary amine.

12.  The process according to claim 11, wherein said alkaline amide is lithium

diisopropylamide.

13. The process according to any one of claims 1-12, wherein said stage (c) is

carried out in a polar aprotic solvent.

14.  The process according to claim 13, wherein said polar aprotic solvent is

tetrahydrofuran.

15.  The process according to any one of claims 1-14, wherein methyl 3a,7-di-
trimethylsiloxy-6-en-5B-cholanate (V) obtained in stage (c) is not isolated and

purified before being used in stage (d).

16.  The process according to claim 15, wherein in stage (d), methyl 3a,7-di-
trimethylsiloxy-6-en-5B-cholanate (V) is used as an oily residue which is obtained
after evaporating the reaction solvent from which the salts have previously been

removed by extraction with water.

17.  The process according to any one of claims 1-16, wherein stage (d) is carried

out in an apolar solvent.

18.  The process according to claim 17, wherein said apolar solvent is an alkyl
halide.

19.  The process according to any one of claims 17 and 18, wherein said solvent is

methylene chloride.
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20.  The process according to any one of claims 1-19, wherein the Lewis acid in

stage (d) is boron trifluoride etherate.

21.  The process according to claim 20 wherein stage (d) is carried out according
to the following operating conditions: the reaction mixture is cooled to a temperature
between —90°C —60°C and for a period of 2 to 4 hours, then the reaction mixture is

kept at a temperature between 0 and 35°C for a period of 1 to 6 hours.

22.  The process according to any one of claims 1-21, wherein methyl 3a-hydroxy-
6-alkylidene-7-keto-5B-cholanate (VI) obtained in stage (d), is not isolated and

purified before being used in the following stage (e).

23.  The process according to claim 22, wherein the hydrolysis in stage (e) is
carried out using methyl 3a-hydroxy-6-alkylidene-7-keto-5B-cholanate (VI) as an oily
residue obtained after evaporating the reaction solvent from which the salts and water-

soluble components have been removed by extraction with water.

24.  The process according to any one of claims 1-23, wherein the hydrolysis
reaction in stage (e) is carried out in an alcoholic solvent, in the presence of an

aqueous solution of an alkaline hydroxide.

25.  The process according to claim 24, wherein said reaction is carried out at a

temperature between 20 and 60°C.

26.  The process according to any one of claims 1-25, wherein the hydrogenation
in stage (f) is carried out in an aqueous environment in the presence of an aqueous

solution of sodium hydroxide at a pressure between 1 and 3 atmospheres.

27.  The process according to any one of claims 1-26, comprising stage (g),
wherein stage (g) is carried out directly on the mixture of the reaction obtained from

stage (f).
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28.  The process according to claim 27, wherein said stage (g) is carried out at a
temperature between 95 and 105°C for a few hours to allow the epimerization of the

6B-alkyl group into 6a-alkyl.

29.  The process according to any one of claims 1-28, wherein the reaction product
obtained from stage (f), when the process does not contemplate stage (g), or from
stage (g), is isolated from the reaction mixture according to the following operating
conditions:

1) acidifying the aqueous solution from which the catalyst has been removed
by filtration,

2) adding ethyl acetate to the mixture obtained in stage (1) and heating the
whole to a temperature between 40 and 70°C, and

3) cooling to a temperature between 0 and 30°C, filtering and drying the

precipitate obtained.

30.  The process according to any one of claims 1-29, where when the reduction of
stage (h) is carried out according to the operating conditions contemplated in stage
(h") or according to the operating conditions (h""), wherein the metallic hydride is
sodium borohydride in an aqueous solution in which an alkaline hydroxide has been

dissolved.

31.  The process according to claim 30, wherein said alkaline hydroxide consists of

a solution of 30% sodium hydroxide.

32.  The process according to any one of claims 30-31, wherein the reaction is

carried out at a temperature between 70 and 105°C for 1 hour.

33.  The process according to any one of claims 30-32, wherein the product
obtained is isolated according to the following operating conditions:

1) adding a water immiscible solvent to the reaction mixture and acidifying
the mixture with phosphoric acid,

2') stirring and allowing to rest the mixture obtained and eliminating the
aqueous phase,

3") extracting the product from the organic phase with water and ammonia,
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4"y adding phosphoric acid to the aqueous phase thus obtained and stirring the
whole at a temperature between 20 and 50°C, and

5") recovering and drying the precipitated product by filtration.

34.  The process according to any one of claims 1-29 comprising (h”), the
reduction reaction is carried out in linear or branched alcohol C,-Cs at the solvent

reflux temperature.
35.  The process according to claim 34, wherein said alcohol is sec-butyl alcohol.
36.  The process according to any one of claims 1-35 wherein R is methyl.

37.  The process according to any one of claims 1-30 for preparing 3a,7a-

dihydroxy-6a-ethyl-5B-cholanic acid.

38.  3a-hydroxy-6pB-alkyl-7-keto-5B-cholanic acid (VIII)

o}

OH

of

(Vi

wherein R is a linear or branched C,-Cs alkyl.

39.  3a-hydroxy-6a-alkyl-7-keto-5B-cholanic acid (IX)

(o]

OH

o

(1X)

wherein R is a linear or branched C,-Cs alkyl.




