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PREPARATION, USES AND SOLID FORMS OF OBETICHOLIC ACID

SUMMARY OF THE INVENTION

The present invention relates to obeticholic acid, an agonist for FXR, processes of
preparation for obeticholic acid, pharmaceutical formulations comprising obeticholic

acid, and the therapeutic use of the same.

CO,H

obeticholic acid
(also known as INT-747)

The present invention relates to a crystalline obeticholic acid Form C
characterized by an X-ray diffraction pattern including characteristic peaks at about 4.2,
6.4, 9.5, 12.5, and 16.7 degrees 2-Theta. The crystalline obeticholic acid Form C is
characterized by an X-ray diffraction pattern substantially similar to that set forth in
Figure 5 and further characterized by a Differential Scanning Calorimetry (DSC)
thermogram having an endotherm value at about 98+2 °C.

The present invention relates to a process for preparing obeticholic acid Form 1,
comprising the step of converting crystalline obeticholic acid to obeticholic acid Form 1.

The present invention relates to a process for preparing obeticholic acid Form 1,
comprising the steps of reacting 3a-hydroxy-6oi-ethyl-7-keto-53-cholan-24-oic acid with
NaBH4 to form crystalline obeticholic acid and converting crystalline obeticholic acid to
obeticholic acid Form 1.

The present invention relates to a process for preparing obeticholic acid Form 1,
comprising the steps of reacting E- or E/Z-30-hydroxy-6-ethylidene-7-keto-53-cholan-
24-oic acid with Pd/C and hydrogen gas to form 3o-hydroxy-6a.-ethyl-7-keto-53-cholan-
24-oic acid; reacting 3o-hydroxy-6o-ethyl-7-keto-53-cholan-24-oic acid with NaBH4 to
form crystalline obeticholic acid; and converting crystalline obeticholic acid to

obeticholic acid Form 1.
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The present invention relates to a process for preparing obeticholic acid Form 1,
comprising the steps of reacting E- or E/Z-3a-hydroxy-6-ethylidene-7-keto-53-cholan-
24-oic acid methyl ester with NaOH to form E- or E/Z-3a-hydroxy-6-ethylidene-7-keto-
5B-cholan-24-oic acid; reacting E- or E/Z-3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-
oic acid with Pd/C and hydrogen gas to form 3a-hydroxy-6a-ethyl-7-keto-5B-cholan-24-
oic acid; reacting 3o-hydroxy-6a-ethyl-7-keto-53-cholan-24-oic acid with NaBH, to
form crystalline obeticholic acid, and converting crystalline obeticholic acid to
obeticholic acid Form 1.

The present invention relates to a process for preparing obeticholic acid Form 1,
comprising the steps of reacting 3a.,7-ditrimethylsilyloxy-5B-chol-6-en-24-oic acid
methyl ester with CH3CHO to form E- or E/Z-3a-hydroxy-6-ethylidene-7-keto-5p3-
cholan-24-oic acid methyl ester; reacting E- or E/Z-3a-hydroxy-6-ethylidene-7-keto-5p-
cholan-24-oic acid methyl ester with NaOH to form E- or E/Z-3a-hydroxy-6-ethylidene-
7-keto-5B-cholan-24-oic acid; reacting E- or E/Z-3a-hydroxy-6-ethylidene-7-keto-583-
cholan-24-oic acid with Pd/C and hydrogen gas to form 3a-hydroxy-6a-ethyl-7-keto-5p-
cholan-24-oic acid; reacting 3o-hydroxy-6a-ethyl-7-keto-53-cholan-24-oic acid with
NaBHj to form crystalline obeticholic acid, and converting crystalline obeticholic acid to
obeticholic acid Form 1.

The present invention relates to a process for preparing obeticholic acid Form 1,
comprising the steps of reacting 3a-hydroxy-7-keto-5B-cholan-24-oic acid methyl ester
with Li[N(CH(CHs),),] and Si(CH3);Cl to form 3a,7-ditrimethylsilyloxy-5B-chol-6-en-
24-oic acid methyl ester; reacting 3a,7-ditrimethylsilyloxy-5B-chol-6-en-24-oic acid
methyl ester with CH;CHO to form E- or E/Z-3a-hydroxy-6-ethylidene-7-keto-5p3-
cholan-24-oic acid methyl ester; reacting E- or E/Z-3a-hydroxy-6-ethylidene-7-keto-53-
cholan-24-oic acid methyl ester with NaOH to form E- or E/Z-3a-hydroxy-6-ethylidene-
7-keto-53-cholan-24-oic acid; reacting E- or E/Z-3a-hydroxy-6-ethylidene-7-keto-5-
cholan-24-oic acid with Pd/C and hydrogen gas to form 3a-hydroxy-6a-ethyl-7-keto-53-
cholan-24-oic acid; reacting 3o-hydroxy-6a-ethyl-7-keto-5B-cholan-24-oic acid with
NaBHj, to form crystalline obeticholic acid, and converting crystalline obeticholic acid to

obeticholic acid Form 1.
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The present invention relates to a process for preparing obeticholic acid Form 1,
comprising the steps of reacting 3o-hydroxy-7-keto-5p-cholan-24-oic acid with CH;OH
and H,SO; to form 3a-hydroxy-7-keto-5B-cholan-24-oic acid methyl ester; reacting 3o-
hydroxy-7-keto-5B-cholan-24-oic acid methyl ester with Li[N(CH(CHjs),),] and
Si(CH3)3Cl to form 3a,7-ditrimethylsilyloxy-53-chol-6-en-24-oic acid methyl ester;
reacting 3o, 7-ditrimethylsilyloxy-583-chol-6-en-24-oic acid methyl ester with CH3CHO to
form E- or E/Z-3a-hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic acid methyl ester;
reacting E- or E/Z-3a-hydroxy-6-ethylidene-7-keto-5p-cholan-24-oic acid methyl ester
with NaOH to form E- or E/Z-3a-hydroxy-6-ethylidene-7-keto-5p-cholan-24-oic acid;
reacting E- or E/Z-3a-hydroxy-6-ethylidene-7-keto-5p-cholan-24-oic acid with Pd/C and
hydrogen gas to form 3a-hydroxy-6a-ethyl-7-keto-5B-cholan-24-oic acid; reacting 3a-
hydroxy-6a-ethyl-7-keto-5B-cholan-24-oic acid with NaBHj, to form crystalline
obeticholic acid, and converting crystalline obeticholic acid to obeticholic acid Form 1.

The present invention relates to a process for preparing obeticholic acid Form 1,
wherein converting crystalline obeticholic acid Form C to obeticholic acid Form 1
comprises the step of dissolving crystalline obeticholic acid Form C in aqueous NaOH
solution and adding HCI.

The present invention relates to a process for preparing obeticholic acid Form 1,
wherein in reacting 3o-hydroxy-6oa-ethyl-7-keto-5B-cholan-24-oic acid with NaBH4 to
form crystalline obeticholic acid is carried out at a temperature at about 85 °C to about
110 °C in a basic aqueous solution.

The present invention relates to a process for preparing obeticholic acid Form 1,
wherein reacting E- or E/Z-3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-oic acid with
Pd/C and hydrogen gas to form 3a-hydroxy-6a-ethyl-7-keto-5p3-cholan-24-oic acid is
carried out at a temperature at about 100 °C to about 105 °C and at a pressure at about 4 to
about 5 bars.

The present invention relates to a process for preparing obeticholic acid Form 1,
wherein reacting E- or E/Z-3a-hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic acid
methyl ester with NaOH to form E- or E/Z-3a-hydroxy-6-ethylidene-7-keto-53-cholan-
24-oic acid is carried out at a temperature at about 20 °C to about 60 °C.

The present invention relates to a process for preparing obeticholic acid Form 1,

wherein reacting 3o, 7-ditrimethylsilyloxy-5B-chol-6-en-24-oic acid methyl ester with
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CH3CHO to form E- or E/Z-3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-oic acid
methyl ester is carried out in a polar aprotic solvent at a temperature at about -50 °C to
about -70 °C in the presence of BFs.

The present invention relates to a process for preparing obeticholic acid Form 1,
wherein reacting 3a-hydroxy-7-keto-5B-cholan-24-oic acid methyl ester with
Li[N(CH(CHjs),)2] and Si(CH3);Cl to form 3a,7-ditrimethylsilyloxy-5@3-chol-6-en-24-oic
acid methyl ester is carried out in a polar aprotic solvent at a temperature at about -10 °C
to about -30 °C.

The present invention relates to a process for preparing obeticholic acid Form 1,
wherein reacting 3a-hydroxy-7-keto-53-cholan-24-oic acid with CH;OH and H,SO, to
form 3a-hydroxy-7-keto-5B-cholan-24-oic acid methyl ester is heated for about 3 hours
and the pH of the reaction mixture is adjusted with an aqueous basic solution to a pH-
value of about 6.5 to about 8.0.

The present invention relates to a obeticholic acid, or a pharmaceutically
acceptable salt, solvate or amino acid conjugate thereof, having a potency of greater than
about 98%, greater than about 98.5%, greater than about 99.0%, or greater than about
99.5%. The present invention relates to a pharmaceutical composition comprising
obeticholic acid Form 1 produced by a process of the invention and a pharmaceutically
acceptable carrier.

The present invention relates to a method of treating or preventing an FXR
mediated disease or condition in a subject comprise of administering an effective amount
of obeticholic acid Form 1. The disease or condition is selected from biliary atresia,
cholestatic liver disease, chronic liver disease, nonalcoholic steatohepatitis (NASH),
hepatitis C infection, alcoholic liver disease, primary biliary cirrhosis (PBC), liver
damage due to progressive fibrosis, liver fibrosis, and cardiovascular diseases including
atherosclerosis, arteriosclerosis, hypercholesteremia, and hyperlipidemia. The present
invention relates to a method for lowering triglycerides in a subject comprise of

administering an effective amount of obeticholic acid Form 1.

BRIEF DESCRIPTION OF THE DRAWINGS
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Figure 1

Figure 2

Figure 3

Figure 4A

Figure 4B

Figure 4C

Figure 4D

Figure 5

Figure 6

Figure 7

Figure 8A

Figure 8B

Figure 8C
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is a HPLC-UV/MS chromatogram of crude compound 5 of Step 4 of
Example 1 injected at 1 mg/mL, injection volume 3ul. The chromatogram
is obtained according to the method described in Example 2.

is a HPLC-UV/MS chromatogram of compound 5 of Step 4 of Example 1,
purified reference injected at 1 mg/mL, injection volume 20 pL. The
chromatogram is obtained according to the method described in Example
2.

is a UV chromatogram of crude compound 5 of step 4 of Example 1 using
HPLC method. The chromatogram is obtained according to the method
described in Example 2.

is an accurate ion trace of m/z 850.61914 + 3ppm from the main peak
fraction (RT 29.0 min) of compound 5 of Step 4 of Example 1, purely
isolated with HPLC method (see Example 2).

is an accurate ion trace of m/z 850.61914 + 3ppm from the minor peak
fraction (RT 29.9 min) of compound 5 of Step 4 of Example 1, purely
isolated with HPLC method (see Example 2).

is an accurate ion trace of m/z 850.61914 + 3ppm from crude compound 5
of Step 4 of Example 1 (see Example 2).

is an accurate ion trace of m/z 850.61914 + 3ppm from compound 5 of
Step 4 of Example 1, purified reference (see Example 2).

is an XRPD diffractogram of crystalline obeticholic acid Form C (see
Example 3).

shows TGA and DSC Thermograms of crystalline obeticholic acid Form C
(see Example 3).

shows VT-XRPD diffractograms of crystalline obeticholic acid at 25 °C,
110 °C, and 120 °C (see Example 3).

is a GVS isotherm plot of crystalline obeticholic acid Form C (see
Example 3).

is a GVS kinetic plot of crystalline obeticholic acid Form C (see Example
3).

shows XRPD diffractograms of crystalline obeticholic acid Form C before

and after GVS analysis (see Example 3).
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Figure 9

Figure 10

Figure 11

Figure 12

Figure 13

Figure 14

Figure 15

Figure 16
Figure 17

Figure 18

Figure 19

Figure 20

Figure 21

Figure 22

Figure 23A
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shows XRPD diffractograms of crystalline obeticholic acid Form C before
and after storage at 40 °C/75% RH (see Example 3).

is an XRPD diffractogram of batch 1 of obeticholic acid Form 1(see
Example 5).

shows the XRPD diffractorgraphs for batches 1, 2, 3, 4, 5 and 6 of

obeticholic acid Form 1 (see Example 5).

is a NMR spectrum of batch 1 of obeticholic acid Form 1 in ds-DMSO (see
Example 5).

shows the '"H NMR spectra for batches 1, 2, 3, 4, 5 and 6 of obeticholic

acid Form 1 (see Example 5).

is an expansion of 3C DEPTQ NMR spectrum of obeticholic acid Form 1
from region 10-75 ppm (see Example 5).

is an expansion of °C DEPT135 NMR spectrum of obeticholic acid Form

1 supressing quaternary carbons from region 0-75 ppm (see Example 5).
is a quantitative °C NMR of obeticholic acid Form 1 (see Example 5).
is an expanded view of peaks at 32.3 ppm of Figure 16 (see Example 5).

is a FT-IR spectrum of batch 1 of obeticholic acid Form | (see Example
5).
shows TGA and DSC thermograms of batch 1 of obeticholic acid Form 1

(see Example 5).

shows modulated DSC thermograms of batch 1 of obeticholic acid Form 1

(see Example 5).

shows the TGA traces of batches 1, 2, 3, 4, 5, and 6 of obeticholic acid

Form 1 (see Example 5).

shows the DSC traces of batches 1, 2, 3, 4, 5, and 6 of obeticholic acid

Form 1 (see Example 5).

is a picture of batch 1 of obeticholic acid Form 1 under polarized light
microscopy. Figure 23B is a picture of batch 2 of obeticholic acid Form 1

under polarized light microscopy. Figure 23C is a picture of batch 3 of

6
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Figure 24

Figure 25

Figure 26

Figure 27

Figure 28

Figure 29

Figure 30

Figure 31

Figure 32

Figure 33

Figure 34

Figure 35
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obeticholic acid Form 1 under polarized light microscopy. Figure 23D is a
picture of batch 4 of obeticholic acid Form 1 under polarized light
microscopy. Figure 23E is a picture of batch 5 of obeticholic acid Form 1
under polarized light microscopy. Figure 23F is a picture of batch 6 of

obeticholic acid Form 1 under polarized light microscopy.

shows GVS isotherm plot of batch 1 of obeticholic acid Form 1 (see
Example 5).

shows GVS kinetics plot of batch 1 of obeticholic acid Form 1 (see
Example 5).

shows XRPD diffractograms of batch 1 of obeticholic acid Form 1 before
and after GVS (see Example 5).

is a graph of the measurement of pKa at three different methanol/water

ratios for obeticholic acid Form 1 (see Example 5).
is a Yasuda-Shedlovsky plot for obeticholic acid Form 1 (see Example 5).

is a graph showing the distribution of the species depending on pH for

obeticholic acid Form 1 (see Example 5).

is a graph showing the difference curve obtained by potentiometry for

obeticholic acid Form 1 (see Example 5).
shows the lipophilicity profile of obeticholic acid Form 1 (see Example 5).

shows the XRPD diffractograms of batch 1 of obeticholic acid Form 1
after storage at 40 °C/75% RH (see Example 5).

shows the XRPD diffractograms of batch 1 of obeticholic acid Form 1
after storage at 25 °C/97% RH (see Example 5).

shows a view of the molecule of obeticholic acid Form G from the crystal
structure showing anisotropic atomic displacement ellipsoids for the non-

hydrogen atoms at the 50% probability level (see Example 6).

shows a view of the intermolecular hydrogen bonds of the crystal structure
of obeticholic acid Form G where hydrogen bondings are shown in dashed

lines (See Example 6).
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Figure 36 shows an XRPD overlay of the simulated powder pattern, experimental
patterns of the collected crystal, and obeticholic acid Form G (see Example

6).

Figure 37 shows a graph of the plasma obeticholic acid profile vs. time after oral
administration of 20 mg/kg of obeticholic acid Form 1 and crystalline

Form F (see Example 7).

Figure 38 shows a graph of the plasma concentration of tauro conjugate of
obeticholic acid Form 1 and crystalline Form F at different time interval

after the administration (see Example 7).
Figure 39 shows the DSC curve of Form 1 (see Example 7).

Figure 40 shows the DSC curve of Form F (see Example 7)

DETAILED DESCRIPTION OF THE INVENTION

The present application is directed to obeticholic acid, a pharmaceutically active

ingredient (also known as INT-747) having the chemical structure:

CO,H

obeticholic acid
(also known as INT-747)

including, substantially pure obeticholic acid, a process for the preparation of obeticholic
acid comprising crystalline obeticholic acid as a synthetic intermediate, and analytical
methods for confirming the presence and purity of obeticholic acid and synthetic
intermediates in the process to prepare obeticholic acid. The present application also
describes pharmaceutical compositions and formulations of obeticholic acid and uses for

such compositions.

Process to prepare obeticholic acid

The present application is directed to a process for preparing highly pure

obeticholic acid. The process of the present application is shown in Scheme 1. The
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process is a 6-step synthesis followed by one purification step to produce highly pure
obeticholic acid.

Scheme 1

CO,CH;

(HC)3SiO" (HsC)3SiO™

Step 4

Step 5

crystalline obeticholic acid -
(e.g., obeticholic acid Form C) 6

Step 7

obeticholic acid Form 1
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The process of the present invention also includes a process according to Scheme
1 where compounds 4 and 5 are each comprised of a mixture of the E and Z isomers as

illustrated by the structures of compounds 4A and 5A below:

In one embodiment, the E/Z isomer ratio of E/Z-30-hydroxy-6-ethylidene-7-keto-
5B-cholan-24-oic acid methyl ester (4A) is about 50%, greater than about 60%, greater
than about 70%, greater than about 80%, greater than about 83%, greater than about 85%,
greater than about 90%, greater than about 93%, greater than about 95%, or greater than
about 99%. In one embodiment, the E/Z ratio is determined by HPLC. In one
embodiment, the ratio is greater than about 80%. In one embodiment, the ratio is greater
than about 83%. In one embodiment, the ratio is greater than about 85%. In one
embodiment, the ratio is greater than about 90%. In one embodiment, the ratio is greater
than about 93%. In one embodiment, the ratio is greater than about 95%. In one
embodiment, the ratio is greater than about 99%.

In one embodiment, the E/Z isomer ratio of E/Z-3o-hydroxy-6-ethylidene-7-keto-
5B-cholan-24-oic acid (5A) is about 50%, greater than about 60%, greater than about
70%, greater than about 80%, greater than about 83%, greater than about 85%, greater
than about 90%, greater than about 93%, greater than about 95%, or greater than about
99%. In one embodiment, the E/Z ratio is determined by HPLC. In one embodiment, the
ratio is greater than about 80%. In one embodiment, the ratio is greater than about 83%.
In one embodiment, the ratio is greater than about 85%. In one embodiment, the ratio is
greater than about 90%. In one embodiment, the ratio is greater than about 93%. In one
embodiment, the ratio is greater than about 95%. In one embodiment, the ratio is greater

than about 99%.

The process of the present application has never been reported in the art. The
process is a 6-step synthesis followed by one purification step. Step 1 is the esterification
of the C-24 carboxylic acid of 7-keto lithocholic acid (KLCA) using methanol in the
presence of acidic catalysis and heat to produce the methyl ester compound 1. Step 2 is

silylenol ether formation from compound 1 using a strong base followed by treatment
10
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with chlorosilane to produce compound 3. Step 3 is an aldol condensation reaction of the
silylenol ether compound 3 and acetaldehyde to produce compound 4 (or compound 4A).
Step 4 is ester hydrolysis i.e., saponification of the C-24 methyl ester of compound 4 (or
compound 4A) to produce the carboxylic acid compound 5 (or compound 5A). Step 5 is
the hydrogenation of the 6-ethylidene moiety of compound 5 (or compound 5A) followed
by isomerization to produce compound 6. Step 6 is the selective reduction of the 7-keto
group of compound 6 to a 7a-hydroxy group to produce crystalline obeticholic acid. Step
7 is the conversion of crystalline obeticholic acid to obeticholic acid Form 1.

The process of the present invention relates to a process for preparing obeticholic
acid Form 1, where the process utilizes a crystalline form of obeticholic acid as a
synthetic intermediate.

In one embodiment, the present invention relates to a process for preparing
obeticholic acid Form 1, comprising the step of converting crystalline obeticholic acid to

obeticholic acid Form 1.

In one embodiment, the present invention relates to a process for preparing
obeticholic acid Form 1, comprising the steps of

reacting 3oi-hydroxy-6a.-ethyl-7-keto-53-cholan-24-oic acid (6) with NaBH,4 to
form crystalline obeticholic acid, and

converting crystalline obeticholic acid to obeticholic acid Form 1.

In one embodiment, the present invention relates to a process for preparing
obeticholic acid Form 1, comprising the steps of

reacting E/Z-3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-oic acid (5A) with
Pd/C and hydrogen gas to form 3o-hydroxy-6a-ethyl-7-keto-53-cholan-24-oic acid (6),

reacting 3a-hydroxy-6a-ethyl-7-keto-53-cholan-24-oic acid (6) with NaBH, to
form crystalline obeticholic acid, and

converting crystalline obeticholic acid to obeticholic acid Form 1.

In one embodiment, the present invention relates to a process for preparing
obeticholic acid Form 1, comprising the steps of

reacting E-3a-hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic acid (5) with Pd/C
and hydrogen gas to form 3a-hydroxy-6a-ethyl-7-keto-5B-cholan-24-oic acid (6),

11
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reacting 3a-hydroxy-6a-ethyl-7-keto-5B-cholan-24-oic acid (6) with NaBH, to
form crystalline obeticholic acid, and

converting crystalline obeticholic acid to obeticholic acid Form 1.

In one embodiment, the present invention relates to a process for preparing
obeticholic acid Form 1, comprising the steps of

reacting E/Z-3a-hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic acid methyl ester
(4A) with NaOH to form E/Z-3a-hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic acid
(3A),

reacting E/Z-3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-oic acid (5A) with
Pd/C and hydrogen gas to form 3a-hydroxy-6a-ethyl-7-keto-5B-cholan-24-oic acid (6),

reacting 3a-hydroxy-6a-ethyl-7-keto-53-cholan-24-oic acid (6) with NaBH, to
form crystalline obeticholic acid, and

converting crystalline obeticholic acid to obeticholic acid Form 1.

In one embodiment, the present invention relates to a process for preparing
obeticholic acid Form 1, comprising the steps of

reacting E-3a-hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic acid methyl ester
(4) with NaOH to form E-3a-hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic acid (5),

reacting E-3a-hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic acid (5) with Pd/C
and hydrogen gas to form 3a-hydroxy-6o-ethyl-7-keto-5B3-cholan-24-oic acid (6),

reacting 3a-hydroxy-6o.-ethyl-7-keto-5B-cholan-24-oic acid (6) with NaBH, to
form crystalline obeticholic acid, and

converting crystalline obeticholic acid to obeticholic acid Form 1.

In one embodiment, the present invention relates to a process for preparing
obeticholic acid Form 1, comprising the steps of

reacting 3o, 7-ditrimethylsilyloxy-5B-chol-6-en-24-oic acid methyl ester (3) with
CH;CHO to form E/Z-3a-hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic acid methyl
ester (4A),

reacting E/Z-3a-hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic acid methyl ester
(4A) with NaOH to form E/Z-3a-hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic acid

(5A),
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reacting E/Z-3a-hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic acid (SA) with
Pd/C and hydrogen gas to form 3a-hydroxy-6a-ethyl-7-keto-5p-cholan-24-oic acid (6),

reacting 3a-hydroxy-6a-ethyl-7-keto-5B-cholan-24-oic acid (6) with NaBH, to
form crystalline obeticholic acid, and

converting crystalline obeticholic acid to obeticholic acid Form 1.

In one embodiment, the present invention relates to a process for preparing
obeticholic acid Form 1, comprising the steps of

reacting 3a,7-ditrimethylsilyloxy-5B-chol-6-en-24-oic acid methyl ester (3) with
CH;CHO to form E-3a-hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic acid methyl ester
(4),

reacting E-3a-hydroxy-6-ethylidene-7-keto-583-cholan-24-oic acid methyl ester
(4) with NaOH to form E-3a-hydroxy-6-ethylidene-7-keto-5B3-cholan-24-oic acid (5),

reacting E-3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-oic acid (5) with Pd/C
and hydrogen gas to form 3a-hydroxy-6a-ethyl-7-keto-5B-cholan-24-oic acid (6),

reacting 3a-hydroxy-6a-ethyl-7-keto-5B3-cholan-24-oic acid (6) with NaBH, to
form crystalline obeticholic acid, and

converting crystalline obeticholic acid to obeticholic acid Form 1.

In one embodiment, the present invention relates to a process for preparing
obeticholic acid Form |, comprising the steps of

reacting 3a-hydroxy-7-keto-5B-cholan-24-oic acid methyl ester (1) with
Li[N(CH(CHs3)3)2] and Si(CH3)3Cl to form 3o, 7-ditrimethylsilyloxy-53-chol-6-en-24-oic
acid methyl ester (3),

reacting 3o, 7-ditrimethylsilyloxy-5B-chol-6-en-24-oic acid methyl ester (3) with
CH3;CHO to form E/Z-3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-oic acid methyl
ester (4A),

reacting E/Z-3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-oic acid methyl ester
(4A) with NaOH to form E/Z-3a-hydroxy-6-ethylidene-7-keto-583-cholan-24-oic acid
(3A),

reacting E/Z-3a-hydroxy-6-ethylidene-7-keto-5p-cholan-24-oic acid (5A) with
Pd/C and hydrogen gas to form 3a-hydroxy-6a-ethyl-7-keto-53-cholan-24-oic acid (6),
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reacting 3a-hydroxy-6a-ethyl-7-keto-53-cholan-24-oic acid (6) with NaBH, to
form crystalline obeticholic acid, and

converting crystalline obeticholic acid to obeticholic acid Form 1.

In one embodiment, the present invention relates to a process for preparing
obeticholic acid Form 1, comprising the steps of

reacting 3a-hydroxy-7-keto-5B-cholan-24-oic acid methyl ester (1) with
Li[N(CH(CHs3),),] and Si(CH3)sCl to form 3o, 7-ditrimethylsilyloxy-5B-chol-6-en-24-oic
acid methy! ester (3),

reacting 3o, 7-ditrimethylsilyloxy-583-chol-6-en-24-oic acid methyl ester (3) with
CH3CHO to form E-3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-oic acid methyl ester
(4),

reacting E-3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-oic acid methyl ester
(4) with NaOH to form E-3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-oic acid (5),

reacting E-3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-oic acid (5) with Pd/C
and hydrogen gas to form 3a-hydroxy-6a-ethyl-7-keto-53-cholan-24-oic acid (6),

reacting 3a-hydroxy-6a-ethyl-7-keto-53-cholan-24-oic acid (6) with NaBH, to
form crystalline obeticholic acid, and

converting crystalline obeticholic acid to obeticholic acid Form 1.

In one embodiment, the present invention relates to a process for preparing
obeticholic acid Form 1, comprising the steps of

reacting 3a-hydroxy-7-keto-5B-cholan-24-oic acid (KLCA) with CH3OH and
H>S04 to form 3a-hydroxy-7-keto-5B-cholan-24-oic acid methyl ester (1).

reacting 3a-hydroxy-7-keto-53-cholan-24-oic acid methyl ester (1) with
Li[N(CH(CHj3),)2] and Si(CHs3)5Cl to form 3a,7-ditrimethylsilyloxy-53-chol-6-en-24-oic
acid methyl ester (3),

reacting 3a,7-ditrimethylsilyloxy-5(3-chol-6-en-24-oic acid methyl ester (3) with
CH;CHO to form E/Z-3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-oic acid methyl
ester (4A),
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reacting E/Z-3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-oic acid methyl ester
(4A) with NaOH to form E/Z-3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-oic acid
(3A),

reacting E/Z-3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-oic acid (5A) with
Pd/C and hydrogen gas to forrp 3a-hydroxy-6a-ethyl-7-keto-53-cholan-24-oic acid (6),

reacting 3o-hydroxy-6a-ethyl-7-keto-53-cholan-24-oic acid (6) with NaBH, to
form crystalline obeticholic acid, and

converting crystalline obeticholic acid to obeticholic acid Form 1.

In one embodiment, the present invention relates to a process for preparing
obeticholic acid Form 1, comprising the steps of

reacting 3a-hydroxy-7-keto-53-cholan-24-oic acid (KLCA) with CH;0H and
H,S0, to form 3a-hydroxy-7-keto-53-cholan-24-oic acid methyl ester (1).

reacting 3a-hydroxy-7-keto-53-cholan-24-oic acid methyl ester (1) with
Li[N(CH(CHj3),),] and Si(CHj3);Cl to form 3a,7-ditrimethylsilyloxy-53-chol-6-en-24-oic
acid methyl ester (3),

reacting 3o, 7-ditrimethyisilyloxy-5B-chol-6-en-24-oic acid methyl ester (3) with
CH3CHO to form E-3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-oic acid methyl ester
(4),

reacting E-3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-oic acid methyl ester
(4) with NaOH to form E-3a-hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic acid (5),

reacting E-3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-oic acid (5) with Pd/C
and hydrogen gas to form 3a-hydroxy-6a-ethyl-7-keto-5B-cholan-24-oic acid (6),

reacting 3a-hydroxy-6a-ethyl-7-keto-53-cholan-24-oic acid (6) with NaBH, to
form crystalline obeticholic acid, and

converting crystalline obeticholic acid to obeticholic acid Form 1.

In one embodiment, the present invention relates to a process for preparing
obeticholic acid Form 1 using crystalline obeticholic acid. In another embodiment, the
crystalline obeticholic acid is Form C. In one embodiment, the crystalline obeticholic acid

Form C is characterized by an X-ray diffraction pattern similar to that set forth in Figure
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5. In one embodiment, the crystalline obeticholic acid Form C is crystallized and

recrystallized from n-butyl acetate.

Step |

Step 1 is the reaction of 3a-hydroxy-7-keto-5B-cholan-24-oic acid (KLCA) with
CH;O0H and H,SOq4 to form 3a-hydroxy-7-keto-53-cholan-24-oic acid methyl ester (1).
In one embodiment of step 1, the reaction mixture is heated for about 3 hours and the pH
of the reaction mixture is adjusted with an aqueous basic solution to a pH-value of about
6.5 to about 8.0. In one embodiment, the isolation of 3a-hydroxy-7-keto-53-cholan-24-
oic acid methyl ester (1) further comprises treatment with activated carbon. In one
embodiment, the isolation of 3a-hydroxy-7-keto-5B-cholan-24-oic acid methyl ester (1)
does not further comprise treatment with activated carbon. In one embodiment, isolation
of 3a-hydroxy-7-keto-5B-cholan-24-oic acid methyl ester (1) without the treatment with
activated carbon affords a higher yield. In one embodiment, reacting 3a-hydroxy-7-keto-
5B-cholan-24-oic acid (1) with CH3;0H and H,SOy is carried out in methanol. In one
embodiment, the basic solution is an aqueous NaOH solution. In one embodiment, the
pH-value is about 7.0 to about 7.5.

In one embodiment, fhe methyl alcohol acts as the methylating reagent as well as
the reaction solvent. In one embodiment, the solution containing the product is treated
with activated carbon for about 30 minutes and filtered to remove the carbon solids. In
one embodiment, the solution containing the product is not treated with activated carbon.
To precipitate the product, water at about 5 °C to about 20 °C and seeding material are
added. In another embodiment, the water is at about 10 °C to about 15 °C. In one
embodiment, the product is isolated with a centrifuge and washed with a mixture of
methanol and water. In one embodiment, the water content of the wet material is
quantified by Karl Fischer (KF). In one embodiment, the material is dried in a tumble
dryer before use in the next step. In one embodiment, the material is not dried before use

in the next step.

Step 2
Step 2 is the reaction of 3a-hydroxy-7-keto-53-cholan-24-oic acid methyl ester

(1) with Li[]N(CH(CHj3),)2] and Si(CH3)3Cl to form 3a,7-ditrimethylsilyloxy-53-chol-6-
en-24-oic acid methyl ester (3). In one embodiment, step 2 is carried out in a polar
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aprotic solvent at a temperature at about -10 °C to about -30 °C. In one embodiment, the
polar aprotic solvent is tetrahydrofuran. In one embodiment, the temperature is about -20
°C to about -25 °C. In one embodiment, reacting 3a.-hydroxy-7-keto-58-cholan-24-oic
acid methyl ester (1) with Li[N(CH(CHj3),),] and Si(CH3)5Cl is stirred for about 2 hours.
In one embodiment, compound 1 is charged into the reactor under inert
conditions. In another embodiment, residual water and methanol are removed by repeated
azeotropic distillation at about 65 °C and normal pressure. In another embodiment, THF
is added to the residue as necessary and the distillation is repeated about 4 times. In
another embodiment, the distillation is repeated about 3 times, about 2 times, or about 1
time. In one embodiment, the remaining solution containing the product has a final water
content of < 0.05% (Karl Fischer Titration). Water can hydrolyze chlorotrimethylsilane,
which is added later in this step. In one embodiment, the solution of the product is pre-
cooled to about -10 °C to about
-30 °C and then chlorotrimethylsilane is added. In another embodiment, the solution is
pre-cooled to about -20 °C to about -25 °C. In one embodiment, a strong base and THF
are charged to a separate reactor and cooled to about -10 °C to about -30 °C. In one
embodiment, the strong base is lithium diisopropylamide. In another embodiment, the
reactor is inert, e.g., under a nitrogen or argon atmosphere. In another embodiment, the
solution of base and THF is cooled to about -20 °C to about -25 °C. In one embodiment,
the dry, cooled solution of 30-hydroxy-7-keto-5B-cholan-24-oic acid methyl ester, THF,
and chlorotrimethylsilane is charged into the basic solution at about -10 °C to about -30
°C. In another embodiment, the temperature is about -20 °C to about -25 °C. In one
embodiment, the reaction mixture is stirred for about 2 hours. In one embodiment, for the
workup, the reaction mixture is added to a pre-cooled acidic solution. In another
embodiment, the acidic solution is an aqueous citric acid solution. In one embodiment,
after the addition, the aqueous phase is separated and discarded. In one embodiment, the
solvent is removed from the organic phase, by vacuum distillation at about 50 °C. In one
embodiment, the isolated residue is 3a,7a -ditrimethylsilyloxy-53-chol-6-en-24-oic acid
methyl ester (3) is used ‘as is’ in the next step. Alternatively, compound 3 can be purified

before Step 3.

Step 3
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Step 3 is the reaction of 3a,7-ditrimethylsilyloxy-5B-chol-6-en-24-oic acid methyl
ester (3) with CH3CHO to form 3a-hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic acid
methyl ester (4). In one embodiment, step 3 is carried out in a polar aprotic solvent at a
temperature at about -50 °C to about -70 °C in the presence of BF5. In one embodiment,
the polar aprotic solvent is dichloromethane. In one embodiment, the BF3 is a 16% wt.
solution in acetonitrile. In one embodiment, the temperature is about -60 °C to about -65
°C.

In one embodiment, compound 3 in a polar aprotic solvent is charged into an inert
reactor. In another embodiment, the polar aprotic solvent is the residual solvent from the
previous step (e.g., THF). In one embodiment, THF is added to help distill off residual
water and diisopropylamine. At a maximum temperature of about 50 °C, residual amounts
of the polar aprotic solvent are distilled off under vacuum. The water content in the
residue containing compound 3 is limited to < 0.5% (Karl Fischer titration). The residue
containing compound 3 is then dissolved in a polar aprotic solvent and pre-cooled to
about -50 °C to about -70 °C. The polar aprotic solvent is dichloromethane. In another
embodiment, residue containing compound 3 in the polar aprotic solvent is pre-cooled to
about -60 °C to about -65 °C. Acetaldehyde (CH;CHO) is added. A polar aprotic solvent
and boron trifluoride (BF3) solvated complex are charged into a separate reactor and then
cooled to about -50 °C to about -70 °C. In another embodiment, the polar aprotic solvent
is dichloromethane. In another embodiment, the boron trifluoride solvated complex is a
boron trifluoride acetonitrile complex. The temperature of the BF3 solution is about -60
°C to about -65 °C. The solution containing compound 3 and acetaldehyde is added to
the BF; solution at about -60 °C to about -65 °C. In another embodiment, the solution
containing compound 3 and acetaldehyde is dry. In one embodiment, the reaction
mixture is stirred for about two hours at about -60 °C to about -65 °C, heated up to about
23 °C to about 28 °C, stirred for another about 2 hours and cooled to about 2 °C to about
10 °C for the hydrolysis/work-up. In one embodiment, the total time for addition and
stirring is about 4 hours. In one embodiment, for the workup, the cooled solution from
the reactor is added to a pre-cooled aqueous basic solution. [n another embodiment, the
aqueous basic solution is about 50% wt. sodium hydroxide (NaOH; caustic soda). In one
embodiment, the phases are separated and the (lower) organic layer is transferred to a
separate reactor. In one embodiment, from the organic layer, the solvent is removed by

distillation at not more than (NMT) 50 °C as far as possible. [n one embodiment, the
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residue comprises 3a-hydroxy-6-ethylidene-7-keto-5p-cholan-24-oic acid methyl ester (4)
and some remaining acetonitrile and dichloromethane. It is understood that step 4 may
form E/Z-3a-hydroxy-6-ethylidene-7-keto-5p-cholan-24-oic acid methyl ester (4A). The
product of Step 3 is taken on directly to Step 4.

Step 4

Step 4 is the reaction of 3a-hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic acid
methyl ester (4) with NaOH to form E-3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-oic
acid (5). In one embodiment, prior to step 4, the residue from step 3 is heated to about 45
°C to about 60 °C to remove residual amounts of solvent. In one embodiment, the
temperature is about 49 °C to about 55 °C. In one embodiment, the ester hydrolysis
reaction reacting 3o-hydroxy-6-ethylidene-7-keto-5p-cholan-24-oic acid methyl ester (4)
with NaOH is carried out at about 20 °C to about 25 °C in methanol, water, and a NaOH
solution.

In one embodiment, reacting 3a-hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic
acid methyl ester (4) is charged into a reactor. In another embodiment, the reactor is
inert, e.g., under a nitrogen or argon atmosphere. At a temperature of NMT 50 °C,
residual amounts of solvent are distilled off under vacuum. In one embodiment, the
residue is heated up to about 45 °C to about 60 °C. In another embodiment, the residue is
heated up to about 49 °C to about 55 °C. In another embodiment, the residue from Step 3
(compound 4) is dissolved in methanol and water and an aqueous basic solution. In
another embodiment, the aqueous basic solution is about 50% wt. sodium hydroxide
(NaOH; caustic soda). The ester hydrolysis reaction of Step 4 is carried out at about 20
°C to about 60 °C and stirred until the hydrolysis reaction is complete. In one
embodiment, the ester hydrolysis is carried out at about 20 °C to about 25 °C. The pH of
the reaction mixture is checked to verify it is > 12. If the pH is < 12, then additional
NaOH is added. The reaction mixture is diluted with water and the temperature is
adjusted to about 20 °C to about 35 °C. In another aspect, the reaction mixture is diluted
with water and the temperature is adjusted to about 25 °C to about 35 °C. In one
embodiment, for the workup, the phases are separated and the lower aqueous layer is
transferred into a separate reactor and the organic layer is discarded. Compound 5 is in
the aqueous phase. In one embodiment, ethyl acetate and an acid were added to the

aqueous phase containing compound 5 with intensive stirring to the aqueous layer. In
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another embodiment, the acid is an aqueous citric acid solution. In one embodiment, the
phases are separated and the lower aqueous layer is discarded. Compound 5 is in the
organic layer. In one embodiment, ethyl acetate is distilled off from the organic layer and
replaced with ethyl acetate. In one embodiment, the distillation is repeated until the water
content of the distillate is NMT 1% or until a constant boiling point is reached. In one
embodiment, the suspension is cooled to about 10 °C to about 30 °C and isolated and
washed with ethyl acetate. In another embodiment, the resulting suspension containing
compound 5 is cooled to about 20 °C to about 25 °C. In one embodiment, drying of the
resulting product is done under vacuum (e.g, tumble dryer) at about 60 °C.

In one embodiment, crude E-3a-hydroxy-6-ethylidene-7-keto-5p-cholan-24-oic
acid (5) is crystallized using ethanol. In one embodiment, ethanol and crude compound 5
are charged into reactor. In another embodiment, the reactor is inert. In one embodiment,
to dissolve the crude compound 5, the mixture is heated to reflux. In one embodiment,
mixture is cooled in a controlled cooling ramp to about 15 °C to about 20 °C. In one
embodiment, the crystalline compound 5 is isolated using a centrifuge and then washed
with ethyl acetate. In one embodiment, drying of crystalline compound 5 is done under
vacuum (e.g, tumble dryer) and at about 60 °C. A sample can be taken to measure assay,
purity, and moisture of the purified compound 5. In one embodiment, purified compound
5 contains both E and Z isomers of 3a-hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic
acid. In one embodiment, the E to Z ratio is about 99:1, about 98:2, about 95: 5, about
90:10, about 85:15, about 80:20, about 75:25, about 70:30, about 65:35, about 60:40,
about 55:45, or about 50:50. See Example 2 for full details regarding the identification

and characterization of purified compound 5.

Step 4 can also be carried out starting with a compound that is a mixture of E/Z
isomer. For example, Step 4 is the reaction of E/Z-3a-hydroxy-6-ethylidene-7-keto-53-
cholan-24-oic acid methyl ester (4A) with NaOH to form E/Z-3a-hydroxy-6-ethylidene-
7-keto-5B-cholan-24-oic acid (5A). In one embodiment, prior to step 4, the residue from
step 3 is heated about 45 °C to about 60 °C to remove residual amounts of solvent. In one
embodiment, the temperature is about 49 °C to about 55 °C. In one embodiment, the ester
hydrolysis reaction involving reacting E/Z-3 o.-hydroxy-6-ethylidene-7-keto-5(3-cholan-
24-oic acid methyl ester (4A) with NaOH is carried out at about 20 °C to about 25 °C in
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methanol, water, and a NaOH solution. In one embodiment, the NaOH solution is a 50%
wt. aqueous solution.

In one embodiment, reacting E/Z-3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-
oic acid methyl ester (4A) is charged into a reactor. In another embodiment, the reactor is
inert, e.g., under a nitrogen or argon atmosphere. At a temperature of NMT 50 °C,
residual amounts of solvent are distilled off under vacuum. In one embodiment, the
residue is heated up to about 45 °C to about 60 °C. In one embodiment, the temperature is
about 49 °C to about 55 °C. In one embodiment, the residue from step 3 (compound 4A)
is dissolved in methanol and water and an aqueous basic solution. In another
embodiment, the aqueous basic solution is about 50% wt. sodium hydroxide (NaOH;
caustic soda). The ester hydrolysis reaction of step 4 is carried out at about 20 °C to about
60 °C and stirred until the hydrolysis reaction is complete. In one embodiment, the ester
hydrolysis is carried out at about 20 °C to about 25 °C. The pH of the reaction mixture is
checked to verify it is > 12. If the pH is < 12, then additional NaOH is added. The
reaction mixture is diluted with water and the temperature is adjusted to about 25 °C to
about 35 °C. In one embodiment, for the workup, the phases are separated and the lower
aqueous layer is transferred into a separate reactor and the organic layer is discarded.
Compound 5A is in the aqueous phase. In one embodiment, ethyl acetate and an acid
were added to the aqueous phase containing compound 5A with intensive stirring to the
aqueous layer. In another embodiment, the acid is an aqueous citric acid solution. In one
embodiment, the phases are separated and the lower aqueous layer is discarded.
Compound 5A is in the organic layer. In one embodiment, ethyl acetate is distilled off
from the organic layer and replaced with ethyl acetate. In one embodiment, the
distillation is repeated until the water content of the distillate is NMT 1% or until a
constant boiling point is reached. In one embodiment, the suspension is cooled to about
10 °C to about 30 °C and isolated and washed with ethyl acetate. In another embodiment,
the resulting suspension containing compound 5A is cooled to about 20 °C to about 25
°C. In one embodiment, drying of the resulting product is done under vacuum (e.g,
tumble dryer) at about 60 °C. Compound 5A can be carried on without purification to
Step 5.

In one embodiment, crude E/Z-30-hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic
acid (5A) is crystallized using ethanol. In one embodiment, ethanol and crude compound

5A are charged into reactor. In another embodiment, the reactor is inert. In one
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embodiment, to dissolve the crude compound 5A, the mixture is heated to reflux. In one
embodiment, mixture is cooled in a controlled cooling ramp to about 15 °C to about 20
°C. In one embodiment, the crystalline compound 5A is isolated using a centrifuge and
then washed with ethyl acetate. In one embodiment, drying of crystalline compound SA
is done under vacuum (e.g, tumble dryer) and at about 60 °C. In one embodiment, the

isolated crystalline product of step 4 is compound 5.

Alternative Step 4

Compound 5 can be prepared according to an alternative method. In one
embodiment, compound 4 is charged into the inert reactor. At about 50 °C (maximum)
residual amounts of solvent (e.g., acetonitrile, dichloromethane) may be distilled off
under vacuum. The residue is dissolved in methanol and cooled. Tap-water and caustic
soda (50 % weight NaOH) are added. In one embodiment, the reaction mixture is stirred
for about four hours at about 20 °C to about 25 °C. The solution is diluted with tap-water
and toluene is added. After stirring, the phases are separated and the lower, aqueous layer
is transferred into the inert reactor. The organic layer is discarded. Acetic acid ethylester
and a solution of citric acid are added during intensive stirring to the aqueous layer. The
phases are separated and the lower, aqueous layer is discarded. The organic layer is
transferred into the inert reactor. From the organic layer acetic acid ethylester is distilied
off and replaced with acetic acid ethyl ester. In one embodiment, this operation is
repeated until the water content of the distillate is not more than about 1 % or until a
constant boiling point is reached. The present suspension is cooled to about 20 °C to
about 25 °C, and compound 5 is isolated and washed with acetic acid ethylester with the
inert centrifuge. Drying is done in the tumble dryer under vacuum and approximately 60
°C.

This alternative Step 4 can also be carried out starting with a compound that is a
mixture of E/Z isomer. In one embodiment, compound 4A is charged into the inert
reactor. At about 50 °C (maximum) residual amounts of solvent (e.g., acetonitrile,
dichloromethane) may be distilied off under vacuum. The residue is dissolved in
methanol and cooled. Tap-water and caustic soda (50%wt, NaOH) are added. In one
embodiment, the reaction mixture is stirred for approximately four hours at about 20 °C
to about 25 °C. The solution is diluted with tap-water and toluene is added. After stirring,

the phases are separated and the lower, aqueous layer is transferred into the inert reactor.
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The organic layer is discarded. Acetic acid ethylester and a solution of citric acid are
added during intensive stirring to the aqueous layer. The phases are separated and the
lower, aqueous layer is discarded. The organic layer is transferred into the inert reactor.
From the organic layer acetic acid ethylester is distilled off and replaced with acetic acid
ethylester. In one embodiment, this operation is repeated until the water content of the
distillate is not more than about 1 % or until a constant boiling point is reached. The
present suspension is cooled to 20 °C to 25 °C, and compound 5A is isolated and washed
with acetic acid ethylester with the inert centrifuge. Drying is done in the tumble dryer

under vacuum and approximately 60 °C.

Step 5

Step 5 is the reaction of E-3a-hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic acid
(5) with Pd/C and hydrogen gas to form 3a-hydroxy-6a-ethyl-7-keto-5p-cholan-24-oic
acid (6). Step 5 can be carried out in one phase (hydrogenation and isomerization
together) or in two phases (hydrogenation followed by isomerization). In one
embodiment, Step 5 is carried out at a temperature at about 90 °C to about 110 °C and at a
pressure at about 4 to about 5 bars. In one embodiment, during workup, the organic
phase of the reaction mixture is treated with activated carbon. In one embodiment, the
pressure is about 4.5 to about 5.5 bars. In another embodiment, the pressure is about 5
bars. In one embodiment, the hydrogenation reaction mixture is allowed to stir for about 1
hour. In one embodiment, reacting E-3c-hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic
acid (5) with Pd/C and hydrogen gas is heated to about 100 °C and stirred for about 2
hour to about 5 hours. In one embodiment, reacting E-3a-hydroxy-6-ethylidene-7-keto-
5B-cholan-24-oic acid (5) with Pd/C and hydrogen gas is heated to about 100 °C and
stirred for about 3 hours.

In one embodiment, reacting E-3a-hydroxy-6-ethylidene-7-keto-5p3-cholan-24-oic
acid (5) with Pd/C and hydrogen gas is carried out in the presence of a basic solution. In
one embodiment, the basic solution is a 50% wt. sodium hydroxide (NaOH; caustic soda)
solution. After the hydrogenation reaction, the reaction mixture is heated up to about 100
°C (to carry out the isomerisation of the C-6 position from beta configuration to alpha
configuration) and then cooled to about 40 °C to about 50 °C. For the workup, the Pd/C
is filtered off. In one embodiment, to the filtrate, n-butyl acetate and an acid are added.

In another embodiment, the acid is hydrochloric acid (HCI). The aqueous phase is
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separated and discarded after checking the pH-value to make sure that it was acidic. The
organic phase containing the product is treated with activated carbon. In one
embodiment, the activated carbon is filtered off and the resulting filtrate containing the
product is condensed by distillation and the resulting suspension is cooled to about 10 °C
to about 30 °C. In another embodiment, the suspension is cooled to about 15 °C to about
20 °C. The suspension containing compound 6 is isolated and washed with n-butyl
acetate. Compound 6 is filtered using a pressure filter. In one embodiment, drying is
done in the pressure filter under vacuum at about 80 °C.

In one embodiment in Step 5, E-3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-
oic acid (5), water, NaOH solution (e.g. 50% wt.), and Pd/C are mixed at about 5 bar of
H; gas and at a temperature at about 100 °C to about 105 °C until H, uptake has ceased.
The reaction mixture is cooled to about 40 °C to about 50 °C and Pd/C is filtered off.
Then n-butyl acetate and HCI are added to the solution containing compound 6. In one
embodiment, the aqueous phase is separated and discarded. The organic phase containing
compound 6 is treated with activated carbon. The carbon is filtered off and the filtrate is
moved to another reactor where it is reduced down by distillation, and then the
suspension is cooled to about 5 °C to about 20 °C. In one embodiment, compound 6 is
isolated via filtration and the filtrate is dried on the pressure filter under vacuum at about

80 °C.

Step 5 can also be carried out starting with a compound that is a mixture of E/Z
isomer. For example, Step 5 is the reaction of E/Z-3a-hydroxy-6-ethylidene-7-keto-5p-
cholan-24-oic acid (5A) with Pd/C and hydrogen gas and heat to form 3a-hydroxy-6o.-
ethyl-7-keto-5B-cholan-24-oic acid (6). Step 5 can be carried out in one phase
(hydrogenation and isomerization together) or in two phases (hydrogenation, followed by
isomerization). In one aspect, step 5 is carried out at a temperature at about 90 °C to
about 110 °C and at a pressure at about 4 to about 5 bars. In one embodiment, during
workup, the organic phase of the reaction mixture is treated with activated carbon. In one
embodiment, the pressure is about 4.5 to about 5.5 bars. In another embodiment, the
pressure is about 5 bars. In one embodiment, the hydrogenation reaction mixture is
allowed to stir for about 1 hour. In one embodiment, reacting E/Z-3a-hydroxy-6-
ethylidene-7-keto-53-cholan-24-oic acid (5A) with Pd/C and hydrogen gas is heated to

about 100 °C and stirred for about 2 hour to about 5 hours. In one embodiment, reacting
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E/Z-3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-oic acid (5A) with Pd/C and
hydrogen gas is heated to about 100 °C and stirred for about 3 hours.

In one embodiment, reacting E/Z-3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-
oic acid (5A) with Pd/C and hydrogen gas is carried out in the presence of a basic
solution. In one embodiment, the basic solution is a 50% wt. sodium hydroxide (NaOH;
caustic soda) solution. After the hydrogenation reaction, the reaction mixture is heated up
to about 100 °C (to carry out the isomerisation of the C-6 position from beta
configuration to alpha configuration) and then cooled to about 40 °C to about 50 °C. For
the workup, the Pd/C is filtered off. In one embodiment, to the filtrate, n-butyl acetate
and an acid are added. In another embodiment, the acid is hydrochloric acid (HCI). The
aqueous phase is separated and discarded after checking the pH-value to make sure that it
was acidic. The organic phase containing the product is treated with activated carbon. In
one embodiment, the activated carbon is filtered off and the resulting filtrate containing
the product is condensed by distillation and the resulting suspension is cooled to about 10
°C to about 30 °C. In another embodiment, the suspension is cooled to about 15 °C to
about 20 °C. The suspension containing compound 6 is isolated and washed with n-butyl
acetate. Compound 6 is filtered using a pressure filter. In one embodiment, drying is
done in the pressure filter under vacuum at about 80 °C.

- In one embodiment in Step 5, E/Z-3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-
oic acid (5A), water, NaOH solution (e.g. 50% wt.), and Pd/C are mixed at about 5 bar of
H, gas and at a temperature at about 100 °C to about 105 °C until H, uptake has ceased.
The reaction mixture is cooled to about 40 °C to about 50 °C and Pd/C is filtered off.
Then n-butyl acetate and HCI are added to the solution containing compound 6. In one
embodiment, the aqueous phase is separated and discarded. The organic phase containing
compound 6 is treated with activated carbon. The carbon is filtered off and the filtrate is
moved to another reactor where it is reduced down by distillation, and then the
suspension is cooled to about 5 °C to about 20 °C. In one embodiment, compound 6 is
isolated via filtration and the filtrate is dried on the pressure filter under vacuum at about
80 °C.

In another embodiment, the hydrogenation/isomerization reactions described
above to prepare compound 6 are carried out in two phases (starting from compound 5 or
compound 5A). First, the hydrogenation is carried out at about 4 to 5 bars and then

second, the reaction mixture is heated to about 20 °C to about 40 °C. Heating the reaction
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mixture isomerizes the ethyl group at the 6-position to the desired alpha configuration.

The reaction mixture is heated until the isomerization is complete.

Step 6

Step 6 is the reaction of 3a-hydroxy-6a-ethyl-7-keto-53-cholan-24-oic acid (6)
with NaBH,4 to form crystalline obeticholic acid. In one embodiment, Step 6 is carried
out at a temperature at about 85 °C to about 110 °C in a basic aqueous solution. In one
embodiment, the temperature is about 90 °C to about 95 °C. In one embodiment, the basic
aqueous solution is an aqueous NaOH solution. In one embodiment, the basic aqueous
solution is a mixture of 50% wt. NaOH solution and water. In one embodiment, the
reaction mixture of compound 6 and NaBH, was stirred for about 3 hours to about 5
hours. In another embodiment, the reaction mixture was stirred for about 4 hours.

For the workup, after the reaction is complete, the mixture is cooled to about 80
°C and transferred to a cooled reactor. In one embodiment, at about 20 °C to about 60 °C,
n-butyl acetate and an acid are added. In one embodiment, the temperature is about 40 °C
to about 45 °C. In another embodiment, the acid is citric acid. The aqueous phase is
separated and discarded after checking the pH-value to make sure that it was acidic. The
organic phase containing the product is concentrated by distillation. In one embodiment,
n-butyl acetate is added to the residue and distilled off again. In one embodiment, n-butyl
acetate is added again to the residue and then is slowly cooled down. In another
embodiment the residue is seeded at about 50 °C. In another embodiment, after
crystallization has occurred, the mixture is heated to 52 °C and then slowly cooled down
to about 15 °C to about 20 °C. In another embodiment, the residue is cooled to about 15
°C to about 20 °C. In one embodiment, the resulting obeticholic acid is washed with n-
butyl acetate. In one embodiment, the obeticholic acid is isolated and washed with n-
butyl acetate (e.g, in a pressure filter). In another embodiment, the pressure filter is inert.
The crystalline product is dried under vacuum at about 60 °C. In one embodiment, the
resulting crystalline obeticholic acid is isolated from organic solvent (e.g., heptane). See
example 3 for full details regarding the identification and characterization of crystalline

obeticholic acid Form C.

Step 7
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Step 7 is the conversion of crystalline obeticholic acid Form C to obeticholic acid
Form 1. In one embodiment, Step 7 comprises the step of dissolving crystalline
obeticholic acid Form C in aqueous NaOH solution and adding HCI.

In one embodiment, crystalline obeticholic acid is dissolved in water and caustic
soda solution (50% wt.) at about 20 °C to about 50 °C. In one embodiment, the
temperature is about 30 °C to about 40 °C. In one embodiment, the crystalline
obeticholic acid is Form C. In one embodiment, the resulting solution of crystalline
obeticholic acid Form C is added to diluted acid at about 20 °C to about 50 °C. In
another embodiment, the temperature is about 30 °C to about 40 °C. In another
embodiment, the acid is hydrochloric acid (e.g., 37%). In one embodiment, the 37%
hydrochloric acid solution is diluted with water to less than about 1% by volume. In one
embodiment, the 37% hydrochloric acid solution is diluted with water to about 0.7% by
volume. In one embodiment, the suspension of product in the diluted acid is stirred for
about 30 minutes at about 20 °C to about 50 °C. In another embodiment, the temperature
is about 30 °C to about 40 °C. In one embodiment, obeticholic acid Form 1 is isolated
and washed with water (e.g., in the pressure filter) at NMT about 20 °C. In one
embodiment, obeticholic acid Form 1 is isolated and washed with water (e.g., in the
pressure filter) at NMT about 20 °C. In another embodiment, the pressure filter is inert.
The product is dried on the pressure filter under vacuum at a temperature of NMT about
50 °C.

The process of the present application utilizes a crystalline intermediate in the
preparation of obeticholic acid Form 1, which unexpectedly led to significant
improvements in the overall preparation and purity of the final product. Specifically,
Step 6 of the synthesis produces a novel crystalline form of obeticholic acid. The

production of this crystalline form leads to substantially pure obeticholic acid Form 1.

The process of the present application is an improvement over the processes
disclosed in the prior art. The preparation of obeticholic acid is disclosed in U.S.
Publication No. 2009/0062526 Al (herein referred to as the ““526 publication™), U.S.
Patent No. 7,138,390 (referred to herein as the “‘390 patent™), and WO 2006/122977
(referred to herein as the “977 application™).

The process to prepare obeticholic acid in the ‘390 patent (referred to herein as the

“390 process™) is depicted in Scheme 3 (R is ethyl):
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Scheme 3
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Even though this process comprises a few steps, it presents a series of drawbacks.
5 Inall of the steps, the reaction products are purified on a chromatographic column,
namely a very expensive separation method that cannot be used on an industrial scale.
Moreover, the reaction yield in step 2 is extremely low (12-13%) with a considerable
decrease in the global yield, which is lower than 3.5%. This process also uses
hexamethylenphosphonamide as reactant, which is a known carcinogenic agent.
10 The process to prepare obeticholic acid in the ‘977 application is depicted in

Scheme 4.
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Scheme 4
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The ‘977 process to prepare obeticholic acid is an 8-step synthetic process which
5 includes one purification step (step 7) followed by 2 additional purification steps. There

are a significant number of differences between the ‘977 process and the process of the
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present application. Table A below describes at least some of the differences between the

two processes:

Table A: Differences Between ‘977 Process and Process of the Application

Synthetic Step

Step 1

Step 2
(Process of application
step 2 combines ‘977
Process Steps 2 and 3)

Step 3
(Process of application
step 3 same as ‘977
Step 4)

Step 4
(Process of application
step 4 same as ‘977
Step 5)

Step 5
(Process of application
step 5 combines ‘977
Process steps 6 and 7)

Step 6
(Process of application
step 6 combines ‘977
Process steps 8 and 9)

Step 7
(Process of application
step 7 same as ‘977
step 10)

Changes

‘977 Process

Process of the application

Advantages of the Change

s

Scale and safety

Methanesulfonic acid Sulfuric acid
(mesylate)
30% ammonia (aqueous) NaOH (aqueous) Scale-up
No Use of activated carbon Improve purity/color
purification/treatment treatment P punty

Triethylamine

Lithium diisopropylamide

LDA is a suitable
alternative reagent for this

(LDA) step
THEF is a suitable
Toluene Tetrahydrofuran (THF) alternative reagent for this
step
No acidic quench Quench into citric acid Scale-up

Boron trifluoride diethyl
etherate

solution

Boron trifluoride
acetonitrile complex

Safety concerns of
handling etherate

(explosion hazard with
ether)

Toluene Methanol Safety (toluene); scale
Phosphoric acid Citric acid (aqueous) Scale-up
(aqueous) quench quench
No Crystallization step is part Improve purit
purification/treatment of workup p purtty

Phosphoric acid
(aqueous) quench

Hydochlonc acid
(aqueous) quench

Scale-up

No

Use of activated carbon

Improve purity/color

purification/treatment treatment
Purification carried out | Crystallization step is part
Scale-up
as Step 7 of workup

Dichloromethane

n-Butylacetate

Safety (dichloromethane)

Phosphoric acid
(aqueous) quench

Citric acid (aqueous)
quench

Scale-up

Purification carried out
as Step 9 — using
dichloromethane /ethyl
acetate

Ammonia solution

Crystallization step is part
of workup — using n-
butylacetate

NaOH solution

Scale and safety
(dichloromethane)

Scale-up

Phosphoric acid
(aqueous) quench

Hydrochloric acid
(aqueous) quench

Scale-up
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The differences in the process of the present application as compared to the ‘977
process result in significant improvements to the process, including improvements related
to scale-up optimization, safety, as well as purity and improvements in the overall
process. The purity of obeticholic acid produced by the processes of the present
application is substantially pure. Specifically, obeticholic acid produced by the processes
of the present application is substantially more pure than obeticholic acid produced by
processes in the prior art, including the ‘390 process and the ‘977 process. For example,
a comparison of the results presented in the Certificate of Analysis of obeticholic acid
produced by a process of the present application and obeticholic acid produced by the
‘977 process are shown in the Table B below. The percentages of impurities were

determined using HPLC methods.

Table B: Comparison of Impurities of Obeticholic Acid Generated from Process of

the Application and ‘977 Process

Parameter Specification limit Process of the application | ‘977 process
Water (KF) NMT 4.5% 1.0% 2.1%
Impurity 1 and Impurity 4 | NMT 0.15% <0.05% <0.05%
Impurity 2 NMT 0.15% <0.05% <0.1%
Impurity 3 NMT 0.15% <0.05% <0.1%
Impurity 5 NMT 3.0% 0.2% 1.0%
[Tmpurity 6 NMT 0.15% <0.05% <0.05%

Impurity 1 is 6-ethylursodeoxycholic acid.

Impurity 2 is 3a-hydroxy-6a-ethyl-7-cheto-5B-cholan-24-oic acid.

Impurity 3 is 6B-ethylchenodeoxycholic acid.

Impurity 4 is 3o, 7a~dihydroxy-6-ethyliden-5p-cholan-24-oic acid.

Impurity 5 is chenodeoxycholic acid.

Impurity 6 is 3a(3a,7a-dihydroxy-6a-ethyl-53-cholan-24-oyloxy)-7a-hydroxy-6a-ethyl-5p-cholan-24-oic
acid (6ECDCA dimer).

NMT refers to “not more than®.

Crystalline Obeticholic Acid as a Synthetic Intermediate

Obeticholic acid is currently being developed as an active pharmaceutical
ingredient as a non-crystalline solid. In order to facilitate the development of obeticholic
acid, an initial crystallization and polymorphism study was carried out in order to
determine if crystalline forms were accessible and if so, if they were suitable for
development. After a preliminary solubility screen designed to give a better

understanding of the behavior of the material in various solvents, it appeared that the
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material had a tendency to form gels and could possibly be crystallized. An extensive
polymorph screen was then carried out, exposing the material to a large range of solvents
and crystallization conditions in order to identify and characterize as many relevant
polymorphs as possible. Five different solid forms were found during this screen.

Three forms (A, C, and D) of obeticholic acid were mixed hydrates/solvates
containing 0.25 mol eq of water and varying amounts of a range of organic solvents. On
heating, these solids lost crystallinity and the solvent at the same time and unfortunately,
these solvated forms were not suitable for further development as a pharmaceutical
ingredient due to their low melting temperatures and high solvent content. It is also noted
that similar “unsuitable” forms of this type exist. For example, a low-melting solvated
form was found in later experiments, as well as single crystals of another form, which
was shown to be a monohydrate/anisole solvate by SCXRD (Single crystal X-ray
diffraction).

The two remaining forms were higher melting and potentially more promising, but
one of them (Form G) could not be reproduced on scale-up, nor repeated despite many
attempts. The difficulty in producing this form alone makes it unsuitable for
development. The remaining non-solvated Form F was reproducibly prepared, but it
required extensive recrystallization procedures and the use of nitromethane, which is a
toxic solvent and may detonate if sensitized by amines, alkalis, strong acids, or high
temperatures or adiabatic compression. Concerns about the residual levels of
nitromethane deemed Form F also to be unsuitable for development.

The overall results of the initial crystallization and polymorph study revealed that
the material could form various forms of crystalline materials, but none of the crystalline
materials or forms were considered suitable for development.

It was not until much later that it was discovered the importance of producing
crystalline obeticholic acid as an intermediate in the penultimate step of the process of the
present application. Crystalline obeticholic acid could readily be isolated on large scale
using the process of the application. This crystalline obeticholic acid was determined to
be consistent with Form C from the initial crystallization and polymorph study. The
formation, ease of isolation, and highly pure crystalline obeticholic acid produced as a
synthetic intermediate in step 7 in the process of the present application is indeed critical

to the preparation of substantially pure obeticholic acid.
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In one embodiment, the present invention relates to a crystalline obeticholic acid
Form C characterized by an X-ray diffraction pattern including characteristic peaks at
about 4.2, 6.4, 9.5, 12.5, and 16.7 degrees 2-Theta. In one embodiment, the X-ray
diffraction pattern includes characteristic peaks at about 4.2, 6.4, 9.5, 12.5, 12.6, 15.5,
15.8, 16.0, 16.7 and 19.0 degrees 2-Theta. In one embodiment, the X-ray diffraction
pattern includes characteristic peaks at about 4.2, 6.4, 8.3,9.5, 11.1, 12.2, 12.5, 12.6,
15.5,15.8, 16.0, 16.3, 16.7, 18.6 and 19.0 degrees 2-Theta. In one embodiment, the X-ray
diffraction pattern includes characteristic peaks at about 4.2, 6.4, 8.3, 9.5, 11.1, 12.2,
12.5,12.6,15.5, 15.8, 16.0, 16.3, 16.7, 17.0, 17.8, 18.6, 18.8, 19.0, 20.5 and 20.9 degrees
2-Theta. In one embodiment, the present invention relates to a crystalline obeticholic acid
Form C characterized by an X-ray diffraction pattern substantially similar to that set forth
in Figure 5. In one embodiment, the X-ray diffraction pattern is collected on a
diffractometer using Cu Ka radiation (40 kV, 40 mA). In one embodiment, the X-ray
diffraction pattern includes characteristic peaks at about 12.0 to about 12.8 and about 15.4
to about 21.0.

In one embodiment, the present invention relates to a crystalline obeticholic acid
Form C characterized by a Differential Scanning Calorimetry (DSC) thermogram having
an endotherm value at about 98+2 °C, as measured by a Mettler DSC 823e instrument. In
one embodiment, the Differential Scanning Calorimetry (DSC) thermogram has an
endotherm value at about 98+2 °C, as measured by a Mettler DSC 823e instrument.

In one embodiment, the present invention relates to a crystalline obeticholic acid,
wherein said crystalline obeticholic acid is Form C and has a purity greater than about
90%. In one embodiment, the purity of said crystalline obeticholic acid Form C is
determined by HPLC. In one embodiment, the present invention relates to a crystalline
obeticholic acid Form C, or a pharmaceutically acceptable salt, solvate or amino acid
conjugate thereof. In one embodiment, the solvate is a hydrate. In one embodiment, the
purity is greater than about 92%. In one embodiment, the purity is greater than about
94%. In one embodiment, the purity is greater than about 96%. In one embodiment, the
purity is greater than about 98%. In one embodiment, the purity is greater than about
99%.

In one embodiment, the present invention relates to a crystalline obeticholic acid,
wherein said crystalline obeticholic acid is Form C and has a potency greater than about

90%. In one embodiment, the purity of said crystalline obeticholic acid Form C is
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determined by HPLC and/or other analytical procedures known in the art. In one
embodiment, the present invention relates to a crystalline obeticholic acid Form C, or a
pharmaceutically acceptable salt, solvate or amino acid conjugate thereof. In one
embodiment, the solvate is a hydrate. In one embodiment, the potency is greater than
about 92%. In one embodiment, the potency is greater than about 94%. In one
embodiment, the potency is greater than about 96%. In one embodiment, the potency is
greater than about 98%. In one embodiment, the potency is greater than about 99%.

In one embodiment, the present invention relates to a crystalline obeticholic acid
Form C that contains a total of less than about 4% of one or more impurities selected
from 6-ethylursodeoxycholic acid, 3a-hydroxy-6a-ethyl-7-cheto-5B-cholan-24-oic acid,
6B-ethylchenodeoxycholic acid, 3o, 7a-dihydroxy-6-ethyliden-5p-cholan-24-oic acid,
chenodeoxycholic acid, and 3a(3a, 7a-dihydroxy-6a-ethyl-5B-cholan-24-oyloxy)-7o-
hydroxy-6a-ethyl-5B-cholan-24-oic acid. In one embodiment, the total impurities is less
than about 3.8%. In one embodiment, the total impurities is less than about 3.6%.

Example 3 of the application provides full characterization of this novel
crystalline form of obeticholic acid.

The single crystal X-ray structure of obeticholic acid was obtained and the
absolute stereochemistry assigned. For example, the single crystal X-ray structure of
crystalline obeticholic acid Form G was determined from a crystal obtained from the
recrystallization of obeticholic acid from an acetonitrile solution after cooling to 5°C at
0.1°C/min followed by maturation at RT/50°C 8 h cycles for 1 week.

The structure is orthorhombic, space group P2,2,2;, and contains one molecule of
obeticholic acid in the asymmetric unit. Final R1 [[>2¢(1)] = 3.22 %. The absolute
stereochemistry of the molecule was determined as shown below with a Flack parameter

=-0.01 (13). The structure had no disorder.
COOH
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A bioavailability study of obeticholic acid Form 1 (non-crystalline) vs. crystalline
obeticholic acid Form F was carried out (Example 7). The results of the study show that
that physical state of a solid obeticholic acid can play a role in the bioavailability of the
molecule when administered orally to a subject. The plasma kinetics after oral
administration and the efficiency of the intestinal absorption and the pharmacokinetics of
solid obeticholic acid Form 1 (non-crystalline) and crystalline Form F were evaluated
according to methods known in the art. Example 8 of the present invention shows the
profiles of obeticholic acid plasma concentration vs time, the tmax Cmax and AUC after
administration of Form 1 or Form F of obeticholic acid (see Figures 37-38). Crystalline
Form F has a higher bioavailability than obeticholic acid Form 1 (non-crystalline). The
plasma profiles show that the Form F is absorbed more efficiently (higher AUC) and even
the kinetics is more regular, reflecting an optimal distribution of the drug in the intestinal
content.

The water solubility of obeticholic acid Form 1 (non-crystalline) is slightly higher
than that of Form F. Form F appears to be stable as the thermo gravimetric analysis

(TGA) did not show any weight loss in the temperature range studied.

Substantially Pure Obeticholic Acid

The present application provides substantially pure obeticholic acid and

pharmaceutically acceptable salts, solvates, or amino acid conjugates thereof:

CO,H

obeticholic acid
(also known as INT-747)

Other names for the pharmaceutically active ingredient obeticholic acid are INT-747,

3a,70-dihydroxy-60-ethyl-53-cholan-24-oic acid, 6a-ethyl-chenodeoxycholic acid, 6-

ethyl-CDCA, 6ECDCA, and cholan-24-oic acid,6-ethyl-3,7-dihydroxy-,(30,5B,60,7a)-.
The present application provides compositions comprising obeticholic acid

Form 1 and processes for the synthesis of highly pure obeticholic acid Form 1 which are

safe and which produce obeticholic acid on a large scale. In one aspect, obeticholic acid

Form 1 is produced on a commercial scale process. The term “commercial scale process”

refers to a process which is run as a single batch of at least about 100 grams. In one
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aspect, the process of the present application produces obeticholic acid Form 1 in high
yield (>80%) and with limited impurities.

The term “purity” as used herein refers to the amount of obeticholic acid based on
HPLC. Purity is based on the “organic” purity of the compound. Purity does not include
a measure of any amount of water, solvent, metal, inorganic salt, etc. In one aspect, the
purity of obeticholic acid is compared to the purity of the reference standard by
comparing the area under the peak. In another aspect, the known standard for purity is an
obeticholic acid reference standard. In one aspect, obeticholic acid has a purity of greater
than about 96%. In one aspect, obeticholic acid has a purity of greater than about 98%.
For example, the purity of obeticholic acid Form 1 is 96.0%, 96.1%, 96.2%, 96.3%,
96.4%, 96.5%, 96.6%, 96.7%, 96.8%, 96.9%, 97.0%, 97.1%, 97.2%, 97.3%, 97.4%,
97.5%, 97.6%, 97.7%, 97.8%, 97.9 %, 98.0%, 98.1%, 98.2%, 98.3%, 98.4%, 98.5%,
98.6%, 98.7%, 98.8%, 98.9%, 99.0%, 99.1%, 99.2%, 99.3%, 99.4%, 99.5%, 99.6%,
99.7%, 99.8%, or 99.9%. For example, the purity of obeticholic acid Form 1 is 98.0%,
98.1%, 98.2%, 98.3%, 98.4%, 98.5%, 98.6%, 98.7%, 98.8%, 98.9%, 99.0%, 99.1%,
99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 99.8%, or 99.9%. For example, the purity
of obeticholic acid is 98.0%, 98.5%, 99.0%, 99.5%, 99.6%, 99.7%, 99.8%, or 99.9%. For
example, the purity of obeticholic acid is 98.5%, 99.0%, or 99.5%. In one embodiment,
the obeticholic acid is obeticholic acid Form 1.

In one embodiment, the present invention relates to obeticholic acid having a
purity greater than about 98%. In one embodiment, the purity is determined by HPLC. In
another embodiment, the present invention relates to obeticholic acid, or a
pharmaceutically acceptable salt, solvate or amino acid conjugate thereof. In one
embodiment, the purity is greater than about 98.5%. In one embodiment, the purity is
greater than about 99.0%. In one embodiment, the purity is greater than about 99.5%. In
one embodiment, the obeticholic acid is obeticholic acid Form 1.

The term “potency” as used herein is a measure of the amount of obeticholic acid
based on that of a known standard (e.g., acceptance criteria of about 95% to about 102%).
Potency takes into account all possible impurities including water, solvents, organic, and
inorganic impurities. In one aspect, the known standard is obeticholic acid. In one
aspect, obeticholic acid has a potency of greater than about 96%. In one aspect,
obeticholic acid has a potency of greater than about 98%. In one aspect, the known

standard is obeticholic acid. In another aspect, potency is 100% minus the amounts of
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water, sulphated ash, residual solvents, and other impurity contents such as 6-
ethylursodeoxycholic acid, 3a-hydroxy-6a-ethyl-7-cheto-5B-cholan-24-oic acid, 6(3-
ethylchenodeoxycholic acid, 3o, 7a-dihydroxy-6-ethyliden-5B-cholan-24-oic acid,
chenodeoxycholic acid, and 3a(3a,7a-dihydroxy-6a-ethyl-5B-cholan-24-oyloxy)-7o.-
hydroxy-6a.-ethyl-5B-cholan-24-oic acid. In another embodiment, potency accounts for
impurities due to water, solvent, metals, inorganic salts, and other inorganic or organic
impurities. For example, the potency of obeticholic acid Form 1 is 96.0%, 96.1%, 96.2%,
96.3%, 96.4%, 96.5%, 96.6%, 96.7%, 96.8%, 96.9%, 97.0%, 97.1%, 97.2%, 97.3%,
97.4%, 97.5%, 97.6%, 97.7%, 97.8%, 97.9 %, 98.0%, 98.1%, 98.2%, 98.3%, 98.4%,
98.5%, 98.6%, 98.7%, 98.8%, 98.9%, 99.0%, 99.1%, 99.2%, 99.3%, 99.4%, 99.5%,
99.6%, 99.7%, 99.8%, or 99.9%. In one aspect, the potency of obeticholic acid Form 1 is
98.0%, 98.1%, 98.2%, 98.3%, 98.4%, 98.5%, 98.6%, 98.7%, 98.8%, 98.9%, 99.0%,
99.1%, 99.2%, 99.3%, 99.4%, 99.5%, 99.6%, 99.7%, 99.8%, or 99.9%. For example, the
potency of obeticholic acid is 98.0%, 98.5%, 99.0%, 99.5%, 99.6%, 99.7%, 99.8%, or
99.9%. For example, the potency of obeticholic acid is 98.5%, 99.0%, or 99.5%. In one

embodiment, the obeticholic acid is obeticholic acid Form 1.

In one embodiment, the present invention relates to obeticholic acid containing a
total of less than about 2% of one or more impurities selected from 6-
ethylursodeoxycholic acid, 3a-hydroxy-6a-ethyl-7-cheto-53-cholan-24-oic acid, 6(3-
ethylchenodeoxycholic acid, 3o, 7a-dihydroxy-6-ethyliden-53-cholan-24-oic acid,
chenodeoxycholic acid, and 303, 7oi-dihydroxy-6ci-ethyl-5B-cholan-24-oyloxy)-7a.-
hydroxy-6o-ethyl-5B-cholan-24-oic acid. In one embodiment, the total of impurities is
less than about 1.5%. In one embodiment, the total of impurities is less than about 1.4%.
In one embodiment, the obeticholic acid is obeticholic acid Form 1.

In one embodiment, obeticholic acid contains less than about 10% of water, less
than about 9% of water, less than 8% of water, less than 7% of water, less than 6% of
water, less than 5% of water, less than 4% of water, less than 3% of water, less than 2%
of water, or less than 1% of water. In one embodiment, obeticholic acid contains less than
about 1.2% of water. In one embodiment, obeticholic acid contains less than about 1.0%
of water. In one embodiment, the obeticholic acid is obeticholic acid Form 1.

In another embodiment, obeticholic acid contains not more than (NMT) 0.15 %
of 6-ethylursodeoxycholic acid and 3o, 7a-dihydroxy-6-ethyliden-5B-cholan-24-oic acid.
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In another embodiment, obeticholic acid contains a total of less than about 0.07% of 6-
ethylursodeoxycholic acid and 3o, 7a-dihydroxy-6-ethyliden-5p3-cholan-24-oic acid. In
one embodiment, obeticholic acid contains a total of less than about 0.06% of 6-
ethylursodeoxycholic acid and 3o, 7a-dihydroxy-6-ethyliden-5p-cholan-24-oic acid. In
one embodiment, obeticholic acid contains a total of less than about 0.05% of 6-
ethylursodeoxycholic acid and 3o, 7a-dihydroxy-6-ethyliden-53-cholan-24-oic acid. In
one embodiment, the obeticholic acid is obeticholic acid Form 1.

In one embodiment, obeticholic acid contains not more than (NMT) 0.15 % of 3a-
hydroxy-6a-ethyl-7-cheto-53-cholan-24-oic acid. In one embodiment, obeticholic acid
contains less than about 0.07% of 3a-hydroxy-6a-ethyl-7-cheto-53-cholan-24-oic acid.
In one embodiment, obeticholic acid contains less than about 0.06% of 3a-hydroxy-6o.-
ethyl-7-cheto-53-cholan-24-oic acid. In one embodiment, obeticholic acid contains less
than about 0.05% of 3a-hydroxy-6c-ethyl-7-cheto-53-cholan-24-oic acid. In one
embodiment, the obeticholic acid is obeticholic acid Form 1.

In one embodiment, obeticholic acid contains not more than (NMT) 0.15% of 63-
ethylchenodeoxycholic acid. In one embodiment, obeticholic acid contains less than
about 0.07% of 6B-ethylchenodeoxycholic acid. In one embodiment, obeticholic acid
contains less than about 0.06% of 6B-ethylchenodeoxycholic écid. In one embodiment,
obeticholic acid contains less than about 0.05% of 6B-ethylchenodeoxycholic acid. In one
embodiment, the obeticholic acid is obeticholic acid Form 1.

In one embodiment, obeticholic acid contains no more than (NMT) 3% of
chenodeoxycholic acid (CDCA). In one embodiment, obeticholic acid contains less than
about 1% of CDCA. In one embodiment, obeticholic acid contains less than about 0.5%
of CDCA. In one embodiment, obeticholic acid contains less than about 0.3% of CDCA.
In one embodiment, obeticholic acid contains less than about 0.2% of CDCA. In one
embodiment, the obeticholic acid is obeticholic acid Form 1|.

In one embodiment, obeticholic acid contains no more than (NMT) 4% of CDCA
and 6-ethylursodeoxycholic acid.

In one embodiment, obeticholic acid contains no more than (NMT) 1.5 % of
3a(3a,7a-dihydroxy-6a-ethyl-53-cholan-24-oyloxy)-7a-hydroxy-6a-ethyl-53-cholan-
24-oic acid. In one embodiment, obeticholic acid contains less than about 1% of
3030, 7a-dihydroxy-6a-ethyl-5p3-cholan-24-oyloxy)-7a-hydroxy-6a-ethyl-5B-cholan-

24-oic acid. In one embodiment, obeticholic acid contains less than about 0.07% of
38



10

15

20

25

30

WO 2013/192097 PCT/US2013/046150

3a(3a,7a-dihydroxy-6a-ethyl-53-cholan-24-oyloxy)-7a-hydroxy-6a-ethyl-53-cholan-
24-oic acid. In one embodiment, obeticholic acid contains less than about 0.06% of
3a(3a,7a-dihydroxy-6a-ethyl-53-cholan-24-oyloxy)-7a-hydroxy-6a-ethyl-53-cholan-
24-oic acid. In one embodiment, obeticholic acid contains less than about 0.05% of
3a(3a,7a-dihydroxy-6a-ethyl-53-cholan-24-oyloxy)-7a-hydroxy-6a-ethyl-53-cholan-

24-oic acid. In one embodiment, the obeticholic acid is obeticholic acid Form 1.

Oral Formulation and Administration

Obeticholic acid is for oral administration. In one embodiment, the formulation is
oral administration for the prevention and treatment of FXR mediated diseases and
conditions. In one embodiment, the formulation comprises of obeticholic acid Form 1. In
another embodiment, the formulation comprises of substantially pure obeticholic acid.

Formulations suitable for oral administration may be provided as discrete units,
such as tablets, capsules, cachets (wafer capsule used by pharmacists for presenting a
drug), lozenges, each containing a predetermined amount of obeticholic acid; as powders
or granules; as solutions or suspensions in aqueous or non-aqueous liquids; or as oil-in-
water or water-in-oil emulsions.

Formulations of the invention may be prepared by any suitable method, typically
by uniformly and intimately admixing obeticholic acid with liquids or finely divided solid
carriers or both, in the required proportions and then, if necessary, shaping the resulting
mixture into the desired shape.

For example a tablet may be prepared by compressing an intimate mixture
comprising a powder or granules of obeticholic acid and one or more optional ingredients,
such as a binder, lubricant, inert diluent, or surface active dispersing agent, or by
moulding an intimate mixture of powdered active ingredient and inert liquid diluent.

For example, one or more tablets may be administered to get to a target dose level
based on the subject’s weight, e.g., a human between about 30 kg to about 70 kg.

In one embodiment, the subject is a child and the formulation is used to treat
biliary atresia. Biliary atresia, also known as "extrahepatic ductopenia" and "progressive
obliterative cholangiopathy" is a congenital or acquired disease of the liver and one of the
principal forms of chronic rejection of a transplanted liver allograft. In the congenital

form, the common bile duct between the liver and the small intestine is blocked or absent.
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The acquired type most often occurs in the setting of autoimmune disease, and is one of
the principal forms of chronic rejection of a transplanted liver allograft.

Infants and children with biliary atresia have progressive cholestasis with all the
usual concomitant features: jaundice, pruritus, malabsorption with growth retardation, fat-
soluble vitamin deficiencies, hyperlipidemia, and eventually cirrhosis with portal
hypertension. If unrecognized, the condition leads to liver failure—but not kernicterus, as
the liver is still able to conjugate bilirubin, and conjugated bilirubin is unable to cross the
blood-brain barrier. The cause of the condition is unknown. The only effective treatments
are certain surgeries such as the kasai procedure, or liver transplantation

In one embodiment, the human child has had a Kasai procedure, where the Kasai
procedure effectively gives them a functional bile duct when they born either without a
bile duct of its completely blocked at birth.

In addition to the ingredients specifically mentioned above, the oral formulations
of the present invention may include other agents known to those skilled in the art of
pharmacy, having regard for the type of formulation in issue. Oral formulations suitable
may include flavoring agents.

In one embodiment, the present invention relates to a pharmaceutical formulation
of obeticholic acid or a pharmaceutically acceptable salt, solvate, or amino acid conjugate
thereof, wherein obeticholic acid is produced by a process of the invention (obeticholic
acid Form 1). In another embodiment, the formulation is administered orally.

In one embodiment, the formulation is in tablet form. In another embodiment, the
formulation comprises obeticholic acid and one or more components selected from
microcrystalline cellulose, sodium starch glycolate, magnesium stearate, coating material,
or colloidal silicon dioxide. In one embodiment, the coating material is an Opadry®
coating material.

In another embodiment, the formulation comprises about 0.1 mg to about 1500 mg
of obeticholic acid per tablet. In another embodiment, the formulation comprises about 1
mg to about 100 mg. In another embodiment, the formulation comprises about 1 mg to
about 50 mg. In another embodiment, the formulation comprises about 1 mg to about 30
mg. In another embodiment, the formulation comprises about 4 mg to about 26 mg. In
another embodiment, the formulation comprises about 5 mg to about 25 mg. In one
embodiment, the formulation comprises about 1 mg to about 2 mg. In one embodiment,

the formulation comprises about 1.2 mg to about 1.8 mg. In one embodiment, the

40



10

15

20

25

30

WO 2013/192097 PCT/US2013/046150

formulation comprises about 1.3 mg to about 1.7 mg. In one embodiment, the formulation
comprises about 1.5 mg.

In one embodiment, the formulation comprises of about 1 mg to about 25 mg of
obeticholic acid per tablet. In one embodiment, the formulation comprises about 1 mg of
obeticholic acid, about 180 to about 190 mg of microcrystalline cellulose, about 10 to
about 15 mg of sodium starch glycolate, about 1 to about 3 mg of magnesium stearate,
and about 5 mg to about 10 mg of coating material. In one embodiment, the coating
material is an Opadry® coating material.

In one embodiment, the formulation comprises of about 1 mg to about 25 mg of
obeticholic acid per tablet. In one embodiment, the formulation comprises about 1 mg of
obeticholic acid, about 185.0 mg of microcrystalline cellulose, about 12.0 mg of sodium
starch glycolate, about 2.0 mg of magnesium stearate, and about 8.0 mg of coating
material. In one embodiment, the coating material is an Opadry® coating material.

In one embodiment, the formulation comprises of about 1 mg to about 25 mg of
obeticholic acid per tablet. In one embodiment, the formulation comprises about 5 mg of
obeticholic acid, about 175 to about 190 mg of microcrystalline cellulose, about 10 to
about 15 mg of sodium starch glycolate, about 1 to about 3 mg of magnesium stearate,
and about 5 mg to about 10 mg of coating material. In one embodiment, the coating
material is an Opadry® coating material.

In one embodiment, the formulation comprises of about 1 mg to about 25 mg of
obeticholic acid per tablet. In one embodiment, the formulation comprises about 5 mg of
obeticholic acid, about 181.0 mg of microcrystalline cellulose, about 12.0 mg of sodium
starch glycolate, about 2.0 mg of magnesium stearate, and about 8.0 mg of coating
material. In one embodiment, the coating material is an Opadry® coating material.

In one embodiment, the formulation comprises of about 1 mg to about 25 mg of
obeticholic acid per tablet. In one embodiment, the formulation comprises about 10 mg of
obeticholic acid, about 170 mg to about 180 mg of microcrystalline cellulose, about 10
mg to about 15 mg of sodium starch glycolate, about 1 mg to about 3 mg of magnesium
stearate, and about 5 mg to about 10 mg of coating material. In one embodiment, the
coating material is an Opadry® coating material.

In one embodiment, the formulation comprises of about I mg to about 25 mg of
obeticholic acid per tablet. In one embodiment, the formulation comprises about 10 mg of

obeticholic acid, about 176.0 mg of microcrystalline cellulose, about 12.0 mg of sodium
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starch glycolate, about 2.0 mg of magnesium stearate, and about 8.0 mg of coating
material. In one embodiment, the coating material is an Opadry® coating material.

In one embodiment, the formulation comprises of about 1 mg to about 25 mg of
obeticholic acid per tablet. In one embodiment, the formulation comprises about 25 mg of
obeticholic acid, about 150 mg to about 160 mg of microcrystalline cellulose, about 10
mg to about 15 mg of sodium starch glycolate, about 1 mg to about 3 mg of magnesium
stearate, about 5 to about 10 mg of coating material, and about 1 to about 10 mg of
colloidal silicon dioxide. In one embodiment, the coating material is an Opadry® coating
material.

In one embodiment, the formulation comprises of about 1 mg to about 25 mg of
obeticholic acid per tablet. In one embodiment, the formulation comprises about 25 mg of
obeticholic acid, about 157.0 mg of microcrystalline cellulose, about 12.0 mg of sodium
starch glycolate, about 2.0 mg of magnesium stearate, about 8.0 mg of coating material,
and about 4.0 mg of colloidal silicon dioxide. In one embodiment, the coating material is
an Opadry® coating material.

All percentages and ratios used herein, unless otherwise indicated, are by weight.
The percent dimeric impurity is on an area percent basis, typically as quantified by
analytical HPLC.

Throughout the description, where compositions are described as having,
including, or comprising specific components, it is contemplated that compositions also
consist essentially of, or consist of, the recited components. Similarly, where methods or
processes are described as having, including, or comprising specific process steps, the
processes also consist essentially of, or consist of, the recited processing steps. Further, it
should be understood that the order of steps or order for performing certain actions is
immaterial so long as the invention remains operable. Moreover, two or more steps or

actions can be conducted simultaneously.

Formulation of Tablets

Film Coated Tablet
Component Quantity per Tablet Function Rgﬁz;e(;lac:dto
1 mg tablet
Opbeticholic acid 1.0 mg* API HSE
Microcrystalline cellulose 185.0 mg* Filler/Binder USP-NF/EP/JP
Sodium starch glycolate 12.0 mg Disintegrant USP-NF/EP/JP
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Magnesium stearate 2.0mg Lubricant USP-NF/EP/IP
Opadry® Il green, white, or 8.0 mg Coating Material HSE
yellow
Total weight 208.0 mg
5 mg tablet
Obeticholic acid 5.0 mg* API HSE
Microcrystalline cellulose 181.0 mg* Filler/Binder USP-NF/EP/JP
Sodium starch glycolate 12.0 mg Disintegrant USP-NF/EP/IP
Magnesium stearate 2.0mg Lubricant USP-NF/EP/JP
Opadry® II green, white, or 8.0 mg Coating Material HSE
yellow
Total weight 208.0 mg
10 mg tablet
Obeticholic acid 10.0 mg* API HSE
Microcrystalline cellulose 176.0 mg* Filler/Binder USP-NF/EP/IP
Sodium starch glycolate 12.0 mg Disintegrant USP-NF/EP/JP
Magnesium stearate 2.0 mg Lubricant USP-NF/EP/IP
Opadry® Il green, white, or 8.0mg Coating Material HSE
yellow
Total weight 208.0 mg
25 mg tablet
Obeticholic acid 25.0 mg* API HSE
Microcrystalline cellulose 157.0 mg* Filler/Binder USP-NF/EP/IP
Sodium starch glycolate 12.0 mg - Disintegrant USP-NF/EP/IP
Magnesium stearate 2.0 mg Lubricant USP-NF/EP/IP
Collodial silicon dioxide 4.0 mg Glidant USP-NF/EP/IP
Opadry® II green, white, or 8.0 mg Coating Material HSE
yellow
Total weight 208.0 mg

API: Active pharmaceutical ingredient

HSE = In house specification

USP-NF = US Pharmacopeia National Formulary

Ph Eur = European Pharmacopeia

JP =Japanese Pharmacopeia

* gbeticholic acid quantity presented assumes API is anhydrous and 100% pure; actual amount is adjusted based on the
potency of the drug substance Lot used, and amount of microcrystalline cellulose is correspondingly decreased.

In one embodiment, the tablet comprises yellow Opadry®. In another
embodiment, the tablet comprises white Opadry®. In another embodiment, the tablet

comprises green Opadry®.

Pharmaceutical Compositions
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Obeticholic acid, including obeticholic acid Form 1, substantially pure forms of
obeticholic acid and crystalline forms of obeticholic acid, or a pharmaceutically
acceptable salt, solvate, or amino acid conjugate thereof is useful for a variety of
medicinal purposes. Obeticholic acid may be used in methods for the prevention or
treatment of FXR mediated diseases and conditions. In one embodiment, the disease or
condition is selected from biliary atresia, cholestatic liver disease, chronic liver disease,
nonalcoholic steatohepatitis (NASH), hepatitis C infection, alcoholic liver disease,
primary biliary cirrhosis (PBC), liver damage due to progressive fibrosis, liver fibrosis,
and cardiovascular diseases including atherosclerosis, arteriosclerosis,
hypercholesteremia, and hyperlipidemia. In one embodiment, obeticholic acid Form 1
may be used in methods for lowering triglycerides. In one embodiment, crystalline
obeticholic acid may be used in methods for lowering triglycerides. Obeticholic acid
Form 1 or crystalline obeticholic acid may increase HDL. Other effects of obeticholic
acid Form 1 or crystalline obeticholic acid include lowering of alkaline phosphatase
(ALP), bilirubin, ALT, AST, and GGT.

In one embodiment, the present invention relates to a pharmaceutical composition
comprising obeticholic acid and a pharmaceutically acceptable carrier, wherein the
obeticholic acid is produced by a process of the invention, e.g., obeticholic acid Form 1.
In one embodiment, the pharmaceutical composition comprises of substantially pure
obeticholic acid and a pharmaceutically acceptable carrier. In another embodiment, the
pharmaceutical composition comprises of crystalline obeticholic acid and a
pharmaceutically acceptable carrier. In another embodiment, the crystalline obeticholic
acid is the Form C.

In one embodiment, the present invention relates to a method of treating or
preventing an FXR mediated disease or condition in a subject comprising administering
an effective amount of obeticholic acid Form 1 produced by a process of the invention or
a pharmaceutical composition thereof. In one embodiment, the present invention relates
to a method of treating or preventing an FXR mediated disease or condition in a subject
comprising administering an effective amount of substantially pure obeticholic acid
produced by a process of the invention or a pharmaceutical composition thereof. In one
embodiment, the present invention relates to a method of treating or preventing an FXR
mediated disease or condition in a subject comprising administering an effective amount

of crystalline obeticholic acid or a pharmaceutical composition thereof. In another
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embodiment, the crystalline obeticholic acid is Form C. In one embodiment, the
crystalline obeticholic acid is Form A. In one embodiment, the crystalline obeticholic
acid is Form C. In one embodiment, the crystalline obeticholic acid is Form D. In one
embodiment, the crystalline obeticholic acid is Form F. In one embodiment, the
crystalline obeticholic acid is Form G.

In another embodiment, the disease or condition is cardiovascular disease or
cholestatic liver disease and for lowering triglycerides. In another embodiment, the
cardiovascular disease is atherosclerosis or hypercholesteremia. In another embodiment,
the subject is a mammal. In another embodiment, the mammal is human.

In another embodiment, the compound or pharmaceutical composition is
administered orally, parenterally, or topically. In another embodiment, the compound or
pharmaceutical composition is administered orally.

In one embodiment, the present invention relates to a method for inhibiting
fibrosis in a subject who is suffering from a cholestatic condition, the method comprising
the step of administéring to the subject an effective amount of obeticholic acid or a
pharmaceutical composition thereof, wherein obeticholic acid is produced by the process
of the invention. In one embodiment, the present invention relates to a method for
inhibiting fibrosis in a subject who is not suffering from a cholestatic condition, the
method comprising the step of administering to the subject an effective amount of
obeticholic acid or a pharmaceutical composition thereof, wherein obeticholic acid is
produced by the process of the invention. In embodiment, the fibrosis to be inhibited
occurs in an organ where FXR is expressed.

In one embodiment, the cholestatic condition is defined as having abnormally
elevated serum levels of alkaline phosphatase, 7-glutamyl transpeptidase (GGT), and 5'
nucleotidase. In another embodiment, the cholestatic condition is further defined as
presenting with at least one clinical symptom. In another embodiment, the symptom is
itching (pruritus). In another embodiment, the fibrosis is selected from the group
consisting of liver fibrosis, kidney fibrosis, and intestinal fibrosis. In another
embodiment, the cholestatic condition is selected from the group consisting of primary
biliary cirrhosis, primary sclerosing cholangitis, drug-induced cholestasis, hereditary
cholestasis, and intrahepatic cholestasis of pregnancy. In another embodiment, the subject

is not suffering from a cholestatic condition associated with a disease or condition
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selected from the group consisting of primary liver and biliary cancer, metastatic cancer,
sepsis, chronic total parenteral nutrition, cystic fibrosis, and granulomatous liver disease.

In another embodiment, the subject has liver fibrosis associated with a disease
selected from the group consisting of hepatitis B; hepatitis C; parasitic liver diseases;
post-transplant bacterial, viral and fungal infections; alcoholic liver disease (ALD); non-
alcoholic fatty liver disease (NAFLD); non-alcoholic steatohepatitis (NASH); liver
diseases induced by methotrexate, isoniazid, oxyphenistatin, methyldopa,
chlorpromazine, tolbutamide, or amiodarone; autoimmune hepatitis; sarcoidosis; Wilson's
disease; hemochromatosis; Gaucher's disease; types I11, IV, VI, IX and X glycogen
storage diseases; o;-antitrypsin deficiency; Zellweger syndrome; tyrosinemia;
fructosemia; galactosemia; vascular derangement associated with Budd-Chiari syndrome,
veno-occlusive disease, or portal vein thrombosis; and congenital hepatic fibrosis.

In another embodiment, the subject has intestinal fibrosis associated with a disease
selected from the group consisting of Crohn's disease, ulcerative colitis, post-radiation
colitis, and microscopic colitis.

In another embodiment, the subject has renal fibrosis associated with a disease
selected from the group consisting of diabetic nephropathy, hypertensive nephrosclerosis,
chronic glomerulonephritis, chronic transplant glomerulopathy, chronic interstitial

nephritis, and polycystic kidney disease.

Definitions

For convenience, certain terms used in the specification, examples and appended
claims are collected here.

As used herein the term “obeticholic acid” or “OCA” refers to a compound having

the chemical structure:

S

HOY

. Other chemical names for obeticholic acid
include: 3a,7a-dihydroxy-6a-ethyl-5B-cholan-24-oic acid, 6a-ethyl-chenodeoxycholic
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acid, 6-ethyl-CDCA, 6ECDCA, cholan-24-oic acid,6-ethyl-3,7-dihydroxy-,(3a,50,
6a,70)- and INT-747. The CAS registry number for obeticholic acid is 459789-99-2.
This term refers to all forms of obeticholic acid, e.g., non-crystalline, crystalline and
substantially pure.

As used herein the term “crystalline obeticholic acid” refers to any crystalline

form of a compound having the chemical structure:

. Crystalline obeticholic acid means that the
compound is crystallized into a specific crystal packing arrangement in three spatial
dimensions or the compound having external face planes. The crystalline form of
obeticholic acid (or a pharmacéutically acceptable salt, amino acid conjugate, solvate
thereof) can crystallize into different crystal packing arrangements, all of which have the
same elemental composition of obeticholic acid. Different crystal forms usually have
different X-ray diffraction patterns, infrared spectral, melting points, density hardness,
crystal shape, optical and electrical properties, stability and solubility. Recrystallization
solvent, rate of crystallization, storage temperature, and other factors may cause one
crystal form to dominate. Crystals of obeticholic acid can be prepared by crystallization
under different conditions, e.g., different solvents, temperatures, etc.

As used herein, the term “crystalline obeticholic acid Form C” refers to a
crystalline form of obeticholic acid with an X-ray diffraction pattern that is substantially
similar to that set forth in Figure 5, e.g., the crystalline form as characterized in Example
3.

As used herein, the term “substantially pure obeticholic acid” refers to obeticholic
acid that has a potency of greater than about 95%. The potency of the obeticholic acid
takes into account impurities including e.g., water, solvents, and other organic and
inorganic impurities that are in a sample of obeticholic acid. In another embodiment, the
known standard for potency is 100% obeticholic acid, and the potency is determined by
subtracting percentages of impurities such as solvent, water, and other organic and
inorganic impurities from 100% of the known standard. In one aspect, the inorganic

impurities include e.g., inorganic salts and sulphated ash. In one aspect, the organic
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impurities include 6-ethylursodeoxycholic acid, 3a-hydroxy-6a-ethyl-7-cheto-5B-cholan-
24-oic acid, 6B-ethylchenodeoxycholic acid, 3o, 7a-dihydroxy-6-ethyliden-53-cholan-24-
oic acid, chenodeoxycholic acid, and 3a(3a,7a-dihydroxy-6a-ethyl-5B-cholan-24-
oyloxy)-7a-hydroxy-6a-ethyl-53-cholan-24-oic acid. The amounts of the impurities can
be determined by procedures known in the art, e.g., HPLC, NMR, or methods from US
Pharmacopeial, or European Pharmacopeia, or a combination of two or more of these
methods.

As used herein, the term “purity” refers to a chemical analysis of a compound
obtained from e.g., HPLC. In one embodiment, the purity of a compound is compared to
the purity of the reference standard, e.g., obeticholic acid, via the area under their
respective peak for comparisons. In one embodiment, purity accounts for the organic
impurities in a sample.

As used herein, the term “reaction mixture” refers a mixture of one or more
substances combined together. In one embodiment, the mixing or combining of the
substances causes a chemical transformation or change in one or more of the original
substances.

As used herein, the term “obeticholic acid Form 17 refers to non-crystalline
obeticholic acid. In one embodiment, this form of obeticholic acid is produced via a
crystalline obeticholic acid as a synthetic intermediate. For example, this form of
obeticholic acid is produced by the process of the application via crystalline obeticholic
acid Form C as the synthetic intermediate. In one embodiment, obeticholic acid Form 1
is the form that it used as the pharmaceutically active ingredient. See Example 5 for more
details.

“Treating”, includes any effect, e.g., lessening, reducing, modulating, or
eliminating, that results in the improvement of the condition, disease, disorder, etc.
"Treating" or "treatment” of a disease state includes: inhibiting the disease state, i.e.,
arresting the development of the disease state or its clinical symptoms; or relieving the
disease state, i.e., causing temporary or permanent regression of the disease state or its
clinical symptoms.

“Preventing” the disease state includes causing the clinical symptoms of the
disease state not to develop in a subject that may be exposed to or predisposed to the
disease state, but does not yet experience or display symptoms of the disease state.

"Disease state" means any disease, disorder, condition, symptom, or indication.
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The term “effective amount” as used herein refers to an amount of obeticholic
acid (e.g., an FXR-activating ligand) that produces an acute or chronic therapeutic effect
upon appropriate dose administration. The effect includes the prevention, correction,
inhibition, or reversal of the symptoms, signs and underlying pathology of a
disease/condition (e.g., fibrosis of the liver, kidney, or intestine) and related
complications to any detectable extent.

"A therapeutically effective amount” means the amount of obeticholic acid that,
when administered to a mammal for treating a disease, is sufficient to effect such
treatment for the disease. The "therapeutically effective amount” will vary depending on
obeticholic acid, the disease and its severity and the age, weight, etc., of the mammal to
be treated.

A therapeutically effective amount of obeticholic acid can be formulated with a
pharmaceutically acceptable carrier for administration to a human or an animal.
Accordingly, obeticholic acid or its formulations can be administered, for example, via
oral, parenteral, or topical routes, to provide an effective amount of the compound. In
alternative embodiments, obeticholic acid prepared in accordance with the present
invention can be used to coat or impregnate a medical device, e.g., a stent.

"Pharmacological effect” as used herein encompasses effects produced in the
subject that achieve the intended purpose of a therapy. In one embodiment, a
pharmacological effect means that primary indications of the subject being treated are
prevented, alleviated, or reduced. For example, a pharmacological effect would be one
that results in the prevention, alleviation or reduction of primary indications in a treated
subject. In another embodiment, a pharmacological effect means that disorders or
symptoms of the primary indications of the subject being treated are prevented, alleviated,
or reduced. For example, a pharmacological effect would be one that results in the
prevention or reduction of primary indications in a treated subject.

The invention also comprehends isotopically-labeled obeticholic acid, or
pharmaceutically acceptable salts, solvate, or amino acid conjugates thereof, which are
identical to those recited in formulae of the invention and following, but for the fact that
one or more atoms are replaced by an atom having an atomic mass or mass number
different from the atomic mass or mass number most commonly found in nature.

Examples of isotopes that can be incorporated into obeticholic acid, or pharmaceutically
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acceptable salts, solvate, or amino acid conjugates thereof include isotopes of hydrogen,
carbon, nitrogen, fluorine, such as °H, ”C, ¢ and '8F.

Obeticholic acid, or pharmaceutically acceptable salts, solvates, or amino acid
conjugates thereof that contain the aforementioned isotopes and/or other isotopes of other
atoms are within the scope of the present invention. Isotopically-labeled obeticholic acid,
or pharmaceutically acceptable salts, solvates, or amino acid conjugates thereof, for
example those into which radioactive isotopes such as 3H, MC are incorporated, are useful
in drug and/or substrate tissue distribution assays. Tritiated, i.e., 3H, and carbon-14, i.e.,
1C, isotopes are particularly preferred for their ease of preparation and detectability.
Further, substitution with heavier isotopes such as deuterium, i.e., 2H, can afford certain
therapeutic advantages resulting from greater metabolic stability, for example increased
in vivo half-life or reduced dosage requirements and, hence, may be preferred in some
circumstances, isotopically labeled obeticholic acid, or pharmaceutically acceptable salts,
solvates, or amino acid conjugates thereof can generally be prepared by carrying out the
procedures disclosed in the Schemes and/or in the Examples of the invention, by
substituting a readily available isotopically labeled reagent for a non-isotopically labeled
reagent. In one embodiment, obeticholic acid, or pharmaceutically acceptable salts,
solvates, or amino acid conjugates thereof are not isotopically labelled. In one
embodiment, deuterated obeticholic acid is useful for bioanalytical assays. In another
embodiment, obeticholic acid, or pharmaceutically acceptable salts, solvates, or amino
acid conjugates thereof are radiolabelled.

"Geometric Isomers" means the diastereomers that owe their existence to hindered
rotation about double bonds. These configurations are differentiated in their names by the
prefixes cis and trans, or Z and E, which indicate that the groups are on the same or
opposite side of the double bond in the molecule according to the Cahn-Ingold-Prelog
rules.

"Solvates" means solvent addition forms that contain either stoichiometric or non
stoichiometric amounts of solvent. Obeticholic acid may have a tendency to trap a fixed
molar ratio of solvent molecules in the crystalline solid state, thus forming a solvate. If
the solvent is water the solvate formed is a hydrate, when the solvent is alcohol, the
solvate formed is an alcoholate. Hydrates are formed by the combination of one or more
molecules of water with one of the substances in which the water retains its molecular

state as H,O, such combination being able to form one or more hydrate. Additionally, the
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compounds of the present invention, for example, the salts of the compounds, can exist in
either hydrated or unhydrated (the anhydrous) form or as solvates with other solvent
molecules. Nonlimiting examples of hydrates include monohydrates, dihydrates, etc.
Nonlimiting examples of solvates include ethanol solvates, acetone solvates, etc.

"Tautomers" refers to compounds whose structures differ markedly in
arrangement of atoms, but which exist in easy and rapid equilibrium. It is to be
understood that obeticholic acid may be depicted as different tautomers. It should also be
understood that when obeticholic acid and synthetic intermediates of the invention have
tautomeric forms, all tautomeric forms are intended to be within the scope of the
invention, and the naming of obeticholic acid does not exclude any tautomer form.
Obeticholic acid and synthetic intermediates of the invention can exist in several
tautomeric forms, including the keto-enol. For example, in keto-enol tautomerism a
simultaneous shift of electrons and a hydrogen atom occurs. Tautomers exist as mixtures
of a tautomeric set in solution. In solid form, usually one tautomer predominates. Even
though one tautomer may be described, the present invention includes all tautomers of the
present compounds.

It is to be understood accordingly that the isomers arising from asymmetric carbon
atoms (e.g., all enantiomers and diastereomers) are included within the scope of the
invention, unless indicated otherwise. Such isomers can be obtained in substantially pure
form by classical separation techniques and by stereochemically controlled synthesis.
Furthermore, the structures and other compounds and moieties discussed in this
application also include all tautomers thereof. Alkenes can include either the E- or Z-
geometry, where appropriate. Obeticholic acid and synthetic intermediates may exist in
stereoisomeric form, and therefore can be produced as individual stereoisomers or as
mixtures.

A "pharmaceutical composition" is a formulation containing obeticholic acid in a
form suitable for administration to a subject. In one embodiment, the pharmaceutical
composition is in bulk or in unit dosage form. It is can be advantageous to formulate
compositions in dosage unit form for ease of administration and uniformity of dosage.
Dosage unit form as used herein refers to physically discrete units suited as unitary
dosages for the subject to be treated; each unit containing a predetermined quantity of
active reagent calculated to produce the desired therapeutic effect in association with the

required pharmaceutical carrier. The specification for the dosage unit forms of the

51



10

15

20

25

30

WO 2013/192097 PCT/US2013/046150

invention are dictated by and directly dependent on the unique characteristics of the
active reagent and the particular therapeutic effect to be achieved, and the limitations
inherent in the art of compounding such an active agent for the treatment of individuals.

The unit dosage form is any of a variety of forms, including, for example, a
capsule, an IV bag, a tablet, a single pump on an aerosol inhaler, or a vial. The quantity
obeticholic acid (e.g., a formulation of obeticholic acid, or a pharmaceutically acceptable
salt, solvate, or amino acid conjugate thereof) in a unit dose of composition is an effective
amount and is varied according to the particular treatment involved. One skilled in the art
will appreciate that it is sometimes necessary to make routine variations to the dosage
depending on the age and condition of the patient. The dosage will also depend on the
route of administration. A variety of routes are contemplated, including oral, pulmonary,
rectal, parenteral, transdermal, subcutaneous, intravenous, intramuscular, intraperitoneal,
inhalational, buccal, sublingual, intrapleural, intrathecal, intranasal, and the like. Dosage
forms for the topical or transdermal administration of a compound of this invention
include powders, sprays, ointments, pastes, creams, lotions, gels, solutions, patches and
inhalants. In one embodiment, obeticholic acid is mixed under sterile conditions with a
pharmaceutically acceptable carrier, and with any preservatives, buffers, or propellants
that are required.

The term “flash dose” refers to obeticholic acid formulations that are rapidly
dispersing dosage forms.

The term "immediate release” is defined as a release of obeticholic acid from a
dosage form in a relatively brief period of time, generally up to about 60 minutes. The
term "modified release" is defined to include delayed release, extended release, and
pulsed release. The term "pulsed release" is defined as a series of releases of drug from a
dosage form. The term “sustained release” or “extended release” is defined as continuous
release of obeticholic acid from a dosage form over a prolonged period.

A “subject” includes mammals, e.g., humans, companion animals (e.g., dogs, cats,
birds, and the like), farm animals (e.g., cows, sheep, pigs, horses, fowl, and the like) and
laboratory animals (e.g., rats, mice, guinea pigs, birds, and the like). In one embodiment,
the subject is human. In one embodiment, the subject is human child (e.g., between about
30 kg to about 70 kg). In one embodiment, the human child has had a Kasai procedure,
where the Kasai procedure effectively gives them a functional bile duct when they born

either without a bile duct of its completely blocked at birth.
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As used herein, the phrase “pharmaceutically acceptable” refers to those
compounds, materials, compositions, carriers, and/or dosage forms which are, within the
scope of sound medical judgment, suitable for use in contact with the tissues of human
beings and animals without excessive toxicity, irritation, allergic response, or other
problem or complication, commensurate with a reasonable benefit/risk ratio.

"Pharmaceutically acceptable excipient" means an excipient that is useful in
preparing a pharmaceutical composition that is generally safe, non-toxic and neither
biologically nor otherwise undesirable, and includes excipient that is acceptable for
veterinary use as well as human pharmaceutical use. A "pharmaceutically acceptable
excipient" as used in the specification and claims includes both one and more than one
such excipient.

While it is possible to administer obeticholic acid directly without any
formulation, obeticholic acid is usually administered in the form of pharmaceutical
formulations comprising a pharmaceutically acceptable excipient and obeticholic acid.
These formulations can be administered by a variety of routes including oral, buccal,
rectal, intranasal, transdermal, subcutaneous, intravenous, intramuscular, and intranasal.
Oral formulation of obeticholic acid are described further herein under the section entitled
“Oral Formulation and Administration”.

In one embodiment, obeticholic acid can be administered transdermally. In order
to administer transdermally, a transdermal delivery device ("patch") is needed. Such
transdermal patches may be used to provide continuous or discontinuous infusion of a
compound of the present invention in controlled amounts. The construction and use of
transdermal patches for the delivery of pharmaceutical agents is well known in the art.
See, e.g., U.S. Patent No. 5,023,252. Such patches may be constructed for continuous,
pulsatile, or on demand delivery of pharmaceutical agents.

In one embodiment of the present invention, there is provided a pharmaceutical
formulation comprising at least obeticholic acid as described above in a formulation
adapted for buccal and/or sublingual, or nasal administration. This embodiment provides
administration of obeticholic acid in a manner that avoids gastric complications, such as
first pass metabolism by the gastric system and/or through the liver. This administration
route may also reduce adsorption times, providing more rapid onset of therapeutic benefit.
The compounds of the present invention may provide particularly favorable solubility

profiles to facilitate sublingual/buccal formulations. Such formulations typically require
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relatively high concentrations of active ingredients to deliver sufficient amounts of active
ingredients to the limited surface area of the sublingual/buccal mucosa for the relatively
short durations the formulation is in contact with the surface area, to allow the absorption
of the active ingredient. Thus, the very high activity of obeticholic acid, combined with
its high solubility, facilitates its suitability for sublingual/buccal formulation.

Obeticholic acid is preferably formulated in a unit dosage form, each dosage
containing from about 0.1 mg to about 1500 mg. In another embodiment, the formulation
comprises about 1 mg to about 100 mg. In another embodiment, the formulation
comprises about 1. mg to about 50 mg. In another embodiment, the formulation
comprises about 1 mg to about 30 mg. In another embodiment, the formulation
comprises about 4 mg to about 26 mg. In another embodiment, the formulation comprises
about 5 mg to about 25 mg. In one embodiment, the formulation comprises about 1 mg to
about 2 mg. In one embodiment, the formulation comprises about 1.2 mg to about 1.8
mg. In one embodiment, the formulation comprises about 1.3 mg to about 1.7 mg. In one
embodiment, the formulation comprises about 1.5 mg. The term "unit dosage form" refers
to physically discrete units suitable as unitary dosages for human subjects and other
mammals, each unit containing a predetermined quantity of active material calculated to
produce the desired therapeutic effect, in association with a suitable pharmaceutical
excipient as described above.

Obeticholic acid is generally effective over a wide dosage range. For examples,
dosages per day normally fall within the range of about 0.0001 to about 30 mg/kg of body
weight. In the treatment of adult humans, the range of about 0.1 to about 15 mg/kg/day,
in single or divided dose, is especially preferred. In embodiment, the formulation
comprises about 0.1 mg to about 1500 mg. In another embodiment, the formulation
comprises about 1 mg to about 100 mg. In another embodiment, the formulation
comprises about 1 mg to about 50 mg. In another embodiment, the formulation
comprises about 1 mg to about 30 mg. In another embodiment, the formulation
comprises about 4 mg to about 26 mg. In another embodiment, the formulation comprises
about 5 mg to about 25 mg. In one embodiment, the formulation comprises about 1 mg to
about 2 mg. In one embodiment, the formulation comprises about 1.2 mgto about 1.8
mg. In one embodiment, the formulation comprises about 1.3 mg to about 1.7 mg. In one
embodiment, the formulation comprises about 1.5 mg. However, it will be understood

that the amount of obeticholic acid actually administered will be determined by a
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physician, in the light of the relevant circumstances, including the condition to be treated,
the chosen route of administration, the form of obeticholic acid administered, the age,
weight, and response of the individual patient, and the severity of the patient's symptoms,
and therefore the above dosage ranges are not intended to limit the scope of the invention
in any way. In some instances dosage levels below the lower limit of the aforesaid range
may be more than adequate, while in other cases still larger doses may be employed
without causing any harmful side effect, provided that such larger doses are first divided
into several smaller doses for administration throughout the day.

“Process of the invention” refers to a method for preparing obeticholic acid as
described herein, wherein the method comprises of crystalline obeticholic acid.

“Fibrosis” refers to a condition involving the development of excessive fibrous
connective tissue, e.g., scar tissue, in a tissue or organ. Such generation of scar tissue
may occur in response to infection, inflammation, or injury of the organ due to a disease,
trauma, chemical toxicity, and so on. Fibrosis may develop in a variety of different
tissues and organs, including the liver, kidney, intestine, lung, heart, efc.

The term “inhibiting” or “inhibition,” as used herein, refers to any detectable
positive effect on the development or progression of a disease or condition. Such a
positive effect may include the delay or prevention of the onset of at least one symptom
or sign of the disease or condition, alleviation or reversal of the symptom(s) or sign(s),
and slowing or prevention of the further worsening of the symptom(s) or sign(s).

As used herein, a “cholestatic condition” refers to any disease or condition in
which bile excretion from the liver is impaired or blocked, which can occur either in the
liver or in the bile ducts. Intrahepatic cholestasis and extrahepatic cholestasis are the two
types of cholestatic conditions. Intrahepatic cholestasis (which occurs inside the liver) is
most commonly seen in primary biliary cirrhosis, primary sclerosing cholangitis, sepsis
(generalized infection), acute alcoholic hepatitis, drug toxicity, total parenteral nutrition
(being fed intravenously), malignancy, cystic fibrosis, and pregnancy. Extrahepatic
cholestasis (which occurs outside the liver) can be caused by bile duct tumors, strictures,
cysts, diverticula, stone formation in the common bile duct, pancreatitis, pancreatic tumor
or pseudocyst, and compression due to a mass or tumor in a nearby organ.

Clinical symptoms and signs of a cholestatic condition include: itching (pruritus),
fatigue, jaundiced skin or eyes, inability to digest certain foods, nausea, vomiting, pale

stools, dark urine, and right upper quadrant abdominal pain. A patient with a cholestatic
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condition can be diagnosed and followed clinically based on a set of standard clinical
laboratory tests, including measurement of levels of alkaline phosphatase, y-glutamyl
transpeptidase (GGT), 5' nucleotidase, bilirubin, bile acids, and cholesterol in a patient's
blood serum. Generally, a patient is diagnosed as having a cholestatic condition if serum
levels of all three of the diagnostic markers alkaline phosphatase, GGT, and 5'
nucleotidase, are considered abnormally elevated. The normal serum level of these
markers may vary to some degree from laboratory to laboratory and from procedure to
procedure, depending on the testing protocol. Thus, a physician will be able to determine,
based on the specific laboratory and test procedure, what is an abnormally elevated blood
level for each of the markers. For example, a patient suffering from a cholestatic
condition generally has greater than about 125 IU/L alkaline phosphatase, greater than
about 65 IU/L GGT, and greater than about 17 NIL 5' nucleotidase in the blood. Because
of the variability in the level of serum markers, a cholestatic condition may be diagnosed
on the basis of abnormal levels of these three markers in addition to at least one of the
symptoms mentioned above, such as itching (pruritus).

The term “organ” refers to a differentiated structure (as in a heart, lung, kidney,
liver, etc.) consisting of cells and tissues and performing some specific function in an
organism. This term also encompasses bodily parts performing a function or cooperating
in an activity (e.g., an eye and related structures that make up the visual organs). The
term “organ” further encompasses any partial structure of differentiated cells and tissues
that is potentially capable of developing into a complete structure (e.g., a lobe or a section
of a liver).

All publications and patent documents cited herein are incorporated herein by
reference as if each such publication or document was specifically and individually
indicated to be incorporated herein by reference. Citation of publications and patent
documents is not intended as an admission that any is pertinent prior art, nor does it
constitute any admission as to the contents or date of the same. The invention having
now been described by way of written description, those of skill in the art will recognize
that the invention can be practiced in a variety of embodiments and that the foregoing
description and examples below are for purposes of illustration and not limitation of the
claims that follow.

In the specification, the singular forms also include the plural, unless the context

clearly dictates otherwise. Unless defined otherwise, all technical and scientific terms
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used herein have the same meaning as commonly understood by one of ordinary skill in
the art to which this invention belongs. In the case of conflict, the present specification
will control.

All percentages and ratios used herein, unless otherwise indicated, are by weight.

EXAMPLES

EXAMPLE 1: Synthesis of obeticholic acid

The compound numbers referred to in this synthetic procedure refer to those found

in Scheme 1 and the reaction that correspond to each of the steps.

Step 1 — Preparation of 3a-hydroxy-7-keto-5B-cholan-24-oic acid methyl ester (1):

1. MeOH, H2304
CO,H reflux (62 °C)
2. NaOH, Act. Carbon

CO,CHj

3. Filtration
4. HyO/Precipitation (10-15°C)
5. Isolation
HO™ HO™
3a-hydroxy-7-keto-53-cholan-24-oic acid 3a-hydroxy-7-keto-58-cholan-24-oic acid methyl ester
KLCA 1

Reaction 1: Esterification of C-24 carboxylic acid of 7-keto lithocholic acid (KLCA)
3a-hydroxy-7-keto-5p-cholan-24-oic acid (KLCA; 500.0 g, 1.28 mol) was
esterified using methyl alcohol (2500 mL), in the presence of acidic catalysis (sulfuric
acid, 1.0 mL) and was heated up to 62 °C to 64 °C for approximately 3 hours, to yield 3a-
hydroxy-7-keto-5p-cholan-24-oic acid methyl ester (1). In this reaction, the methyl
alcohol acts as the methylating reagent as well as the reaction solvent. For the work-up,
the pH-value was adjusted with sodium hydroxide solution (2N) to pH 7.0 to 7.5. The
solution was treated with activated carbon (25 g) for approximately 30 minutes and
filtered to remove the carbon solids. Alternatively, the solution was not treated with
activated carbon. To precipitate the product, water (625 mL) at 10 °C to 15 °C was added
over 15 minutes and seeding material was added. The reaction mixture is stirred for 1
hour at 10 °C to 15 °C. Another portion of water (1875 mL) was added over about 20 to
25 minutes. The product suspension was stirred for 30 minutes at 10 °C to 15 °C. The
product was isolated with a centrifuge and washed with a mixture of methanol and water

57



10

15

20

WO 2013/192097 PCT/US2013/046150

(1:1, 350 mL). The water content of the wet material was quantified by Karl Fischer
(KF). The material was dried in a tumble dryer under vacuum at NMT 70 °C. The
material can also be used in the next step without drying. The yield (calculated on dried

product) is 501.4 g (1.24 mol, 96.8%).

Step 2 — Preparation of 30,70 -ditrimethylsilyloxy-5B-chol-6-en-24-oic acid methyl ester
3):

1. THFILDA, -25 °C F

2. Si(CH3):Cl

3. aq. Citric Acid/
Phase Separation

4. Removal of Solvent,
vac./ <50 °C

HOY (H4C)5Si0"
3o-hydroxy-7-keto-5p-cholan-24-oic acid methyl ester 3a-trimethysilyloxy-7-keto-5B-cholan-24-oic acid methy! ester
1 2 (not isolated)

(H5C)5Si0""

30, 7-ditrimethylsilyloxy-5p-chol-6-en-24-oic acid methyl ester

Reaction 2: Silylenol ether formation from 7-keto lithocholic methyl ester

Compound 1 (60.69 g, 150 mmol, calculated as dry substance), containing
residual water and methanol, was charged into the reactor under inert conditions and was
dissolved in tetrahydrofuran (THF, 363 mL). Water and methanol were removed by
repeated azeotropic distillation at approximately 65 °C and normal pressure. THF was
added to the residue as necessary and the distillation was repeated approximately 4 times.
The remaining solution must have a final water content of < 0.05% (Karl Fischer
Titration). This solution was pre-cooled to -20 °C to -25 °C and then
chlorotrimethylsilane (73.33 g, 675 mmol, 4.5 equivalents)was added in about 30 to 45
minutes. Under nitrogen atmosphere, lithium diisopropyl amide (28% LDA solution, 900
mmol) and THF (504 mL) were charged to a separate inert reactor and cooled to -20 °C to
-25 °C. The dry, cooled solution of compound 1, THF (84 mL), and

chlorotrimethylsilane was charged into the LDA solution at -20 °C to
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-25 °C. Then, the reaction mixture was stirred for approximately 2 hours. For the
workup, the reaction mixture was added to a pre-cooled aqueous solution of citric acid
(34.6 gin 300 mL) at 2 °C to 8 °C. After the addition, the aqueous phase was separated
and discarded. From the organic phase, the liquid was removed by vacuum distillation at
maximum 50 °C. The isolated residue contained compound 3 and some residual solvents

and was used ‘as is’ in the next step.

Step 3 — Preparation of 30-hydroxy-6-ethylidene-7-keto-58-cholan-24-oic acid methyl
ester (4):

1. CH,Cla, HaCCHO, -60 °C

2. BF3x ACN, -60 °C

3. Stirring at 25 °C

4. NaOH/H,O/Phase Separation
5. Removal of Solvent, 50 °C

(H3C)sSi0"
3a,7-ditrimethylsilyloxy-5 8-chol-6-en-24-oic acid 3a-hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic acid
methyl ester methyl ester
3 4

Reaction 3: Aldol condensation of the silylenol ether and acetaldehyde

Compound 3 (164.68 g, 300 mmol, calculated as dried substance) solution in THF
was charged into an inert reactor. At a maximum temperature of 50 °C, residual amounts
of THF were distilled off under vacuum. The water content in the residue was limited to
< 0.5% (Karl Fischer titration) in order to proceed. The residue was then dissolved in
dichloromethane (200 mL) and pre-cooled to -60 °C to -65 °C. Acetaldehyde (33.8 mL,
600 mmol) was then added. Under nitrogen atmosphere, dichloromethane (700 mL) and
boron trifluoride (16 wt% solution in acetonitrile, 318 g, 750 mmol) acetonitrile complex
were charged into a separate reactor and then cooled to -60 °C to -65 °C. At -60 °C to -65
°C, the dry compound 3 solution was added. The reaction mixture was stirred for
approximately two hours at -60 °C to -65 °C, heated up to 23 °C to 28 °C, stirred for
another approximately 3 hours and cooled to approximately 2 °C to 10 °C for the
hydrolysis/work-up. For the workup, the cooled solution from the reactor was added to a
pre-cooled aqueous solution of 50% wt. caustic soda (40 mL) and 660 mL of water. After
about 10 minutes of intensive stirring, the phases were separated and the (lower) organic

layer was transferred to a separate reactor. From the organic layer, the solvent was
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removed by distillation at NMT 50 °C as far as possible. The residue, consisting of
compound 4 and some remaining acetonitrile and dichloromethane, was discharged into
drums. Compound 4A, a mixture of E/Z-isomers can also be prepared by the procedure

described above for Step 3.

Step 4 — Preparation of 3o-hydroxy-6-ethylidene-7-keto-58-cholan-24-oic acid (5):

1. MeOH, NaOH, H,0, 50 °C
2. Phase separation
3. Citric acid, AcOEt,
Phase Separation
4. Distillation with AcOEt

CO,H

5. Crystallization from EtOH
6. Dried under vacuum (60°C)

3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-oic acid 3a-hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic acid
methyl ester 5
4

Reaction 4: Saponification of C-24 ester

Compound 4 (258.37 g, 600 mmol, calculated as dried substance) was charged
into an inert reactor. At atemperature of NMT 50 °C, residual amounts of solvent were
distilled off under vacuum. The residue was dissolved in methanol (360 mL) and water
(54 mL) and caustic soda 50% wt. (54 mL) were added. The reaction mixture was heated
up to 49 °C to 53 °C and stirred at this temperature for at least 2 hours. The pH of the
reaction mixture is checked and verified to be > 12. If the pH is < 12, additional NaOH is
added and the 2 hour reaction time is repeated. The solution was diluted with water
(1000 mL) and the temperature was adjusted to 25 °C to 35 °C. For the workup, reaction
mixture was allowed to rest for at least 30 minutes. The phases were separated and the
lower aqueous layer was transferred into a separate reactor and the organic layer was
discarded. Ethyl acetate (1400 mL) and aqueous citric acid (244 g in 480 mL) were
added with intensive stirring to the aqueous layer. The reaction mixture was stirred at 25
°C to 35 °C for 10 minutes. The phases were separated and the lower aqueous layer was
discarded. Ethyl acetate was distilled off from the organic layer and replaced with ethyl
acetate (800 mL). This operation was repeated until the water content of the distillate was
NMT 1% or until a constant boiling point was reached. The suspension was cooled to 20
°C to 25 °C, stirred for 30 minutes, and then the product was isolated and washed with

ethyl acetate (100 mL, 3 to 4 times). Drying was done in a tumble dryer under vacuum at
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approximately 60 °C. The yield is 118.71 g (47.5% from KLCA) of crude compound 5.
Compound 4A, a mixture of E/Z isomers also can be used as starting material to produce
compound 5A, a mixture of E/Z isomers.

Crude compound 5 was then crystallized using ethanol. The crude compound for
crystallization can also be a mixture of E/Z isomers, compound 5A. Ethano!l (390 to 520
mL) and crude compound 5 (130 g) were charged into an inert reactor. To dissolve the
crude compound 5, the reaction mixture was heated to reflux. Then, the reaction mixture
was cooled in a controlled cooling ramp to 15 °C to 20 °C within 3 to 5 hours by a linear
profile. The crystalline compound 5A was isolated using a centrifuge and then washed
with ethyl acetate (50-100 mL, 2 times). Drying was done in the tumble dryer under
vacuum and at approximately 60 °C. This leads to 85.8 g (66%) yield. A sample was
taken to measure assay, purity, and moisture of the purified compound 5. Purified
compound 5 is the E isomer of 3a-hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic acid.
See example 2 for full details regarding the identification and characterization of purified
compound 5. Isolation of the purified compound 5, the E isomer, can be optional. The E
isomer and Z isomers have different solubilities. The E isomer is less soluable and
crystallizes such that the Z isomer can be washed away.

An alternative method to prepare compound 5 is as follows. Compound 4 (111.96
g) was charged into the inert reactor. At maximum 50 °C residual amounts of solvent
(e.g., acetonitrile, dichloromethane) were distilled off under vacuum. The residue was
dissolved in methanol (156 mL) and cooled to about 10 °C. Tap-water (23.4 mL) and
caustic soda 50 % (23.4 mL) were added. The reaction mixture was stirred for about four
hours at about 20 °C to about 25 °C. The solution was diluted with tap-water (433 mL)
and toluene (144 mL) was added. After stirring, the phases were separated and the lower,
aqueous layer was transferred into the inert reactor. The organic layer was discarded.
Acetic acid ethylester (607 mL) and a solution of citric acid (105.7 g in 208 mL of water)
were added during intensive stirring to the aqueous layer. The phases were separated and
the lower, aqueous layer was discarded. The organic layer was transferred into the inert
reactor. From the organic layer acetic acid ethylester was distilled off and replaced with
acetic acid ethylester (347 mL). In one embodiment, this operation was repeated with
acetic acid ethylester (173 mL) until the water content of the distillate was not more than
about 1 % or until a constant boiling point was reached. The present suspension was

cooled to 20 °C to 25 °C. Compound 5 was isolated and washed with acetic acid
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ethylester (3 to 4 times each 43 mL) with inert centrifuge. Drying was done in the tumble
dryer under vacuum and approximately 60 °C (64.8% yield based on compound 1).
Compound 4A (a mixture of E/Z isomers) can also be used as starting material for Step 4

to produce Compound 5A (a mixture of E/Z isomers).

Step 5 — Preparation of 3a-hydroxy-6a-ethyl-7-keto-5B-cholan-24-oic acid (6):

1. 50 % NaOH, H,0,
PdIC, Hap, 25 °C/5 bar

2. Release H;

COZH 3. Stirring at 100 °C

4. Filtration of catalyst

5. Conc. HCInBuOAc, 40°C
Phase Separation

6. Act. Carbon, 40 °C

7. Condense by distillation

8. Crystailization from nBuOAc

9. Dried at 60°C

3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-oic acid 3a-hydroxy-6a-ethyl-7-keto-58-cholan-24-oic acid
5 6

Reaction 5: Hydrogenation of the 6-ethylidene moiety

A mixture of purified compound 5 (110 g, 264 mmol), water (1100 mL), caustic
soda solution (35.8 mL, 682 mmol) at 50% and palladium catalyst (Pd/C, 11 g) were
charged to a hydrogenation reactor. The temperature was adjusted to 25 °C to 35 °C and
the reactor was flushed three times with nitrogen (2 bar) and three times with hydrogen (1
bar). These pressure values were given relative to ambient pressure (= 0 bar). A
hydrogen pressure of 5 bar was applied and the reaction mixture was heated up to 100 °C
(for isomerisation to the alpha position) over a period of 1.5 hours and then stirred for 3
hours while maintaining the hydrogen pressure at 4.5 to 5 bar. The reaction mixture is
then cooled to 40 °C to 50 °C. For the workup, the Pd/C is filtered off. To the filtrate, n-
butyl acetate (1320 mL) and hydrochloric acid (67.8 mL, 815 mmol, 37%) were added.
The aqueous phase was separated and discarded. The organic phase was treated with
activated carbon (5.5 g) for about 10 minutes at 40 to 50 °C. The activated carbon was
filtered off and the filtrate was condensed by distillation and the resulting suspension was
cooled to 15 °C to 20 °C within 2 to 3 hours. The precipitated compound 6 was isolated
and washed with n-butyl acetate (160 mL). The product was filtered using a pressure
filter. Drying was done in the pressure filter under vacuum at approximately 60 °C. This
leads to 89.8 g (81.2%) of Compound 6. Compound 5A, a mixture of E/Z isomers, can be

used in step 5 to prepare Compound 6.
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Step 6 — Preparation of 3a.7a-dihydroxy-6a-ethyl-58-cholan-24-oic acid (obeticholic
acid):

CO,H
1. H,0, NaOH, Reflux (90 °C)

2. Addition of NaBH,, 90 °C (reflux)
3. Citric acid, nBuOAc,, 40 °C

4. Distillation from nBuOAc

5. Crystallization from nBuOAc
6. Recrystallization from nBuOAc HO\‘“
7. Dried under vacuum at 80°C

3a-hydroxy-6a-ethyl-7-keto-5@-cholan-24-oic acid 3a,7a-dihydroxy-6a-ethyl-5p-cholan-24-oic acid
6 crystalline obeticholic acid Form C

Reaction 6: Selective reduction of 7-keto group to 7a-hydroxy group

A mixture of compound 6 (86 g, 205.4 mmol), water (688 mL) and 50% sodium
hydroxide solution (56.4 mL) was reacted with sodium borohydride (7.77 g, 205.4 mmol)
in a mixture of 50% wt. sodium hydroxide solution (1.5 mL) and water (20 mL) at 90 °C
to 105 °C. The reaction mixture was heated to reflux and stirred for at least 3 hours. For
the workup, after the reaction was complete, the reaction mixture was cooled to
approximately 80 °C and transferred to a cooled reactor. At 30 °C to 50 °C, n-butyl
acetate (860 mL) and citric acid (320.2 g, anhydrous) in water (491 mL) were added. The
aqueous phase was separated and discarded after checking the pH-value to make sure that
it was acidic. The organic phase was transferred and distilled. The residue is diluted with
n-butyl acetate and was slowly cooled to 15 °C to 20 °C and the crude obeticholic acid
was filtered using a centrifuge. The wet product was crystallized from n-butyl acetate.
The product obeticholic acid was isolated and washed with n-butyl acetate (43 mL, 4
times) in an inert pressure filter. Drying was done in the pressure filter under vacuum at
approximately 80 °C. This led to 67.34 g (77.9%) of crystalline obeticholic acid. See
example 3 for full details regarding the identification and characterization of crystalline

obeticholic acid.

Step 7 — Preparation of obeticholic acid Form 1:
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CO,H CO,H
1. H,0, NaCH, Dissolution, 30°C
2. HC, Precipitation, H,0

3. Dried under vacuum at 50°C

3a,7a-dihydroxy-6a-ethyl-53-cholan-24-oic acid obeticholic acid Form 1
cystalline obeticholic acid Form C

Reaction 7: Preparation of obeticholic acid Form 1 from crystalline obeticholic acid Form
C

Crystalline obeticholic acid Form C (58 g) was dissolved in water (870 mL) and
caustic soda solution (50%, 8.7 mL, 166 mmol) at 30 °C to 40 °C. The mixture was
stirred until all solid has dissolved. The product was precipitated using the following
workup. The obeticholic acid solution was slowly added via a filter to diluted
hydrochloric acid (37%, 16.05 mL, 193 mmol) in water (870 mL) at 30 °C to 40 °C. The
suspension was stirred for approximately 30 minutes at 30 °C to 40 °C and then cooled to
not more than (NMT) 20 °C. The product was isolated and washed with water (465 mL,
6 times) in the inert pressure filter. Drying was done in the pressure filter under vacuum

at a temperature of NMT 50°C. This led to 53.2 g (91.7%) of obeticholic acid Form 1.

EXAMPLE 2: Characterization of E-3a-hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic
acid (5)

Compound 5 is the key intermediate for the process of the application. The

compound was isolated from ethyl acetate and was then crystallized from ethanol. The
highly pure compound 5 allows for efficient and high yielding production of compound 6
and subsequently crystalline obeticholic acid Form C and obeticholic acid Form 1,
including substantially pure obeticholic acid.

The structure of compound 5 from step 4 in example 1 was confirmed using 'H
NMR, "*C NMR, and mass spec. Crude product from step 4 resulted in a major product
at retention time (RT) 27.457 min and a minor product at RT 28.078 min in the UV
chromatogram generated by quality control method 1 by means of LC/MS-coupling. The

two products are the E/Z isomers of compound 5:

64



10

WO 2013/192097

HO™"

PCT/US2013/046150

HQ\\““

Exact Mass =416.2827
Molecular Formula =C26 H4004

These two isomers show the same accurate mass and the same fragmentation in the

MS/MS spectrum. They cannot be distinguished by the mass spectrometric data.

Using a s

emi-preparative method to isolate the E/Z isomer peaks, the structures of

the E/Z isomers were confirmed using a two stage approach. The HPLC quality control

method 1 used a

non-volatile phosphoric acid buffer and thus, direct LC/MS coupling

with the non-volatile buffer was not possible. Preliminary tests for adjustment of the

method showed that only a UPLC method allowed for very high plate numbers for

adequate separation of the E/Z isomers. The two stage approach was the following: Step

A was identification of the E/Z isomers in two samples with the new developed

UPLC/MS method and Step B was isolation of the fraction of the E/Z isomer peaks with
the HPLC method 2 and subsequent identification with the UPLC/MS method 1. The

experimental det

Table C

ails of the methods were as follows:

1. MS compatib

le UPLC method (method 1)

Instrument: Accela UPL Ccoupling with LTQ FTSpectrometer (ThermoScientific)
Column: 200 x 2mm Hypersil Gold 1.9 pm
Eluent: A: Water + 10 mM Ammoniumformiat + 0.1% Formic acid
B: Acetonitrile
Gradient: 45% B in 20 minutes to 60% B (10 min isocratic)
Flow: 0.4 ml/min, 40 °C column temperature
Detection: MS: ESI positive and negative ions; UV: PDA 200.600 nm

Mass resolution:

R=100000 ICR

Sample:

1 mg/ ml in water/acetonitrile (1:1), 3ul/20ul injected

2. HPLC {method 2)

Agilent1100 HPLC (Agilent Technologies)

Instrument:

. 125 x 4mm Purospher STAR C18 5 Lm
Column:
Eluent: A: Water pH 2.6 with phosphoric acid

B: Acetonitrile
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Gradient: 30 % B in 10 minutes to 35% B in 30 minutes to 60% B
) In 1 minutes to 90% B (9 min isocratic)
Flow: 1 ml/min, 35 °C column temperature
ow:
D . UV: DAD 200 - 400 nm (UVA 200 nm)
etection:
Sample: 10 mg / ml in water/acetonitrile (9:1), 25ul injected

The results are shown in Figures | and 2. Figures 1 and 2 are UPLC UV/MS

chromatograms for “crude compound 5 (Figure 1) and compound 5 “purified reference”

(Figure 2) obtained on a high performance UPLC column. For Figure 1, the sample was
dissolved at 1 mg/mL in ACN/H,0 1:1; 200x2mm Hypersil GOLD R122;
LMA:H20+10mM AF + 0.1%HFo; LMB:ACN; 45%-20-60%(10); 0.4mL/min; 40°C;

UVA=200nm; 3uL injection volume. For Figure 2, the sample was dissolved at 1 mg/ml

in ACN/H20; 200x2mm Hypersil GOLD R122; A: 10mM AF + 0.1%HFo; B:ACN; 45%-

20-60%B(10); 0.4mL/min; 20puL injection volume. In both samples, the molecular

weight of the main component (RT 9.92 min) and of the minor component (RT 10.77

min) was the same as expected and the accurate masses of the two compounds were

consistent with the structures provided as shown in Tables D and E of data of the positive

and negative ion measurement show below:

Table D: Data of the positive ion measurement
RT(min) lon m/z Formula Structure proposal
C2s Hat O4
9.98 417.30008 AM 0.35 ppm M+H E isomer
C52 H81 OB
833.59381 AM 1.45 ppm 2M +H E isomer
Csz Has Og N
850.61938 | AM 0.28 ppm 2M + NH4 E isomer
10.77 417.30023 Cas Hat Os M+H Z Isomer
833.59409 Csz Hsy Os 2M +H Z Isomer
8_50.61984 _ Csp Haa Os N 2M + NH4 Z isomer

Table E: Data of the negative ion measurement
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RT{min) lonmiz Formula Structure proposal
Co6 Hag Oy
9.98 415.28520 AM -0.44 ppm M-H Z isomer
Ca7 Ha1 Og
461.26051 AM -0.76 ppm M + Formiat Z Isomer
Csz Hys Og
831.57683 | AM-1.46 ppm 2M - H Z Isomer
10.77 415.28545 | Cys Has Oy M-H E Isomer
461.29069 Cyz7 Ha1 Os M + Formiat E Isomer
831.57739 Csp Hyg Og 2M - H E Isomer

To ensure the portability of the quality control HPLC method 2, the original
separation was repeated exactly under the prescribed conditions. The main peak and the
minor peak were isolated as semipreparative. The resulting UV chromatogram with the
marked positions of the trapped fractions is shown in Figure 3. Figure 3isa UV
chromatogram of crude compound 5 using HPLC method 2; 125x4mm Purospher STAR
C18 5um AG; LMA:H20 pH 2.6mit H;PO4; LMB:ACN; 30%B-10-35%-30-60%-1-
90%(9); 1 mL/min; 35°C; UVA=200nm; ohne MS; 25 mL. Subsequently, the isolated
fractions were separately analyzed with the newly developed UPLC/MS method. For the
evaluation of the accurate ion trace of the quasimolecular ion [2M+NH4] at
850.61914+3ppm was used. The resulting chromatograms of the main peak fraction, the
minor peak fraction and of the two samples are shown in Figure 4 (A-D). The MS studies
showed that the two peaks generated by quality control method 2 at RT 27.457 min and at
RT 28.078 min are two isomers with the formula CpgHygO4. This formula is consistent
with the structure proposed for the E/Z isomers. Thus, the development of the UPLC-MS
method has shown that the E/Z isomers of 3a-hydroxy-ethyliden-7-keto-53-cholic-24
acid are chromatographically separable with high resolution. The accurate MS data from
the FR-ICR mass spectrometer are consistent with the structure proposed for the E/Z
isomers. For both isomers, the same formula CyeH40O4 was derived.

Due to the semi-preparative isolation of the E/Z-isomer peaks with HPLC method
2 and subsequent identification with the UPLC-MS method we can show that the two
peaks generated by the quality control method 2 (RT 27.457 minutes and RT 28.078
minutes, see figure 1) are the two isomers with the formula CysH49O4. This formula is
consistent with the structure proposal of the E/Z-isomers. In conjunction with the NMR
results described below the following assignments were obtained: RT 27.457 minutes

belongs to the E-isomer and RT 28.078 minutes to the Z-isomer.
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7-keto-53-cholic-24 acid are shown below. Shifts were estimated according to “L.

Bettarello et al., Il Farmaco 55 (2000), 51-55 (substance 3a-hydroxy-7-keto-53-cholan-

24-oic acid).

Table F: 'H Shift Assignment ('H-NMR, 500 MHz, 303K, CD;0D)

Chemical shift [ppm]

Intensity [H] Multiplicity Assignment

6.10 1 Q 25
3.61 1 M 3

2.69 1 DD 5

2.28 2 DT 23
1.72 3 D 26
1.05 3 S 19
0.99 3 D 21
0,70 3 S 18

Table G: "*C Shift Assignment (*C-NMR, 125 MHz, 303K, CD;0D)
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Chemical shift [ppm] Multiplicity Assignment

207.5 S 7
178.1 S 24
145.3 S 6
130.4 D 25
71.0 D 3
56.0 S 17
52.0 and 50.1 D each 8 and 14
46.9 D 5
447 S 13
407 D 9
40.3 T 12*
38.3 T 4*
36.5 D 20
35.8 S 10
35.4 T 1
32.3and 32.0 T each 22 and 23
30.5 T 2*
294 T 16*
27.0 T 15*
232 Q 19
224 T 11
18.9 Q 21
12.7 Q 26
125 Q 18

S = singlet

D = doublet

T = triplet

Q = quartet

M = multiplet

EXAMPLE 3: Characterization of crystalline obeticholic acid Form C

Full solid-state characterization of the product from step 6 of Scheme 1 and

Example 1 showed that the obeticholic acid is crystalline. This crystalline form is labeled

Form C. Below is a table that summarizes the characterization of crystalline obeticholic

acid Form C:

Table G: Summary of Crystalline Obeticholic Acid Form C Characteristics

Technique Crystalline Obeticholic Acid Form C

appearance White powder

NMR Consistent with supplied structure ca. 3.5% w/w
heptane

XRPD Crystalline
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TGA Weight losses between r.t. to 85 °C (0.4%) and 85-
115°C (4.1%)

DSC Endotherm with onset of 97.9 °C

GVS Slightly hygroscopic, 1.2 % water uptake at 90% RH

Karl Fisher Water Determination | 1.5 % w/w

Stability at 40 °C/75% RH No change in form or crystallinity

Thermal Analysis

DSC (Differential Scanning Calorimetry) data were collected on a Mettler DSC
823e equipped with a 34 position auto-sampler. The instrument was calibrated for energy
and temperature using certified indium. Typically 0.5-1 mg of each sample, in a pin-holed
aluminium pan, was heated at 10 °C-min™ from 25 °C to 350 °C. A nitrogen purge at 50
ml-min”" was maintained over the sample. The instrument control and data analysis
software was STARe v 9.20.

TGA (Thermo-Gravimetric Analysis) data were collected on a Mettler
TGA/SDTA 851e equipped with a 34 position auto-sampler. The instrument was
temperature calibrated using certified indium. Typically 5-10 mg of each sample was
loaded onto a pre-weighed aluminium crucible and was heated at 10 °C'min” from
ambient temperature to 300 °C. A nitrogen purge at 50 ml-min” was maintained over the
sample. The instrument control and data analysis software was STARe v 9.20.

Two weight loss steps were observed by TGA of crystalline obeticholic acid Form
C. The first took place between room temperature (r.t.) and 85 °C (0.41 %) and the
second occurred between 85 °C-115 °C (4.10 %). The first weight loss step can be
attributed to water loss with the second step being attributed to the loss of the remaining
water (water responsible for around 1.2 % weight loss) and the loss of bound heptane (ca.
3.4 % weight loss). Crystalline obeticholic acid Form C contained between 0.15 and 0.2
moles solvent (heptane) and ca. 1.5 % w/w (0.3 moles). The DSC thermogram of
crystalline obeticholic acid Form C contained one endotherm. This was fairly sharp and
had an onset of around 98 °C. See Figure 6. Different solvents would have different
boiling points and therefore would evaporate at different temperatures within the DSC

and TGA experiments.

X-Ray Powder Diffraction (XRPD) Analysis
Bruker AXS C2 GADDS
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X-Ray Powder Diffraction patterns were collected on a Bruker AXS C2 GADDS
diffractometer using Cu Ka radiation (40 kV, 40 mA), automated XYZ stage, laser video
microscope for auto sample positioning and a HiStar 2-dimensional area detector. X-ray
optics consisted of a single Gobel multilayer mirror coupled with a pinhole collimator of
0.3 mm. A weekly performance check was carried out using a certified standard NIST
1976 Corundum (flat plate).

The beam divergence, i.e. the effective size of the X-ray beam on the sample, was
approximately 4 mm. A 8-6 continuous scan mode was employed with a sample - detector
distance of 20 cm which gives an effective 20 range of 3.2 °—29.7 °. Typically the
sample was exposed to the X-ray beam for 120 seconds. The software used for data
collection was GADDS for WNT 4.1.16 and the data were analyzed and presented using
Diffrac Plus EVA v 9.0.0.2 or v 13.0.0.2.

Ambient conditions: Samples run under ambient conditions were prepared as flat
plate specimens using powder as received without grinding. Approximately 1-2 mg of the
sample was lightly pressed on a glass slide to obtain a flat surface.

Non-ambient conditions: Samples run under non-ambient conditions were
mounted on a silicon wafer with heat-conducting compound. The sample was then heated
to the appropriate temperature at ca. 10 °C-min” and subsequently held isothermally for

ca. 1 minute before data collection was initiated.

Bruker AXS/Siemens D5000
X-Ray Powder Diffraction patterns were collected on a Siemens D5000
diffractometer using Cu Ka radiation (40 kV, 40 mA), 6-6 goniometer, divergence of V20
and receiving slits, a graphite secondary monochromator and a scintillation counter. The
instrument is performance checked using a certified Corundum standard (NIST 1976).
The software used for data collection was Diffrac Plus XRD Commander v2.3.1 and the
data were analyzed and presented using Diffrac Plus EVA v 11,0.0.2 or v 13.0.0.2.
Samples were run under ambient conditions as flat plate specimens using powder
as received. Approximately 20 mg of the sample was gently packed into a cavity cut into
polished, zero-background (510) silicon wafer. The sample was rotated in its own plane
during analysis. The details of the data collection are:
» Angular range: 2 to 42 °28
* Step size: 0.05 °28
« Collection time: 4 s-step”’
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Bruker AXS D8 Advance

X-Ray Powder Diffraction patterns were collected on a Bruker D8 diffractometer
using Cu Ka. radiation (40 kV, 40 mA), 6-26 goniometer, and divergence of V4 and
receiving slits, a Ge monochromator and a Lynxeye detector. The instrument is
performance checked using a certified Corundum standard (NIST 1976). The software
used for data collection was Diffrac Plus XRD Commander v 2.5.0 and the data were
analyzed and presented using Diffrac Plus EVA v 11.0.0.2 orv 13.0.0.2.

Samples were run under ambient conditions as flat plate specimens using powder
as received. Approximately 5 mg of the sample was gently packed into a cavity cut into
polished, zero-background (510) silicon wafer. The sample was rotated in its own plane
during analysis. The details of the data collection are:

* Angular range: 2 to 42 °26
» Step size: 0.05 °26

« Collection time: 0.5 s-step™

XRPD showed the powder of isolated from step 6 of the process of the invention
was collected on Bruker AXS D8 Advance. See Figure 5. The corresponding data for the
X-ray diffractogram is presented in the table below.The software used for data collection
was Diffrac Plus XRD Commander v2.6.1 and the data were analysed and presented
using Diffrac Plus EVA v13.0.0.2 or v15.0.0.0. Samples were run under ambient
conditions as flat plate specimens using powder as received. The sample was gently
packed into a cavity cut into polished, zero-background (510) silicon wafer. The sample
was rotated in its own plane during analysis. The details of the data collection are:

» Angular range: 2 to 42 °20
» Step size: 0.05 °26
« Collection time: 0.5 s-step”’

Table H: X-ray Diffractogram Data of Crystalline Obeticholic Acid Form C

peak | Angle 2-Theta (deg) | d value (Angstrom)
1 4.2 21.0203

2 6.35 13.90839

3 8.298 10.64718

4 9.5 9.30229

5 11.05 8.00042

6 12.246 7.22192

7 12.498 7.07692

8 12.647 6.99367
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9 15.497 5.71337
10 15.843 5.5895

11 15.998 5.53561
12 16.346 5.41836
13 16.695 5.30601
14 16.996 5.21251
15 17.849 4.96547
16 18.593 4.76844
17 18.798 4.71689
18 19.047 4.65579
19 20.493 4.33041
20 20.894 4.24808

VT-XRPD (Variable Temperature-X-ray Diffraction) revealed that the endotherm
seen in the DSC thermogram corresponded to the desolvation of the sample as no form
changés were observed on heating. A temperature difference exists between the DSC and
the VT-XRPD data as the VT-XRPD experiment was carried out in a large space with the
sample exposed whereas the DSC experiment was carried out in a confined, closed space.
This difference is around 20 °C and explains why the sample melted at a much lower
temperature in the DSC experiment and the sample still appears crystalline at 110 °C in
the VT-XRPD experiment. VT-XRPD shows that drying of the solvent from the material
resulted in loss of crystallinity which is consistent with the material being in a solvated

form. See Figure 7.

Gravimetric Vapour Sorption (GVS)

Sorption isotherms were obtained using a SMS DVS Intrinsic moisture sorption
analyzer, controlled by DVS Intrinsic Control software v 1.0.0.30. The sample
temperature was maintained at 25 °C by the instrument controls. The humidity was
controlled by mixing streams of dry and wet nitrogen, with a total flow rate of 200
ml-min™". The relative humidity was measured by a calibrated Rotronic probe (dynamic
range of 1.0-100% RH), located near the sample. The weight change, (mass relaxation) of
the sample as a function of % RH (relative humidity) was constantly monitored by the
microbalance (accuracy £0.005 mg).

5 to 20 mg of sample was placed in a tared mesh stainless steel basket under
ambient conditions. The sample was loaded and unloaded at 40% RH and 25 °C (typical
room conditions). A moisture sorption isotherm was performed as outlined below (2
scans giving 1 complete cycle). The standard isotherm was performed at 25 °C at 10 %
RH intervals over a 0.5-90 % RH range. Data analysis was undertaken in Microsoft Excel
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using DVS Analysis Suite v6.0.0.7. Method Parameters for SMS DVS Intrinsic

Experiments are as follows:

Parameters Values
Adsorption - Scan 1 40 -90 %
Desorption / Adsorption - Scan2 | 90-0,0-40 %
Intervals (% RH) 10

Number of Scans 2

Flow rate (mI'min’) 200
Temperature (°C) 25

Stability (°C'min™) 0.2

Sorption Time (hours) 6 hour time out

The sample was recovered after completion of the isotherm and re-analyzed by XRPD.

Analysis of crystalline obeticholic acid Form C showed that the sample was
slightly hygroscopic as a mass increase of 1.18% was noted between 0-90% RH. This
uptake of water was steady throughout the analysis and equilibrium was reached for all
steps. The hysteresis of the curve was small indicating that the sample readily lost the
water it had taken up. XRPD analysis after the GVS analysis showed that the sample was
unchanged. See Figures 8A, 8B, and 8C.

Water Determination by Karl Fischer Titration (KF)

The water content of each sample was measured on a Mettler Toledo DL39
Coulometer using Hydranal Coulomat AG reagent and an argon purge. Weighed solid
samples were introduced into the vessel on a platinum TGA pan which was connected to
a subaseal to avoid water ingress. Approx 10 mg of sample was used per titration and
duplicate determinations were made.

Karl Fischer analysis showed that crystalline obeticholic acid Form C contained

1.5% water which corresponds to about 0.3 moles water.

One Week Stability at 40 °C and 75% RH

The stability of obeticholic acid at 40 °C and 75% RH (relative humidity) was
determined as follows. A sample of obeticholic acid was stored in a humidity chamber for
one week at 40 °C/75 % RH. The sample was re-analyzed by XRPD and was found to

have been unchanged.
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The solid state study has shown that the presence of a relatively large amount of

organic solvent is required to crystallize obeticholic acid Form C. It is highly unlikely

that a sample of obeticholic acid Form 1 will spontaneously crystallize to form crystalline

obeticholic acid Form C on storage.

EXAMPLE 4: Obeticholic Acid Tablet formulation

The table below shows the quantitative composition of obeticholic acid tablets. The 5 mg,

10 mg, and 25 mg formulations have been used as phase 3 clinical trial material.

Table I: Film Coated Tablet

Film Coated Tablet
Component Quantity per Tablet Function R;i;;e;:: dto
1 mg tablet
Obeticholic acid 1.0 mg* API HSE
Microcrystalline cellulose 185.0 mg* Filler/Binder USP-NF/EP/JP
Sodium starch glycolate 120mg Disintegrant USP-NF/EP/JP
Magnesium stearate 2.0 mg Lubricant USP-NF/EP/JP
Opadry® II green or white 8.0 mg Coating Material HSE
Total weight 208.0 mg
5 mg tablet
Obeticholic acid 5.0 mg* API HSE
Microcrystalline cellulose 181.0 mg* Filler/Binder USP-NF/EP/JP
Sodium starch glycolate 12.0 mg Disintegrant USP-NF/EP/JP
Magnesium stearate 2.0 mg Lubricant USP-NF/EP/JP
Opadry® II green or white 8.0 mg Coating Material HSE
Total weight 208.0 mg
10 mg tablet
Obeticholic acid 10.0 mg* API HSE
Microcrystalline cellulose 176.0 mg* Filler/Binder USP-NF/EP/IP
Sodium starch glycolate 12.0 mg Disintegrant USP-NF/EP/IP
Magnesium stearate 2.0mg Lubricant USP-NF/EP/JP
Opadry® II green or white 8.0mg Coating Material HSE
Total weight 208.0 mg
25 mg tablet
Obeticholic acid 25.0 mg* API HSE
Microcrystalline cellulose 157.0 mg* Filler/Binder USP-NF/EP/JP
Sodium starch glycolate 12.0 mg Disintegrant USP-NF/EP/JP
Magnesium stearate 2.0mg Lubricant USP-NF/EP/JP
Collodial silicon dioxide 4.0 mg Glidant USP-NF/EP/JP
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Opadry® II green or white 8.0 mg Coating Material HSE

Total weight 208.0 mg

APIL: Active pharmaceutical ingredient

HSE = In house specification

USP-NF = US Pharmacopeia National Formulary

Ph Eur = European Pharmacopeia

JP =Japanese Pharmacopeia

* obeticholic acid quantity presented assumes API is anhydrous and 100% pure; actual amount is adjusted based on the
potency of the drug substance Lot used, and amount of microcrystalline cellulose is correspondingly decreased.

EXAMPLE 5: Characterization of Obeticholic Acid Form 1

Obeticholic acid Form 1 refers to the non-crystalline form of obeticholic acid.
This form of obeticholic acid can be produced via a crystalline obeticholic acidasa
synthetic intermediate. Obeticholic acid Form 1 can be used as the pharmaceutically
active ingredient. Obeticholic acid Form 1 was characterized and analyzed as follows.

Batch 1 of obeticholic acid form 1 was characterized using the following
techniques: assessment by X-ray powder diffraction (XPRD) for crystallinity, 'H and *C
nuclear magnetic resonance (NMR), Fourier transform infrared spectroscopy (FT-IR),
optical assessment (e.g., particle shape/size), thermal properties (e.g., differential
scanning calorimetry (DSC) and thermo-gravimetric analysis (TGA)), water
determination by Karl Fischer (KF), storage at 40°C and 75 %RH and reanalysis after 2
weeks by XRPD, pKa by potentiometric method, Log P/D (octanol/water) by
potentiometry, and stability to moisture using gravimetric vapour sorption (GVS; e.g.,
complete sorption-desorption cycle with analysis of solid collected by XRPD). Five other
batches (e.g., batch 2, 3, 4, 5, and 6) of obeticholic acid Form 1 were also characterized
and compared using the following techniques: assessment by XRPD and comparison to
main batch 1 pattern, 'H and '°C NMR, FT-IR, optical assessment (e.g., particle
shape/size), thermal properties (e.g., DSC, TGA, and hot-stage microscopy), and water
determination by KF.

X-Ray Powder Diffraction (XRPD) Analysis
X-Ray Powder Diffraction patterns were collected on a Bruker AXS C2 GADDS

diffractometer using Cu Ka radiation (40 kV, 40 mA), automated XYZ stage, laser video
microscope for auto-sample positioning and a HiStar 2-dimensional area detector. X-ray
optics consists of a single Gobel multilayer mirror coupled with a pinhole collimator of

0.3 mm. The beam divergence, i.e. the effective size of the X-ray beam on the sample,
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was approximately 4 mm. A 6-6 continuous scan mode was employed with a sample —
detector distance of 20 cm which gives an effective 26 range of 3.2 °— 29.7 °. Typically
the sample was exposed to the X-ray beam for 120 seconds. The software used for data
collection was GADDS for WNT 4.1.16 and the data were analyzed and presented using
Diffrac Plus EVA v 9.0.0.2 or v 13.0.0.2.

Samples run under ambient conditions were prepared as flat plate specimens using
powder as received without grinding. Approximately 1-2 mg of the sample was lightly
pressed on a silicon wafer to obtain a flat surface. The diffractograms show that

obeticholic acid Form 1 is non-crystalline (See, Figure 10 and Figure 11).

NMR Characterization

NMR spectra were collected on a Bruker 400 MHz instrument equipped with an
auto-sampler and controlled by a DRX400 console. Automated experiments were
acquired using ICONNMR v4.0.4 (build 1) running with Topspin v 1.3 (patch level 8)
using the standard Bruker loaded experiments. For non-routine spectroscopy, data were
acquired through the use of Topspin alone. Samples were prepared in d6-DMSO, unless
otherwise stated. Off-line analysis was carried out using ACD SpecManager v 9.09 (build
7703).

Figure 12 shows the 'H NMR spectrum for batch 1. 'H NMR spectra of batches 2-
6 were also recorded and compared with the spectrum of batch 1. See Figure 13. The
spectra are all similar, but with varying amounts of water. Some differences are noted in
the integration of the large group of protons between 0.75 ppm and 2 ppm, where peaks
overlap and cannot be integrated separately. Table J shows the total number of protons
integrated in

the spectra of batches 1-6, taking into account the variation in the 0.75 — 2 ppm region.

Table ]
Batch number | Number of H by integration
(excluding COOH)

1 43

2 42

3 40

4 41

5 42

6 41-42
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The carboxylic acid proton has been excluded, so the number of protons should be
43, but it actually varies from 40 to 43 between the 6 spectra. However, the area where
the variation comes from (0.75-2 ppm) is quite wide, and due to the quality of the
baseline, this
integration cannot be relied upon.

As the spectrum could not be fully assigned and the integration varied, a >C NMR
spectrum of batch 2 was recorded. Figure 14 shows the DEPTQ spectrum, where CH, and
quaternary carbons peaks point up, while CH; and CH groups point down. There are
thirteen peaks pointing down, which correspond to nine CHs and four CH; groups. This is
consistent with the structure. The peak of the carbon of the carboxylic acid was seen at
175 ppm. It has been excluded from this expanded view for clarity of the area of interest.
However, there are only eleven peaks pointing up, whereas there should be twelve, as
there are ten CH, groups and two quaternary carbons in the molecule (excluding the
carbonyl). One carbon appears to be overlapping with another signal. Therefore, a
DEPT135 spectrum was collected, suppressing the quaternary carbon signals, which
could show whether the overlapping signal is quaternary. See Figure 15. A comparison of
the DEPT135 spectrum with the DEPTQ spectrum shows that one peak (at 42.5 ppm)
disappears. There are two quaternary carbons in the molecule, which should correspond
to two peaks disappearing. Therefore the overlapping carbon signal is a quaternary one.

Further, an experiment to determine the relaxation time of the carbons was carried
out to determine where the missing quaternary carbon signal is overlapping with another
carbon signal. See Figure 16. This °C spectrum contains peaks that were integrated. This
showed that peak at 32.3 ppm accounts for two carbons. See Figure 17 for an expanded
view of the peak at 32.3 ppm. Thus, twenty-six carbons are now accounted for by

integrations (including the carboxylic acid), which is consistent with the structure.

FT-IR by ATR

Data were collected on a Perkin-Elmer Spectrum One fitted with a Universal ATR
sampling_accessory. The data were collected and analyzed using Spectrum v5.0.1

software. See Figure 18.

Thermal Analysis by Differential Scanning Calorimetry (DSC) and Thermo-Gravimetric
Analysis (TGA)
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DSC data were collected on a TA Instruments Q2000 equipped with a 50 position
autosampler. The instrument was calibrated for energy and temperature calibration using
certified indium. Typically 0.5-3 mg of each sample, in a pin-holed aluminium pan, was
heated at 10 °C.min™ from 25 °C to 300 °C. A nitrogen purge at 50 ml.min" was
maintained over the sample. The instrument control software was Advantage for Q Series
v2.8.0.392 and Thermal Advantage v4.8.3 and the data were analyzed using Universal
Analysis v4.3A. For modulated DSC, the sample was prepared as before, and the pan was
heated at 2 °C.min"' from 25 °C to 200 °C. Modulator conditions were an amplitude of
0.20 °C and a periodicity of 40 s. The sampling interval was 1 sec/pt.

TGA data were collected on a TA Instruments Q500 TGA, equipped with a 16
position autosampler. The instrument was temperature calibrated using certified Alumel.
Typically 5-10 mg of each sample was loaded onto a pre-tared platinum crucible and
aluminium DSC pan, and was heated at 10 °C.min"' from ambient temperature to 350 °C.
A nitrogen purge at 60 ml.min"' was maintained over the sample. The instrument control
software was Advantage for Q Series v2.8.0.392 and Thermal Advantage v4.8.3.

Thermal analysis of batch 1 was performed by DSC and TGA. The TGA trace
(see Figure 19) shows a weight loss of 1.7% between ambient temperature and 121 °C,
which is likely to be loss of water. The DSC trace (see Figure 19) shows a broad low
temperature endotherm, probably corresponding to the loss of water, followed by a small
endotherm with onset at 94 °C.

This second endotherm might indicate a glass transition and was further
investigated by modulated DSC (see Figure 20). This technique enables reversible events,
such as a glass transition, to be separated from irreversible ones, such as loss of solvent or
a melt of a crystalline form. The reversible heat flow trace in modulated DSC shows the
glass transition as a step with an inflexion point (Tg) at 95 °C. This is high for a glass
transition and suggests that Form 1 is stable. The small endotherm with onset at 89 °C on
the non-reversible heat flow trace corresponds to molecular relaxation of the bulk
material at the glass transition temperature.

The DSC trace (see Figure 19) shows decomposition starting around 220 °C,
which also corresponds to the TGA trace curving down.

The TGA traces of batches 1, 2, 3, 4, 5, and 6 are of similar shape (Figure 21).
The weight losses ﬁieasured between ambient and 120°C are shown in Table K. They are

consistent with the varying amounts of water observed by NMR. These amounts were
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further quantified by Karl Fischer (KF) water titration. See water determination by FK.
Table K: Summary of TGA weight losses of received samples

Batch number | Weight loss by TGA
] 1.7%
2 0.6%
3 1.2%
4 0.9%
5 1.5%
6 1.6%

Figure 22 shows the DSC traces of the six batches for comparison. The traces are
similar, with a broad low temperature endotherm of varying size, consistent with varying
amounts of water, followed by a small endotherm around the glass transition temperature
as seen in section DSC and TGA. The results are summarized in Table L.

Table L: Summary of DSC results of received samples

Batch 1* endotherm, broad 2" endotherm, small | Start of
number decomposition
1 28.3J/g, Tmax = 64°C | 1.2]/g, Tonset =94°C | 220°C

2 7.4)/g, Tmax =48°C 1.4)/g, Tonset =94°C | 220°C

3 none 2.0J/g, Tonset =89°C | 175°C

4 14.5)/g, Tmax = 58°C | 1.3)/g, Tonset =94°C | 200°C

5 12.2)/g, Tmax = 59°C | 1.2]/g, Tonset =94°C | 175°C

6 28.7]/g, Tmax =59°C 1.5)/g, Tonset =94°C | 200°C

Polarized Light Microscopy (PLM)

Samples were studied on a Leica LM/DM polarized light microscope with a
digital video camera for image capture. A small amount of each sample was placed on a
glass slide, mounted in silicone oil and covered with a glass slip, the individual particles
being separated as well as possible. The sample was viewed with appropriate
magnification and partially polarized light, coupled to a A false-color filter.

Figures 23A-23F show that batches 1, 2, 3, 4, 5, and 6 are material made up of
large hard agglomerates of small irregular particles. Batches 1, 2, 3, 4, 5, and 6 all look
similar. No birefringence was observed under plane polarized light, which is consistent
with the material being non-crystalline. Particle size ranges from less than 1um to 3 um.
The small size of these particles suggests that they have been precipitated out very

quickly.

Gravimetric Vapour Sorption (GVS)
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Sorption isotherms were obtained using a SMS DVS Intrinsic moisture sorption
analyzer, controlled by SMS Analysis Suite software. The sample temperature was
maintained at 25 °C by the instrument controls. The humidity was controlled by mixing
streams of dry and wet nitrogen, with a total flow rate of 200 ml.min™'. The relative
humidity was measured by a calibrated Rotronic probe (dynamic range of 1.0-100 %
RH), located near the sample. The weight change, (mass relaxation) of the sample as a
function of %RH was constantly monitored by the microbalance (accuracy £ 0.005 mg).

Typically 5-20 mg of sample was placed in a tared mesh stainless steel basket
under ambient conditions. The sample was loaded and unloaded at 40% RH and 25 °C
(typical room conditions). A moisture sorption isotherm was performed as outlined below
(2 scans giving 1 complete cycle). The standard isotherm was performed at 25 °C at 10%
RH intervals over a 0.5-90 %RH range.

Table M
Parameters Values
Adsorption - Scan | 40 - 90
Desorption / Adsorption - Scan 2 | 85 - Dry. Dry - 40
Intervals (%RH) 10
Number of Scans 2
Flow rate (ml.min™) 200
Temperature (°C) 25
Stability ("*C.min™") 0.2
Sorption Time {(hours) 6 hour time out

The Gravimetric Vapour Sorption (GVS) isotherm was obtained for batch 1 at 25
°C and is shown in Figure 24. The sample appears to be moderately hygroscopic, with a
total weight change of 3.8% from 0 to 90% relative humidity (RH). The hysteresis (area
between adsorption and desorption curves) is small, indicating that the solid releases quite
readily the water adsorbed. No formation of hydrate is observed. There was no significant
weight change after the whole experiment (0.3%).

The kinetics plot of the GVS (Figure 25) shows that the adsorption of the water
occurred mostly at very high humidities and the desorption at very low humidities. On the
adsorption phase, the sample reached equilibrium quite quickly up to 80% RH and took
longer to equilibrate at 90% RH. On desorption, the mass stabilized at all steps.

After completion of the GVS, the sample was recovered and reanalyzed by

XRPD, which showed that the material was still non-crystalline (Figure 26).

Water Determination by Karl Fischer (KF)
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The water content of each sample was measured on a Mettler Toledo DL39
Coulometer using Hydranal Coulomat AG reagent and an argon purge. Weighed solid
samples were introduced into the vessel on a platinum TGA pan, which was connected to
a subaseal to avoid water ingress. Approximately 10 mg of sample was used per titration
and duplicate determinations were made.

Titration of water by coulometric Karl Fischer gave a result of 2.4 wt% water.
This is slightly higher than the weight loss observed by TGA. It could mean that some of
the water is not released from the material on heating, but it is likely to be due to the
different experimental procedures for these two techniques.

The water content of each batch was determined by coulometric Karl Fischer.
Table N shows these results and compares them with earlier Karl Fischer results obtained
and with the weight losses observed by TGA. Data are consistent as the trend is the same
in all three analyses. The Karl Fischer data obtained earlier show lower amounts of water
than the results obtained here. This is consistent with the material being hygroscopic,
although some samples have taken up more water than others. TGA weight loss is
consistently lower than the results obtained by Karl Fischer titration, which might mean
that some water stays trapped in the material and is not released on heating but might also
be due to the experimental procedure.

Table N: Karl Fischer (KF) results and summary of water content data

Batch number | KF water content | Earlier KF results | TGA weight loss
1 2.4% 2.1% 1.7%
2 1.9% 0.4% 0.6%
3 2.5% 1.4% 1.2%
4 2.2% 0.92% 0.9%
5 2.3% 0.53% 1.5%
6 2.8% 2.1% 1.6%

pKa Determination and Prediction

pKa determination data were collected on a Sirius GlpKa instrument with a D-
PAS attachment. Measurements were made at 25 °C in aqueous solution by UV and in
methanol water mixtures by potentiometry. The titration media was ionic-strength
adjusted (ISA) with 0.15 M KCI (aq). The values found in the methanol water mixtures

were corrected to 0 % co-solvent via a Yasuda-Shedlovsky extrapolation. The data were
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refined using Refinement Pro software v1.0. Prediction of pKa values was made using

ACD pKa prediction software v9.

HgG,

O Acidic

Predicted : 4.76
Measured(Pot): 4.82
Using ACD (v11)

The pKa of obeticholic acid was measured by potentiometry using methanol as a
cosolvent (Figure 27) and extrapolated to 0% co-solvent using a Yasuda-Shedlovsky
extrapolation (Figure 28). The pKa enables determination of the proportion of the neutral
and the ionized form of the compound at a given pH. Figure 29 shows the distribution of

10  the species depending on pH.

Log P Determination

Data were collected by potentiometric titration on a Sirius GlpKa instrument using
three ratios of octanol: ionic-strength adjusted (ISA) water to generate Log P, Log Pion,
15  and Log D values. The data were refined using Refinement Pro software v1.0. Prediction

of Log P values was made using ACD v9 and Syracuse KOWWIN v1.67 software.

Table O: Predicted and measured LogP

ACD (V9) Predicted LogP 5.81

Measured LogP 5.54

Measured LogPion 1.58

20 Measured LogD7.4 2.98

LogP was predicted using ACD software then measured by potentiometry. Three
titrations were performed at three different octanol / ISA water ratios, giving the
difference curve plotted in Figure 30. The black curve is the pure aqueous pKa titration

25  and the 3 colored curves correspond to the three octanol / ISA water ratios. The shifts in

pKa enable determination of LogP.
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The lipophilicity curve (logD as a function of pH) is shown in Figure 31. Log D is
the distribution coefficient, representing the combined lipophilicity of all species present
at a specific pH. LogP is a compound constant, which corresponds to the partition
coefficient of the pure neutral species, while LogPion is that of the pure ionized species.
LogP and LogPion can be determined from the lipophilicity curve, as the intersection of
the Y axis with respectively the tangent at the start of the pH scale (when the molecule is
purely in its neutral form) and the tangent at the end of the pH scale (when the molecule

is completely ionized).

Two Weeks Stability at 40°C & 75% RH and 25°C & 97% RH
A sample of batch 1 was stored at 40°C and 75% relative humidity (RH) in an

accelerated stability testing of the solid form. Another sample was stored at 25°C and
97% relative humidity to check the effect of very high humidity. Both samples were re-
analyzed by XRPD after five days and after two weeks. Both samples remained non-
crystalline under the two storage conditions for up to two weeks, showing that Form 1 is

stable to these conditions. See Figure 32 and Figure 33.

The six batches analyzed were all non-crystalline. The glass transition temperature
was measured at 95°C with a modulated DSC experiment. The six batches appeared very
similar with all analytical teéhniques used, the only difference between them being their
water content, which varied from 1.9% to 2.8% by Karl Fischer titration. Thermal
analysis showed the varying amount of water and indicated decomposition starting
around 175-220°C. Measured pKa was 4.82 and LogP is 5.54. Microscopic evaluation
showed large hard agglomerates of very small irregular particles.

Stability testing showed that the material was still non-crystalline after two weeks
under accelerated conditions (40°C / 75% RH) or under high humidity (25°C / 97% RH).
Gravimetric Vapour Sorption (GVS) analysis showed the material is only moderately
hygroscopic, with a total weight gain of 3.8% from 0 to 90% relative humidity (RH). No
hydrate formation was observed under GVS. The sample re-analyzed by XRPD after
GVS was still non-crystalline. The high glass transition temperature and the stability

testing results suggest that the non-crystalline form is stable.

EXAMPLE 6: Single Crystal X-ray Structure and Absolute Stereochemistry
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The single crystal X-ray structure of obeticholic acid was determined from a crystal
obtained from the recrystallization of obeticholic acid from an acetonitrile solution after
cooling to 5°C at 0.1°C/min followed by maturation at RT/50°C 8 h cycles for 1 week
(see Figure 34). The structure is consistent with Form G and a simulated XRPD pattern
has been generated as a reference pattern for this material. Form G can be prepared by

cooling a solution of obeticholic acid in e.g., acetonitrile.

The structure is orthorhombic, space group P2;2,2;, and contains one molecule of
obeticholic acid in the asymmetric unit. Final R1 [[>20(1)] = 3.22 %. The crystal
exhibited prism morphology of approximate dimensions 0.4 x 0.4 x 0.3mm. The absolute
stereochemistry of the molecule was determined as S at chiral centres C5, C9, C10 and
C14 and R at chiral centres C3, C6, C7, C8, C13, C17 and C22 with a Flack parameter = -
0.01 (13). For the inverted structure with chiral centres C5, C9, C10 and C14 in the R
configuration and chiral centres C3, C6, C7, C8, C13, C17 and C22 in the S

configuration, the Flack parameter = 1.01(13), confirming the assignation mentioned

above.

Overall, the structure had a strong data set and no disorder.
COOH

The software used to assign the stereochemistry (PLATON) determines the chiral
centre (C8) as an R stereocentre, whereas ACD software (and the Cahn-Ingold-Prelog)
assignment for (C8) is S. However, the assignment of the trans ring junction for B/C ring
system is absolutely defined from the crystal structure.

Determination of the absolute structure using Bayesian statistics on Bijvoet
differences, (Hooft et al., J. Appl. Cryst., (2008), 41, 96-103), reveals that the probability

of the absolute structure as presented being correct is 1.000, while the probabilities of the
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absolute structure being a racemic twin or false are 0.000 and 0.000 respectively. The
Flack equivalent and its uncertainty are calculated through this program to be -0.019(17).

The structure of obeticholic acid contains one 5 membered ring and 3 six
membered rings which are fused together. Conformational analysis on the 5 membered
ring (C13, C14, C15, C16 and C17)) reveals that the closest puckering descriptor for this
ring is a half-chair. Conformational analysis on the three 6 membered rings (C1, C2, C3,
C4, C5 and C10); (CS5, C6,C7,C8, C9 and C10) and (C 8, C9, C11, C12 C13 and C14)
reveals that the closest puckering descriptor for these rings is a chair.

Two unique intermolecular hydrogen bonds are observed in the crystal structure.
Each molecule of obeticholic acid forms a hydrogen bond to two different symmetry
related molecules of obeticholic acid, with the oxygens, O1 and O4, acting as donors to
the oxygens, O3 and O1 respectively, acting as acceptors, Ol— HIC---O3 [D---A =
2.7419(12)A] and 04— H4C---O1 [D---A = 2.6053(13)A (see Figure 35). These
interactions result in a complex 3 dimensional hydrogen bonded network. The final

Fourier difference map shows maximal and minimal electron densities of 0.402 and -

0.176 eA-3, respectively.
An overlay of the calculated XRPD pattern for the structure with the experimental
batches shows that the crystal is consistent with the bulk and is obeticholic acid Form G

(see Figure 36).

Table 1. Crystal data for obeticholic acid Form G

Crystallization solvents Acetonitrile
Crystallization method Maturation at RT/50°C
Empirical formula Ca6 Hag Oy

Formula weight 420.63

Temperature 100(2) K

Wavelength 1.54178 A

Crystal size 0.40x 0.40x 0.30 mm
Crystal habit Colourless Prism
Crystal system Orthorhombic

Space group P2:2,2,

Unit cell dimensions a=8.72510(10) A a=90°

b=12.69860(10) A B =90°
¢ =22.5408(2) A ¥ =90°
Volume 2497.44(4) A3
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Z

Density (calculated)
Absorption coefficient
F(000)

PCT/US2013/046150

4

1.119 Mg/m3
0.574 mm-!
928

Table 2. Data collection and structure refinement for obeticholic acid Form G

Diffractometer
Radiation source
Data collection method
Theta range for data collection
Index ranges
Reflections collected
Independent reflections
Coverage of independent reflections
Variation in check reflections
Absorption correction
Max. and min. transmission
Structure solution technique
Structure solution program
Refinement technique
Refinement program
Function minimized
Data / restraints / parameters
Goodness-of-fit on F2
Alomax
Final R indices

5039 data; I>20(I)

all data
Weighting scheme

Absolute structure parameter
Largest diff. peak and hole

SuperNova, Dual, Cu at zero, Atlas
SuperNova (Cu) X-ray Source, CuKa.
omega scans

9.15to 74.49°
-10<h<10,-15<k<15,-28<1<26
50001

5073 [R(int) = 0.0220]

99.4 %

N/A

Semi-empirical from equivalents
1.00000 and 0.78605

direct

SHELXTL (Sheldrick, 2001)
Full-matrix least-squares on F2
SHELXTL (Sheldrick, 2001)
Sw(Fo-F2Y

5073/0/286

1.060

0.001

R1 =0.0320, wR2 = 0.0859

R1 =0.0322, wR2 = 0.0861

calc w=1/[6? (F,2)+( 0.0503P)*+0.5520P]
where P=(F,+2F /3

-0.01(13)

0.402 and -0.176 eA-3

Refinement summary of the structure is as follows:

Ordered Non-H atoms, XYZ
Ordered Non-H atoms, U

Freely refining

Anisotropic
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H atoms (on carbon), XYZ Idealized positions riding on attached atoms
H atoms (on carbon), U Appropriate multiple of U(eq) for bonded atom
H atoms (on heteroatoms), XYZ Freely refining

H atoms (on heteroatoms), U Isotropic

Disordered atoms, OCC No disorder
Disordered atoms, XYZ No disorder
Disordered atoms, U No disorder

Example 7: Bioavailability Difference Between Obeticholic Acid Form 1 (non-

crystalline) and Crystalline (Form F) Forms

The physical state of a solid obeticholic acid can play a role in the bioavailability
of the molecule when administered orally to a subject (e.g., rats). The study described
below was carried out to evaluate the plasma kinetics after a single oral administration
and the efficiency of the intestinal absorption and the pharmacokinetics of solid non-
crystalline and crystalline forms of obeticholic acid. The profiles of obeticholic acid
plasma concentration vs time, the tmax Cmax and AUC after administration of obeticholic
acid Form 1 (non-crystalline) or Form F were compared (see Figures 37-38)

Obeticholic acid Form 1 (non-crystalline) and Form F were administered to rats
and in each animal blood was collected at different period of times for at least 3 hours.

Six animals were studied for each form of obeticholic acid.

Experimental protocol:

The test substance used was obeticholic acid Form 1 (non-crystalline) and
crystalline Form F. Form F can be prepared by maturation from acetonitrile or
nitromethane. The formulation was prepared as a suspension in water at pH 4. The study
model is adult male Sprague Dawley rats about 225 to about 250 g (Harlan Laboratories).
Six animals were used per dosage route. The dosage is PO 20 mg/kg/5 mL. The animals
were fasted overnight before treatment with the formulation of obeticholic acid. Oral
administration was performed by gastric gavage.

On day one animals were be fitted with a cannula implanted in the left jugular
vein (SOP VIVO/SAF6), anaesthesia was obtained by Isoflurane. The experiment was
started after one day of recovery from surgery. About 500 nL of blood (250uL of plasma)

was taken via cannula in an heparinised syringe (Na Heparin) and collected immediately
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in microtubes in an ice/water bath. Within 1 hour, samples were centrifuged at 10000xg
for 5 minutes at 4 °C. Plasma was immediately transferred in microtubes and stored at —
20 °C. Samples of blood were collected 30 minutes, 1 hour, 1.3 hour, 2 hours, and 3 hour
post-dose. Plasma samples were analyzed using the HPLC-ES/MS/MS quantitative
method. Pharmacokinetics study was preformed using non-compartmental methods.
Results:

The mean plasma concentrations of obeticholic after 20 mg/Kg b.w oral single
dose administration of the two solid forms are reported in Figure 37. Values are the mean
of six set of experiments for each formulation. The standard deviations are reported in the
graph.

After administration of the crystalline form the Cmax is achieved after 1.5 hours and the
plasma obeticholic acid concentration follows a regular kinetics with one maximum value
and after 3 hours the dose is almost half of the Cmax.

The kinetics profile after the administration of obeticholic acid Form 1 (non-
crystalline) Form 1 is different from that of the crystalline Form F. An early plasma
concentration peak is obtained after 30 minutes and a second one after 2 hours. The
variability of the data in the 6 rats is very low and this behaviour is statistically different
from that of the crystalline form. The AUC for the three hours studied is higher for the
crystalline form. The kinetics suggest that the obeticholic acid is still present in plasma
after 3 hours. It has previously been demonstrated that the passage of obeticholic acid
through the liver produce the hepatic metabolite tauro conjugate, which is secreted into
bile and accumulate in the enterohepatic circulation. Thus, the measurement of the tauro
conjugate can be used to determine the passage of the amount of obeticholic acid through
the liver. The rate of tauro conjugate formation is reported in Figure 38, which shows
that the tauro conjugate formation is faster and a higher concentration is achieved after

administration of the crystalline form.

Melting point and glass transition

The melting point of obeticholic acid Form 1 (non-crystalline) Form 1 and
crystalline Form F were measured using a conventional method. The melting point of
Chenodeoxycholic acid and Ursodeoxycholic acid were measured as reference
compounds. Measurements have been performed in triplicate. For the crystalline form the

transition from the solid to liquid state is defined as melting temperature(T,) while for the
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non-crystalline form is defined as glass temperature transition (Tg), In the table are

reported the measured values expressed in both Celsius °C and Kelvin °K.

Table 3: Melting points of obeticholic acid (Form 1 and Form F) and CDCA and
5 UDCA

Experimental data Literature data
Compound Tm (°C) T4(°C) | Tm(°C) T4(°C)
119
CDCA 136-140 - 143 98
163
UDCA 203-207 - 203 105
Obeticholic | 120-124
acid 235237 | 012 ) )
Experimental data Literature data
Compound Tm (°K) Tg(CK) | To/Tm CK) | Tm(°K) | Tg(CK) | Tg/Tm (°K)
392
CDCA 409-413 - - 416 371 0,85
436
UDCA 476-480 - - 477 378 0,79
Obeticholic | 393-397
acid 508-510 381-385 0,75 - - 0,75

10  Results:

The values obtained for CDCA and UDCA agree with those previously reported,
where the melting point of UDCA is higher than that of CDCA. The transition glass
temperature Tg of Form 1 (102-112 °C) is lower than the melting point temperature Tm
of Form F (120-124 °C). This observed pattern agrees with previous reported data when
15  the two solid state forms are compared. Form F has an additional transition at a higher
temperature (235-237 °C).

The ratio between the highest meting point temperature and the glass transition
temperature expressed in Kelvin degree is quite similar to other drugs and other bile
acids. (J. Kerc et al. Thermochim. Acta, 1995 (248) 81-95).
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Differential scanning calorimetry analysis

Differential scanning calorimetry (DSC) analysis was carried out to better define
the melting points and the physical state of obeticholic acid crystalline and non-crystalline
forms. The instrument used was a Mettler Toledo DSC model 821e. Approximately 4-5
mg of each Form 1 and Form F were submitted to analysis. The compounds were exposed
to the temperature range of 30-300 °C at 10 °C/min heating rate.

Figure 39 shows the DSC curve obtained for obeticholic acid crystalline Form F.
One endothermic transition at 120.04 °C was detected corresponding to the melting point
of the compound. This result was confirmed also by hot stage microscopy (HSM); in the
range 30°-240 °C the solid-liquid transition observed was at 122-124 °C. In the DSC
trace, the peak shape and intensity obtained for Form F are in agreement with typical
behaviour showed by crystalline forms. However, the peak width is rather broad; this can
be due to not homogeneous crystals. Thermo gravimetric analysis (TGA) did not show
any weight loss in the 30-300 °C temperature range.

Figure 40 shows the DSC curve obtained for obeticholic acid non-crystalline
Form 1. One endothermic transition at 79.95 °C was observed. Peak shape and intensity
are in agreement with behaviour expected for non-crystalline compounds. For these
substances energy required for solid-liquid transition (glass transition) is less than for
crystalline compounds. The thermogram did not show any weight loss in the 30-300 °C

temperature range.

Water solubility

The water solubility of obeticholic acid Form 1 (non-crystalline) Form 1 and
crystalline Form F was measured following procedures known in the art. Briefly, the solid
was suspended in water at a low pH (HC1 0.1 mol/L) and left to equilibrate at 25 °C for
one week under slightly mixing. The saturate solution was filtered and the concentration

of the compound in solution measured by HPLC-ES-MS/MS.

Results:

Water solubility (umol/L)
Form 1 17.9
Form F 9.1
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Form 1 present a higher solubility 17.9 pmol/L vs. 9.1 pmol/L for Form F.

According to the bioavailability data of the obeticholic acid, crystalline Form F is
higher than the obeticholic acid Form 1 (non-crystalline). Despite an earlier plasma
concentration peak after administration of the Form 1, the plasma profiles show that the
Form F is absorbed more efficiently (higher AUC) and even the kinetics is more regular,
reflecting an optimal distribution of the drug in the intestinal content. Form 1 shows this
early peak then a later second one with a Cmax lower that than of Form F.

The water solubility of the Form 1 is higher than that of Form F. Form F appears
to be stable as the thermo gravimetric analysis (TGA) did not show any weight loss in the
temperature range studied.

According to these results, Form F when administered orally appears more
efficiently absorbed by the intestine and taken up by the liver. The rate of formation of
the main hepatic metabolite tauro conjugate is almost twice for Form F compared to Form
1, suggesting a more efficient transport and accumulation in the enterohepatic circulation

and the plasma concentration after 3 hours.

Example 8: Preparation of Radiolabelled Obeticholic Acid

Radiolabelled obeticholic acid was prepared according to the scheme below.

Scheme 5
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, O -, 0
OMe OMe
LDA, TMSCI
—_—
. THF, -78 °C
TMSO 0 TMSO" OTMS

Py
BF; OEt,
—_—
DCM-toluene .
HO'
2 0
1) Hy, Pd/C OH NaBH,
NaOH, H,0 NaOH
2) 100 °C H,0 ‘
HO™ y o 100°C  HoO“
/—*
5X [ethyl-1-*4CJobeticholic acid

*=14C

NMR spectra were recorded in CDC15 and MeOD-d4 solution in 5-mm o.d. tubes
(Norell, Inc. 507-HP) at 30 °C and were collected on Varian VNMRS-400 at 400 MHz
for 'H. The chemical shifts (8) are relative to tetramethylsilane (TMS = 0.00 ppm) and
5 expressed in ppm. LC-MS/MS was taken on Ion-trap Mass Spectrometer on Accela-
Thermo Finnigan LCQ Fleet operating EST (-) ionization mode. HPLC was taken on
Agilent 1200 series (Column: Xterra MS C8, 250 x 4.6 mm, 5 um, 40 °C) in line §-Ram.
Specific activity was taken on LSA (Liquid Scintillation Analyzer, Perkin Elmer, Tri-

Carb 2900TR).
10
Preparation of compound 2X
-, e} - O
OMe OMe
LDA, TMSCI
- THF, -78 °C
TMSO* 0 T™MSO™ OTMS
1X 2X
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To a solution of diisopropylamine (1.59 g, 15.8 mmol) in dry THF (6.0 mL) was
added n-BuLi (6.30 mL, 2.5 M, 15.8 mmol) at -20 °C. After stirring the reaction mixture
for 1 h at -20 °C, cooled to -78 °C and TMSC1 (1.72 g, 15.8 mmol) was added followed
by compound 1X (3.00 g, 6.29 mmol) in dry THF (6.0 mL). The reaction mixture was
stirred for 1 h at -78 °C, quenched by addition of NaHCOs and stirred for 30 min at room
temperature. The organic layer was separated and concentrated in vacuo to give the
compound 2X (3.29 g, 95%) and used for next step without further purification.

Preparation of compound 3X

z 0 @]
OMe /P\H
BF3 OEt,
DCM-toluene
TMSO™ OTMS
2X * = 140

3X

The [1-"*Clactaldehyde (330 mCi, 5.63 minol) (prepared from ['*C]BaCOs, SA
= 58.6 mCi/mmol) in toluene (1.0 mL) and acetaldehyde (130 mg, 2.95 mmol) in DCM
(2.0 mL) were mixed at -78 °C and then transferred to a solution of compound 2X (3.29
g, 6.00 mmol) in DCM (13.0 mL) followed by addition of BF3-OEt; (1.05 g, 7.40 mmol)
at -78 °C. After stirring for 1 h at -78 °C, the reaction mixture was allowed to warm up to
35 °C and stirred for 1 h at the above temperature. The reaction was quenched by addition
of water (10 mL), the aqueous layer was extracted with DCM, the combined organic layer
was dried over anhydrous Na,SQOy, filtered and concentrated in vacuo The residue was
purified by column chromatography on SiO, (Hexane: EtOAc = 5:1 to 3:1) to give the
compound 3X (102 mCi, 31%, SAW 37.0 mCi/mmol) as a white solid.
'H-NMR (CDC1s5, Varian, 400 MHz): 8 0.65 (3H, s); 0.93 (3H, d, J= 6.0 Hz), 1.01 (3H,
s), 1.06-1.49 (12H, m), 1.62-2.04 (7H, m), 1.69 (3H, d, J= 6.8 Hz), 2.18-2.28 (2H, m),
2.32-2.43 (2H, m), 2.58 (1H, dd, J=12.8, 4.0 Hz), 3.62-3.70 (1H, m), 3.67 (3H, s), 6.18
(1H, q, J= 6.8 Hz).

Preparation of compound 4X
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* 14C
3X 4X

To a solution of compound 3X (102 mCi, 2.75 mmol) in MeOH (6.0 mL) was

added NaOH (220 mg, 5.50 mmol) in H,O (3.0 mL) at room temperature. After stirring
the reaction mixture for 1 h at 45 °C, cooled to room temperature, MeOH was removed
under reduced pressure and diluted with H,O (12 mL). The aqueous layer was acidified
with H3POy, extracted with DCM and the organic layer was concentrated in vacuo. The
residue was suspended in Et,O and the precipitate was collected by filtration to give the
compound 4X (86.3 mCi, 85%) as a white solid.
'H-NMR (CDClI;, Varian, 400 MHz); 8 0.63 (3H, s), 0.92 (3H, d, J= 6.0 Hz), 0.99 (3H,
s), 1.04-1.50 (13H, m), 1.61-2.01 (7H, m), 1.67 (3H, d, J= 7.2 Hz), 2.21-2.28 (2H, m),
2.35-2.41 (2H, m), 2.56 (1H, dd, J= 12.8, 4.0 Hz), 3.58-3.69 (1H, m), 6.16 (1H, q,J= 7.2
Hz).

Preparation of compound 5X

2 0 2 0

1) Hy, Pd/C OH
NaOH, H,0

2) 100 °C

HO\" HO" b ¢}
/_*
* = 14
4X 5X ="C

The mixture of compound 4X (86.3 mCi, 2.35 mmol) and 5% - Pd/C (100 mg) in
ag. 0.5 M NaOH (10 mL, 5.0 mmol) was stirred for 10 h at room temperature under H,
atmosphere (balloon) and then stirred for 14 h at 100 °C. The catalyst was removed by
filtration, washed with water and the filtrate was acidified with H;PO,. The precipitates
was collected by filtration, the solid was dissolved in EtOAc, washed with brine, filtered
through a short pad of SiO; and concentrated in vacuo. The residual solid was

recrystallization with EtOAc to give the compound 5X (67.7 mCi, 78%) as a white solid.
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'"H-NMR (MeOD-d,, Varian, 400 MHz): 8 0.71 (311, s), 0.75-0.84 (1H, m), 0.81 (3H, ,

J =74 Hz),0.921.01 (14, m), 0.96 3H, d, J= 6.4 Hz), 1.06-1.38 (7H, m), 1.25 (3H, s),

1.41-1.96 (1211, m), 2.01-2.05 (1H, m), 2.11-2.24 (2H, m), 2.30-2.37 (1H, m), 2.50 (1 H,
t, J= 11.4 Hz), 2.80-2.85 (1H, m), 3.42-3.49 (1H, m).

Preparation of [ethyl-1-"*C]obeticholic acid

0
OH NaBH,
NaOH
H,0
HO™ -0 100°C  HO“ :
o ~
5x [ethyl-1-"4Clobeticholic acid v g

To a solution of compound 5X (67.7 mCi, 1.83 mmol) in ag. 2 M NaOH (4.50
mL, 9.00 mmol) was added a solution of NaBH, (416 mg, 11.0 mmol) in 1120 (2.0 ml) at
80 °C. After stirring the reaction mixture for 2 h at 100 °C, water (6.0 mL) was added at
room temperature and acidified with H;PO4. The aqueous layer was extracted with DCM,
dried over anhydrous Na,SQy, filtered through a short pad of SiO, and concentrated in
vacuo, The residue was purified by column chromatography on SiO, (Hexane:EtOAc =
1:1 to 1:3) to give the product (44.0 mCi, 65%) as a white solid. The product (44.0 mCi,
1.19 mmol) and obeticholic acid (120 mg, 0.285 mmol) were dissolved in EtOAc (4 mL),
the solution was stirred for 2 h at 50 °C and then concentrated in vacuo. The residual oil
suspended in Et,O, the precipitate was collected by filtration to give the [ethyl-1-
"CJobeticholic acid (560 mg, 38.5 mCi, SA =29 mCi/ mmol) as a white solid.
"H-NMR (CDCls, Varian, 400 MHz): 8 0.66 (3H, s), 0.88 (311, s), 0.93 3H, t,J = 7.2
Hz), 0.93 (3H, d, / = 6.4 Hz), 0.96-1.04 (1H, m), 1.08-1.52 (14H, m), 1.51-1.60 (1011,
m), 2.22-2.30 (111, m), 2.36-2.44 (1H, m), 3.38-3.45 (111, m), 3.71 (IH, s).
LC-MS/MS (MS: LCQ Fleet): MS Calcd.: 421.56; MS Found: 421.07 [M-H].
Radio TLC: TLC plate of silica 60 Fs4, and mobile phase is EtOAc. Radiochemical purity is
98.90%, Rf =0.675
HPLC (Agilent 1200 series): Mobile phase; acetonitrile: 5 mM Phosphate buffer (pH =
3):MeOH = 450:450:100. Radiochemical purity is 98.19% (B-ram), Rt = 20.00 min.
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[Ehtyl-1 -14C]obeticholic acid has a molecular formula of '*C,C,sH4404 and a molecular

weight of 421.46 at the specific activity of 29 mCi/mmol by LSC.
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WE CLAIM:

1. A crystalline obeticholic acid Form C characterized by an X-ray diffraction
pattern including characteristic peaks at about 4.2, 6.4, 9.5, 12.5, and 16.7 degrees 2-
Theta.

2. A crystalline obeticholic acid Form C characterized by an X-ray diffraction

pattern substantially similar to that set forth in Figure 5.

3. The crystalline obeticholic acid Form C according to claim 1 characterized by an
X-ray diffraction pattern including characteristic peaks at about 4.2, 6.4, 9.5, 12.5, 12.6,
15.5,15.8,16.0, 16.7 and 19.0 degrees 2-Theta.

4. The crystalline obeticholic acid Form C according to claim 1 or claim 3
characterized by an X-ray diffraction pattern including characteristic peaks at about 4.2,
6.4,83,9.5,11.1,12.2,12.5, 12.6, 15.5, 15.8, 16.0, 16.3, 16.7, 18.6 and 19.0 degrees 2-
Theta.

5. The crystalline obeticholic acid Form C according to any one of claims 1 or 3-4
characterized by an X-ray diffraction pattern including characteristic peaks at about 4.2,
6.4,83,9.5,11.1,12.2, 12.5, 12.6, 15.5, 15.8, 16.0, 16.3, 16.7, 17.0, 17.8, 18.6, 18.8,
19.0, 20.5 and 20.9 degrees 2-Theta.

6. The crystalline obeticholic acid Form C according to any one of claims 1-5,
wherein the X-ray diffraction pattern is collected on a diffractometer using Cu Ka

radiation.

7. The crystalline obeticholic acid Form C according to any one of claims 1-6
characterized by an X-ray diffraction pattern including characteristic peaks at about 12.0

to about 12.8 and about 15.4 to about 21.0.

8. A crystalline obeticholic acid Form C characterized by a Differential Scanning

Calorimetry (DSC) thermogram having an endotherm value at about 98+2 °C.
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9. The crystalline obeticholic acid Form C according to any one of claims 1-8,
further characterized by a Differential Scanning Calorimetry (DSC) thermogram having

an endotherm value at about 98+2 °C.

10. A process for preparing obeticholic acid Form 1, comprising a crystalline form of

obeticholic acid as a synthetic intermediate.

11. A process for preparing obeticholic acid Form 1, comprising converting

crystalline obeticholic acid to obeticholic acid Form 1.

12.  The process according to claim 11, comprising the steps of
reacting 3oi-hydroxy-6oc-ethyl-7-keto-5B3-cholan-24-oic acid with NaBH, to form
crystalline obeticholic acid, and

converting crystalline obeticholic acid to obeticholic acid Form 1.

13.  The process according to any one of claims 11-12, comprising the steps of
reacting E- or E/Z-3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-oic acid with
Pd/C and hydrogen gas to form 3a-hydroxy-60-ethyl-7-keto-5B-cholan-24-oic acid,
reacting 3o-hydroxy-6cc-ethyl-7-keto-53-cholan-24-oic acid with NaBH, to form
crystalline obeticholic acid, and

converting crystalline obeticholic acid to obeticholic acid Form 1.

14.  The process according to any one of claims 11-13, comprising the steps of
reacting 3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-oic acid methyl ester with
NaOH to form E- or E/Z-3a-hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic acid,
reacting E- or E/Z-3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-oic acid with
Pd/C and hydrogen gas to form 3a-hydroxy-6c-ethyl-7-keto-5B-cholan-24-oic acid,
reacting 3o-hydroxy-6o-ethyl-7-keto-53-cholan-24-oic acid with NaBH, to form
crystalline obeticholic acid, and

converting crystalline obeticholic acid to obeticholic acid Form 1.
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15.  The process according to any one of claims 11-14, comprising the steps of
reacting 3a,7-ditrimethylsilyloxy-53-chol-6-en-24-oic acid methyl ester with
CH3CHO to form 3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-oic acid methyl ester,
reacting E- or E/Z-3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-oic acid methyl
ester with NaOH to form E- or E/Z-3a-hydroxy-6-ethylidene-7-keto-5B3-cholan-24-oic
acid,
reacting E- or E/Z-3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-oic acid with
Pd/C and hydrogen gas to form 3a-hydroxy-6a-ethyl-7-keto-53-cholan-24-oic acid,
reacting 3a-hydroxy-6a-ethyl-7-keto-5B-cholan-24-oic acid with NaBH,4 to form
crystalline obeticholic acid, and

. converting crystalline obeticholic acid to obeticholic acid Form 1.

16.  The process according to any one of claims 11-15, comprising the steps of

reacting 3a-hydroxy-7-keto-5B-cholan-24-oic acid methyl ester with
Li[N(CH(CHj3),)2] and Si(CH3)sCl to form 3a,7-ditrimethylsilyloxy-5B-chol-6-en-24-oic
acid methyl ester,

reacting 3o, 7-ditrimethylsilyloxy-53-chol-6-en-24-oic acid methyl ester with
CH3CHO to form E- or E/Z-3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-oic acid
methyl ester,

reacting E- or E/Z-3a-hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic acid methyl
ester with NaOH to form E/Z-3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-oic acid,

reacting E- or E/Z-3a-hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic acid with
Pd/C and hydrogen gas to form 3a-hydroxy-6a-ethyl-7-keto-5p3-cholan-24-oic acid,

reacting 3a-hydroxy-6a.-ethyl-7-keto-5p3-cholan-24-oic acid with NaBH4 to form
crystalline obeticholic acid, and

converting crystalline obeticholic acid to obeticholic acid Form 1.
17. - The process according to any one of claims 11-16, comprising the steps of

reacting 3o-hydroxy-7-keto-5B-cholan-24-oic acid with CH3OH and H,SOy4 to

form 3a-hydroxy-7-keto-53-cholan-24-oic acid methyl ester,
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reacting 3o-hydroxy-7-keto-5B-cholan-24-oic acid methyl ester with
Li[N(CH(CHs),)2] and Si(CH3)3Cl to form 3, 7-ditrimethylsilyloxy-5-chol-6-en-24-oic
acid methyl ester,

reacting 3o, 7-ditrimethylsilyloxy-58-chol-6-en-24-oic acid methyl ester with
CH3CHO to form E- or E/Z-3a-hydroxy-6-ethylidene-7-keto-5-cholan-24-oic acid
methyl ester,

reacting E- or E/Z-3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-oic acid methyl
ester with NaOH to form E- or E/Z-3a-hydroxy-6-ethylidene-7-keto-58-cholan-24-oic
acid,

reacting E- or E/Z-3a-hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic acid with
Pd/C and hydrogen gas to form 3a-hydroxy-6a-ethyl-7-keto-58-cholan-24-oic acid,

reacting 3a-hydroxy-6a-ethyl-7-keto-53-cholan-24-oic acid with NaBH, to form
crystalline obeticholic acid, and

converting crystalline obeticholic acid to obeticholic acid Form 1.

18.  The process according to any one of claims 10-17, wherein the crystalline

obeticholic acid is Form C.

19.  The process according to claim 18, wherein crystalline obeticholic acid Form C is

characterized by an X-ray diffraction pattern similar to that set forth in Figure 5.

20.  The process according to any one of claims 18 or 19, wherein the crystalline

obeticholic acid Form C is crystallized from n-butyl acetate.
21.  The process according to any one of claims 11-17, wherein converting crystalline
obeticholic acid Form C to obeticholic acid Form 1 comprises the step of dissolving

crystalline obeticholic acid Form C in aqueous NaOH solution and adding HCI.

22, The process according to claim 21, wherein the isolated crystalline obeticholic

acid Form C is dried under vacuum at about 80 °C.
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23.  The process according to any one of claims 12-17, wherein reacting 3o-hydroxy-
6a-ethyl-7-keto-5p-cholan-24-oic acid with NaBHy4 to form crystalline obeticholic acid is

carried out at a temperature at about 85 °C to about 110 °C in a basic aqueous solution.

24.  The process according to claim 23, wherein the temperature is about 90 °C to

about 105 °C.

25.  The process according to any one of claims 23-24, wherein the basic aqueous

solution is an aqueous NaOH solution.

26.  The process according to any one of claims 25, wherein the basic aqueous solution

is a mixture of 50% wt, NaOH solution and water.

27.  The process according to any one of claims 13-17, wherein reacting E- or E/Z-3a-
hydroxy-6-ethylidene-7-keto-53-cholan-24-oic acid with Pd/C and hydrogen gas to form
3a-hydroxy-6a-ethyl-7-keto-53-cholan-24-oic acid is carried out at a temperature at

about 20 °C to about 40 °C and at a pressure at about 4 to about 5 bars.

28.  The process according to claim 27, wherein, the organic phase of the reaction

mixture is treated with activated carbon.

29.  The process according to any one of claims 27-28, wherein the temperature is

about 25 °C to about 35 °C.

30.  The process according to any one of claims 27-29, wherein the pressure is about

4.5 to about 5.5 bars.

31.  The process according to any one of claims 27-30, wherein the hydrogenation

reaction mixture is allowed to stir for about 1 hour.

32.  The process according to any one of claims 27-31, wherein reacting E- or E/Z-3a-
hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic acid with Pd/C and hydrogen gas is heated

to about 100 °C and stirred for about 2 hour to about 5 hours.
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33.  The process according to any one of claims 27-32, wherein reacting E- or E/Z-3a.-
hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic acid with Pd/C and hydrogen gas is heated

to about 100 °C and stirred for about 3 hours.

34.  The process according to any one of claims 14-17, wherein reacting E- or E/Z-3a-
hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic acid methy! ester with NaOH to form E-
or E/Z-3a-hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic acid is carried out at a
temperature at about 20 °C to about 60 °C.

35.  The process according to claim 34, wherein the temperature is about 20 °C to
about 25 °C.
36.  The process according to any one of claims 34-35, wherein reacting E- or E/Z-30-

hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic acid methy! ester with NaOH is carried

out in methanol, water, and a NaOH solution.

37.  The process according to any one of claims 34-36, wherein the NaOH solution is a

50% wt. aqueous solution.

38.  The process according to any one of claims 15-17, wherein reacting 3o.,7-
ditrimethylsilyloxy-5B-chol-6-en-24-oic acid methyl ester with CH;CHO to form E- or
E/Z- 3a-hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic acid methyl ester is carried out in
a polar aprotic solvent at a temperature at about -50 °C to about -70 °C in the presence of

BFs.

39.  The process according to claim 38, wherein the polar aprotic solvent is

dichloromethane.

40.  The process according to any one of claims 38-39, wherein the BF; is a 16% wt.

solution in acetonitrile.
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41.  The process according to any one of claims 38-40, wherein the temperature is
about

-60 °C to about -65 °C.

42.  The process according to any one of claims 16-17, wherein reacting 3a-hydroxy-
7-keto-5B-cholan-24-oic acid methyl ester with Li[N(CH(CHj3),),] and Si(CH3);Cl to
form 3, 7-ditrimethylsilyloxy-5p-chol-6-en-24-oic acid methyl ester is carried outin a

polar aprotic solvent at a temperature at about -10 °C to about -30 °C.

43, The process according to claim 42, wherein the polar aprotic solvent is

tetrahydrofuran.

44, The process according to any one of claims 42-43, wherein the temperature is
about

-20 °C to about -25 °C.

45.  The process according to any one of claims 42-44, wherein reacting 3o-hydroxy-
7-keto-5B-cholan-24-oic acid methyl ester with Li[N(CH(CH3),).] and Si(CH3)sCl is

stirred for about 2 hours.

46.  The process according to claim 17, wherein reacting 3o-hydroxy-7-keto-583-
cholan-24-oic acid with CH30H and H,SOs to form 3a-hydroxy-7-keto-53-cholan-24-oic
acid methyl ester is heated for about 3 hours and the pH of the reaction mixture is

adjusted with an aqueous basic solution to a pH-value of about 6.5 to about 8.0.

47.  The process according to claim 46, wherein the isolation of 3a-hydroxy-7-keto-

5B-cholan-24-oic acid methyl ester further comprises the addition of activated carbon.

48.  The process according to any one of claims 46-47, wherein reacting 3a-hydroxy-

7-keto-5B-cholan-24-oic acid with CH;0H and H,SO; is carried out in methanol.

49.  The process according to any one of claims 46-48, wherein the basic solution is an

aqueous NaOH solution.
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50.  The process according to any one of claims 46-49, wherein the pH is about 7.0 to
about 7.5.

51. A compound E/Z-3a-hydroxy-6-ethylidene-7-keto-5B-cholan-24-oic acid
produced by the process according to any one of claims 10-50, wherein the E/Z isomer
ratio is greater than about 50%, greater than about 60%, greater than about 70%, greater
than about 80%, greater than about 83%, greater than about 85%, greater than about 90%,
greater than about 93%, greater than about 95%, or greater than about 99%.

52.  The compound according to claim 51, wherein the E/Z ratio is determined by
HPLC.

53.  The compound according to any one of claims 51-52, wherein the ratio is greater
than about 80%.

54.  The compound according to any one of claims 51-53, wherein the ratio is greater
than about 83%.

55.  The compound according to any one of claims 51-54, wherein the ratio is greater

than about 85%.

56.  The compound according to any one of claims 51-55, wherein the ratio is greater

than about 90%.

57.  The compound according to any one of claims 51-56, wherein the ratio is greater

than about 93%.

58.  The compound according to any one of claims 51-57, wherein the ratio is greater

than about 95%.

59.  The compound according to any one of claims 51-58, wherein the ratio is greater

than about 99%.
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60. A obeticholic acid, or a pharmaceutically acceptable salt, solvate or amino acid

conjugate thereof, having a potency of greater than about 98%.

61.  The obeticholic acid of claim 60, wherein said obeticholic acid has a potency of

greater than about 98%.

62.  The obeticholic acid according to claim 60, wherein the potency of said
obeticholic acid is determined by subtracting the amount of water, sulphated ash, residual

solvents, and other organic impurities.

63.  The obeticholic acid according to any one of claims 61-62 having a potency of

greater than about 98.5%.

64.  The obeticholic acid according to any one of claims 61-63 having a potency of

greater than about 99.0%.

65.  The obeticholic acid according to any one of claims 61-64 having a potency of

greater than about 99.5%.

66.  The obeticholic acid according to any one of claims 61-65, wherein said
obeticholic acid contains a total of less than about 2% of one or more impurities selected
from 6-ethylursodeoxycholic acid, 3a-hydroxy-6a-ethyl-7-cheto-53-cholan-24-oic acid,
6B-ethylchenodeoxycholic acid, 3a,7a-dihydroxy-6-ethyliden-53-cholan-24-oic acid,
chenodeoxycholic acid, and 330, 7a-dihydroxy-6a-ethyl-5B-cholan-24-oyloxy)-7a.-
hydroxy-6a.-ethyl-53-cholan-24-oic acid.

67.  The obeticholic acid according to claim 66, wherein said obeticholic acid contains

a total of less than about 1.5% of impurities.

68.  The obeticholic acid according to any one of claims 66-67, wherein said

obeticholic acid Form 1 contains a total of less than about 1.4% of impurities.
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69.  The obeticholic acid according to any one of claims 66-68, wherein said

obeticholic acid contains less than about 1.2% of water.

70.  The obeticholic acid according to any one of claims 66-69, wherein said

obeticholic acid contains less than about 1.0% of water.

71.  The obeticholic acid according to any one of claims 66-70, wherein said
obeticholic acid contains a total of less than about 0.15% of 6-ethylursodeoxycholic acid

and 3a,7a-dihydroxy-6-ethyliden-58-cholan-24-oic acid.

72.  The obeticholic acid according to any one of claims 66-71, wherein said
obeticholic acid contains a total of less than about 0.06% of 6-ethylursodeoxycholic acid

and 3a,7a-dihydroxy-6-ethyliden-58-cholan-24-oic acid.

73.  The obeticholic acid according to any one of claims 66-72, wherein said
obeticholic acid contains a total of less than about 0.05% of 6-ethylursodeoxycholic acid

and 3a,7a-dihydroxy-6-ethyliden-5B-cholan-24-oic acid.

74. The obeticholic acid according to any one of claims 66-73, wherein said
obeticholic acid contains less than about 0.15% of 3a-hydroxy-6a-ethyl-7-cheto-53-

cholan-24-oic acid.

75.  The obeticholic acid according to any one of claims 66-74, wherein said
obeticholic acid contains less than about 0.06% of 3a.-hydroxy-6a.-ethyl-7-cheto-5p-

cholan-24-oic acid.
76.  The obeticholic acid according to any one of claims 66-75, wherein said
obeticholic acid contains less than about 0.05% of 3a-hydroxy-6c-ethyl-7-cheto-5p-

cholan-24-oic acid.

77.  The obeticholic acid according to any one of claims 66-76, wherein said

obeticholic acid contains less than about 0.15% of 6B-ethylchenodeoxycholic acid.
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78.  The obeticholic acid according to any one of claims 66-77, wherein said

obeticholic acid contains less than about 0.06% of 6B3-ethylchenodeoxycholic acid.

79. The obeticholic acid according to any one of claims 66-78, wherein said

obeticholic acid contains less than about 0.05% of 63-ethylchenodeoxycholic acid.

80.  The obeticholic acid according to any one of claims 66-79, wherein said

obeticholic acid contains less than about 3% of chenodeoxycholic acid.

81.  The obeticholic acid according to any one of claims 66-80, wherein said

obeticholic acid contains less than about 1% of chenodeoxycholic acid.

82. The obeticholic acid according to any one of claims 66-81, wherein said

obeticholic acid contains less than about 0.2% of chenodeoxycholic acid.

83.  The obeticholic acid according to any one of claims 66-82, wherein said
obeticholic acid contains less than about 0.15% of 3a(3a, 7a-dihydroxy-6ai-ethyl-53-
cholan-24-oyloxy)-7a-hydroxy-6 a-ethyli-53-cholan-24-oic acid.

84.  The obeticholic acid according to any one of claims 66-83, wherein said
obeticholic acid contains less than about 0.06% of 3a(3 a,7a-dihydroxy-6o-ethyl-503-

cholan-24-oyloxy)-7a-hydroxy-6a-ethyl-53-cholan-24-oic acid.

85.  The obeticholic acid according to any one of claims 66-84, wherein said
obeticholic acid contains less than about 0.05% of 3a(3a,7a-dihydroxy-6a-ethyl-5-
cholan-24-oyloxy)-7a~hydroxy-6a-ethyl-53-cholan-24-oic acid.

86.  The obeticholic acid according to any one of claims 61-85, wherein the

obeticholic acid is obeticholic acid Form 1.

87. A crystalline obeticholic acid, or a pharmaceutically acceptable salt, solvate or

amino acid conjugate thereof, wherein said crystalline obeticholic acid is Form C.
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88.  The crystalline obeticholic acid according to claim 87, wherein said crystalline

obeticholic acid has a potency greater than about 90%.

89. The crystalline obeticholic acid Form C according to claim 88, wherein the
potency of said obeticholic acid Form C is determined by subtracting the amount of

water, sulphated ash, residual solvents, and other organic impurities.

90.  The crystalline obeticholic acid Form C according claim 87, wherein the solvate is
a hydrate.
91.  The crystalline obeticholic acid Form C according to any one of claims 88-90

having a potency of greater than about 92%.

92.  The crystalline obeticholic acid Form C according to any one of claims 88-91

having a potency of greater than about 94%.

93.  The crystalline obeticholic acid Form C according to any one of claims 88-92

having a potency of greater than about 96%.

94.  The crystalline obeticholic acid Form C according to any one of claims 88-93

having a potency of greater than about 98%.

95.  The crystalline obeticholic acid Form C according to any one of claims 88-94

having a potency of greater than about 99%.

96.  The crystalline obeticholic acid Form C according to any one of claims 87-95,
wherein the crystalline obeticholic acid Form C contains a total of less than about 4% of
one or more impurities selected from 6-ethylursodeoxycholic acid, 3o.-hydroxy-6a.-ethyl-
7-cheto-53-cholan-24-oic acid, 63-ethylchenodeoxycholic acid, 3o, 7a-dihydroxy-6-
ethyliden-53-cholan-24-oic acid, chenodeoxycholic acid, and 3a(3a,7a-dihydroxy-6a.-
ethyl-53-cholan-24-oyloxy)-7a-hydroxy-6o.-ethyl-53-cholan-24-oic acid.
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97.  The crystalline obeticholic acid Form C according to claim 96, wherein the total

impurities is less than about 3.8 %.

98.  The crystalline obeticholic acid Form C according to any one of claims 96-97,

wherein the total impurities is less than about 3.6%.

99. A pharmaceutical composition comprising obeticholic acid Form 1 produced by

the process of any one of claims 10-50 and a pharmaceutically acceptable carrier.

100. A pharmaceutical composition comprising of crystalline obeticholic acid and a

pharmaceutically acceptable carrier.

101.  The pharmaceutical composition according to claim 100, wherein the crystalline

obeticholic acid is Form C.

102. A method of treating or preventing an FXR mediated disease or condition in a
subject comprise of administering an effective amount of obeticholic acid Form 1
according to any one of claims 60-86 or produced by a process according to any one of

claims 10-50, or a pharmaceutical composition according to claim 99.

103. A method of treating or preventing an FXR mediated disease or condition in a
subject comprise of administering an effective amount of crystalline obeticholic acid
according to any one of claims 1-9 or 87-98 or a pharmaceutical composition according to

any one of claims 100-101.

104.  The method according to any one of claims 102-103, wherein the disease or
condition is selected from biliary atresia, cholestatic liver disease, chronic liver disease,
nonalcoholic steatohepatitis (NASH), hepatitis C infection, alcoholic liver disease,
primary biliary cirrhosis (PBC), liver damage due to progressive fibrosis, liver fibrosis,
and cardiovascular diseases including atherosclerosis, arteriosclerosis,

hypercholesteremia, and hyperlipidemia.
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105. A method for lowering triglycerides in a subject comprise of administering an
effective amount of obeticholic acid Form 1 according to any one of claims 60-86 or
produced by a process according to any one of claims 10-50, or a pharmaceutical

composition according to claim 99.

106. A method for lowering triglycerides in a subject comprise of administering an
effective amount of crystalline obeticholic acid according to any one of claims 1-9 or §7-

98 or a pharmaceutical composition according to any one of claims 100-101.
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8. —Fhgh i B DUIEER C 2, HASAEAE T 7540 98 £2°C &b B A W IVE 17 Z F1HE & #0k
(DSC) IR

9. BUFIEESR 1-8 HT— T 45 i B4 DUIRRR C 28, HAFEEAE T /24 98 £2°C A B AW
PHERIRZRA#HERGE (0SC) it K.

10, —Ff T il & B4 DUIR IR | AU 773, Biradk 77 v A4 B3 DUIE IR () i A4 8 204 6
A ) 445

L1 — Tl & B DU R | R 7792, Birid 77 15 45 45 o 58 DUIR % A6 Dy B DR
iz 1A,

12. BURJEESR 11 07715, Bk T7id A 46 DR 2 3R

ff 3a -0k -6 a - £k -7 i -5 B - IHLE —24- B2 NaBH, [ B hie 45 i 9 DUE R , Al

Yo 25 i B DR RS R B DURE R 1 AL,

13, BUREER 11-12 AE— T 77145, ik J7 ik A4E DT D3R

ffi B~ 8% B/7-3 a - &3¢ —6- W. 2.3 ~7- fiil -5 B - B4t —24- IR 5 Pd/C PSSR NI AL
3a- Kk -6a- 25 -7- Fil -5 B - 04% —24- &,

ffi 3a - Kk —6a- 25 -7-Fi -5 B - BT —24- BR5 NaBH, R B Rl 25 s B3 DUIE R , A

Yo 25 it B DUIR RG4S DR R 1 2L

14, BURIEER 11-13 AR T 7714, Bk J7iE ARG DT 23R

fifi 3a -0 —6- W £ 3 -7- B -5 B8 - JH 4% —24- B2 F 5 5 NaOH Jx . JE B E- B E/
7-3 a - ¥ I —6- W25 -7- i -5 B - Bkt —24- B,

ffi B~ 8% B/7-3 a - &3t —6- W23 ~7- Fiil -5 B - {45t —24- IR 5 Pd/C PSS NI A
3a - Kk -6 a - 25 -7- Fil -5 B - I04% -24- B,

ffi3a - Kk —6a - 25 -7-Fi -5 B - BT —24- BR-5 NaBH, e B Rl 25 s B3 DUIE R , A1

W 2 i B DUNR R AL R B DR R 1 2L,



CON 104781272 A W OFOE Kk P 2/6 7

15, BUREE SR 11-14 AR 77, Brid J7iE ARG DT 23R

ffi3a,7- Z=REREAEM 58 -0 -6- 4 —24- FRFl5 5 CH,CHO R TEHEY 3 a - F&
F —6- W 2.3 -7- Bl -5 B - fHEE —24- BR FF g,

ff B- B E/Z-3 a - &5 —6- . 2.3 ~7- B -5 B - fH 4T —24~ IR FF li§ 5 NaOH = B ¥ B
F- 8% B/7-3 a - 83 —6- W2 3E -7- B -5 B - JHLE -24- 1%,

ff E- 8K E/Z-3 a - 23 —6- W22 ~7— [ifl -5 B - JHKE —24- FR 5 Pd/C FIE AR ML
3a-§2Ht -6 a - 23 -7- i 5B - HEE —24- IR,

ff 3a -0k -6 a - 2L -7- i -5 B - JHLE —24- BR5 NaBH, [ B i 45 i 9 DUIE R , A

Yo 25 i B DUIR R R B DURE R 1 A,

16. BUREER 11-156 HAE—TAf 7715, frid 7k a4E DT D3R

fif 3a - ¥k —7- B -5 B - AT —24- BRF S5 Li[N(CH(CH,),),] A1 Si (CHy) 5C1 K RLIE
R 3a, 7- SRR REESL -5 8 - IH -6- 4 —24- IR R,

ff3a,7- "= FEFREEE 5B - 0 -6- M5 —24- R P55 CH,CHO [ MJERY E- B E/
7-3 a — 2 HE —6- W 23 —7- B -5 B - H5E 24— FR IR,

ff E-BLE/Z-3 a — 82 -6 W. 2.0 ~7- B -5 B — IE4E —24- FR F S5 NaOH R RLJE RK E/
7-3a - #Hk —6- W 23 -7- i -5 B - IEE —24- 1%,

ff E-8(E/Z-3 a - }2 2k —6- W20 —7- il -5 B - IHAT —24- B 5 Pd/C FIE SR ML L
3a - 2Kk -6 a- 25 -7T-Fl -5 B - lAfx —24- R,

ff 3a - F2H -6 a - 2.0 -7 i -5 B - JEAE —24- BZ 5 NaBH, [ B B4 i 8 DUIEER , AN

Va2 i B DUNR R AL R B DR RS 1 2L,

17, BURIEESR 11-16 HAE— T 77, Brid J7iEasE DT 23R

ffi 3a- ¥ 3 -7- B 58— JH k& -24- B 5 CH,0H Ml H,S0, % N & K 3a- ¥
A —7-Fi -5 B - Bk —24- BRHER,

ff 3a -k -7 B -5 B - BT —24- BRH G- Li[N(CH(CHy) ,),] 1 Si (CHy) 5C1 R RLTE
B 3a, 7- RIS 58 - 1 -6- 45 —24- RIS,

ffi3a,7- = HEFREEKE 5B - 0 -6- M5 —24- BR RS CH,CHO R MJERY E- B E/
7-3 a - $2Hk —6- W 2.3 ~7- fifi] -5 B - JHEE —24- PR HK,

ffi B~ B E/Z-3 a - 5 —6- . 2.3 ~7- i -5 B — fH 4t —24~ IR FF G 55 NaOH J B I i
E- B E/7-3 a - 5L —6- W. 2.3 -7 fifi] -5 B - Lt —24- IR,

ff E- B E/Z-3 a - 22 —6- W20 ~7- il -5 B - JHKE —24- &5 Pd/C FIE SR ML L
3a - FRHk -6 a - 25 -T-Fl -5 B - 04k —24- &,

ffi3a - Kk —6a- 25 -7-Fi -5 B - BT —24- BR5 NaBH, e B Rl 25 s B3 DUIE R , A1

Yo 25 it B DUIR RS R B DR R 1 2L

18. BURIER 10-17 FT— TR Tk, Hrp Brid 45 & B DUIRER & C Y,

19, BURIER 18 B 7772, Horh 4 5 B DUIEPR C R SR IEAE T 20T I8 5 Fios X B 4AiT
ST X S AT

20. BOF 3R 18 B 19 HAF— I 7732, Hod Firik 4 i B8 DU R C B M 2R IR T BR &5
Hok

21, BUREESR 11-17 AT 7732, Horpolg 25 d B DUIE R C L4640 B DR ER 1 UL,

3



CON 104781272 A W OFOE Kk P 3/6 T

FEfg 48 S B UUIERR C 99T NaOH 7K I F 35N HCL fr 3585

22. BURIELR 21 (17775, Horg o B 45 i B DUIRER C BUAEZ) 80°C F H 25 T4

23, BURI 3R 12-17 AR —T 7, K 3a - F8 Kk 6a- 20 -7- il 58 - 2
St —24- R 5 NaBH I R JE Rl 45 i B DUIR R AE 24 85°C — £ 110°C 3L T 7R B 1t /K v v
BT .

24. BUOMEER 23 (7718, HoA Bk il € %) 90°C - £ 105°C.

25. BURIZLR 23-24 HAT— TR 7732, I BT Bl 1 7K A2 NaOH 7KV VK o

26. BURIEER 25 AT — TR 7738, Horp BTl e /K VA A2 50% wt NaOH &R 7K VR

HEW.
27. BUF SR 13-17 AT — T K J7 v, Hoh i B- B B/Z-3a - 2t —6- T &
5 =T-Hi -5 B - fHLE —24- RS Pd/CFIERRRBLIEAL 3 a - 28 6 a — 2.5 -7- il -5 8 - 2
St —24- BRAEZ) 20°C — 29 40°CHLE T AIEL) 4- 29 5 LR & 73 T #EAT -

28. BURIELR 27 (17778, Horh SN VR A WA AR 5 T B A 22

29. BUR) SR 27-28 HRAT— T 777, Horp Iridi 8 %) 25°C - 43 35°C.,

30. BUF) SR 27-29 FPAT— T 777, Hodp Brid s 73 %0 4. 5- 41 5.5 .

31 AURIELR 27-30 T — T 7735, Hiog S MR A FEL) | /BT,

32 F B SR 2731 T AR — T 7, - B E/7-3a- B B -6- T 2
57— B -5 B - AT —24- B Pd/C AR R BN E L) 100°C, FHHiHEL) 2 /M - 295
INin®

33. AL FI B3R 27-32 AT — W B 7 5, KooK - BLE/Z-3a -2 -6- T 4
HE -7 F -5 B - B4 —24- B2 5 Pd/C MIEARM R BIINIAZE L) 100°C, FEHHEL 3 /i,

34. KU F B SR 14-17 AT — W1 J7 15, o i E- BLE/Z-3a - & i -6- T &4
B -T- B 58 - IH kT -24- B2 B BR 5 NaOH R Bi B B E- B E/Z-3a - & B —6- W &
S -7- i -5 B — JE4E —24- BRAEL) 20°C - £ 60°C HIIEE AT .

35. UMLK 34 (7778, Ho ik il %) 20°C - #3 25°C.

36. B A B3R 34-35 AT — W1 J7 v, Ho i E- BLE/Z-3a - R A -6- T &4
HE —7- B -5 B - BkE 24— FRFPERS NaOH ) S S2AE B % L 7K A1 NaOH VAV 4T

37. BUREE SR 34-36 FT— T 7775, Horp Birid NaOH ¥ ¥5°H 50% wt 7K PEVE TR -

38. AL F E R 15-17T AT — T K 7 vk, Hop ff 3a,7- = B B ORE A
B -5B-JIH -6- M —24- B2 H BE 5 CH,CHO )R R J¥ Bt E- BLE/Z-3a - & JE —6- I 2
F 71— B -5 B - HkE 24— BR R ESEZ) —50°C — 29 ~T0°C WIIE ¥ N 7L BE,FAE AR kAR R
TR AT

39. BRNELSR 38 (17775, HoA Bt MR B 7372 & .

40. BRI ELR 38-39 AT — TG J57%, Hop Brid BF R ZEHF R 16% wt JE

A1, BUFIZESR 38-40 HAT— TR0 7778, KA BridiR g N4 —60°C - 4 65TC.

42. B F) B R 16-17 P AL — T B J5 vk, o i 3a- % A -7- i 5B~ JH
fit —24- B8 B 5 Li[N(CH(CHy),),] AT Si(CH,),Cl & B JE B 3a, 7— — = H & H Rk 44
B 5B - B -6~ 4 —24- MR ERAEL) —10°C — £ -30°C AR T AEAR MR AR R IR P AT

A3, BURIEESR 42 17735, Hod Frid e PR A T V4 771 2 D9 SR g o

4



CON 104781272 A W OFOE Kk P 4/6 7

44, BUFIESR 42-43 WAL — TR 798, HR BT iR g N4 —20C - %) -25°C.,

45, BUFIESR 4244 FAE— T T73%, Hodfs 3 a — 8L -7- i -5 B - B 4% —24- B2 1 IE
5 Li[N(CH(CH,),),] #1 Si (CH,) ,C1 I RBiFFEL) 2 /INE o

46. BMESR 17 197738, ool 3 a - $20% -7- i -5 B - IB4E —24- RS CH ,0H A1 H,S0,
RN 3 a — Bl —7- B -5 B - IHAE —24- R FER INIE) 3 /NI, H45 I BEVR -S4 pH A
Bl I K PR 5 &4 6. 5- 29 8. 0 1 pH {H.

AT, BURVELR 46 197715, e ik 3 a - 2k —7- Wi -5 B - JEAE 24~ B2 H B8 12 B8
ALFE I TEPERR o

48. BRI SR 46-47 FAT—TRAI 715, Hidh 3 a —$23% —7- B -5 B — B 4% —24- R 55 CH ,0H
A1 H,S0,4 J RLAE F B gk AT

49. BUFEER 46-48 FAT— T 775, Horp Tl i 75 W& NaOH 7K AW -

50. BUF) SR 46-49 FRAT— T 773, Hodr Bridk pH A2 7. 0- 25 7.5,

51. — Pl BRI ZE 3R 10-50 T — IR 7775 R LB B/7-3 a - 32Xk —6- .2,
B -T-F -5 B - IRk —24- 1R, HoA Bk E/Z b B 22 KT 29 50%. K T4 60%- K T2 70%.
KT 80% K T4 83% K T4 85%. K TZ7 90% KT 47 93% K T4 95% B AT 47 99%.

52. AR 51 LAY, Hdr ik E/7 thZa@it HPLC Wi se

53. BAIER 51-52 AT &4, H EPF)%tkzjﬂ% 80%.

54. BURIELR 51-53 T — T &4, HoAr fTid Lh 22 K T4 83%.

55. BARIELR 51-54 UL — TR &4, Hor ik Lh 22 K T4 85%.

56. BAIELR 51-55 FUT— T &4, HoAr ik Lh 22 KT 29 90%.

57. BURIELR 51-56 UL — T &4, HoA Frid Lh 22 KT 4 93%.

58. MANELR 51-57 T — T &4, HoAr Frid L 22 K T4 95%.

59. BANELR 51-58 UL — TR &4, HoAr Frid Lh 22 K T4 99%.

60. B DUIRBRE 2455 BRI 52 1) #h ARG VB LR A1), FBE R T4 98%.

6 1. BUFIZESR 60 1) 9 DUIRER , Hrb Bk B2 DURE 2 1 2506 jﬂ%ﬁ 98%.

62. BUFIESR 60 [ 5L DUIEER , Hrp BT ik B9 DR R A0 20 R I8 98 25 7K IR R K 40 TR R Vi
FIFIH B A ML SR T .

63. BUFIELR 61-62 T — T B DUIR AR, HLARE K T-29 98. 5%.

64. BRI ELR 61-63 AT — T B DUAR R, HL AR K T-29 99. 0%.

65. BRI ELR 61-64 /T — T B DUIR R, HL AR K T-29 99. 5%.

66. BUFIE SR 61-65 HAT— 01 B DUIRER , Fo o Biridk B DUIR RS &5 S /N T4 2% [ —
PhEZ P B AR AR 6- LS RMANAMR .3 a - F: -6 a — £ JE —T—cheto-5B - JH
f% 24— 3.6 B — Z LRSI AER 3 a , Ta - 5L —6- W 20 -5 B - IHkE —24- IR RS 4
JEEGAN 3a (3a,7a—- % 6a—- 23 5B -k 24- B )-Ta-FHE 6a- 2
K -58 - B —24- 2.

67. BUFIESR 66 (1) 9L DUIRER , o Birik B DUIE G & A a /N T4 1. 5% 2R .

68. BUHIEE3K 66-67 FAE— TR B DUIRER, A Brid B UUIEER 1 S H S/ T4
1. 4% I Z 5T

69. BUFIER 66-68 AT — T B DUIRIR , 3L A ok B8 DURE IR & /T4 1. 2% 7K.

5




CON 104781272 A W OFOE Kk P 5/6 T

70. BOFEE3K 66-69 HRAF— L5 i B4 DUIR R, e Fridk B DU PR 2 /N T4 1. 0% 7K

71 BUR SR 66-70 FR A — T B4 DUIR R, He A Pk B8 DUIR PR 2547 s AL/ T 29 0. 15% 1)
6- 2L EPANERA 3a,7a - ¥k -6- W2 -5 B - JlHLE —24- 1.

72. BUREE SR 6671 F A — T i B4 DUIR I, e A firsdk B8 DUIR R 2547 S 4L/ T2 0. 06% 1)
6- LS ZEPANERA 3a,7a - "8I —6- W LH, -5 B - JHEE 24~ R,

73. BUR)EE SR 66-72 AR AT — T B DUIR IR, 3 A ik B DUIR PR 25 A7 S 4L /N T2 0. 05% (1)
6- LG RMENARM 3a,7a - kL -6- WK 5B - JlHEE -24- IR

T4, BRI EE SR 66-73 HAT— T B DU R, o Bk B DU ER &5 A /N T2 0. 16% 1)
3a- 3 —6a- 25, -T-cheto-5 B - lHkE —24- &,

75. BRI EE SR 66-74 F AT — T B8 DURE IR, o B ads B8 DUAEER &5 4 /T2 0. 06% 119
Ja- 3 —6a- 2HE -T-cheto-5 B — lHkE —24- &,

76. BRI EE SR 66-75 FAT— T B8 DURE R, A By ok B9 DUAR R &5 4 /T2 0. 05% 11
Ja- 3t —6a- 2HE -T-cheto-5 B - IHkE —24- &,

TT. BRI EE SR 66-76 HAT — T B DUIR IR, o ok B DUNRER &5 A /N T2 0. 15% 1)
6 B — 2GR A AR .

78. B EE SR 66-77 HAT— T B DUIR R, o Bk B DUIRER &5 A /T2 0. 06% 1)
6 B — 2GR NRER o

79. BRI EE 3R 66-78 HAT — T B DU IR, e v ok B DUNR R 25 A /N T2 0. 05% 1)
6 B — 2GR ARER o

80. BUHIEER 66-79 HAE— L5y B4 DUIEER , I A Bk B4 DUIE R 25 /N T- 2 3% RS 4
N

81. BUHIE SR 66-80 HAF— Ll iy B DUAE PR , e o ik B4 DURE R 25 /N T2 1% RS i 2
N

82. BUAER 66-81 HAF— Il ¥y B4 DUIE PR , e ik B4 DURE R 25 /N T2 0. 2% B RS
ANEER o

83. BRI EL3R 66-82 A AT— LT 1) B4 VIR R, 3 Birik B8 DUIR PR 5 /N T 29 0. 15% [1)
3a Ba,7Ta-fH-6a-2-58 B -24- Wi A ) Ta - 6a-2H-58-JH
fit —24- IR

84. BRI EL3R 66-83 I AF— LU %) B4 VIR R, . B ik B4 DUIR PR 5 /T 29 0. 06% (1)
3a (3a,7a-"$M-6a-23-58-fHk-24-BREEL)-Ta-FH-6a-2H-58-H
ft —24- R

85. BRI EL3K 66-84 FAF— LU 1) B4 DUR R, e v ik B4 DUIR PR 5 /T 29 0. 05% (1)
3a (3a,7Ta-"$M-6a-73-58-Hk-24-BiREEL)-Ta-FH -6a-2H-58-H
ft —24- K.

86. FUHIELK 61-85 HAE— T B DUIRER, Horh B4 DUIR R /2 B4 DUIRER 1 7Y

87. ¢ i B DUIEFR B 252 A2 U Eh AR GV B AL IR B G4, Horp Bk 45 i
DUIRPR & C B,

88. BUHIEEK 87 145 i

89. BUHIEEK 88 [ 4 i

DUHERR , FL o ik 45 s B2 DUE R IV 28R aj(?Q’J 90%.
DUEER C 74, Horp i B3 DUAR IR C R4 (¥ 2% R i i 25 7K VIR R

6
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CON 104781272 A W OFOE Kk P 6/6 7

TRy R ARSI & A HLA T ) 2R 5E -

90. BUFESR 87 (45 ft B VUIEER C MY, Hodh PR &7 A W02 K &40

91. BUFIZESR 88-90 HAT-— T 45 &t B DUIRRG C 2, HaRe K T4 92%.

92. BUFIER 88-91 AL — T4 df B DUIEER C 2, JHLARRE K T4 94%.

93. BUHMER 88-92 HF— I 45 i B DUIE PR C AY, H AR B K T4 96%.

94. BURIER 88-93 AL — T 25 df B DUIE R C 2, JLARRE K T4 98%.

95. BUFIER 88-94 FAE— T2 df B DUIEER C 2, AR K T4 99%.

96. BRI ESR 87-95 HAT— T 45 i B DUIEER ¢ Y, Hrp Brid 45 i B VUG ¢ M5
MANT 2 4% B —MEZ Mk B LR 200 :6- LS RRANER.3a - 7 6a - 4
H ~T—cheto—5B - JlH §E 24-R.6 8- £ F& R i & JH fR.3a,7a~- ¢ 3 6- . &
H-5B - fAkE —24- B RSB IEER A 3a (3a,Ta—- 5K -6a - 23 -5 8 - B4 —24- I
FEH)-Ta-#F 6a- 25 58 - Ak -24- .

97. BUFIZESR 96 )45 & B UUIEER ¢ 28, Jorb Bird i R /T 49 3. 8%,

98. BUFIELR 96-97 AT — T 45 df B DUIRER C 2Y, Hrp BT iR i 2= /N T4 3. 6%

99. — P F I B 23K 10-50 TR 535 A R B DUIRER 1 BUAIZ % [ml 4%
T BAR 2 H 5 -

100. —Fp60 75 &5 5 B DU R AN 242 b mT e 52 (BRI 2 A &4

101 BURIESR 100 FIZA A1), Hrp BT 4 f B IUIR IR & C AL,

102, — PGy T BLTR 52 303 1 FXR A3 B50m BUOR L 7712, Bk 77 BG4 T A 3%
BRI EE R 60-86 HAT— I (BB AR E R 10-50 AR — T 77727 A 1 B DU R 1
R ELRUR) 23R 99 HIZGM4- 51 .

103, — PGy T BLTR 52 303 1 FXR 4132 B59% BO L 7712, Bk 771645 T A 3%
S BCRIEE SR 1-9 B 87-98 AT — T 25 s B DUE BR BRI LR 100-101 FAE— T 254
HEW)

104, BRI EESR 102-103 FAE— TR 77325, H o Bk s B30 e 3 IR TE PA A B A
TR P99 < 05 P BP9 IS K M I iy Ik FF 28 (NASH) TR 284 B 6 Jak e YK P s  JB Tk B
THPERFREAL (PBC) BEAT Tt 41 470 PR i SO 4%  JHF 2 248 785 PR RO ML 2 97 B0, 958 ) Jk s A
A BN FHKAE AL, | i L[] e LR A v IR TIUE

105, —Fft FH T BEAR 320 10 H Il = B8 (0 7572, Frid i 5645 T A RUE M BUR) 223K
60-86 AT — il [ B I AURIEE SR 10-50 F AT — T 77 v 7 A8 1 B8 DU ER 1 AL sORCR 22K
99 MIZGH A

106. —Ff FH T BEAR 32 0 1 H W =B (0 7532, Frid i B 5645 T A RE M BUR 223K
1-9 B 87-98 HT— I (1) 45 it B DU R BOBCRI ZE 3R 100-101 T —TR 24U 59 -




CON 104781272 A OB B 1/62 7

B2 DU ABES BO ) & . R IR FAEMATZ K

= AME
[0001] AR BHW K B DUIEER (obeticholic acid) (—FF FXR B35 ) « B4 DUIHER ) il
& T B DUIRER () 251 770 S i 2390 1 77 B0 ¥R T T FH G

CO.H

H 2

L8 CE
(4R A INT-747)

[0002] A W MAFAEAE T FEAEL) 4. 2.6, 4.9.5.12.5 A1 16. 7° 2 0 AL [KIHEFAEIE) X
SR AT AT I 45 i B DUIR R C Y. &5 B DU R C 28 (RS T AR ST 5 o X B
RATH I X SR AT S B, BILRHIEIRAE T/EZ) 98+ 2 Cab H AR BVE MR Z i E L
(DSC) ¥Rl

[0003] A BRI ATl 4% BUDUAR G 1 ZU R 77325, Brid D i A6 4 i B DU R 10
WA RES | D IE,

[0004] AR EHPE I HH Tl & B DUIR PR 1 B 7795, Frik ik BHE i 3a - 32l 6a - &
B -7 Fi -5 B - BT —24- FRY5 NaBH R MY fl 4 i B DUHE B2 K 85 o R DU IR 6 A ol 2L

DUREES 1 70 2 0%

[0005] AR B B Tl 25 B DUIR G 1 BL ) 0735, Bk J7 1566 E- BLE/Z-3 a - &
Bt —6- W & -T-Fil 5B - Bk -24- R 5 PA/C AR ML i 3a - 6a- £
B -7- Wi -5 B - [B4E —24- B8 fF 3 a - BHE -6 a — 23 -7- i -5 B - Bk —24- FR5 NaBH,
RNETE R4 i B DU PR s 06 485 o B8 DUNB PR e AL R B DUIR G 1 Y i 20 0%

[0006] A BV Fe ATl & B DU R | L0977 0%, Frid D7 i H6ff B- B E/Z-3 a - }&
H—6- . .5 7 i -5 B - [HLE —24- BR FF 55 NaOH e REJE R E- B E/Z-3 a - 22k —6- . 2,
F T -5 B —HEE —24-1R ;fFE-BLB/Z-3 a - &3 —6- W L3 -7 -5 B - HE -24- R 5
Pd/CHMESIRMIERE 3 a -3 -6 a - 23 -7-Hi -5 B - IBkE 24— 1% sffi 3a - -6a -2
S —T- B 5 B — AT —24- BRY5 NaBH, R NI Rl 45 i B DUREER , JK &5 it B8 DR B 2 Al S

UUIAES 1| B 08

[0007] A BP0 K Tl 4 B DUIEER | ZU [ 77 vk, Frid vk BFE A 3a, 7- Z = H X
FRESUEE 5B - fIB -6 45 —24- B2 FR IR 5 CH,CHO SR JE i E- B B/Z-3 a - $2.2E —6- L &
He~T- i 5B - fH %t —24- BR B8 s fF E- B E/Z-3a - 5t 6- W £ % ~7- il 5B - JIH
e 24— B H G5 NaOH J R | B- 3K B/Z-3 a — $2.9 —6- . 2.3 —7— i -5 B — B —24- 1%
f# B- B B/Z-3a - 83 —6- W 2. % —7- B -5 B - lE 48 —24- BR 5 Pd/C & S % N ik

8



CON 104781272 A OB B 2/62 7

3a-FHk 6a- LK -T-F 5B - JJAkE -24- R T 3a-FHk 6a- LE -T-Fl 5B -JIH
it —24- TR NaBH, [ BT R 45 i B DUIBIR , JF% &5 it B3 DUIR IR % Ak i B8 DURA R 1 7Y ()20 3R

[o008] A K MW KA TH F B INHEBR 1IN TR T EEHEM3a-2
B -T- i 58— JH bt -24- & F B8 5 Li[N(CH(CHy),),] 1 Si(CHy,Cl R B JB& R
3a,7T- = W AR A A 58 IH -6- M 24- B P ER ;1 3a,7- = = F R RE
S 3 5B - I —6- & —24- R B fiE 5 CH,CHO Jx B J& i E- BLE/Z-3a - ¥ % —6- W 2,
B -T- M 5B - fHHE —24- TR R EG sF E- B E/Z-3a - 24t —6- W £ 3 -7- ] 58 - JH
% —24~ B F S 5 NaOH [ T R E— B E/Z-3 a — ¥4 05 —6— T 2,3 —7— il -5 B - JHkE —24- 1%
ff B- B B/Z-3a - ¥ 3 —6- W 2. % -7- il -5 B - H %z —24- B2 5 Pd/C M A SN TE %
3a-Fk 6a- LK -T-H 5B - JAkE -24- R AT 3a-FHk 6a- L5 -7-Ffl 5B -JH
fit —24- TR 5 NaBH, [ BT il 45 i B DUNRR , FE% 45 it B9 DUIR R % Ak i B DURE TR 1 2R (20 9%

[0009] A K MW KM TH AR INHEBR 1IN FE TR TEEHEMF 32
B -T- i -5 B - JA%E —24- PR CH,0H M1 H,S0, [ R 3 a — $2.J: —7— i -5 B — AT —24- 1%
FEE s 3a - F2 0 —7- B 58 - JIH 4 —24- 8 F 5 5 Li[N(CH(CH,),),] M1 Si (CH,) ,C1 &
ML 3a,7- T=HFHEPRARE 580 6-4 24- RS ff 3a,7- T=HHEH
ik 58 - 1 —6- /& —24- B8 H li5 5 CH,CHO J R J& f BE- B E/Z-3 a - 2 4L —6- . £,
He-T-F 5B - HH 4kt -24- BR G s fF E- B E/Z-3a -5 6- W 45 -7-Fil 5B -
% —24- FR IS 5 NaOH J SRR B- 8K B/Z-3 a — ¥ 3L —6- P 2,3 ~7- i -5 B - JH4z —24- % ;
ff B- B B/Z-3a - 53 —6- W 2. % -7-Ffi -5 B - Bz -24- R 5 Pd/C FAE S M IE Ak
3a-FHk 6a- LH-T-F 5B - JJAkE -24- R AT 3a - FHk 6a - LE -7T-Fl 5B -JH
it —24- TR 5 NaBH, [ BT i 45 i B8 DUIRIR , JF% &5 it B3 DUIR IR % Ak il B8 DURE R 1 7Y ()20 3%

[0010] A BRI FH Tl 4% B DUIR G 1 B R 77325, Horof o i B DU R © Y54k B D
ARPR 1 AR &5 B DUIRER C AT NaOH 7K 7 TN HCL 2 3%

[0011] AAKHW KA T4l & B IER 1 MP T P MF3a-3HE -6a- 2
B -7-Fi -5 B - BT —24- BR5 NaBH, & STV il 45 s B DUIR R 72 85°C — £ 110°C IR E

AT A A AT .

[0012] AR EHVE S Tl 4% B DURRER | UG 7505, oA B- B E/Z-3 a - 22 —6- W24
S =T-HH -5 B - fHLE —24- RS Pd/C FIASRRBLIEAL 3 a - 25 -6 a — 2.5 -7- il -5 8 - 2
St —24- BRAEZ) 100°C — 29 105°C (R T FIFEL) 4- 29 5 BB & 7 R #EAT -

[0013] AR AP K T il & B UUIRER 1 B 77k, Hopff - B E/Z-3 a - 2 5 —6- W
0 HE -T- i -5 B - JIlH kT —24- B2 R 5 NaOH Jx R JE Bl E- BRE/Z-3a - 2 2t —6- 1 &
T -5 B — JHKE —24- BRAEZ) 20°C — £ 60°C R N7,

[0014] AR KW ¥ &K Tl % 58 0 AEER 1 B g5 32, Hop ff 3a,7- = = B 3 H &E
S 5B - JlH —6- 5 —24- M B BE 5 CH,CHO /¢ N % ik E- BL E/Z-3a - ¥ & —6- W &
B -7- i -5 B - B4% —24- BB EEAE L) -50°C — 29 —T0°C G N AE BRFAE FAEMR PETE R

FIERIH AT

[0015] AR J F Tl % B DUIRER 1 B[ J7 vk, Horpffi 3a - $2 5L —7- il 58 - 1B
fit —24- B B8 5 Li[N(CH(CHy) ,),] 1 Si(CHy),Cl Jx B JE B 3a, 7- — = H¥ B F1 i %
B 58 - JIH -6- 4 —24- BRFESIEL) —10°C — £ —30°C IR JE R A MEAR B T8 AT .
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[0016] 7 WM J BTl 4 B UUARER 1 AU J7 vk, Horpols Sa - 238 —7- i 58 - JIH
5t —24- TR 5 CH,0H A1 H,SO S MBI, 3 a — $83& —7— i -5 B — fHKE —24- BR FF B In#4&Z 3 /)
I, HHG S RV A1) pH BRI K AR T 2240 6. 5 £ 8.0 ) pHA{H .
[0017] AR EHW J B DUIRER B 25 2% Bl 4252 3 ARG B AL R & G4, SLAkRe
(potency) KT2J 98%. KT %) 98. 5% KT %) 99. 0% KT £ 99. 5%, AR KOG EIT
AR R T i0 A  B DU S 1 RN 242 B mT a2 AR I 2 A A1)
[0018]  Z4 FHVS F VAT BLFR 52 3 & 16 FXR A 500 028 B I I 77 2, FiTid g i 64
THBEMEINERR 1 B, Bk e B0 BLdk 5 IRTE P8 IRV AR AR MR A8 1 e L E
RS PENE I PERF 26 (NASH) « 7R R B 8 J88 G TS RS TP B9 « R R PERELY T PE R4 4L (PBC) 34T
PEAF 2445 P B SO 4545 I 27 4788 PR A Co M35 7 0 5 s kR A A AL B Bk A4k vy L]
MREAN = IR MURE o AR R B S T BRAR 32603 B0 i =B i 77323, Frid ik B34 T A %L
SR IUERE 1 8L,
[oo19] [ & faiik

K1 R seif 1 D3R 4 MGG 5 5 19 HPLC-UV/MS 3% &, BA 1 mg/mL yE N, VESY
RO 3 1. MmidERSEs] 2 Frd 7ikiReg.
[0020]  [&] 2 J&sLfitsl] 1 AP 4 BALE4) 5 B HPLC-UV/MS (i &, DA 1 mg/mL yEAZE{LS
bt VAR 20 w Lo 3 B F R SLHE ] 2 Frik 77153k 45
[0021] &l 3 &R A HPLC A iERIsLiEf] 1 205 4 W HIML 540 5 [0 UV il . el %
HESZa e 2 Firidk 77 V2:3Rk 45
[0022] & 4A J&k F A HPLC J5ikaifv sy s skl 1 sDIR 4t 54 5 F 054045 (RT 29.0
S8 ) Wim/z 850.61914 + 3ppm [FPRGHE R FEZ (2 WL 2) .
[0023]  [&] 4B J&k F A HPLC J5ikaifv s s skt 1 D3R 4 fh 54 5 kg4 4> (RT 29.9
80 BIm/z 850.61914 + 3ppm KIFSHE T84 (S WAL 2) o
[0024] & AC &k A L] 1 PR 4 ML G 5 B m/z 850.61914 £ 3ppm [RIAGHH 2
T (S I SLiEfl 2) .
[0025] & 4D J&k FH SLitfs] 1 PR 4 (&4 5 Atk Z b m/z 850. 61914 & 3ppm A4S
WaEs 12k (2 WALt 2)
[0026]  [&] 5 A& 4k B DUIEER C Lf% XRPD fiT 4t &l (= ILsLiafsl 3) o
[0027] &1 6 TIngs B DUARER C 2 ) TGA Al DSC i (= Wity 3) .
[0028] & 7 BIRAE 25°C L 110°C A 120°C T 45 it B DUAEER ) VI-XRPD £i7 45 B (2 WL it 7]
3) o
[0029] %] 8A s& 45k B DUIRRG C AU GVS 2R (2 LSttt 3) -
[0030] %] 8B s&45an B DUIREG C B GVS B Ay 4k (2 ILskhitfl 3) -
[0031]  [&] 8C R nAE GVS 7 A Hi J 45 an B DUIRER C 2U[¥) XRPD AT Bl ( = WLsL it 3)
[0032] &1 9 WIRAE 40°C /75% RH N ERATHI G &5 &5 B DUARER C AU XRPD fiT 5 B (= Dlsk
JiE 1 3)
[0033]  [&] 10 255 1 #LAY B DUIRER 1 B XRPD fiT5 B (= WLELjifsl 5)
[0034]  [&] 11 B/R%5E 1.2.3.4.5 F1 6 #LM B DUIEER 1 241 XRPD A75F Bl ( Z WLSEHtf 5) o
[0035] & 12 42 d,~DMSO 155 1 ft B DIJAER 1 AUAY NMR P38 (2 WLt 5) .
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[0036] ] 13 B REE 1.2.3.4.5 16 #HLB DUIEREE 1 AU 'H NMR B3t ( Z WLSLifhl 5)
[0037] K& 14 j&3R H Xk 10-75 ppm [ DUIEER | A1) °C DEPTQ NMR S 780K (S0
SEEf 5) o

[0038]  [&] 15 &3k X 48 0-75 ppm ()5 DUIHER 1 Z4HNH] P ZRAR 1) °C DEPT135 NMR 33
FTBOR (2 WELHE) 5) o

[0039] &1 16 /& B DUIHER 1 UM & °C \MR (S WLSLiE ] 5) .

[0040] P& 17 2 16 [ 32. 3 ppm ALUERIBCRIE (S WLSLiEh) 5) .

[0041] & 18 245 1 #LEL DI 1 YA FT-1R P (3 W SLHEf 5) .

[0042] & 19 BIREE | #LE DUARMER 1 Y[ TGA A1 DSC HEIE K (S ILSLiEhl 5)

[0043]  [&] 20 BIREE 1 #HEBL DUARER 1 24 3% DSCIRIE K (= WLt 5) o

[0044] & 21 BIREE 1.2.3.4.5 F1 6 #E B DUARER | 419 TGA LR (= DLSLiEf 5) .
[0045] & 22 BIREE 1.2.3.4.5 A1 6 fLEL DUREER 1 UMY DSC 52k (2 WLSLjiEfs] 5) o
[o046] & 23A R fmPRt BAMOR NROEE 1| LB UUIAER 1 BRI A . B 23B 2 miot Bk
TR 2 fE B DUARES | ARG . 1] 23C IRt AR IO EE 3 LB DUIEER 1 BURIRE A .
& 23D B fmdf ot BAR TR 4 LB DUIERS 1 BAGHE Ao 8] 23E BmROL BMA TR 5
LB DUIRES 1 ZURIHE . ] 23F 2Rt BRAR N ROEE 6 LB DUIEER 1 ZUARE .
[0047] & 24 BIREE | #EB DUARER | AU GVS SRR K (S DLt 5) .

[oo48] &1 25 EIREE 1 #HEER DUARER 1 2R GVS B 774k (= ILsLiatsl 5) .

[0049]  [&] 26 W/~AE GVS BG5S 1 LB DUIAER 1 241 XRPD AT5Y Bl ( = WL 5) .
[0050]  [&] 27 s&7E 3 FIASFEI I EE / /K EE 22T B DUIARR 1 Y[ pKa Wl E () i 26 1] (20
SEtEf 5) o

[0051] & 28 /Z WA DIHER 1 BUH) Yasuda—Shedlovsky Bk ( 2 WaLjigfh 5) o

[0052]  [&] 29 s T W DUIEER 1 BT pH (IR 7R B (2 DLSEHEfl 5) .
[0053]  [&] 30 42 it HL B VARSI B DU R 1 AU 22 S i 2R 7R B (2 DK
% 5)

[0054] & 31 BonB DUARER | 2 Byl MR DL (2 WS 5) .

[0055]  [&]32 BIRTE40°C /75% RH NARAZSE 5 | LB DUARER | A4 i XRPD fi7 5 B (S LSk
Jit 5 5) o

[0056]  [&] 33 BIRTE 25°C /97% RH NARAZG 5 1 #HE B DUARER | AU i XRPD fi7 5 B (= LSk
Jiti 5 5)

[0057] &l 34 BIR LA 50% B A5 7K R AR T 10 25 1) S PR A7 8 A [0 A 1) i A &5 1
R DR G B+ rn B (S i) 6)

[o058]  [&] 35 TR B DUIHER G 24 AR 45 i ) oy T A s s ], HpEs R R R (S
WL SEE 1 6) o

[0059]  [&] 36 27 FTUACER (1) b A4 AR ASEDUAG oK 1] 36 I AN B DUIE R G 24 XRPD & (S
WL SEa 1 6) o

[o060] & 37 TR FIRZE T 20 mg/kg BB DUARRR 1| ZUANLS & F AL I3 58 DU BRI A
TR R 2 (S ILseietl 7) .

[0061]  [&] 38 B RAELE 25 AN [RI RO IR (7] /) By B DURR R 1 BUANZS d F AL 884 i Il
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BRI HZE (2 WsLiEe) 7) .
[oo62]  [&] 39 7k 1 AU DSC iiZk (2 WLt 7) .
[0063]  [&] 40 TR F AL DSC fiZk (S WSLiEH] 7) .
[0064] & BHVEA

ARG REA LU S5/ 1 B DUIR R , —Fh 24 735 a7 (JRFRN INT-747) -

5/62 T

(45 #H INT-747)

HAFREAR FAin B DUERE A5 45 & B DU BRAE -G s TR 44 i1 B8 DR R (1) 1] 46 77
TEFUE SEAE i) 2% B DR R 1 77 70 v B8 DU ER AN pl P [MA T A2 AE NS S M T i AR
THIEHEA T B DU RR 1 25 M 20 & W A 55 DA S Bk 286 W i FH s o
[oo65] il % B8 DA PRI 775

AHE ST & 2 S B DR R T 1% AR HE R TTIE WA 1o 05152 6
B IRAEE —A A SR A w1 B TR R
[0066]  JiAE 1
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s dh R el &
(R 0 flod: C 2)
TR 7 l

-
BAjnag 1B
AR F R ESAFRRAE 1 (77, b &4 4 F1 5 & 50 518 LU L &4 44 F1
5A TIZEMIULEH IR E A 7 SRR IR & -
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COH

FE—ANSEETT R, E/7-3 a - 3k —6- W23 -7- i -5 B - Bk —24- BRFEE (40) 1
B/7 SRR LE 2N L) 50% K T4 60%. KT 29 70%. K T2 80%. KT %) 83%. KT 4 85%. K
T 25 90%, KT %) 93%. K T4 95% B K T2 99%. £E— DL 72, E/Z Hi@ it HPLC U
Eo DL ET, ZHLE KT L 80%. £ DL RET, ZHREKXTL 83%. £ —
AT RS, Z R KT 2 85%. fE—PSLi g i, 1% hR KT %) 90%. 75— 5Lt 7y
FH, i ERT L 93%, AL EH, ZHERKTL 95%, £—ANLiETRF, %t
FKRF L) 99%.
[0067] fE—ANSEHE TR, E/7-3 a - $3 —6- W25 -7- [ -5 B - A%z —24- B (5A) 1
E/7 SRR EL 23 N2 50%. KT 4 60%. KT 29 70%. KT %) 80%. KT £ 83%. KT 4 85%. K
TF2590%. KT 41 93%. K T4 95% B KT 2) 99%. 78— DL, E/Z thZi@ it HPLC I
Eo E—NEHETET, ZHLRE KT L 80%, A£—DELHEHTET, ZHEKTH 83%. f£—
AT RS, R KT 2) 85%. fE—SLi 7 9, 1% th3 KT 249 90%. 75— 7y
EH, I ERT L 93%, AL EH, ZHERKTL 95%, £ ANSLiErEd, &bt
RRF L) 99%.
[0068]  AATUE AR SR I A HIENTTIE. ZTIEN 6 B RS B R, S
SEAEBRPEME AL IAEAE N IE Al B R RS 7- BRI IEER (KLCA) [ C-24 FRIFR K EEL 15 3 F
Btk &9 1o DR 2 R AF F BRI AL A4 | e B, 42255 T Ak e b B3 Bk &4
3. SR 3 EREGEERAML 5 3 1 LBE AR SE & NI AL 59 4 (B B9 48) » b
B4 REKAE, LAY 4 (BULAY 4A) 10 C-24 FERAE BB BRI AT 5 (BiikE
Yi58) o SRS RIEW S (BUALAY 5A) 1 6- LA ME, 5 R 3 e &
Y6, LIR6 RALEY) 6 K T- BRFLEREMEEFN 7a - HIE RN BB DER., DR T &
g i B DUIR B L AL o B DU R 1 7R
[0069] A BT I5ES J F Tl 4 B DUIEER 1| B 7 v, orp i oy VAR Y B DUHEER (1Y) &
T NG B )4
[0070]  FE—AMSEHE T, AR BIP K A Tl % B UUIEER | B J7vk, ik 77 ik a ks
4 B DU R S A o B DR R 1 BU D BR.
[0071]  fE—ASEiE 77 R, AR ¥ B ATl 4 B DUIEER | R T77%, Frid 77 v FE DA
Wz

ff 3a -0k -6 a - 2.5 -7-Ff -5 B - lH4E -24- 12 (6) 5 NaBH, R B R 45 i B DR
%, Fil

Yo 25 i B DUIR RS R B DR R 1 2L,
[0072] FE— ST, AR P B A T4 B DUIEER | BUR 775, B 77 iA A FE DA
Wz
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ff E/7-3 a - F2HE —6- .25 —7- Ffl -5 B - IHKE —24- & (5A) 5 Pd/C ISR MLIE L
3a -k -6 a - 25 -7 -5 B - LT 24~ % (6)

ff 3a -0k —6a - 25 -7-Ffl -5 B - lEE —24- 1R (6) 5 NaBH, R B R4 i B DR
i, fl

W 45 i B DUIR R G A0 9 B DURE R 1 2
[0073]  FE— NSl 77 &0, AR P B F Tl 4% B DUREER | LR 7%, Bk 77 1A E DA
7

flf E-3a - J2 5k —6- W 2% -7- i -5 8 - A 4% —24- R (5) 5 Pd/C FIE AR RL I A
3a -3k -6 a - £ -7 -5 B - JHLE 24~ & (6) ,

ff 3a -0 6 a - 2.5 ~7- [l -5 B - [EE -24- R (6) 5 NaBH, B R4 i B8 DU
%, fil

¥ 45 i B DUIB PR G ALy B DUE R 1 7,
[0074]  FE—ASEHETT T, AR IIE B A T4 B DUIEER | R T77%, Bk 75 v FE DA
ez

ff E/7-3 a — 20k —6- W. £ 0% -7- i -5 B - A% —24- BR B (4A) 5 NaOH R NJE ik E/
7-3 a — 23 —6- W 23 ~7- B -5 B - HKE —24- & (GA),

ff E/7-3 a - 22 —6- W 2.5 —7- Bl -5 B - IBKE —24- & (5A) 5 Pd/C FIE SR P RL
3a -k -6 a - 25 -7 -5 B - LT -24- & (6)

ffi3a-3H —6a- 20 -7-F 58 - A%E -24- 8 (6) 5 NaBH, R BLJE B4 &k B DR
%, fil

W 25 i B DUNR R A R B DUIE R 1 2L
[0075]  FE—ANSEil 77 R, AR P B BTl 4% B DU ER | BLR 7%, Bk 77 A A G DA
TR

ffE-3a- ¥k —6- W & & -7-Fi 58 - IH 4T —24- IR 5 (4) 5 NaOH X i J& J&
F-3 a - ¥k —6- W 2.4k -7- [ -5 B - fHkE —24- R (5),

ff E-3a - 25 —6- W 2 -7- i -5 8 - A 4T -24- 1R (5) 5 Pd/C FIE AR RL I A
3a -3k -6 a - £ -7 -5 B - JHLE 24~ & (6) ,

ff 3a - —6a - 2.5 -7- [l -5 B - [E4E -24- R (6) 5 NaBH, [ B R 45 i B8 DU
i, fil

W 45 i B DUIB PR EG AL v B DUHE R 1 7,
[0076]  FE— NS 77, AR P B BTl 4% B DUIEER | R T77%, Bk 7 VA G DA
ez

ff3a,7- “=HEFREAEM 58 -1 -6- M —24- BRFEE (3) 5 CH,CHO R BLJE & B/
7-3a - ¥k —6- W22 7B -5 B - A% —24- BRFES (4A) ,

ff E/7-3 a — 20k —6- W. £ 0% -7- i -5 B - BT —24- BR B (4A) 5 NaOH R NJE ik E/
7-3 a — 23 —6- W 235 ~7- B -5 B - HKE —24- & (BA),

ff E/7-3 a - F2H —6- W 2.0 —7- Bl -5 B - IBKE —24- & (5A) 5 Pd/C ISR MR
3a -k -6 a - £ -7 -5 B - kT 24~ & (6) ,

ff 3a -0k -6 a - 25 -7-Ffl -5 B - lEE -24- 12 (6) 5 NaBH, R B R4 i B DR
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%, fil

Vo 2 i B DUNR R Ak R B DUIE RS 1 2L
[0077]  FE—ANSEHETT R, AR BB A T & B DUIRER 1 AL 592, Bk 77 v 46 DA
Nz

ffi3a,7- “=HIEFREEIE 5B - 8 -6- 4 —24- B HFEE (3) 5 CH,CHO 2 B i
E-3 a - $2dk —6- W44 -7- i -5 B - IHE -24- BEFER (4),

ffE-3a- ¥ 0k —6- W & & -7- i 58 - lH 4T —24- IR I 5 (4) 5 NaOH X i J¥ h&
E-3a -5k —6- W HE -7- i 58 - HEE —24- 1 (5),

ff E-3a - 5L —6- W 2 -7- i -5 8 - A4t —24- R (5) 5 Pd/C FIE IR RLIE A
3a - At —6a - 25 -7-Fil -5 B8 - B —24- & (6),

ffi3a-32d —6a- 20 -7-F -5 8 - IA%E —24- R (6) 5 NaBH, R LY 45 &k L DUIR
%, fil

Vo 25 i B DUIR R SEAL  BL DURE R 1 2L,
[0078]  FE—AMSEiE T &, AR BB I A Tl & B DUIRER | AL 7592, Bk 7 v 48 DA
ez

ff 3a -5 -7 -5 B - fHKE —24- BR G (1) 5 Li[N(CH(CH,),),] A1 Si (CH,) ,C1 &
MR 3a, 7- = HFRPREAEIE 58 - 1H -6- /& —24- IRHFEE (3),

ffi3a,7- “=HEFREAEM 58 -1 -6- /i —24- BRFEE (3) 5 CH,CHO JRBLJE A% B/
7-3 a - F2H -6 W25 ~7- B -5 B - AT —24- BR B (40),

ffE/7-3 a — 20k —6- W. £ % -7- Fil -5 B - A% —24- BR B (4A) 5 NaOH R NJE ik E/
7-3 a - $2Ht —6- W23 ~7- i -5 B - fH4E —24- B8 (5A),

i E/2-3 a - 3 dk —6- W& Hk —7- B -5 B - IH%E —24- B2 (BA) 5 Pd/C FIE TR P
3a - Ak —6a - 25 -7- il -5 B - Bk -24- & (6),

ffi 3a -2 6 a— 2.3 -7- i -5 B - fH5E —24- R (6) 5 NaBH, S R4 i B DUAE
1z, il

W 25 i B DUIR PR AL R B DUIRER 1 2L,
[0079]  FE—ANSLi 77 &, AR P B F Tl 4% B DUREER | BLURGT73%, Bk 77 12 A6 DA
ez

fif 3a - 25 -7-F -5 B - Bk —24- BRHEE (1) 5 Li[N(CH(CH,),),] A1 Si (CH,) ,C1 X
MR 3a, 7- = HFRFREAEIE 58 - 1H -6- /& —24- IRHEE (3),

ffi3a,7- “=HRIERRESEIE 5B -8 -6- 44 —24- BB HFES (3) 5 CH,CHO S B i
E-3a - ¥ —6- W 4% —7- B -5 B - Ak —24- BR F R (4),

fEE-3a-F2 -6~ £, 2 -7-F 58 - lH 4T 24- IR B 5 (1) 5 NaOH & BL JE K&
E-3a - 24 —6- W23 -7- i -5 B - fHLE —24- 1R (5),

ffE-3a -k —6- W LB -7- il 58 - IHLE —24- & (5) 5 Pd/C MEA S BT i
3a - At —6a - 25 -7-Fil -5 B - B —24- & (6),

ff 3a -0k —6a - 2.5 -7-Ffl -5 B - lH4E -24- [ (6) 5 NaBH, R N R4 im 5 DU
%, fil

Yo 25 i B DUNR BRI R B DR RS 1 2L
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[0080]  FE— NS R, AR BB B A T & B DUIRER 1| AL 592, Bk 77 v B4 DA
Nz

ff 3a- A -7-F 58 - IH LT -24- #& (KLCA) 5 CH,0H F1 H,S0, ) M. JE f 3 a — &
B -7 F -5 B - lEkE -24- BRHEE (1),

i 3a - 5L -7- 8 -5 B - IA%E —24- BRI G (1) 5 Li[N(CH(CH,),),] A1 Si (CHy) ,C1 K
MR 3 a, T- = FIEHRREEIL -5 B - I -6- 4% —24- IRFEG (3),

ffi3a,7- Z=HEFREAEML 58 -0 -6- )@ —24- BRFER (3) 5 CH,CHO R BT % B/
7-3 a - 33 —6- W23 ~7- B -5 B - JHkE —24- BRH S (44),

ffE/7-3 a - 20k —6- .. 0% -7- i -5 B - lB4E —24- BR FFEE (4A) 5 NaOH R RLJE F% B/
7-3 a - 2k —6- W23 -7- ] -5 B — JHEE —24- R (5A),

ff E/7-3 a - J2 2 —6- W2 ~7- [l -5 B - IHKE —24- & (5A) 5 Pd/C A SR ML R
3a-$BHt —6a - 25 -7-Fil -5 B - B —24- & (6),

ff 3a -0 -6 a - 2.5 -7- i -5 B - [H4E -24- 2 (6) 5 NaBH R N R4 i B DU
%, fil

Yo 25 i B DUIR RS R B DR R 1 2L
[0081]  FE—AMSLi /7y o, AR B EE J A Tl & B DUIR R 1| BL 7592, Bk 5 v B 48 DA
ez

ff 3a - -7-Fi 58 - IH 4T -24- B¢ (KLCA) 5 CH,0H F1 H,S0, ) M. JE ff 3 a - f&
S -7 B -5 B - Bk -24- BRFEE (1),

ff 3a -5 -7 -5 B - JBKE —24- BR G (1) 5 Li[N(CH(CH,),),] 1 Si (CHy) ,Cl
MR 3a, 7- ~=HREFREAIE 58 - 1H -6- 4 —24- IRFEE (3),

ffi3a,7- "= HIEFRESEIE 5B - 8 -6- 4 —24- BB FEE (3) 5 CH,CHO 2 B i
E-3 a - $2H —6- W40 -7- i -5 B - lH%E -24- BEFER (4),

ffE-3a- ¥k —6- W & & -7-Fi 58 - IH 4T —24- IR 5 (4) 5 NaOH X i J& J&
F-3 a - ¥k —6- W 2.4k -7- [ -5 B - fHkE —24- R (5),

ff E-3a- ¥l —6- W &2 -7- i -5 B - JH%E -24- 1R (5) 5 Pd/C MIE S R M B
3a- Ak -6 a - 25 -7- il -5 B - A4k -24- % (6),

ff 3a - —6a - 2.5 -7- [l -5 B - [E4E -24- R (6) 5 NaBH, [ B R 45 i B8 DU
i, fil

Yo 25 it B DUIR RG0S DURE R 1 2L,
[0082]  7E— ALt TT R, AR EHIE K AT 45 o B DURR R ] 4% B9 DURR R 1 By 77 v 78
P AT RS, 45 i BB C M, fE— S 7 2, 45 i B DUIRER C Y FRIEAE
TRUT B 5 Fros X S8 Amit BIR X ST Bl £ AL 7=, 4@ B IUIRR ¢ &Y
H 2B IE T Bash AN E 45 0
[oo83] FIE¥1

IR 1 3a -k -T-Fil -5 B - JELE —24- B8 (KLCA) 5 CH,0H A H,SOJE Ji 3 a — #2
B 7B -5 B - AL —24- BRFEE (1) MIRML. 7EDR 1 — AT 9, G N TR S
INFEY 3 /NI, R KA O T ROBIR AR pH 2249 6. 5- 29 8.0 (1) pHAE . 7E—A5K
JETTET, 3 a - F2Hk -T- B -5 B - lBkE —24- BRFEE (1) M0 B8R HE P . 78—
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ANSEHETT R T, 3 a - B -T- i 58 - B -24- BRFES (1) HI2 A B AR TG Em AL
B, AE— AT R, AR R 3 o — I -7- i -5 B - 1B kE —24- BRFES (1) 1)
SrERMEER R AR, 3a - B -T- B 58 - BkE -24- 1R (D 5
CH,OH A1 H,S0, 1) R BEAE FBE AT o 75— DL HET7 22, B VA & NaOH 7K & fE—
ST, pHAERL) 7. 0- 4 7. 5,
[0084]  7E—ANSLiifa 7 S, I FHAE R AR DA B S B2V 711 o E— AR P, &
PN VTR R VE PERR AL R 2 30 43 B T B RR B R EEY) . £E— DT R, S A
VAN TG PERR AL FR . R T DLIE =40, INNZ) 5°C — 29 20°C /KRR A R 7553 — Ak
7T &S, KNL 10°C - 245 15°Co FE—ASETT ZH, LA L4 &, R EERUK IR &
Yivhisk. E— Dty &, & /K EiEiE Karl Fischer (KF) E&E. 74— 5L
W77 &, AT N — PR MR E R A TR TR A SET E 72
TR — D BRZ T AR
[0o085] DI 2

IR 2 08 3a-FR HE -T- R 5B - IH 4t -24- B8 B B (1) 5 Li[N(CH(CHy),),] M
Si(CH),Cl Fef 3a, 7- “=HIFREIL 58 - H -6- 4 —24- BRFEE 3) K. /£
AT R T, PR 2 784 -10°C - 29 -30°C L MM AE R AR 4T, £ aE
7T &, AR B IE R S DU AR o AE— DR S, IR MY —20°C - 45 -25°C, /£
—ANERGETT R R 3a - FBHE -T- i -5 B - JHAE —24- BRH R (1) 5 Li[N(CH(CH,),).] M
Si (CHy) ,C1 MR BLFiEHELT 2 /INB
[0086]  7E—SLHET T LG 1 NIRRT 20— i %
B, R AR KR R BEAE 2 65 C Al 5 Nl ER L &M L. £ — A DLimET, &
F, B THR IR Y T, EE AW 4 IR, R DL ET, EE AWML 3 R4
2 B 1 IR FE—DEETET, SA R FERIEBRNRAEKENS 0.05% (Karl
Fischer & ). 7KA] PLZKAE =GRS, HAEM Fin b iRd . £ AL =4,
fEF =PRI 21 22 4 -10°C - 29 -30°C, A a In AN = AR &nELE . 785 — NSk &
M VTR TS I B2 —20°C - 29 -25°C o FE—ANSEHETT =, Rl A THE 25 N 5l
MR, A ZEL) -10°C - 29 -30°C. fE— AL R, e — FRAEAE. &
PN SLE T R, AR AR E PER, B E R AR BE AR T fE S — AT e, f
BN THR FVERA HI B L) —20°C - 29 -25°C. fE—ADSEHETT R, /£4) -10°C - 41 -30°CF,
W 3a -3 -7- i -5 8 - BKE —24- BREES. THF A1 = B 3 SR B (1974 B0 0 T /K VA VR N
B AR R . AR5 — AT R, I N -20°C - 41 -25°C. fE—NSEiETT R T, fiiH:
RNIREINL) 2 /N o FE—ANSEHETT 2, X T Ja 2B, 45 I REVR A 0 N TIVA R BR MV T
o B — AL R T, R IEE R AT EBRKIER . 72— SEiE 7 =0, RN G, 75 &
AR, DL RS, Wit fEL) 50°C T E5 2840, ANAHUE T EER. £
AL TR, AR E 3a,Ta - = HIEFRESE 58 - 1 -6- ¥ —24- B G
(3), 7E N — bW “HEJEAE” . B, ATE 08 3 sl &4 3 2ifk.
[o087] I3

W3 E3a,7T- = HRIERRAEE 58 - 0 -6- 44 —24- R EE (3) 5 CH,CHO JE A%
3a - 3% -6- W 2H -7- B 58 - Bkt —24- BRFPEE (4) WM. DL RS, BT
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3AEZ) -50°C — 29 —70°C B NAE BEATRAE FAER AR FIE 7 P #-T . 72— SLi s %
B, PR A A R . AT R BE N L 16% wt E . £
SEHE T S, IRE N -60°C — %) —65°C.
[0088]  fE— AL T, S EW 3 R PEAE R FIE RIS RN AR T . S —
ANSLiE 77 S AR PR AR IE A AT — P BRI ER AR VA (0 THE) o 7E— NS 77 27,
N\ THF PAFIF1 R AR KM = R . 7540 50°C B RIE R, BBk & 20
EFFER BELED 3 MR TREKERT< 0.5% (Karl Fischer #i5E ). 2
JEHEAEY) 3 R ARVE T AR AR, A A1 24y -50°C - 29 -70°C . AR
JRFHERE —E R . 725 — iy ZH, R AE R FE AT RS A 3 RRY
RS HE L) -60°C - %) —65°Co A ZEE (CHCHO) o P85 1 HE BT VA7 = FALE (BE,) ¥
TR A5 N B S L 28 7, SR G VA N E 4 —50°C - £ -70°C. R —DNEHEHT RS,
WPEAE AR — R b, 20—y £, = AIE LS ST = w2
FE A . BE VAR AR E N —60°C — 4] —65°C. FE4) —60°C — 4] -65°C M-S HILE 3
A BE RO BEJER A 50— DS R9, SWEY 3 A LRI TR .
E— AT, FE4) —60°C - 29 —65°C M HE R NIRG L) 2 /N, iz 23°C - 4
28°C, HAEEL) 2 /NI, JEAHI R L) 2°C - 4 LOCH T kAR / JG b3, fE— DL TR,
INFNSE IS 729 4 /NEF o 7E—ANSEHE 77 277, 50 T Ab B, o I R 28 H v H1 A
TN TR BB KIS o AE 75— SEHE 5 S, Bl PE K VTR 2 50% wt EEE AL (NaOH 5
RN ) o AL RT, AEEAHE R (TE) AVEEBRI MM R SES. £
ANt R, R A (\WT) 50°CIEE &M NE N PR EER . £k
7T T, R AME S 3a - R -6- W23k -7- Fil -5 B - Bk —24- BRI S (4) Al— L
ROVCHEM G Rt BT, PBRATIERLE/Z-3a -2k —6- W5 -T-Fi 58 -
Bt —24- IRFEG (4A) » HIR 3 =W EER T L% 4,
[0089] DI 4

LA R 3a- R —6- T £ H -7l 5B - B kE —24- FR B (4) 5 NaOH JE 1%
E-3 a — $20k —6- W 2.4 —7- il -5 B — A% —24— B8 (5) MIRMi. fE—NSEiti T 22, 18 4 1%
4 ZHT BB IR 3 KR AMIINIE L) 45°C - £9 60°C LR 2 R ERITER. f£—ASLiEh %
IR ERZ 49°C - 2155 Co AE— DL RS AT 3a - Ak —6- WK -T-Bd 58 - JH
Bt —24- FRFEE (4) 5 NaOH N FI BE KM S RAEZ) 20°C — £ 25°C N AE B /K Al NaOH ¥
WA #AT
[0090]  7E—ANSLHE TR, KRR B 3 a - Bk —6- W 2L -7 il -5 B - Bkt —24- &
G (D) EANRMAT . £ — DSt £, [N # 20 PR, 41 078 20 UR B AR
o /ENMT 50 CHIEE T, B RREIER . /£ —NSLiE s Z9, B RyinizE 4
45°C =41 60°C. 1R — NI EH, BRARMIMIME L) 49°C -2 55°C. £ 55— L
TFEF KPR 3 HIBRARY) (bW 4) VT FEEFK AT AE R 127 — DT £
i, PR KSR Z) 50% wt EEALEY (NaOH s HFIEEN ) o 2P 3R 4 IR /K AR I RAEZ) 20°C - £
60°C 3T, FEHiHE ELBIKME R R 5E e AE—NSEIETT 8, BRE/KARIEL) 20°C - 4 25°CF
BEAT o KA SN VR SR pH BAIESE pH> 120 2R pH < 12, AN S350 i) NaOH. J ST
Y KRR, AR E E L) 20°C - 41 35°C. S —J7 T, IRNIR AW KRR RS, JE iR
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FY)25°C -2 35°C. fE— LT ET, TG0, 5354, 1 T 2 K Z 582 2 ol
R ge, FEEAHZE . L&Y 5 fEKMP . FE— DT R, B LR BRI S
&Y 5 KA, LA N KZE o 785 — DT &9, IS B KA. 1E
—ANSLHETT R, RS, FE T ERKE. AW S EANET. fE— DL RS,
LR CEEMNAEVLZ T, A L8R B . 75— S8 77 b, 58 &M E 21 H s
B K ENNIT 1% BB BT BIE 2 1 5 o 75— AN SLiE 7 Z, 8RR H 240 10°C - 2
30°C, 4 1, I 1R LERW R . AR — D SEHETT =, RS A1) 5 BB IR A
F4120°C -2 25°Co fE—ANLITTEF, TG E) T IRAEL 60°C T HA AT (BI04 14
KT )

[0091]  FE— SR TT 9, M H QB HIR E-3 a - 20 —6- W45 -7- B 58 - JH
Bt —24- 18 (5) &5l £ DT RT B CBEAHGLAY 5 NIRRT, £5—
ST R, R RN . AE— SR T R, A T BRI A Y 5, IR AN #
Z L. E— AT R, DL H] FA S AR SR E1 24 15°C - 245 20°C. fE—
AN TR, G EY) 5 B LI B, SR G H AR B Hesk . 1E— Ly £,
A 5 FTRAREST (B AT BN ) FAEL) 60°C AT, Al BURE & LA
S AEY 5 S ENE AERK D& 8. A NEETET, A e s &4
3a - 7Kk -6- W2 —7- B -5 B - B4 —24- BRI E M Z BT E . fE— AL £,
E/7 EL3 L) 99:1.4) 98:2.4) 95: 5.4)90:10.%) 85:15.4) 80:20.%) 75:25.4) 70:30. 4]
65:35.£ 60:40.2 55:45 B %) 50:50. F XA AN 5 5 B MR 2 HFEE S L
S 2.

[0092] IR 4 3BT UAEN B/Z AR R S IRAL G a3 T Blin, B3 4 & B/
7-3a - Jodk 6 W £ 5 -7 i -5 B8 - JH 4t —24- R F BE (4A) 5 NaOH JE % E/Z-3 a - }&
e —6- W 23 -7- [ -5 B - IEEE —24- B8 (BA) WIRML. E— DL RS, /£ 4 Z i,
WD IR 3 IR AR ININL) 45°C - 41 60°C LARR EIRR ERIEN . /E— AL E 9, AN
2149°C -4 55 Co fE—DEMTEF, WM E/Z-3a -l —6- WL -7T-Fi] 58 - 2
fit —24- PR BE (4A) 5 NaOH B HI R 7K MF S RLAEZ) 20°C — £ 25°C N EE L 7K R NaOH 5
WP T . FE—NSEHETT R, NaOH B2 50% wt 7K PEVAR -

[0093] FE—ANSZifi 7R, KR N K E/Z-3a - 3 —6- W 2 & -T- il 58 - JIH
fit —24- IR R (4A) FENRMEARF o B — N SEHE T S8, IROBEAS A2 i 14 1), 491 G 8 280U
BUE AR R 7ENMT 50°C I N, BB MR R SV fE— D27 £, B R
A 45°C - 241 60°C. fE—NSETRT, BN 49C - 4)55C. fE— LT ET,
WL IR 3 BB ARY) (LS 40) V5T B EENK B KBRS . £ S — D)7 =, T
PEKIEBEZ) 50% wt AN (NaOH s HFPERN ) o 2D IR 4 FIBR/K AR I RAEZ) 20°C - ) 60°C
NBEAT, HA R L BIK AR R L SE e 7E NS T SR, BREAKARAEL) 20°C - £ 25°C N AT
R 2 S SRS ) pH LAESE pH> 120 W pH < 12, WA ZIAM ) NaOH. B2 VR &7 F 7K
MRE, FFRTILE 240 25°C -4 35°C. AT R T, 0T R, B S, BT E
K2 EERE B PR S N 2, FE B HUZ . AL EY) 5A FEKAH T . fE—DSLiE T &, 5
IR BRI S LAY A KA, LA A HEENKZEF . 725 — AL &4,
BT KB . /£ SEHETT R, B &, FE T ERKZ . B 5A fTEALE
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o fE—DETET G LR CENAYVUETEE, IR OB £ DETE
i, B AR BB VR A K & T 1% B EL BTA BIME 2 /i . fE— DS =9,
BRI EL) 10°C - 41 30°C, &, JFH R A BR¥Es . 155 — s s i, 8
(&AL A BA HIBIZIRA B L) 20°C - 49 25°C . fE— LT &0, a3~ ¥n FEeqe
2160 C N EZHAT (BB TEIL) o (G 5A Pl R A ST R DR 5.
[0094]  fE—ASLiETT R, FHI B/7-3 a - 5k —6- W 435 -7- i -5 B - fHkE —24- FR
(5A) fHH] 2 BE LS & o 78— DSEHE T B, 4 LR GIIL 59 5A BN BB o 72—
SEE T S, RS ENE R . B AN R, N T VAL A YD A, KR S
HEEE. £ DL RS, Db fd AR RS HI B Y 15C -2 20C. 7
— AT R, 4 G 5A T E A ONLA L R EH AR AR . AE— AR TT R
H, 5 i G 5A W TIRAE T (s =0T RAL ) FIFEZ) 60°C T AT« 7E— S
TES, DR AW EE RV EY) 5.
[0095] £ D IR 4

WG 5 ARG & T o AE—ADRHETT =, A 4 NETE R B . 7R
2150°C (&HK) N, TETBHMHRARERNER (FnolE. S0 « BRRPE T FiE
t, A EN . N B SRAK R AN (50% witNaOH) « 7F— NS JT 2, 41 4) 20°C - 45 25°C
TR R BB EL) 4 NN o W B RKRRE, I TR, fERFES, B A T
ERKZE B R BZ T . FFEANZ . ot OKZRE NI G B
FIERIER . MEEMHE, FETERKE. BAVEERREEERMNSES . NETLUZE T
H IR OB, HFHIMA LR OBE. /£ SE T 2, EE ZERE R HE BN S KkEA B
T2y 1% BLE RIA BIME E Bk Al BB 24 20°C - 4) 25°C, &Y 5 FETEE
OHL B, I IR CERV S . TIRAER R TR P AR B S ML) 60°C T HEAT .
[0096] &R 4 16T MEA B/Z ik KRG AV U347 o £ DT
ER A AN EE OB TE N 2 T AEZ50°C (oK) R, Al B AR A BT (6
WG ZERPEE) o FERARYET FEES, A A0 I B RAKMFT S (50%wt, NaOH) .
[E—ANSEE T B, /24 20°C — 29 25°C i R BLR G L) 4 /NF o VS B R KFRRE
FEIMANF IR FEREFEIG 3 B, 1 N R RUKZ R BIE R RN . FEAIZE. /£7
SRR Z G OUT I G CERFIAT RIS W . S, FETERIKZE. HA
WUZE BRI R BT . WANZ T 28R 8, JFEMA LR OE . /£ SEitTr
Fh, BEZEE ERE R S K ST 2 1% BLE BIIABIME E (135 5 . %8R
H A 20C -25°C, 5 5A FE B AL B, HEH CIR CBR¥ES: . TRAE S R I
R E 2 ML) 60°C 3T,
[0097] FI%5

AR5 E-3a - Bt —6- WAt -7 Fil -5 B - JJHLE —24- IR (5) 5 Pd/C MIEIEHL
3a—-$2Ht -6 a - 23 -T-Hi 5 B - B 24— (6) KIS AU 5 A AFLD (BRI M
{LFRIm) ) B Pl B (S EE i) AT E— ST EH, PR 5 /E490°C - £
110 CHIEE N AIEL) 4- 29 5 R /7 N AT« fE— N SEit 7 &b, 70 5 AR HA ], [ Bk
GV AN TS TER AL ER . FE— N SERETT R T, /A2 4. 5- 41 5.5 B fE 5 SEi
TTERF, KSR 5 B fE— LT =T, B EW NI GV HEL) 1 /N 72— SEi
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TTRD, WG E-3a - 5k —6- W23 -7- il -5 B - Bkt —24- 1R (5) 5 Pd/C FIESHIRNN
AL 100°C, L 2 /N - 41 5 /Nf . FE—ADNEEHT R, K E-3a -3 6- T2
B -7-Fi -5 B - Bk -24- B2 (5) 5 Pd/C AR RAINHAZE L) 100°C, HAFEL) 3 /Nt
[0098]  fE—ANSEHET R, E-3a -k —6- WK -7- i 58 - Bkt —24- 1 (5) 5 Pd/
C S R BLAERINE IS WATAE N AT o AE— D SEHETT 2= 9, B VE S 50% wt S AN
(NaOH s 8 PEEN ) VAW TEEAL NG, 1 S NTR S IN#AZE 100°C (BAEHTA B MZLE] o
KR C—6 A7 TRt ), SRIG A HI B 2] 40°C - 41 50°C . W TG AL, yEH Pd/C. 76—
SEHETT R, MR P INN LR IE T BR AR . {E 57— NSEHETT P, IR 2 $hiR (HC1) . 7E4&:
7 pH {H DA IR E A2 BRI R G KA 3 B IR 37 250 S A=A ALAE FH VS PR b B . 7E—
ANt &, SR VE TR, BT SIS A R DR I 2R IR 4E, I TS SR RA &
Z110°C -2 30°C. RS —DEHETRP, MRFRAHEL 15C-220C. 7ESHML
AV 6 BRI, HFH R IE T Be el . [EHE A G4 6 ik yg. fE— ALty
Ef, TEAEE 71 JE A T /EL) 80°C N E ST .

[0099] 7 DIR 5 H— N Rd, % E-3 a - 33 —6- T 2.0 ~7- i -5 B - JH4E —24- %
(5) v7K NaOH 598 (40 50% wt) Al Pd/C7EZ) 5 T WS AR H HAEZ) 100°C - 25 105C
RS MR & BB HLWRIUE b, R BRGNS EI B 4) 40°C - 41 50°C, HyEH Pd/C. 2R
JEts R IE T BT HCL NN & G A1) 6 RVEm R . fE— DLy &, 25K I 2.
A 6 AV VE IR . I8 ik, HOG IR B 5 — N OB, 78 H A s
IR, RGBS HEL 5°C - 41 20C. DL R T, A& 6 it ig s
B W AT T 73 R AR P AE L) 80°C T B A T

[0100]  BIR 53] LIEN E/Z SRR A P & P G347 . B, B 5 & B/
7-3 a — ¥4 Hk —6- WL -7- i -5 B - IA%E -24- & (5A) 5 Pd/C MEASIFMBILAL 3 a - 2
B —6a - L5 -T-Fiil -5 B - JHEE 24— 1R (6) M. B 5 n] LAFE (AR
i) B WRY B (BAL, B m L) AT, — 5, B 5 54 90°C - 45 110 C %
NHRAEL) 4- 29 5 ERYE ST T IEAT . AE—DSEHETT R, 78 AbER HI], I RLTR A1) B A L
FHATE R AL I . AE— D SEiE TR, I JINZ 4.5- 29 5.5 L. fESN— DS ET, Ik
JIRZ)5 B fE—NSEETT R, AR RBIR AL 1 /. 7E— AN LT R,
i B/Z-3 a - ¥ -6- W 2.5 ~7- i -5 B — JHKE 24— R (BA) 5 Pd/C A SR in
FL100°C, HHHL 2 /N - 295 /8B FE— DL R, E/Z-3a - 2 -6- T2
B —7- i -5 B - BT —24- 2 (5A) 5 Pd/C AR RIRBLINFAZE L) 100°C, HHFEL) 3 /M),
[0101]  #E— AL TR, [ E/2-3 a - $3 —6- W25 -7- i -5 B - A%z —24- & (5A)
5 Pd/C A K R NS AZAE T AT, 78— DS &9, AU 50% wt &
A (NaOH s HTVERN ) VB RS PG, 1 RBNIRAPIN#AZE 100°C (LT B 4
TR o TLF) C-6 LML ), SR FA HI R Z) 40°C - 241 50°C. X T /5405, JE€H Pd/C.
TE—NSLiE 77 2, RIS NN ZBR IE T BEANER o 78 55— ALt 77 £ 7, IR A2 R 1R (HCT) .
fEfe A pH A DM IR E 2RI G, Bk B 5. A WA AUHE S AL 2
FE— AN 7 ST, U8 S VR, BT A3 005 A6 7 W I D8 RO o 28 TR 4, FEAT TS B S
HEL)10°C -2 30C. 7 DERT R TBEFBAHNEL) 15C -2)20C. 7 EE
WA 6 WEBFR, HH CBRIE T Baiesk. HHE I iEss s 6 otk 78—
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77T T, TIRAE R S JE A T EL) 80C N E A AT .
[0102]  FEBUR 5 B—ANEhE T R, E/7-3 a — $#23E —6- .25 -7 B -5 B - IB%E —24- &
(5A) 7K NaOH ¥A¥R (170 50% wt) Fl Pd/CAELIFE 5 B HSAR R FFR/EZ) 100°C - £ 105°C
R TR A BB HR e 1k (R BRSPS EI R4 40°C - £ 50°C, JF3EH Pd/Co 24
et R IE T B AL HCL NN &G A1) 6 Vs . 72— DSEiE s 9, 2 Bk IEFT 2.
TANEY 6 A VA RVE R ER . I8 Rk, HAG BRI B 5 — N AR, A8 H A s
TR AR, SR AT BIZMA H B L) 5°C - 41 20°C. AE—DEHT R T, &%) 6 it L ig s
B W ERAT A3t AR T AE L) 80°C T B A TR
[0103]  7E5 —AsEfEdr &, FiRH &4 59 6 MIEAL / T N2 PR BC3EAT (A
AW 5 BALE BA FFUR ) « B 5G, EARTEL) 4-5 ELRHEAT, SR 5 HOR, 1 I NLTR A in
F4120°C - £4140°C. IR GV 6- PL LTI FT R o A, 3 NIR
G E B AL 5E -
[o104] %6

IR 6 & 3a - A -6 a - 23 -T- 8 -5 B - JHLE -24- IR (6) 5 NaBH,JE R4 i % D
HEER I N o AE—NSERETT R, A0 3R 6 740 85°C — £ 110°C AU JE T 7EBR 14 /K V4 v o 3
1To AE— LR R, B NY 90°C - 4 95°C. #E—NSLit 77 2, Bl /K VAV & NaOH
KB AE— DT R T, B KIS WIS 50% wt NaOH VAR AK RS Y. N2
TFEH, EFEALA Y 6 A1 NaBH, I [ BEVR A2 3 /N = 29 5 /e 72 B — N SEi 7 =,
PidE R BLRA ML) 4 /N
[0105]  X-T i Ab R, 75 s B 56 i » VR G A E 2240 80°C, JF 6 R 2VA F I ML 28 7
FE— AR, 4] 20°C - Z160°C R, A LIRIE T ERAER . 72— ANSEi 7 &, I1E
NEIA0°C -4 45°Ce FET D SEHETT R H, IRRATE IR . AR 2 pH (LA IR & IR TER)
J& KgAK A B I3 L. A TEYA HU I 2R 4R . 75— DR R G LBRIET
BEINAFRAR Y IF R o fE— DN SERETT R T, B CBRIE T BRI AR R Y+, K518
B 155 — AT R H, /E4) 50°C R AR R M. £ — AT %, 18
g BLG  BIRAYIINIE 52°C, RGBS HI E L) 15°C - £ 20C. £ 55— AL %
AT R EN B2 15°C - £ 20°C . fE— AT L, FrfS W DUIERRH R IE T Bavt
Weo ME—ANSEHET T, 23 B UUEER, HH 28R IE T Bevkis (Blnde s At pgasd ) . 78
PN R, R ST IE A AR E TR . B RIS 60°C N EAS TR AL
T3 R AT AR 4 i B DI R M ALIE ) (BB ) B, A o4 i R DUIEER C ALY
5 e FIRAE I 4T VR S LSl 3.
[o106] FIE7

IR 7 R R DA ¢ Ra B DUIEREG | R AL, £ DL R T, IR 7 A4
WE 45 R LIRS C VAT NaOH K VAR TP IEInN HCT HIB 1%,
[0107] FE—DERATERT, L) 20°C - 41 50°C R, 1545 i B UL ARER VA T 7K MIST PE AR VA T
(50% wt) F1o FE—DEHET R, EE N 30°C - 41 40°Co AE—DEEHETT R T, 45 & L
ARRR L C L, fE—ADSRHET R, 7649 20°C - 41 50°C T, H5 S 10 45 it B DUAR R € Ry 90n
AN, 78R — LT R T, 5 Y 30°C - 41 40°C. 72— T R, B i
B (1 37%) o AE—ANSLHETT S, 37% $hIRVA A KRR 2 UAR U NT 49 1%, fE—A
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S T7 ST, 37% R BT A KRR RE B DMERRTEZ) 0. 7% 7E—ANSEiE 7 2, 7E4) 20°C - 4
50 °C N FE = MILERG R H BRI 30 3. AR — AT R, A N 30°C - 4
40°Co FE—NSERETT T, 45 NMT £ 20°C T 70 & B DUIRER 1 Y5 A K (Bltnfe s 7l
JELR T ) o AE—NSEHETT R, AE NMT £ 20°C R 4355 B DUARER 12U 5 Rk deise (B 4nfE &
FIE PR ) o FEH— AL EH, IR I AR R o R YIAE R ST A R AE NMT
29 50°C FIEE T B2 T
[0108]  AHITE ()77 VA AE B DUIRG 1 284 i) % A ) FH &85 o A () 44, 36 1 k) M S 30 A4 il
B LT W A 0 2 O . BRI, S PR 6 7 AR B DU ER (BT im s T . X
Pl im0 = A R ECEAR LA B DUIEE 1 2L,
[0109]  AHIE I IEAAT T oG EARAFF 77152 —Fhitied . B DR A H & A T3
A FF5 2009/0062526 Al ( ARSCRRAN“ 526 AFFCA”) EELF]S 7,138,390 (AL
FRA 390 LH)”) WO 2006/122977 ( AR SCRRN“ 977 H13E”) o
[o110]  DATRURAE 3 Hffiidk 1 390 LR il & B DUIRER (1) 777 (AR ST “ €390 T77747)
RANCHE) -

e 3

B 1z A AR IR D D B AR EAFAE— RAVE S TERT A DR, R B 75 i
FE Raifh, Bl —FpaE B St B 505, ArTHT TR . thabh, 2038 2 [ REUSCER R AR
(12-13%) , Bl Z MU ER KK BRAR, AT 3. 5%, %77 1EIE AT 75 0 FF L Ak I R Al S e, X
e R R EUED .
[o111] ‘977 i Al 2% B DUIR R A 77 VAR TR 4.
o112]  JiifE4
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g ]
Eil
L EPABAR
[ =RARRAW | -
O =PRI,
:'-5[5@"
38
- WS
N 11 MalH MO
HOO J an 1 -
i Re |
HyH i it
OH
o
S

O

Q
o §
s bl o) sy HO' " om
O T 3
By < AR A
E S 808

il & B DUIBER I 977 J7i5A2 8 B A MINE, O —af B3R (PR %5 24
AANAACE IR AE 97T TIIEMA IR INAZ MGV L Z 5. NR A fh T ATk
) /bt

R A: OTTINEMA G M 75 R 22 18] [ 2 57
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S H R

WA

H5E 2
(PR 2 8%
A T9TT
HEHE 24T

#ak3
(PSRRI F
EFI9TT SR )

HA 4
(P FR A F
EFOTT WAL S)

s
(RS F
BT 9IT K

(P TR6HF
EHAT9ITF
MR g A9

iﬁﬁﬁﬁ?ﬁﬁ
% F 977 8 10)

LAY

0% RIS

—isébt‘-ﬁi#k

KRR

LDA £ FHREEH
A

g §.7% “h(THF)

THF &1 T 488
AN

b =

i AFRK

ERALS L4y

il

Y K

KIPBLL Mo % B
BN Lt RER
=)

Bemi (750K

AR R AR K

Feie

B (g iR

TR AY

EMORERBRX

Ahierb®

Eaubiges S

EPHG6HT)

v 7 by

HH 6 -

8 ah RS L6

_gm§¥ i

ELWEATH)

%’MWMW&}%R

He bl K

mmmwmaww;
AR R TFRILRT
M‘

m%%m&mamw
—He - AL
ETHE

NaO|

TR
%)

BERLOR IR AR

EBRORE R R

BT E

RHETTRE <977 FTIEM LI 2 7

HPLC 7775 5E -
[0113]

FEOZIT IR R, B AL %
S DL Al B A SO E RV AR TR O it o JE T AR WA (0 77 V57 A 1) B DL HEL R ) 4 P R B AR
A FARHPE, A G A A R BB IR AR EHIE T ST 5o RINTTE (B4
390 JTIEAT C97T J5%) R AR B DUIB RS SE Al . 5 40, ST AR FRE A D5 VAR Y B LR AT
W ‘97T T3iRATE I B UUE IR AL I IE AR SR A5 R UL TR B AR B T 3 FER A
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a8 | AT AW a7 ik ‘977 ik
K(KF) NMT 4.5% 1.0% 2.1%
B Fa e BT 4 NMT 0.15% <0.05% <0.05%
k2 NMT 0.15% <0.05% <0.1%
&3 NMT 0.15% <0.05% <0.1%
#®AS NMT 3.0% 0.2% 1.0%
IR 6 NMT 0.15% <0,05% <0.05%

R 1A 6-LAELEHIAE,
# 2 % 30-¥2 0 -60- T Ak -T-cheto-5p-Aabi.-24-88,
ZJR 358 6p-LAAMA PR Sk,
RIE 44 30T0-= 82 K-6-T Tk -5P-RadR-24-186,
B 5 AL RN
B 6 £ 3u(30.T0-= 32 h-6u- L -5P-REb-24-B R K )-To-#2 B -60- T 2
-5B-RE5E-24-B(6ECDCA =R 1K),
NMT A48 Rait”,
&b T UL TR BR A A £ ol i (i) 4
R IEAEFF R B DR R R A 2 A R AR Va2 oy« S T R 33 B DU R 1) F
R, AT THIP 45 A 2 I T 72 DU i TE e B 5 5 3/15, S Hn R R 5 3743,
W EATREIE TR - 75T B R LB AR 2 REAS FA R AR BOAT N R0 15 A P i e
2 PSR R A T B A e %A, IF BT RE4S . SRR HEAT T 2 2 Ak,
WG 1Z M R B TR TR AV AN i 2% A P DA B IR AE R T e 2 (WAH R 2 i B . 7%
JRr M1, RILT 5 FIASFIM[E A
[0114]  BADURERE) 3 FIE (AL CHID) 25 H 0.25 mol eq KFIA[F & 15 FiA HLIE
FIRNR K EY / TEREY . AEINIA, 18 [f A R 2k 22 45 i PR RN VA 771, 5 Hagt it 2,
P T AR P A P R o3 PR VAR & B B, I SR ML L AN T — B R AE N Z ik
G EVERR, FAEIX PSRN “Aid 7 e B, 7EFE 5 0 SRI6 AR R AR a5
VEFEIER, DA A — R R 8, HOl I SCXRD (B85 X PR ATST ) SR A—KEaY /
[ aasnl e/
[0115]  HAFME RSB SIE S K, Bl e84 s, Ea el r—f G A) REF
22K, (AR TVE b KA P, BTV B o AR P2 X R R 2 A R X (5 A 2 AN 38 T
Ko AT B &R A AR AR F AL RS 7B KR A AR A R R e, X 2
— PG BEAFT, JF B0 AR G TR BR R B R I B A PR A S R RE R . A SohE St
FBE R B KT BB R VR S F AL ASTE TR .
[o116] #1045 dh Al 2 s BUAHIE 90 (1) B A4 45 R 7, iR AT T A TR T IR 465 A k)
B4 MR BUE T —NE T H K
[0117] &2 A RI= A 45 it B DB R AT AR Fs TSR — 0 R e A i 22
h i R DU R W] R F A FE B 7 VAR Gy MUK 7y 3 . MWD & R 2 B TF AR
i 1% 4 B IR C 2 —8. 7EARANE VIR 7 FRAE A B A4 ™= AR 1) 45 i B DL
FELER I 1 52 T 43 8 R oy 38 D 6 o) 2% e AR - i ) B DUB R 2 S0 L 2L
[o118]  FE— N SLit 7 R, R KW REFIEAE T AHE AL 4. 2.6, 4.9. 5.12. 5 F1 16. 7°
2 0 KbEIHFAEIE AR X BT 2R AT 5 A 45 ot B LIRS C A, 8 —NsEiii =, X AT a R A
27
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FEAEZ) 4.2.6.4.9.5.12.5.12.6,15.5.15.8.,16.0.16. 7 1 19. 0° 2 0 ALAHERfFIE . 45—
LT R, X SR ATH AR L) 4. 2.6, 4.8.3.9. 5,11, 1.12. 2,12.5.12. 6.15. 5.15. 8,
16.0.16.3.16.7.18.6 1 19.0° 20 AbRyFFENE, 7E—DSLHETT S F, X H AT 5 B4
E Y9 4.2.6.4.8.3.9.5.11. 1.12.2,12.5.12. 6.15.5.15. 8,16. 0,16. 3.16. 7.17. 0. 17. 8
18.6.18.8.19.0.20. 5 1 20.9° 20 AKFFAEUE. £ DL 7T SR, K KR
THRARIALT K 5 Fron X ST IR X 527 5 B R &5 b B DUIRER ¢ Y. AE— A sKit 77
Rrh, X SHRATHHEZES A Cu Ka #E5F (40 kV,40 mA) MIRTSIE FdlcdE. 28— ADSiir &
i, X SHRATHHEARAEL) 12. 0- £ 12. 8 ML) 15. 4— £ 21. 0 ALAIERFIE

[0119]  FE—ASEETT R T, AR K W MAFIELE T 4E4) 98 +2°C 4b HAT W Bl [ 7 2 4
EHE (DSC) IR B 45 i B DUIRER C B, @ilid Mettler DSC 823e A #FIN&E. 7E—1
SEE 77 S, R Z RN ERGE (DSC) IIE IR A EL) 98+ 2°C AL IR e, anidiT Mettler
DSC 823e {1 A+ & .

[0120]  FE— LT R, RRIHW K4 R B DUIRE, Sorp prid & B DUIEEG & ¢ 2Y, B
HARTZ190% 48 o /£ AR TS, Frid 46 i B DUIRER C 2 () 4 7 d ik HPLC g .
E—NSERETT R, AR R AW S 45 5 B UURRR ¢ M e 252 T2 13k AR S B E
SEBRER AN o AE— AL B, RSV RIK G . 12— NSEiE T S, 2K T 49 92%,
FE—ASEETT R, AR T4 94%. £E— DR TS, 48 KT 4 96%. f£— DLt 77
Zh, AT R T4 98%. FE—SEH 77 Z M, 4iJE KT 4 99%.

[0121]  FE— LT &, BRI K45 B DUIRER , Sorp prid 46 i B DUIE RS A2 © 2, JF
HART 21 90% 30 Re. 76— DSEMiT7 22, Bk 45 in B DUIRER C AU 46 385d HPLC 1 /
BRSSO A B RRFIE . AE—DSEHTT R T, AR K NP R4 i U ¢ AYEg
HZ % Pl 3 AR B E LR AW . AR — AT R, A AR KA.
FE—SEHETT R, B KT 4 92%. £E— DL TS, e KT 4 94%. E—ADSLHETT
L BBER T4 96%. 1E—NSEjtE 7T R, AR KT 29 98%. fE— LT &, A KT
23 99%.

[0122]  fE—NSEHET7 R, RR W S & A AN T 29 4% [ — R 2 ik B BLT 2%
&5 B ULIERR C Y .6- B RRANMIE.3a - I 6a - 2 FE -T-cheto-58-JH
I 24— T3 .6 B — Z LRSI AE AR 3 a , Ta - L -6- W 2.0 -5 B - IHkE —24- R RS AA
JEEE A 3a (3a,7a—- K 6a- 25 58 - JHkE 24- B AR )-Ta-BHE 6a-2
5 5B - bt -24- B, E— DT ET, SIRFU/NT ) 3. 8%, fE— L7 &, B4k
FiNT#) 3. 6%

[0123]  AFRE I SLiEds] 3 $2 1 B DB R A X hopT e A4 T2 =0 A T 3R AL

[0124]  FR1F L DUIRPR (K 50 X B4R 4500, JR4R 0 e nt AR . . 7ELL 0. 1°C / 43
RENZ 5 CHAEIEEE /50°C 8/ R MR | B, B DUAR G A 2 i ¥ 7 B 45 R 3R A5
() A, I 52 &5 5 B DUIERR G 7R %) o X 2R 544 o

[0125]  Z5HAE IEAC A R I, 2 BE £2,2,2,, ZEAXN R ITTHR S A 1 4 FR R DR . &%
FIRL [1>20 ()] = 3.22%. 4 F LN SLARL IS Fros H Flack 280 = -0.01 (13)
Mg, ZEMAF (no disorder) .
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[0126] AT 7R DUAEER | A (AEmiAk ) 5455 B IR F AL A A FH EERF 98 ( St fa
7) o WFFUEE B B o [ 44 3L DU R B BRI ASAE DR ES 5 524 3 I A 78 21 A2 P )
EAER o TUIRG 2310 LK B 7725 A0 R W A ) s 2 A i Ak B DURE R 1 B (HEgRik ) Fgs i P
R 23RN ) AR AU AN 77 iRV o AR R EH B SE 5] 8 ‘B nAEZG T B DUIRER Y 1 A
B F 2 5 1K B DR P8 i 5 A A AT 5] TR AR s o A AUC (S ILIE] 37-38) o £5 5% F
BEALEIIERR 1 2 (4ERE ) mrERI . M2RMEOR B F A A R ol (B
= AUC) , BB 3 775 AT R, B T 251 R A (R B FE AT
[0127] B UUAEER 1| 4 (AE&EAA) MIZKIEPELL FAUBS &, FARLE B AR EN, R E S
3B (TGA) AE PR 78 IR 6 R R 7 AT 2 SR
[0128]  JEAR [ alifit) B DA R

AR AR LAl B DR EG e L2522 B2 3 A A S E LR A A

B0 e g
(4R A INT-747)

[0120] 24 2% 3% 1 Al o B DU E B2 1 Hoe 4 R ON INT-T47.3a,Ta - 2 6a - 2,

H 5B - Bk —24- 1R .6 a — 2.5 - REMRAAE S L 6- £ —~CDCA6ECDCA FlHYE —24- 18 , 6- 2.

H-3,7- “¥H - (3a,5B,6a,7a)-,

[0130]  AHIGE IR & B UUIEER 1 RUAA A YA T4 a2 B LR R 1 AR 51k,

HR 2 AR B A = B DU RS . —J7 T, B DUIEER 1 2L AR B 7 V54 77 . RiE“T

M FIAE TV FeFe LA /D 25 100 v B R RER IS AT I 775 . — 7T, A U K777 LU R

(>80%) FNA PRI A5 A= W DUIEER 1 24,

[0131] AL ARGE “alifr” 245 T HPLC (B VUIRRR I & . 28 LIS “A R

afi oA . A ABRIK AR &R OSSN BN EE. — 7, i g T
L, B DU R (9 26 5 5 5 LU AR AE I 2 B AT oA o 59— 9T, LA 258 v A B DUHE
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S hriE. — 77, B IR EA KT 2 96% R4E . — 5T, 5 DU EA KT %) 98%
() 4l B2 . 49 4, PR UL REE 1 7R () 4l Y 96. 0% 96. 1%.96. 2% 96. 3%.96. 4%.96. 5%.96. 6%.
96. 7%.96. 8%.96. 9%.97. 0%.97. 1%.97. 2%.97. 3%.97. 4%.97. 5%.97. 6%.97. 7%.97. 8%
97.9%.98. 0%.98. 1%.98. 2%.98. 3%.98. 4%.98. 5%.98. 6%.98. 7%.98. 8%.98. 9%.99. 0%.
99. 1%.99. 2%.99. 3%.99. 4%.99. 5%.99. 6%.99. 7%.99. 8% HL 99. 9%. 1511, 5L DR S 1 A [y 4k
FE g 98. 0%.98. 1%.98. 2%.98. 3%.98. 4%.98. 5%.98. 6%.98. 7%.98. 8%.98. 9%.99. 0%.99. 1%,
99. 2%.99. 3%.99. 4%.99. 5%.99. 6%.99. 7%.99. 8% B, 99. 9%, 5T, B UL R FZ [ 2L Ay 98. 0%.
98. 5%.99. 0%.99. 5%.99. 6%.99. 7%.99. 8% 5K, 99. 9%, |, B DL JIF 43 Fr 40 &5 2 98. 5%..99. 0%
8% 99. 5%, fE—NELETT R, BUURRG & B DUIRRR 1 Y.

[0132]  FE—ANSEHlTT R H, AR P S Al R T4 98% B B DUIEER o 7E— AN SEiti 77 R,
A 7@ It HPLC W8 o 7B 5 — DS T7 27, AR I e B DR PR B 255 E Rl 452 1 31
BRI ERERE M. /£ DT R H, 4K T4 98. 6%, fE— L7 &, 44
JERT 41 99. 0% FE—ANSERl T Z 5, 408 K T4) 99. 5%, fE— DLt 77 =, B IR 2
WA 1 24,

[0133]  ARSCHTHIARIE “245e” AT Tkt (F12y 95%- 25 102% et ) &
B TURR S EE. A EITA R &R K AR G TR, —7
I, AR B DUIERR . —J7 1, B VURRR BA K T2 96% Rkse. — 771, B DUEE H
HRT298% HIge. — 771, CAbrtE 2 B IR . 55— J71H, 2LFe A& 100% Jk7K IR R K
VERARERM L E R ABRINE, HERTABEYGIW 6- LESRBAMR.3a -
3 —-6a- 3 -T-cheto-5 B - IHfE —24- 2.6 B - Z R ANEER 3 a,7a - A -6-
-5 B - Ik —24- B RO A NAEE AT 3 a (3a,7a - =¥ -6a -2 -58 - Bk —24- Bt
AR ) Ta-$kk 6a- 25 5B - 0ke -24- . 72— LT =, AEEU I T
DRI & 550 <e & e LER AN L e e LB AL 2R o i 51 RS i 2 ot 9 2, B DURRER 1 AL &%
BB M 96. 0%.96. 1%.96. 2%.96. 3%.96. 4%.96. 5%.96. 6%.96. 7%.96. 8%.96. 9%.97. 0%.97. 1%.
97. 2%.97. 3%.97. 4%.97. 5%.97. 6%.97. 7%.97. 8%.97. 9%.98. 0%.98. 1%.98. 2%.98. 3%.
98. 4%.98. 5%.98. 6%.98. 7%.98. 8%.98. 9%.99. 0%.99. 1%.99. 2%.99. 3%.99. 4%.99. 5%,
99. 6%+99. 7%.99. 8% B 99. 9%. —J7 1, B VUIHER 1 B RLEE A 98. 0%.98. 1%.98. 2%.98. 3%.
98. 4%.98. 5%.98. 6%.98. 7%.98. 8%.98. 9%.99. 0%.99. 1%.99. 2%.99. 3%.99. 4%.99. 5%
99. 6%.99. 7% 99. 8% B 99. 9%, 1511, B DUIRFER I RLBE N 98. 0%.98. 5%99. 0%.99. 5%.99. 6%,
99. 7%.99. 8% B 99. 9%, 40, B VIR 2 EE A 98. 5%.99. 0% BY 99. 5%, FE— L T7 %
H, B DUIAER 2 B DUIARER 1 A,

[0134]  FE—ASEHETT SRS, AR KW KA SN T2 2% 10— B2 ik B LA T 44
B DIHE R 6- 2B R EEMR .3 a - 25 -6 a - 23 —T—cheto—5 B - IHE —24- 2.
68— ZIEREAENERE 3 a, Ta— ¥ 3k -6- W 25 -5 B — JIB Kz —24— B2, &8 i %0 1B 56 A
3a Ba,Ta-"FF6a-H-5B-AfE-24-HAHE) Ta-FHE-6a-2FE-S5B-H
Bt —24- BR o AE—AEEHETT R, RS /NT 25 1. 5% fE— ALy £, et/ h T
2 1. 4%, fE—ADEHETT ST, BOUARR S B UUA/ 1 Y,

[0135]  FE—ANSLjE T A, B UUBRER &4 /T2 10% 7K /INT-25 9% BI7K < /NT 8% FrI7K
INT 7% BIK S /NT 6% FI7K/NT 5% BIZK /NT 4% 7K /NT 3% 7K /N T 2% BIKBZN T
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1% FI7K e FE—NSEiE s e, BUUIBR S A /NT 20 1. 2% 7K. AE— NSy 9, BH
BR oA /NT 2 1. 0% 7K. FE— ANty 2, B DU RS &2 B DUERER 1 2L
[0136]  7E 57— ANy &, B DUIRER & A At (WT) 0. 15% [ 6- 2t S R A R
e 3a,7a- Zfdk -6- W4, 58 - IHEE -24- BR. 7550 — D77 &4, B IUHER
THEIANTL0.07% 1) 6- ZESRFENAIAMN 3a,7a - ZFH -6-WLH 5B -JH
Bt —24- BR o AE—SEHETT R, BB S A 3L/ T29 0. 06% [ 6— £ 55 2% i AR ER
M3a,7a- —§3H-6- W23 -58 - BEE —24- 1. 76— DLt 7 &, BIEES A Bt
INT210.05% (1 6- 2L ZRENAEER 3a,7a - 55 -6- W23 -5 B - JHLE —24- &,
FE—NSEHE 77 28, B DUIRRR 2 B DUIRER 1 2,
[0137] E—ANSLiE RS, BIUUERESA AT (W) 0.15% ) 3a -5k -6a- 4
H —T-cheto—5 B - ALt -24- &, AE— LT RS, BIRREH/NTL0.07% 1 3a -2
F—6a- 23 -T-cheto-5 B - B —24-R. 7E— DLt 7 =, W IUIBRR &4 /N T £10. 06%
1] 3a -3 -6 a - £3E ~T-cheto—5 B — [HYE —24- R, fE— DL TR, BIUERE
INT250.05% () 3 a - F2HE —6 a — 2.3k —T-cheto—5 B - IB%E —24- 1R, fE—DEHET R,
PR DUAR R 2 B DUIR R 1 2
[0138]  FE—ANSLiE 7 £, B UUIHER & A Ak (WT) 0. 15% (19 6 B — Z &85 A MR -
TE—ANSLE TR, WUER S A /NT210.07% 1 6 B — Z LM A N/ . /£ — gy &
f, BUUIEER S A /NT 20 0. 06% (1) 6 B - ZSE RSB ANRIR . 7 — L7 =, B UUHER &
H/NTZ10.05% 16 B - ZEIEHANRE . /£ DL ET, WU < B IR 1| 4,
[0139]  FE— AL &, WUEER S A A (W) 3% FRSM AR (CDCA) » 7E—
ANSERETT RS, BB S /NT 4 1% ) CDCA. £ DNSEiET R, WIER S A /N T4
0. 5% ¥] CDCA. fE—SEHti 77 S, B UM & H/INT 29 0. 3% ¥ CDCA. 7£— AL T7 2=,
B S A/NT 27 0. 2% 1) CDCA. AE— P SEHt 77 S, B DUIERR 2 B DUIRER 1 &Y,
[0140]  FE—ANSEHtE 77 9, B DUIERER & A AL (N\MT) 4% 1) CDCA F1 6- 2, 5 28 i SR
78
[0141]  FE— LT RS, WIUEER A AT (WD 1.6% K 3a Ba,7a- =%
B —6a - £ 5B - kT —24- WAL )T a -2 -6 a - 2 58 - HkE -24-[R. &
— AT ET, BIERSE/NTL 1% M 3a Ba,7a- 25k 6a- 2% -58-fH
fr —24- WA R ) Ta - 6a- 2 5B - JIHkE 24- . DL HEP, B
MR EHE/NTL0.01% K 3a Ba,7a- =58 -6a- 2,3 -58 - HLE —24- B 4
H)-Ta-$3M-6a- LK -58-JAkE 24- . /£ DL RERF, BIEREH/NTZ)
0.06%ff)3a (3a,7a- =M -6a- 25 58-Ik 24- BiEERE)-Ta- B -6a-2
-5 B - JE5E -24-FR. fE— LT R, BB S A /NT£0.05% 1 3a 3a,7a- "2
B -6a- 2358 Bk —24- BEREIL ) -Ta -8 -6 a - 2L -5 B - Bk —24- R, 7E
— AT, B DU IRER 2 B DU ER 1 A
[0142]  CUHRSIFIAIZE 24

WUERE AT D RGZ) . AE— ST 2, Hil7H12 DIREG 25 ATIBT BUATT FXR /%
IR AR . 75— NSEMETT P, B & B UUERR | 8, 78 % — AL ir &9, fil571E
PR A B DR ER o
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[0143] & T AR 25 BB AT AR Jy AT 44t Sz 867 , 49 30 4% 25 FIUE &1 B DU IR
[ ) BB ) e B 7)) (24500 F TR AR 29 M R K IS B 70 ) B850 5 HSO BRORTRE 771 5 7K 1k
B AR K PRV (ARG BR B 7 5 BOK AL T B A K L.

[0144]  ZR % BH (A 1570 P 30 St A0 ART A5 36 1 77 905 1) %, 0 e 4 B DR R 5 YR A ke 4 ol 1)
B 4 A B 3 4 FIT 7 S 1) Ll 9 350 S0 RTORS VR &, SR 5 0 LI, A8 BT A5 VR A B T 7
TEAR

[0145] {3 ] e ot M i) 6075 B2 DUAR R ) R BRORORL AN — BB 22 Bl T3 sy (k&
AT 7P M R R BCR TV PR BT ) RORS AR A4, B0 St A PR I 20K A R g
PETRARFR B RORS SR &4 5 Rl 46 77l

[o146] 40, PIARHE 52X E AR E, 9l T4 30 kg- 2970 kg Z [HIFIN, B —FhE 2 Fh
2 T LAR B B AR =K

[0147]  FE— A7 &, 2 F 2 JLE, flAgH TR P IRIE 8. ARE B, 78RR A
“RFAN S B2 5E (extrahepatic ductopenia) ” A1 34T M ZE MBS (progressive
obliterative cholangiopathy) ”, & — 5K {4 BUER AT M s F1FT R A6 16 i [ o e 2 A
BEYEEEE RN EEIERZ —. BRI, FEAVNg ) § IR B sk = . 3k
PRSI B R AEAE E B B PR IS 0T, & T RS AR IR i [R) b S 2 DRI RS A )12 MR
Bz —.

[o148] AR IEIE PAIBA ) 22 ) LA L B8 A8 HoA Birfg LR IR BRSSP AE R 24T PEAR VT ARAR <38
JELRRFEIE RS R AR AR KR 28 L B VA T 4 A 2k = L IR I A e 24 PR A0 £ 1) 0 ik o
JEo WARSHH, WiZm i T 85U 2 w8 —(HEEZ s, RO et S A 4L %=, HE 61
AEZT 25 AN Rt 5 R I TG 57 e o R R R e MEE— A7 B BVR T R B R TR, Bl i M i &K
B

[0149]  FE—ANSLHETT R, JLEBATHIIIGWI A AR, Hod Y L& H A I 3% A RS 3070
A HRAE e A TR ZEI, BT TR & AR 2 A ARA 15 kD RePENR A

[0150]  [& T b SCEH B B sy LAAL, 5 R8s il 71 S AL, AR & B (%) 11 i it 79 ] A 6 24
EEAUREEARN B TR e ER A AE 5 AR A AR A .

[0151]  FE—SLi &, AR BP0 F B DU R B L 24 2% b m] 8252 (1) 6 VI I B M BUAR
FERREE A 2550, A B DUIR R d i AR R B B 775 A (BDUIRRR 1 &) o fE 55—
S 77 g, I DRSS T

[0152]  7E—ANSEiET RS, 157 2 AR £58 — DL 2, B4 5 8 U EER A
e LR —Fhok 2 B4y AR 4R R ZRTE R B R R L AR M R IR A
AMEE. E— AT E 9, BAMEHE Opadry® KM L.

[0153]  7E 57— AL r &5, 529 0. 1 mg- 29 1500 mg BIUUIEER / . fE5—1
SERETT ST, BRI E L 1 mg- £ 100 mg. 7E 5 —ADSEHETTRT, HFEEZ 1 mg- £ 50
mg. L7 — AR ET, HFESTL | mg- £ 30 mg. 7E5— LT ET, HlFIEET L
4 mg— %) 26 mg. fE 55— ML EF, HlFIEE L5 mg- 4 25 mg. fE— LT R,
FLEL 1 mg- 4 2 mge FE—SEHETTREF, HIAEEL 1.2 mg- 4 1. 8 mg. 7£—SEj
TR HFESL 1.3 mg- £ 1.7 mg. 7E—ADEHETRET, HIFIEEL 1.5 ng.

[0154]  FE—ASERETT R T, HIAEE L 1 mg- 425 mg IR / fro £ SEiTT %
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g, HIFS A2 1 mg B DUIRER £ 180- £ 190 mg M EAF4EZR 2 10- £ 15 mg }2 L 4R TE
AN 20 1- 293 mg WESFREERIZ) 5 mg— 49 10 mg BBl E—NSLiE g R, Ak
& Opadry® LA KL

[0155]  FE—SEHtTT =, IS4 1 mg- 4 25 mg IR / fro £ SEiT7 %
B, Bl 201 mg BDUIERR . 29 185. 0 mg A 4E R 20 12. 0 mg B 2E A RIEM N 21 2. 0
mg WEJEER BN 8. 0 mg LA KL FE— DL 77 2, AAMEHE Opadry® BAA KL
[0156]  FE—ANSEZETTEH, HIFIESL 1 mg- 425 mg WUUEE / H. £ DSLiEh %R
L A 20 5 mg B UUIARE V4 175- £ 190 mg i AF4E 2 2] 10— 4 15 mg B2 IE 2. RE
W20 1- 29 3 mg BEAGEREEAIZ) 5 mg— £ 10 mg AAMEL. /E—ADLiET7 EH, BAME
& Opadry® G KL

[0157]  FE—ASERE7T R H, HlAEE 4 1 mg- 2925 mg WIURRR / fJo /£ SEitiTr %
A, i FML 5205 mg BDUIHER £ 181. 0 mg i AR 4E . £912. 0 mg R L FRTEM . £ 2. 0
mg FEJEERBEANL) 8. 0 mg AARM KL AE—ASLHE T R, BAMEHE Opadry® 044K
[0158]  FE—ANSERtET R H, HlAE S 1 mg- 425 mg WA / o /£ SEiiTr %
B, Bl A2 10 mg BLDUIEER 29 170 mg— 27 180 mg A4 49 10 mg— £ 15 mg 2
FHLTETER L) 1 mg— 4 3 mg WHEIREEFIZ) 5 mg— £ 10 mg ML, FE— DT R
i, AAA Ry Opadry® BLAA KL

[0159]  FE—ASERtE7T = H, FlAEE L 1 mg- 425 mg IR / o £ SEiT7 %
B, HIFE A2 10 mg BLUUIHER .4 176. 0 mg MUmEF4EE 4 12. 0 mg FRHE L BRIEMHN. 4
2.0 mg AHREREEAIZ) 8.0 mg BAMEL. 7E—NSLHETT 4, BAM B A Opadry® AAKH
Ko

[0160]  FE—SERETT R T, HIAEE L 1 mg- 4 25 mg IR / fo £ SEiT7 %
B, HlFML A4 25 mg B DUIEER 2 150 mg- £ 160 mg b4 4EER 4 10 mg- £ 15 mg #£
FRVER N L) 1 mg— 21 3 mg WEARIRES .20 5- 20 10 mg BARMBIAZ 1- 25 10 mg A&
TEMEE BRI TT R T AR BN Opadry® AR

[0161]  FE—ANSEZiETEH, HIFIEEL 1 mg- 4 25 mg WUUEE / H. £ DSLiEh %R
H, fi L5 20 25 mg BWDUIEER 2 157. 0 mg iR AF4EE 40 12. 0 mg Fdd A PRIEM M. 4]
2.0 mg WEIRMREE . £ 8. 0 mg ALARMBIAIL) 4. 0 mg BeA S MEE. fE— DL TR F, AK
M ELA Opadry® G K.

[o162]  [FRAE S A ULEH, U'UZIKIF)T)EHF)T%E/%%H LERHLLE =i, H e R AR AR
PATHIAR B 43 bl vt 38 i 4 #r 1 HPLC &

[0163]  7EEEAULHI i, 7E éﬂé%%mﬁtﬁﬁ @%ﬁ@ﬁﬁwéﬂﬁﬁﬂ“,ﬁ,ﬁﬂéﬂﬁ%&%
AR B TR o . FIREHL, 78 7RSO R FIA N B B & AR 770 R
I, BTid J7 ik AR B Ak 77D R . S Ah, BT, D BRI B AT S
YRR AN B, OB AR rl SR PERD AT o AR 1, 7 F A BEAT PN B £ N5 3Rk
PEAE

[o164] v 57 A T
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BAA M ~
4 ik Hiit. | AEiEA
1 mg K #|
00 ek 1.0 mg* API HSE
M gE 185.0 mg* iR M /EA# | USP-NF/EP/JP
Ve b LA 12.0 mg 0t USP-NF/EP/JP
B IR ik 20mg E ) USP-NF/EP/JP
Opadiy® 11 42 5,, B & 8.0mg LR HSE
&
Rt 208.0 mg
Smg A M
20 fesg 5.0 mg* APl HSE
AL 181.0 mg* W M AseH | USP-NF/EP/IP
BE LB 12.0 mg 5 15 USP-NF/EP/IP
WAL 2.0 mg Pk g USP-NF/EP/JP
Opadry® 11 5.8, 4 & 8.0 mg S HSE
XEe
BF 208.0 me
10mg 5 #
L0 fadg 10.0 mg* AP} HSE
et 176.0 mg* WA M/AEAH | USP-NF/EP/IP
L omihi 12.0 mg i 1 ) USP-NF/EP/JP
o AR AR 4K 2.0 mg Pibe ) USP-NF/EP/IP
Opadry® 1 #£ &, & &, 8.0 mg @ A4 HSE
ER g
¥ 208.0 mg
25mg i #
90 ek 25.0 mg* _API HSE
et 5 A & 157.0 mg* AN A5 | USP-NF/EP/IP
PR LR drin 12.0 mg ‘ i USP-NF/EP/IP
0 gk 4L 20mg A USP-NF/EP/IP
MeA o Rt 40mg iR H USP-NF/EP/IP
Opadry® 11 &, B & 8.0mg &Rt HSE
e
5 2 208.0 mg
APL: EHBH Ay
HSE = A9ilik
USP-NF= REHAERLEFTE
PhEur= Bhml s it
P= BAEL

[0165]

* PRAL ALY G 0 Re et F R APL R Roked B 100%800Y; £ IREARE TR &

B IR AERTY, ER AR ENE.
[E— AN SEHE T &, B A A B Opadry®, B —ANSEEHEF, AFESE AR
Opadry®, &% —ASEiETT 9, Al &gt Opadry®,

HE
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B DURE PR, 056 B DUIE R | 2| B3 DU HE IR (7% 8 A i 2 =R B DB R 1 o M T s L 24
PR AR GBS EERE SV TR T 2 MEZG BN . BUUEER ] H T FR 5
1697 FXR A3 B2 A 00 B T 15 o AR — AN S 77 2 70, s BIU 012 B B SE P8 IR T
AR 975 « 12 MR R « FETEDRS MR I MERT 28 (NASH) P 28 B 28 J8% e L Y K 14 s  Ji i PR R
THPERFAEAY (PBC) BEAT Tt 21 478 P I BUH R A%  JH 2 248 78 PR XL 92 i B0, 455 ) JUk e A
A BB AL, | e R 2 AL R = I RE o 7R — N SEE 7 S, B DUIEER | AU AT PR H
WM=ERRT7E . AE— N SEHETT R, 4 in B DU W] H T PR H v =B 777 . B DUIRR
1 #4550 UL AR R W] B 5 HDL.  BE ULAE PR 1 Y Bt it B8 DL HE R 1) HL e 1 P A0 455 BAARCmal 1k
BRI (ALP) JIHZLZR .\ ALT. AST A1 GGT,

[0166]  fE—ANSLita 77 &, AR BP0 R0 B DUIR R AN 24 2% b ml #2532 R s ik I 2 4 &
Y, Forp B DB R i A R B 7 v A, o, B DUARER | 28, FE— AN v, 254
GG AR B DR R AN 2y 2 bl B2 8k . 78— AL &, ZMA A E
B e B DURER AN 2422 Bl B2 M BUE . 7R — AN SLie 7y £, 45 B UIREG & C 3L,
[0167]  7E— AL T7 &, R R K67 B 5203 19 FXR A5 (595 BUR L 77
15, R 775G T A M E R AR R A A R DUIEER 1 BB 23U 5.
[E— AL T B, AR R I K697 BUTRFT 2838 11 FXR A5 102000 o 0 1 77 1%, i
THEAFRYE TH M E N IEE AR R A 7757 A R AR A B DB R s L2 AH 5. fE— 4
SEHETT R, AR B R TT BT A2 3 B PXR A 5 50 BOR R T 1, Bk i
TR T A MEN S R R VBRI ZMA G . 765 — DT R0, 4 a B IR & C
R, DT R, SR EIERR R AR, NS R T, 455 B R C L,
FE—AEH TR, 4m B IURERE D Bl AA—ANSLiE R, 4B IR & F 8, 75—
AL, i W DUIREG 2 G A

[0168]  7E 55— NS 77 5 T, 98 B (0 AL /U ML P 97 BRI A M B o A T PR R
W =EE e AR5 —ANSEHETT 0, O U 93 A2 B UK OF RE B AL B3 R MR ] B L o 7 ) — K
7T, A AL . A — N SEHE T R, LB A .

[0169]  fE 5 — LT EH, DR B I BUR MG T WA B G . /£ 57— 5K
W&, DRG FALEIE A AW -

[0170]  7E— AL 77 =, AR AP S A A R AR DL I 5260 3 i A7 4 A8 T 1 77
5, Frid Jr i A RR 4 732 W 8 A = 0 B URR B 25l A YD B8, ok B DT E R
AR AT AE— AN TT 1, AR R B R M 2R R IR VAR AR 1 323 7Y
ARV T, iR A ARES T2\ E A E N B BRI AW AS DR, K
B DU R E I A R B 7327 A o AR SR T7 S8, R 324 0 A 4R AR A7 T Hoh R IA
FXR 28 B 1.

[0171]  fE— AN 77 &5, IRV AR AR 0 e SR AR 5 71 i POl 1 T PR Y  7— & Bk
KB (GGT) 5™ R H R LG KT o 85— ANt 77 9, IRV BUR Sl — 2w X
NEMED—ANERRER . 7557 — AT R PO CREE) o £5— DL
R, U R A A4V B A YA PR I AR e AP E . AR B — AN T R, IR
BUR DL B JFUR PERR YT VERFAEAL  JRU MR AL PERRAE 58 2990155 R PERR Y AR AR Jg AR MR Y T
AORRI SR AR I IR AE o 7E 5 — DSt R, 2 E R AR5 B DU R BUR LA
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KB AR AR O < JR & R AR TE S S R P B e H B i v i o7 e
LR AL PR ZF I I
[0172]  FES— AL &=, 2 EH A 5k 83 DU RFA R4 SR %
PRI 56 527 A R0 s RIS 0 AT o B P L TR TR PRI (ALD) s 3ETETRS TR T 1D
JHP (NAFLD) 3RS PR DT e 78 (NASH) 5 R AR 2088 S J e By T AR 2 2 L UM
FORTE T IR BRI A 15 R B I 5 B B S R I 2 s &5 1 0 s I SOIRIZ A PE (Wilson” s
disease) ;ML EZEVIHVE ; KR (Gaucher’ s disease) ;111 IV, VI, IX Fl X ZpE 5 AR
s a - MRE A Z FRFEEEGEAIME (Zellweger syndrome) ;BERZFRMLAE ; FEA 1ML
RE 1 FUB MR 555 08 - JE T L ZRA4E (Budd—Chiari syndrome) . # bk P ZE 1495 B3 ) & Uk
AT A RIS ZREL NS R IR AF 4R VE
[01738]  FE7— AL TT 2, 2 E B 515 B LN R/ A R A4 1 w2 BUR
(Crohn’ s disease) {50z 25 W 28 iU e 45 W 28 A B A0S T &5 0 9% o
[0174]  fE5— LT R, 2l FH BA 5% B DL T RWA RIS 40281 5 R m T
B e I B AL AR R N ER PR R IR PR A /N RO B M TR B TR R 2
I o
[01751 EX

TGRS O, AE MY T T AR U B A St 491 R 8 B BOR) 2SR A Hp i BB R
[0176]  ASCHTHARE “BDIHER” 8 “0CA” &ig HH UL Mg &4 -

o WODUE R 1 H e AL i AL R R A

3a,7a- M -6a- 23 5B - Bk —24- fR.6 a — 2K - M AIEER .6- 25 —CDCA.
6ECDCAHB LT —24- 12 , 6- L3k -3, 7- ¥ -, (3a,5B,6a,7a)—fl INT-747, B DIHHES
1) CAS F it '5 A& 459789-99-2, 1% A5 B DUIRER I B A T 2, 4 A ={E di Ak | i A AR
A,

[0177]  ARSCAT I ARTE “ 45 d B DUIERR ” 2 48 B A LU T b 22 450 B4 & W0 AT AT df A T
Fiv

o Zhvit B DUIB R AR AL S WA = 4 8] P 45 O
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R W aeiE HERR HE P B R A A P T A &40 BOUIERR (BRH 2% ErTies2 i 3h & 5k
RREAM R EY ) B EARTE AT 45 bt A [F] ) it AR HE AR R 71, 4 00 5 AT A [R] 1 28
DUIBPR B e 2 A e ASRI dm AR e 2008 5 BT ANF I X S AT 5 B AL A it s i VB
BHRZ | R I OGS PE BN BT R E PR NSRS . B 45 S AT 4 il 2 IR IR AU
DRI 2 AT — P T 20 5 L. 8 DUIR R () St A ml il ik AEAS RS54 T (A AS R 7D it
FESF ) 45 doR il & o

[0178]  ARSCHTHIARE “45 @ W UUIEER C AL 28 A AL T Bl 5 B X S8 AT5) K
(1) X S A2 i i PR ) B8 DURR R 1) it AR T2 2, 49 I SE ) 3 R AR 1) i A T 2K

[0179]  ARSCHr A ARE “JAR ey B DR ER” 2 #8 B A KT 29 95% [ 2 g8 (19 B DR
B2 B DUIR PR ) 2% B 2% hg B8 DUIR IR AR i o 1K) 2% BT, AL 5490 4 K L v 70 ALHS & A LRI B ATL
. AER— ST RS, BEer) T AR HER 100% B DUIRER, @it A 100% B AR
e 2R B (a7 KR e A HLA e LR B ) E 2 b, SR & RE . —J7 1, Bl
Fe A FE G I NSRBI K . — 7, AHLR TS 6- CESRMANK.3a- &
FH -6 a - 2.3 ~T-cheto—5 B — JIHKE —24- 2.6 B - ZFEHERANEFR 3 a,7Ta - —FHL —6- ¥
2358 - Ak —24- R FEB AR 3 a (3a,7Ta- 8 —-6a - 25 -5 B - Bk 24— Bt
BB ) -Ta -8 -6 a - LB -5 B - JIRkTE —24- PR, ZR 5T ¥ & A I8 A O AN 77 A g
40 HPLC NMR B¢ H 58 [ 24 ML B i 24 ML (1) 77 A B S 77 ik rh PR B E 2 M 4 5 .
[0180]  ASCRTHIARE“4lifg” &3 A #t HPLC AL &AL b, fE—ASEiE T &
i, 8 T R A g e N AR, e A IR A S 2 bRt (B B DUIRER ) 4k
JEBATHLRL . AE—SERETT S, 2 Ul DA B LR T

[0181]1  ARSCHTHIARIE “ RBIREW” et —ME Z MW PR &£ —BRREW. £—1
SEHE 7T VI IR G B A T — P e MR I T AL S AL B A

[0182]  ARSCRHTFHIARIE“HDIIERER | A7 2 d5dkdm B U/ .. /£ DLy L, B IURER
(R332 POl I 285 i B DURRBRAE & b TR A4 SR ™ A o g4, B DUHR R () 3 o e =i it 45
i B DUIRRR C AR y& il (a4, dl i AR HE 708 A AE— AN SERE T 22, B DUIRER 1
TR R A TE M TE R A KT 211 S WL f 5.

[0183]  “YUT” AHE 3 B I 908 « o E S5 U503 I AT AT A P, 461 4 sl 262 B 8 4 BV
bRo ZORRASHI“IRIT 7 BB AFE ANHBRIRAS , BIRE 5 IRAS B I RRE IR 1 R
J& s BUGRMRZm IRAS , B 5 ES o0 DR A B I PR DR I B8k AT AR

[0184]  “FHPT” P RAS AT AE P BE B e T I RS BUA R R A ), H 1o AR T8 A2 B
IR IRAS FRE IR 1) 52 13 A S o IR A R e ARRESIR AN A A

[0185]  “TRRptRA” BARAEATIIA IR E o O S IR B MEAE o

[o186]  ASCHTHIARIE “AM&E” £IES T1&E YHE G £ S EEUE R TE B
MRER (H40 FXR BOE s ) &= . /EHAREMPT 4k s B 5am / Jm ol (Bt
B E AR YE ) BUREIR i AR AT 58 HEAAE 5 AORE AT AR n] A I R

[0187]  “VEITAME” B4 44 T AN TIIT BN, 2 DU IR SEBLET IR 16 97 1
WU E. “YRI7 B RE" Kbt B DU e o F0™ B FNRR IR 9T B FLah P ) 4F
[o188] B DUIRERIIVEYTH A E ] 5 H T4 7 ABEMIR 255 bR RaZ 84k — i B il .
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PR, m] e o Ao 11 i P P A B S A 2 1 B DDA R B L L 7, PLR A R AL &
oo fE&ISEHETT S, 4% MEA R W il 26 1 B2 DR IR T AR BB SR Bl )T 38 L, Bl i s2
2.

[0189] AR “ 2 AR H] 7 SR AB B TR B M 326l B fE . £
SKHETT S, Z9ERAE AR 21T M 32 5 1 3 2E0E NAE 532 BI BT 1L 2 M B e . il
LA AR AL IR )T 32 6l h 3 B 2 RORE 32 2B 1k A SO O 29 B T o A2 5
—ANSERETT SR, 2 EAR R AR 6T A 32 1 I BEE RO 199 AE BOREIR 52 2 B AE
MR B . 100, 2 R A F AR 3206 T B 32 3 b T B 0 R 32 B B L B ) 24
B

[0190] <Y LA G [FIAL ZARIC 1 B DUIE AR B 25 57 |l 252 19 #h L T ) S ) B 2R 1R
M, L H AR AT SCHrR IR LA ], R — DB A a5 4 5 it E B
EWAFT RABET WA 5 E B &R R T B 8. 7[5 AR IUERBCL 2527 bl %
2 ER VAT A B R IR G A R TR L 2% B S0 08 SRR 2 AR R B2 3, 4810 PHL e
e I BE,

[o191] & LR FEALERA / B I 19 H e R AL 21 B DUIA R B 24 5 |l 352 110
VT GV BE R IR ER WA A R T Y o R 2 hric (1 B8 DUIE IR B L 2 2 ] 5
IR B R S B IR R S A ), BB TR PR R AL ot CHL T BN P g L, T AT
2R BORMIAZ AT TE . RIILER Bl ANl A I T8 Sife (B °H) A —14- (ED
U0 R AR AL o0, B RALFR (Bl *H) B, ATRR A 4 B U
UTARE TR i 7 0SS, B anidk P A5 I IE 1 BT & 75 2 B AR, DRI, AR 0 R ]
REE L Ae I, — AT L 2 3R 13 B R A2 3R bric B9l R B EE R A7 2 bk 1D i 17, Jl i HEAT
AR RIPEREAT / BRSEHEB] 23 HIRE T » SRl 26 [RIOL 22 b i i B DUE R B ML 2 2 | ml 32
S AR G YBEAIR R Y. A ADSEETT R T, BB R 255 Rl E2 (04
BRI EYEERERE SV AR R RIS £ DSEE 7 2=, A B DUEER 7T AT 4
W Mridie £255—ASEHETT S, B IUBRR B 2557 1R 1 £ AT S M BE SL IR R &
Y TR PEARIE Y o

[0192]  “JLAAT SRR A4 iR i A7 A VA R T XU Jl ] ) A7 BEL e e ) A ) Tl e R 4 o X ey 7
FE AL BRI i AT AN S sNER Z ATE (X 73, B W] T #% [ Cahn-Tngold-Prelog J5 I,
FE BT 731 XU 4 A M B X

[0193]  “V5Hl & Bia &AL A EBERML AT E &R R AT N . BIE
W] EL A A 45 o T AR A o ek B 71 5 R /R L 2R VA 70 01 e 3, DRI s R 5. 4
FIEFN K, W BT B 7S 2 K G, ARV TR BRI, BTl i 8 77 & P 2 B AL .
IKEPETL K — DB A 73 7 5 KAEH PR TIRE N 1,0 MR 2 — 454 miE
J§, TR 25 & Ree I 1 — AR E MUK G . 5350, AR AL G, Blant ¥R £, T BIK
BEARKER (FK) BB NS L ETE R D 5 RER ST KEPIRIARRR GBI PESL
BIRSE—KEW —IKEWEE . G YRR R G PESS EH5 Z B2 570 &4 TR BRI )54

N
L

[0194]  “ HAZAA” s Hig H A ML ol 5 HE P 825 AN [, (5L LUR 5 ABRIGE T 47 A i) AL
T TEERAE, B DUIRIR IR A R BAR AR o S RERSE, AN ] ) B DUAE IR 5
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P R A BAT BLAR S A IR R, BT A AR S A M s N AR i B 3 [ P9 B DRI
i 44 ANHRERAE AT AR A A 20 AR i) B2 DUHER AN 5l P [R)A4 R] LT LR TLAZ S 3K
AL, WAGEH - M. B0, fEB - B A R, KAER TSR R RS A2
SRR LT A AR AL IR S AT AE . AEIIATE S, 08— Bl AR A4 o5
L. BIRTTRERIE T — A AR A A (AR W AR A R L S 4 B T AR S h A
[o195]  [RIMLEEHRAR K5, 7 AL T AN R I (K A A (081 a0 ol 0 e S ) A R 0
SR ) BARAEA KIS, BRAE DA UM AlE I 2 iy B EOR I IE I AR
FERIR &, BLEA B ERAT ik JAi k. JhAh, ARG iRid g am et &
PORIER 70 i R A LA Al o 38 I, J e rT B B B Z- JUT 5. B3 DUIRER AN
A R AR ] DAST AR SR A TR AFAE , BRI T AR D9 %A SAR R A AR B IR & 47 A
[0196] “ZHMHEY) 7R EAH B IV R 238 T 45 T 2\ F BB 65 £ DL T7
FEh, G SR B B A . D& AR R HIA S 5 T4 2 &
BSIPE, R AR . AT AR & A U A TR 16T 1 32 @ T AF Ry AL & Y
WIS BT R AL S A LT S LA AR P R IR AR R I FIUE & s PR TR BA P 75 19
29 3UA o A W70 & A SRR 32 i T BCEL R BR g T35 MRS A A R P 5 R AR 5K
DL I YRR BLBCOR 35 3677 A4 50 P 3 TR 7 53 P AL BR 1

[0197]  BA7 IR 2 AR AR Hh, BRG] TV 487 3 FIR A L
B R BN G YR AL E P B DUIER (i B DURE R B 24 25 B m 52 1Y
TSR RS SR HR) R AR, IR K BARIGT T A2 . A4
SRATEARN SRR B, A7 I 75 ZEAR I B8 B B A DU I E AR BIAT 2. A &SRB
T Ee@tt. BB, O 0 k2l Bl BB/ 2R BT ERIK A UL IS
AT RN 25 R T R A B A SR AR o T AR AR S D I SR B 1 4 24 1) ) 2
LB 53 2 700 B 70 W7 < 7L 8 771 a7 IR 8 VBT U 7R AR T o AE— A SETETT
Eh, BB RGO 52557 L2 BIRIR G, 75 7 ZEAE TP & 77 220 77
BRI IR G

[0198] R “INEEFIE (Flash dose) ” A& fig ke BRI 2 HUPE IR (1) B DUIR PR 3571 o

[0199]  AE“RIEE” 5E XN B DUIEER IAHX R E] (— M2 2 60 08t ) AR g
T8 ARTE “ U RBETA” 1 78 SUAD 5 SE R T S AR ORI R T AT “ kBT 72
NEPIFIRL A — RPVBETR . ARVE “SERS R B IEROBE TR 5E O B DB R A — Bl
PRI ) AT A1) 28 P o R T

[0200]  “3ZiX % ” WHEHILZHY), Bl PRSI (Blans . %55 ) Rz (Bl
PR S E5E) ASEIREiY) (BT N R D58 ) o SRS R, 2
WERN A DEHETT R T, 2 E R ILE (BIIL) 30 ke- £ 70 ke) o A PKHETT5
B, JLEEAT I T & AR, Hodh 2 LE AR OA B S BAE AR I RS 58 4 P ZE I, i)
W) & ARAT R o AT 4R (L S BETEREE

[0201]  ASCPr FHALVE “ 2557 Bl #5217 2 FRAE & BB 2 AW A Bl Y, 3& T 5 AT
SN AL ZAFE A ity o B T R L AR A e S BRCHL B 1] R B AOIE 5 A R ) 52 KU
FUAH S AR EAL S AR AL S AR / BGRIR

[0202]  “Z4=¢ BR[A2 MRS BAa vl Tl MU SRR 22 Tos HAY)
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SR HCE T A A R ERIE R, SRR T 525 DA A28 nT 2 e Rl A
T AR UL B AR E R 51 “ 24522 T2 RO ) 4 — R —Fh DL Bk IR 51
[0203]  ESRATAES A ATATECH 1/ 0 T B 4h T B DUIRER, {H B DR Rl DL 4%
AT 52 B IR SR B DU () 25 b R B TR aR4s T IR R HIFR AT I 2 Mg fads T,
FEOMR SR B BN AR R R BRI A UL R S . AR SCERCA “ IR SRR A 25
(R 43 gk — 2D REIR T B DB R (1) 1 R it 551

[0204]  FE—ANSEHETT R F, TR TRIRIE . N TEKLEG T, T LA OB ERE I
A7) o BT 2R B2 WG IR FH SR SR A AR R AL B 0 1K 52 4% B 0 SR BN IE B2 iyt . T ik
27 B 28 R W 7] () ] 2% RIS FH & AR ST oo BT 8 J i . 2 L n 35 [ &) 5, 023, 252, 7]
il % BT S 751 FH T 24 700 B0 e 4 Bk B B 2 75 00

[0205]  FEAR R BRI — ANt 77 27, SR AEh A S E TS IR/ BUE FEAE RS AT
2/ IR B DUIRER R 23 H70) o 2% S0 77 S 3R A DUk S B I AOE I 77 4G 7 5L DUIE R , 441
WA E RGN/ BT E A . 2 ZIR I n] D RSO ], B2 15 B BRI AT
[REIT a kb o AR R B BIAL G T 3R AR A R R R AE AR T35 / & MRl Frid il
FE 7 BN R E T DO R ERETERSC BB R / ORI A IR %R
AR _F 3R il 55155 i s 28 Th0 AP e 0 4 %) 50 R R 2t 1), AR UGG PR e 70 o DT, AR5 i i
B DUIRERVEVE, 456 FL s e i, AR T AT / & IR & &

[0206] B4 DUHERALIZ ASEAL A ZYEC ], SRS S HZ 0.1 mg- %) 1500 mg. /£5—1
SEETT R, HIFME AL 1 mg- £ 100 mg. /EH—PNSEHETRT, HIFEEL 1 mg- 4150
mg. TR — TR, fFAEST L | mg- £ 30 mg. 7E7— LT ET, HlFEST L
4 mg- #7126 mg. fER— T RSP, T2 5 mg- 4 25 mg. AT RS,
HIFNEST L 1 mg- 20 2 mge fE— DT EH, HlFIEETL 1.2 mg- 4y 1.8 mg. fE—5K
TS FFAE 2 1.3 mg- 49 1.7 mge fE— DT EF, FlHIESL 1.5 mg. AiE
“CHLALFIAY” RARIE TAE N AL E T A2 A S L3 B W B ST SR, R
BT B A R A B R IE T VR F e R TE TR T DA S EE Y AR 2 TR ).
[0207]  BALDUJRERIE T 7E) V2 (55 BV 9 A 2. 4, 5 H 77 &80 & N2 0. 0001- 2
30 mg/kg PR Y I A« 7EVRIT AR, B ST ERL 0. 1- 2115 mg/kg/ RHIE
FELR R AL IE R . FESEHETT R, H5EE 20 0. 1 mg- £ 1500 mg. /&% — AL R+,
IS4 1 mg- ) 100 mge 7E5— LT =9, HHEE24 1 mg- 2950 mg. fE5—
ANSLGE TR, HFE S L) 1 mg-4) 30 mg. 7B —NEEHE TR, HIFIEE 2 4 mg- £ 26
mg. fEF— AT ET, HFIETL 5 mg- 425 mg. fE—NEETET, HFEETL 1
mg— 4] 2 mg. £ —PELE TR, HIFEETL 1.2 mg—- 4] 1.8 mg. fE— LR, FHI7
BEHL 1.3 mg- 24 1.7 mge E— DL, HlFIESL) 1.5 mg. SRIM0, NIEM, SLPRZG
T 1 B DURE R () & n] et BR AR MR A A S O, R IR T R O BT IR A 20 5 BTes 1
) B8 DB AR T 3R BN BB A 08 A B R S 07 B 8 B REIR ™ B R B Sk v s, TR Bk
BV [ T i MR AT 7 PR A R B TS o AR FLEe 50l R, R T B3R T B R R (057 &K
AT BERLE NS, AL HEAE G0N, 7R E T K (55 & i A 5 AT ERIER, il 2y
Sk BT BN E 73 LA BN E DAE— 8RN T o

[0208]  “AK I TTIE” AR WA SC A il % B DUIRER (4 7732:, H R ik 77 v s 4 i 1
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DUIER .

[0209]  “AYEAF 7 RARW MU T R AR EA4EA 4 H L (FIUEIRAZ) 1)
TR o X RIIE TR AL G 7 A AT AR IR N DRL B4 Ak 2 B P s B B e % i B S 4
iR . AR RAEAEZNDAFEHASREE B, BRSO
[0210]  ZRSCHT A “Hiifi]” B« BHLL” A2 F8 X2 058 B 1 16 R AR B AR Fee AT ArT m] A N 1)
FURAEF o Bl B AE P A A48 Sk 282 B8 7 1B 32 0 B0 D 1) 22 /D — AN IR B AiF 19 A » 2%
fif B HRE IR BURAE , HLIsI2 BT bR BUR R — %A

[0211]  ARSCHTHA “RETHARAR PR 0 7 A2 48 e Hr R AR A BN AE o B AR YT AR A 149 20 A 52 431
B2 BEL BATART S B 450 o B PR HELY TS ARURT A AR R R R TR AR D O P b 2R 2 B
PHBYTARAR CRAAERFA ) B DT B R PERE I A Ak | JR T Bl Ak M B A 58 | Bk 50
(GG MG 2R TR 2 . B a2 E 77 (F ik IRILE 57) B
BV RI AT gR . FFAMBYTECAR CRAEFERAL ) WS IR B as Vi 8=
SVE AT R R A PR R e o A ORI B BT 28 R B R B Bl A T
[0212]  HEZTHRAR GLI I ACRE IR R AR 5 B CRREDE ) IR 57 S M 7 R BR L e
IETHAL LS ) 0 IR K AR AR R AT R BRIE . R IR T RRAE —E4r
T R S8 % 056 12 W oRH BR IR A MR AR o 1 R 3, /0 00 5 A 8 L P POl M ol 1
. v - DEEEE R (GGT) 5" M HIREE . ELL R R BB [E B KT Sk, o3
bR SV TRIEREEREG . GGT M1 5° R HBRBEFTA 3 Fh (1) L5 AT 4 A S T, W) A
W2 WA B RV AR AR I o IR BEFR A ) 1E 5 375 7K 7 1T SR E6 == B SE 16 == A M T VL 5
AR B R, IXE e FARIS T . Rk, B AR nT AR IR BLAAs2 36 = MR8 7 v, e
b2 SR bR EY) 8 T SRR il A R AR AR 9o Il 6 R85 i — ey K
T4 125 TU/L BRIEREBREG . K T29 65 TU/L GGT KT 17 NIL 5 ERE. BT L5
PR ST BB, B 22 /b — B BRIk (BandEsE CRFERE )) BASE, RIARHEIX 3 Fids
HEWEIKCTF5 RS BRI

[0213]  ARiE “#F 7 & 48 A A LI B 75 A Ak 3EAT S Lo s 8 ThRE I Ak 45 44
(RAEOIE W VE ST ) o ARG EREIAT DI RREETE B R i S VR SR ()
IR AT 25 B IR FIAH DS54 ) « RIB“IF B "I BFE T BE K & BN 5E B 45 I 21k 4 i A2l
GURHTATH 7 455 (Bl B )

[0214]  ARSCHIHBIFTE A FF CARME RSB 5] 456 BIAR S, 58 TR AFF SCA
BCOCA ELAR T Bk 4E B I 5 45 GBI AR SO — o A SCRFIE IS R 51 TR E AN
A KRBV HA, HAH Bk Brid SCHF A A B H ST AL . BRI Cod it
TR AR AT T #5A , AE ARG AR N 7RI R, 28 % B A 7 & Fh s i 77 2
T UAS R, T T A IR AN T T A sS4 A T ud B B i A 0] B BRI ZE SR A AT R o
[0215]  fEA VLA, BEOL L OHEEE BRI sCh B A AU BRAER A2 /&
WA S BT B A B ARFURL 22 ARE B 2R 7k B BT T8 AR A ) 8 I B R N 572 185 BT 2 A
RIAE RIS Lo AEAMREIES T » LA UL A ik,

[0216]  BRAEF A UL, A ST T A B 4 Lo Rl Lb 22 DL E & i)

K e 151
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[0217]1 =2yt 1. 98 D1HAMG [ 2 1%
oA TR o R L 0 2 P SRR 1 b RUR BT 4625 B0 e £

G5,

[0218] DUR 1—3a—$dE —7-fi 5B —HkE —24-FRHFEE (1) HHI# .
e COCH,
2 NaCH, i A

O

H
S8 K7W SP-REBE 248 JaFE BT8P IR b 245 P B
KLCA 1

BT BiAARER (KLCA) 1 C-24 SRR BRAL

FERR PEAEALT) (BRPR, 1. 0 mL) fA7E R, {3 FH I (2500 ml) 3 a —2d& —7-fi -5 B - iI7
ft —24- B (KLCA :500. 0 g, 1. 28 mol) Fafk, JFINFAE D] 62°C —64'CL) 3 /NI, 133 3a - 2
B -7- i -5 B - Ak —24- BRFEE (1) o fEZRRBLA, B R B A0 70 DL A RV SR A
o X T JaabH, F S B E R (2N) 1Y pHAE 2 pH 7. 0-7. 5. JERAIETERR (25 @) At
Y30 78, i UERR ERREAEY) . B I IRA FVEERRAL TR . S T U, 4E 16 A
A 10°C -15°CHJ7K (625 ml) , AN AL £E 10°C —15°C M iHE S R G4 1 /N
FEZ) 20-25 3B AN — 843 7K (1875 ml) o £ 10°C —15°C N A M) B 30 738
PR E LB, R EERK RS (1:1,350 ml) $E¥k. 18T Karl Fischer (KF) 5&
S EREH G KE . B EHER TRV AENT 70C RS T8 MEHBAT HT T
—BRMIE TR W (LBt ) 4 501.4 ¢ (1. 24 mol, 96. 8%) .
[0219] PER2 - 3a,Ta-——HIEHRSEH 580 644 —24-FRHNS (3) K4 -

LT DA 230

.l %iiﬂﬁﬁ!‘lm% i &
" ek
dﬂmmmwﬂ . H
ST )

clitt
{(HaClSio" '_;‘V" e

b i i T BesYAYARAIM SRR TE
% 2iEaR)

(HsCisin” ™ OSICHsls

SRl MRV AR BB TV E
3

NG 2 2 B T~ A R P T e A T Tk
B EARRFKR R EY 1 (60.69 g, 150 mmol, LTG5 28 N4
TSN 8 T, IV T IO (THF, 363 mL) 1. 3B AEL) 65°CAIE L T 54 SL 28 i
KA B . 7 EPRE THE NSRRI H, HE ML 4 IR FIRPIEBRLAERA < 0.05%
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MR A S /KE (Karl Fischer 7€) « BHZETR A 2 -20°C & -25°C, SR G712 30-45 78
I = H B (73,33 g,675 mmol, 4. 5 3958 ) « AEBA T, 16 — 7 A AL 2l 8 (28%
LDA ¥A¥,900 mmol) I THF (504 mL) % N RS 1 S Mg, FRA I 22 -20°C 2 -25°C.
WBAAEY) 1 TEKAEVETHE (84 mL) A =HREGERESEAEN —20°C & -25°C T [ LDA ¥
W )G, B R BIR AWML 2 /NS o T JEA0EE i R MNIRA YA 2°C -8 CHITIA K
FIEBRKIETR (34.6 g, fE 300 mL ™) o fEMANG, KT £, £ K 50°C T il
B A MNE VA R 2R SRR S A A 3 — L5 RIE ], I “ R R
FE”HT T — 2%

[0220] Z0BE3 - 3a-FHA —6-WH -7 58 -fA%E —24-FFFES (4) 1kl -

T T OO S 0

TP KA, 0T
RESTTRS
d M Ha i 8 .
L .
B
HaCBSI0 HO" :
InTre 5 B A TR EA SR T 3wi§§%§; LEIESEEE ANTE
3 4

N3 RGN 2 H PR s A

4 THE R RIALA40 3 (164.68 g,300 mmol, LTI B vH 5T ) V8 25 N1 T I L
. £50CH R ANEET, M HEREN THE. HRAVPEKERT < 0.5%
(Karl Fischer & ) PAKEEHEAT . INEHARRVE T &R St (200 mL) , HHHive 2 -60°C
% —65C. RGN ZEE (33.8 mL,600 mmol) » FERV/TAR N, ¥ &4 (700 mL) FI=H
Il (ZIEH) 16 wt%ia ¥, 318 g, 750 mmol) LJEL AN I S N gs T, SR JE 74
£ -60'C#E -65°C. f£-60'C%E -65C~, IMATKILEY) 3 M. 7£ -60°CZE -65°C i+
RNIRENL) 2 /NBF, N 23°C -28°C, FEHEHEL) 3 /N, FRAEI 2.4 2°C -10°C A T K i
/G AEER o RET i AL, B e LA HR A VAU 50% wt FFEEN (40 mL) 1660 mL [#)7K
IFRA K PEE o FEARSTFEL) 10 805, A E & (T2 ) AU R SR
RBEASH o AENMT 50°C Tl 28 S Al Be b WA HLZ A BR 2535 7)o A AL A4 4 Fl— L3
RECHEMN R RH R RENR A . WEW 48 E/7- FAERIRAY ) ]
W FIAH TP 3 AR
[0221] D8R4 - 3a ¥ 6-WAHE T 58 A% —24-1% (5) B4 .

R, B Bl B
MR
S BE T
s
o W Bk TG

LM el
B M T

Sorfe ot B LRS- L
&

I EESELE TR EE BT
4

RN 4 :C-24 FE ) Ak
AL EY) 4 (258.37 g,600 mmol, AT TS ) BN NiAs . /£ NMT 50°C
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FIELRE T, BB R R B RE R R R E T FEE (360 mL) F7K (54 mL) #1, IR w14
BN 50% wt (54 mL) o BRMIBAYIININE 49°C -53°C, fE %R FHE £/ 2 /N F, WA
SONTR AW pH PLESE pH A > 12, 4058 pH < 12, WIE NN NaOH, B4 2 /N S SR 8]
VAW 7K (1000 mL) %, HIH IR E %2 25°C -35°C . X T JaAbFE, {§ R MR S B % /0
30 . RS, R ERKZ RS B IR NS, FFEANLE . TN LR LB (1400
mL) FFTEREE KA (244 g, /£ 480 mL o) LA HFEFHEAKZES . 78 25°C -35°C Tt
RNIREY 10 4380, A ESH, FETERKZ. NEIUZEFEE 28K 28, FfEmAN 2
B 2. B5 (800 mL) » FEE IZHAEEL B IR S K E N NUT 1% B ELBIIA B e . S
TRV EI R 20°C -25°C, Btk 30 28h, ARG 9 B4, 2. 08 B (100 mL, 3-4 IR ) Bek.
R TNLPEL 60°C FHATEZ T, 8N 118.71 g (47. 5%, 5k H KLCA) ¥l
WA 5. LAY A4 B/Z SRR G ) W] E W EY) 58 (B/Z AR RITR
G Rk .

[0222]  SRJEfH FH ZEEHAGIAL AW 5 45 . T4 S L ST N E/7 SRR
BAEMEY) 5A. 1 8 (390-520 mL) FAHGML Y5 (130 @) NIRRT . N
TIERRRIL A 5, B RIS INAE R 85, 78 3-5 /INEF P D23 78 H1 AR R
FRERNE A AT STR SV AR 15°C —20°C . 45 k&Y 5A FHE O S, RG22,
B (50-100 mL,2 ¥R ) Bekk. TEARERXTEIL AR SL 60°C F AT, X4 85.8
g (66%) /=& . BURES LA ALtk &4 5 & &N E (A ERUK 25 8. Ak &y
5 3a—FRHk —6- Wk —7-Fil -5 B - AL —24- BRI E meAdig. ARG 5 1
SRR AT S Wit 2. diihitb a9 5 B S a8 A TER. E
SRR 7 SRR ARG . E AR KIEAEL &, (515 7 mr ] e
[0223] &AL G 5 MAIETTEW T BALAEW 4 (111.96 g) BN T . 78
BKS0CT, B ERAENER (B2l &R R) . BRAME T HEE (156 ml)
L, A EIELZ) 10°Ce IINERIK (23,4 mL) FHFIERN 50% (23.4 ml) . #E4) 20°C - %) 25°C
THHE R RR AL 4 /N . B ERIK (433 mL) FERE, IR 2K (144 mL) o 7EHEHE
J& A B WG R R K2 RS BN T R BEAR T o FE LA NLE 7R 78 B FE RKZ BRI,
ANCEE B (607 mL) FIATEE RIS (105. 7 g, /E 208 mL /KA ) o 43 BS54, 3755 T EK
2 BANUZ R BN N AT . MANUZ W OB 288, A 288 285 (347 ml) o
LT RET, HRE (173 ml) BEEIZHEAEE BB S K EABTL 1% 5%
BLRTAEE T S I EBERBAEIE 20C -25°C. MBS ONEEY 5 45,
IR CEE (3-4 K& 43 mLl) ¥Eik. TR TEN FEETREL 60°C FHAT (64. 8%
W, BTALE 1) o WA AN (B/Z RIERITREY ) tn] FED IR 4 Bk as R A=
LG 5A (B/7 SRR EY ) -

[0224] DBE5 - 3a L 6a -2 F T 58 -JHLKE 24 (6)HIHI% .
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EL S SaCHT B
PR, My S

il

R

e L

S B e M
Al

S A

TR RN

B e o

gm “”ﬂ‘ mw,ﬁ W”‘m

B E Bt BT &-?.u;-smﬁmwm Soe B o D TSR
4

RN 5 16— W 2R AL

ARSI 5 (110 g, 264 mmol) \7K (1100 mL) .50% 357 PEANVAYR (35. 8 mL, 682
mmol) FARMEALF] (PA/C,11 g) MIBEWERNEMRBAF . HITEESE 25°C -35°C, &
MEEHES QE) mE 3% HES (1 E) W 3 K. XL AEMSTHREE S (=
0 ) . §Einb EREE, FETE 1.5 /N AR ] PR S R TR A4k 100C (T
a PIIISERIAL ), SRIGTEARFF 4. 5-5 AR MRt H: 3 /Mo AR5 R MR AR HI 2
40°C -50°Co X T JaAbH, yEiH Pd/Co MPERFTINA LBRIET B (1320 mL) FEhFR (67.8
mL, 815 mmol, 37%) . 7 B /KA IFFF 2. AYUAHAE 40-50°C T~ HETEmR (5.5 g) ALFEEZ) 10 43
B JEHTEMERR, SEVRUE I R THIR S, 7E 2-3 /NI AR TS BiFMA E1 2 15°C —20°C. ¥L
VEMAL A 6 248, I ZBR1E THES (160 mL) Peik. P4l Ik /1t pe 88t . Tqr
JE SIS R AE L) 60°C FE A HHT. X742 89.8 ¢ (81.2%) KIbEM 6. thAYI5A (B/
7 SERARRRAY) ) AT T DI 5 DL #4547 6.
[0225] P#E6 - 3a,Ta- 35 6a-2H 58 JHLE —24-F2 (B UUHRER ) BH14 -

GO bR, B R
e MR RO e
R s R
4 albarine M
S0 vl i

0 ke
‘ ol WCTE
e e
Bl B 3R TR P T Tl (Tt A T B
[ ol L SR B

RN 6 :T- A 7 a - B RE Rk R i

75 50% wt S EAAATEW (1.5 mL) FI7K (20 mL) BIVREWH, 76 90°C -105°C MEfL &
Y6 (86 g,205.4 mmol) 7K (688 mL) F1 50% E EALINTEW (56.4 mL) KRS S5IELL
By (7.77 g,205.4 mmol) L. i RMIRAYIMMAEREIG, FFhidt: 2 3 /M. X a4k
TR, 75 N 5E UG, 3 S SRS A I E L) 80°C, JEEER RV I RN 2 . £E 30°C -50°C
TLNAK (491 mL) FEIZEZIE T B (860 mL) FIATEERE (320.2 g, K ). FEKGEE pHAE
DA R IRV ST, 7 BRI 5o ANHER B IFAM . RV H CIRIE T BafkE, 312
P2 HIE 15°C -20°C , FHH] 5 DR AE A B Ol uE . 5 SR IE T EE i &5 d ok
PR VIIRRR 2 o, FEAENE TR i A P CBRIE T B (43 ml, 4 4%) ¥elk. TR
F1IEREEAEL) 80°C T E A HHAT . X7 67. 34 g (77.9%) HIZ5 & B UG . A s i
DUIEBR I % 2 IR AE [ A3 S 2 Wt it i) 3.
[0226] DER 7 - BAUIUARPER 1 ARG -
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CO:H
. Vo B WO e, T
. TR M
¢ B UTAETR
SOL
HOY O

H :

COH

-
S0 Ym0 e 2 R AP
HhLEsCcy

JRNE T s [ & i B DUIR R C 2R il 2% B4 DURR R 1 7Y

W4 R DUERE C A (B8 g) VAT 30°C —40°CHI7K (870 mL) FUEF MEANTAEWE (50%,8. 7
mL, 166 mmol) . FEFHRA Y E B A EEEAREM . P H PG AEYUE . Wity
P B DUIERVAAEE NN 30°C —40°C [ & #f 218 (37%, 16. 05 mL, 193 mmol) f¥7K (870
mL) . 7EF 30°C ~40 CHFEBFRL 30 2380, SRGA EEAEIT (WT) 20°C. =445
B RS TR 7 e K (465 mlL, 6 IR ) ¥k, TR E A it pEAR HAE \MT 50°C
TR R AT . X774 53.2 ¢ (91.7%) RS DIIERER 1 AU,
[0227]  SEjEfh] 2: B-3 a —$2HE —6-\W 2 -7 58 A% —24-F8 (5) {IFRAE

B 5 A FETVER R R (LB QB CBE 1, SN G H B S f R
SR EAE Y 5 PTG W) 6 S B f 4 i B DUIR R ¢ BRI B DUIRRR 1 &Y (BREREA R4k
BDUIRER ) (A 200 ™ &A™
[0228]  f#A] 'H NMR.'C NMR FHJFTiVZHIESE T ok F SCia ] | D3R 4 (L& 5 4. 78
T LC/MS B2 B B4l s | P2 AR UV it I oh, ok 5 538 4 (R =4 7= A AR B I 1)
(RT) M 27. 457 438 7 9)F0 RT Ry 28. 078 34 (&Y. IR =¥ hi&4) 5 K E/Z
SRR

el R e
48 K C2OHA004
TX T b SRR E MS/MS 1 P 52 7 AH TR 54 A A o = FORE R I o e R 1 08 e v (X 4
i,
[0220] KAl & T715 50 B8 B/ 7 Skt ARG, SR I BOVAIESE B/ 7 SRR 458 . HPLC
A T 1A AR R R IR 22 P, TR, A8 P ANTE R B 92 1 VR G BB LC/MS BXH A&
ANFTEERT . TR Z TR0 R0 TR, X T E/Z2 SRR 75945, {0 UPLC 7k 7
AR B RIS (plate number) o PIBMERITVEIO T 38 A 2 HIHT K B UPLC/MS J7iE%
EFENFES B B/Z SRk, S5 IR B & HPLC 773 2 438 B/Z SRR B 2% 4y, 186 )5 H
UPLC/MS 7715 1 22 . ARSI FEIE R -
% C
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LMSHERUPLC F(F® 1)
L35 Accela UPLC 5 LTQ FTSpectrometerf& f (ThermoScientific)
A 200 x 2mm Hypersil Gold 1.9 pm
B g 1‘1;% 10 mM Ammoniumformiat + 0.1% P &%
5 45% BAE204-4F 1 £60% B (1054 F AL )
ik 0.4 mi/54P, 40°CHE
ol MS: ESIFa@-F#M%-F; UV: PDA 200600 nm
S R=100000 ICR
R 1 mg/mbEA/ T, 3pl20plEA
2. HPLC (7 i%2)
L35 Agilent] 100 HPLC (Agilent Technologies)
A 125 x 4mm Purospher STAR C18 5Lm
RN A; SEEELAAKpH 2.6
B: L&
W 30% BAE104 4P £35% B304 4TH £60% B
14 A £90%B O F AL
Hik: P miisrdt, 35C4R
Al UV: DAD 200 — 400 nm (UVA 200 nm)
PR 10 mg/mUEASTHE(O: 1), 25ulEN

SERLE TR 20 B 1R 2 B E 57 (B 1) RS R UPLC : E3RIF I A4 5
“aifkzt” (E2) [ UPLC UV/MS il X T B 1R BL 1 mg/mL ¥ T ACN/H,0 1:1 5
200x2mm Hypersil GOLD R122 ;LMA:H20+10mM AF + 0. 1%HFo ;LMB:ACN ;45%-20-60%(10) ;
0. 4mL/ 43%f ;40°C ;UVA=200nm ;3 1 L yEFHAR . 0TI 2, 4 FE 5 BL 1 mg/ml 35T ACN/H,0 ;
200x2mm Hypersil GOLD R122 ;A :10mM AF + 0. 1%HFo ;B:ACN ;45%-20-60%B (10) ;0. 4mL/
SRR 520 W L VESHAR . 78 2 AMEES R, EEA S (RT 9. 92 4080 ) FIIREA 5 (RT 10. 77 43
) BB S AR, 2R BB S A B S 0 BB 192 D AT E BT s, IR A
(RORS B BT & 5 PR (AL 54— 3 -

xR D :HEFNEREIE

RY (¥ | BT mi bR R HEL
Cop Har Oy
8,98 41730008 | AMO.35ppm MAH B sk
ﬁ,ﬁg Hag {:}3
-B3350381.  AM 145 pom IRHHE R
Cor Hys Oa N
85061938 | AMO28 ppm IMENEI T ik
10,77 1730023 M. D. NEHH 7 Sealih
B33 58408 | Cuo Hp O IMHITZ AR
BS061084 | Cu:Hu OxN IMFNHY £ B

R E BB T E R B
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RI(H) | BF mix 2 TR B
CaHu Oy
9.98 41528520 | AM 044 ppe M- Z ik
Car Hey Os :
46128051 | AMO.V8ppm M+Formis 2 80k
ooy Mg Oy
83157683 | AM -1 .45 ppm IMH 7 A
1077 415 7854E
46128069
83157739

N T R B E S HPLC 7732 2 (P RS HEME (portability) , fEFAR A T VI E &
JRUE o Pl 2124 B R . BRI B B A7 B A3 UV Al ] L ]
3. & 3 AH A HPLC 773 2 (AL &4 5 14 UV i & ;125x4mm  Purospher STAR C18
5um AG;LMA:H20 pH 2.6mit H,PO,;LMB:ACN ;30%B-10-35%-30-60%1-90%(9) ;1 mL/ 4
Bf ;35°C;UVA=200nm ;ohne MS ;25 mL. FfJ&, FHHTH &I UPLC/MS 7955 B B 4 7o
T VAT, S 850. 61914 4 3ppm 4> BS - [2MHNH4] ISR S b4k . PIrfR 0 30621
2 URWELL A IR RE R A B L 4 (A-D) o MS WP B, il iR &8 777 2 P2 A i)
7E RT 27.457 AF%0F1 RT 28. 078 4MBh AL 2 MG Z A F3R Co 00,10 2 AN bk, %4+
S E ST B/7 AR 45/ — 8. Rk, UPLC-MS T RRM,3a - 5 - W2
B -7-Fi -5 8 - 10 -24 TR E/Z St Ah e L o S e il vk h ] 0 & 1. 19 8 FR-ICR
FIB A RS B MS B8R 550 B/Z A dde th i — 2. T 2 A miig, 15 24 R 5 5
T3 Coelly0s0
[0230]  F5-T-H HPLC 7735 2 (K B/Z S kel AA U (¥ b1 £ 43 5 R UPLC-MS 77V a6 2 5,
A TATIE L I on A 77 2 PP AE R 2 M (RT 27, 457 43 BPAITRT 28. 078 734%f, 2 WK
1) 72 BA 7530 Cety 0.8 2 etk . iz NG R E/Z- SRR & —5. 45
IR NMR 25 5, 15 2 R FSEC (RT 27. 457 4380 J& T E- 4444, RT 28. 078 ##h @ T 72— 74
o
[0231]  3a-#Hk - W 2 -7- 8 -5 B - lH -24 BR K E MR H AT °C A7 8% 19 43 e 4
To PiRBFMBLLT LGS :“L. Bettarello %%, II Farmaco 55 (2000), 51-55 (#)J5
3a— Ak -7- i -5 B - IHEE -24- 12 ) .

[0232] F P HABAA (H-NMR, 500 MHz, 303K, CD,0D)
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CN 104781272 A HH 42/62 71
e {4k [ppm] &R [H) R
510 g 25
361 W 3
269 [1]8] 5
2.28 2 oT 3
1.72 3 25
1.05 3 g 19
0% 3 B 1
070 3 § 8
£ G :UCHEAT (PC-NMR, 125 MHz, 303K, CD,0D)
TEF A5 [ppm] AR Py
207.5 S 7
178.1 S 24
1453 5 6
130.4 D 25
710 D 3
560 S 17
52.0 # 501 D &4 8 A 14
46.9 D 5
44.7 s 13
407 D 9
403 T 12*
383 T 4°
365 D 20
358 S 10
354 T 1
323 # 320 124 22 # 23
305 T 2
294 T 16"
270 T 15
232 Q 19
224 T 11
18.9 Q 21
127 Q 26
125 aQ 18
S = Mg
D = X
T = =HEIE
Q = [QEE
M= ZEE
DD = XX E I
DT = W=l
St fe] 345 B VLIRS CRYfRAE
R ERAE | B 6 FISSHER] 1| P04 [ 2 R AE R B DUIR IR e diid . iz d ik T3

Webrid Ay € B, NI AAMER

gk 5 B TR C 2 [ RAF A
R G2 BRI C RURFERER
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ol |= = .
& = 3| sl
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glslg| (=0l
o (@[ K| oE (46| 7 [R5 |5
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1
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=
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Y N
[0} ie]
==
21
= |
¥l=||2 —|=
~EIEIS|12]2] 5
BIX[Z[E[E2]|E]|E]S|E

H Ay

Iy

FERCE 34 A7 B HERERS I Mettler DSC 823e Fit#E DSC (IRZEHFERIE) k.
13 FHAR 52 AR oF B BRI BE RS HEANCHS o TR AE B LA T (K 240 0. 5-1 mg LA 10°C + 43
BN 25°C A 350°C. FERERL FTEL 50 ml - A3EE MREFRUII . AR BIRUEEE
AHTEAEE STARe v 9. 20,
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[0233]  FEFiR 4% 34 f7 E keSS I Mettler TGA/SDTA 85le FURKHE TGA (HiEE &/HHT)
B o AF A 2 BV A AR BT IR AR E . WG 5-10 mg 1AL S IR BT AR E 1
B, DL 10C « 2080 IR B INIAE 300°C . AERES EJTRL 50 ml e bh TR
BT ARSI 2 42 STARe v 9. 20,
[0234]  HIT4 i B DUIEER C AU TGA M%23 2 M EERFE DR, F—IMREASEE (£
I8 ) F85°CZIH) (0.41%) , 55 —/ANKAALE 85°C —115°C 2] (4. 10%) . F—E B4R E%aT
HRT K Z 5 M B BRAR T RIRK S ER RATTL 1. 2% EERE ) MG 05k
BEER (L) 3.4% EERWRE ). R E B C HEA 0. 15 f1 0. 2 BRI FIER (PEk)
M2y 1.5% w/w (0.3 BEIR ). 455, P DUIRRR € AYfK) DSC iRtk B & — MRl . X Je 4024
BEIS T, MY 98 CH UG S W 6. A A BITE R 2 B AR 5938 1, TIHAE DSC AT TGA 5256
FEAFNRIE &K
[0235]  XGt&dy RATaT (XRPD) 741

Bruker AXS C2 GADDS

A Cu Ka 584 (40 kV,40 mA) « E 04k XYZ B BE T Z0EE 5 B A7 B8O 40 5.1k
BEFI HiStar 48 F I INEY , 76 Bruker AXS C2 GADDS fi 11 I USCEE X 5 26 RATH K- X
W RGH 5 0. 3 mmEFFLAE BB B— Gobel £ JZ%% (single Gobel multilayer
mirror) . RHEHK FIARAE NIST 1976 Corundum (AR ) BT REEVERERE 2 .
[0236] B SRZHEUPE, B X BFERRAERE S RIA RO AL 4 mme SRR S — A T 25 5
920 cm [ 0 -0 PRI, XIRAL 3. 2° -29.7° BUA A2 0 JEHE. WEERE T RRE
T X SR 120 P, FHTHARVCER AR R T WNT 4. 1. 16 ) GADDS, J+RH Diffrac
Plus EVA v 9.0.0.2 B¢ v 13.0.0. 2 4 2 EE
[0237]  BREELCAT < JEAEAE FH R EE OB 2K, i & AE PR BE 25 A T ag AT IR A B PARFE AR
4y 1-2 mg RIRESEBEEE T ERBEFR 2 BRI,
[0238]  AEPRIESAAF SAGAEAEIR RSt T IBAT RE A S v LA IEE R e RS
WERERBAZ) 10°C « 3B IR A IEMIRE, BGRFHERS | 2805, b EdniicE.
[0239] Bruker AXS/Siemens D5000

] Cu Ka 385F (40 kV,40 mA) . 0 — 0 JUHAL. V20 KA B Az 42/ A A 2
B ERAN SR EUES , 72 Siemens D5000 fi7 5 v Il AE X SERM RATH . RATK 2 14
Nifb (Corundum) FRAE (NIST 1976) XX IFHATHERER L« F T OB UEE B N Dif frac
Plus XRD Commander v2.3.1,3FMH Diffrac Plus EVA v 11,0.0.2 8¢ v 13.0.0.2 8t
H2IEE .
[0240]  JEREME AR K, A AE IR 45 NI ATIE N PAREE AR . 52 20 mg BEA AR 2E
BRI EE 5 (510) BEA IR F . LR HTIHIEMEAR S 7E B OO ek . Bdmik
LV R -

« fHEHE :2-42 ° 20

« 5K :0.05 ° 20

o UKEETIE] 14 s o IR

Bruker AXS D8 Advance

ffiF] Cu Ka 385 (40 kV,40 mA) . 0 -2 0 JUALL. VA B RIZ I SERE | Ge (0 2%
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Al Lynxeye f il #5 , 7£ Bruker D8 fiT vt HUSCER X S 2y RATHS Kl o SR AT 8 B e Wb s i
(NIST 1976) XHMXARBEATIERER A F T HARUSCER A A Diffrac Plus XRD Commander
v 2.5.0, RN Diffrac Plus EVA v 11.0.0. 2B, v 13.0.0. 2 487 3 L IEUE .
[0241]  JEFEAE AP R, AL M AE R B S A T IS ATE N PARFEAR . 420 5 mg FE 2 ZE
VIS EE 5 (510) A WS B £ A RMEAE AR 3 O P b iese . BaRUicR
ITENG N

o VG 242 ° 20

« K :0.05 ° 20

o UKEEMTIE] :0.5 s BHE

XRPD & 7R 7E Bruker AXS D8 Advance WHEMAKHITIEDE 6 2 EMAE. =L
K5, TaRFIRMUE X G ZRATH BB N R . AT HARWCER B4 Diffrac Plus XRD
Commander v2.6. 1, N Diffrac Plus EVA v13.0.0.2 B v15.0. 0. 0 /47 3 2R .
FEAT R, SR M AE IR G 25 T ag AT AR N AR FEAS . 1A i R R ZE U U D &8 5t
(610) FEA IS . £ HTIHIAATRE L AE B OO e . BRI TS -

« fHEHE :2-42 © 206

« 5K :0.05 ° 20

o WCEERFE] :0.5 s« BIR

FH &5 5 B DUEER C TR X 52667 5 R EUE

g M2-6 () |dfE (3R)
1 4.2 21. 0203
2 6. 35 13. 90839
3 8. 298 10. 64718
4 9.5 9. 30229
5 11. 05 8. 00042
6 12. 246 7.22192
7 12. 498 7. 07692
8 12. 647 6. 99367
9 15. 497 5. 71337
10 15. 843 5. 5895
11 15. 998 5. 53561
12 16. 346 5. 41836
13 16. 695 5. 30601
14 16. 996 5.21251
15 17. 849 4.96547
16 18. 593 4.76844
17 18. 798 4. 71689
18 19. 047 4. 65579
19 20. 493 4. 33041
20 20. 894 4. 24808

VT-XRPD ( AJ SR —X SHERATSH ) Son DSC iR itk B BT W HRE 24 T L 1 25 VA AL,
DRl A8 N3t R M BZ B JE A 484k o £E DSC A1 VI-XRPD %4 2 [8) /A5 155 2 5, K129 VI-XRPD
SEBO AT i BT R R (0 R A () H AT, 10 DSC SEIGAE A IR A3 A 2 M R g AT . IR 22 57 N2
20°C, FFERE T A4 4E DSC SR 58 TR i AEAIRAT 22 IR JE T Rk, T 7E VT-XRPD S236 Fh A iy
£ 110°C MU 2 dmtk . VI-XRPD T A4 BE AR I 08 5 304 i MRk 2%, iIX S50k 27
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IR —5. WK 7,
[0242] VLRI (GVS

i H EH DVS PR dlEE v 1.0, 0. 30 #5561 SMS DVS P /K 43 2 E W 4 B4, 3R
BRAESFIRL . ISR R R FRAE 25°C . DL 200 ml » 438 RS,
W T EANE RS TIR S, RIEHNR A . It T #85 FHE A RIE R Rotronic Rk
(1. 0-100% RH FzhASYEH ) , WX RE . W MER T (FRfE £0.005 mg) AWk
JWEE % RH (AHXHEREE ) AALRIFEE N E & (FiEih# (mass relaxation)) .
[0243]  FEFRIEZEAF T K 5-20 mg BESL B T 5 B W ALAE N EH /£ 40% RHFN25°C (M
RN ) NIRRT 0 NIRRT IR SR (2 IRFHE R 1| e8I
) o PRESFIRERAE 25°CRAE 0. 5-90% RH Y A LA 10% RH [H]FE3H4T . S DVS 4 Hr &4
v6. 0. 0. 7, 7E Microsoft Excel F#ATEIE 9. SMS DVS PN HESLEG TV E .

ZH 1

W —FT 4 1 40-90%
N/ IR —4 4 2 90-0, 0-40%
[A]F% (% RH) 10

HfE 2

a (ml - 0% 200

wE (C) 25

et (°C e 5 ) 0.2

I BB 1B (ZINE ) NI

FE S AE 5 A SRR 28 05 [RTUA, FE 385 XRPD FFR 7347
[0244] 255 B UUIRER C ZY1 4 M 27, A 2 IS TR 1, TR AE 0-90%  RHL (7] AL %2 2]
1. 18% HI B E I N o X FhAK IR AE BE AN 4 i 2 A e (1, FF BT BT A D BRI B P4
LG D, R TREE 2 E RO EIK. 75 GVS 43 BT 5 (¥ XRPD 43 HrR B, 8 5
A, 2 L] 8A.8B A1 8C.
[0245] 3T Karl Fischerifis® (KF) KK E

{#iF Hydranal Coulomat AGiXFFIGE < RFH, H Mettler Toledo DL39 FEAGTHINE T
BRES IS K E . R E R EARE N 5N subaseal ¥4 LLBEGBE/K K951 TGA 2RO .
TR Y 10 mg B2, FF Hg AT — AWz
[0246]  Karl Fischer /#7345 5 B DUIEER C BYEA 1. 5% 7K, A4 T4 0. 3 BE/RIK.
[0247]  7£ 40°CAHI 75% RH B i —E fasE M

W R IE 40°CHL 75% RH (AHXNERSE ) T B DUIERR AR E o B3 DUIE BRAE i /1 W
FEHPAE 40°C /75% RH NARAE 1 JA . @I XRPD FIR ML, KILEZL .
[0248]  [EIZSHFFER A, T8 BARAEARN K E A ALER DUE B DUEER C Bl d. BRDUIRR
1 ZURE R RS R B AT AR I 45 B DU R C B RS T RE 1Y .
[0249]  SCJGEMH] 4. B DUIH PR 71l

NEEREVUAE IR EEH. 5 mg 10 mg F1 25 mg Hl 74 FHAE 3 B AR50+
Ko
[0250] & 1 T AR F7 771
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CN 104781272 A 47/62 I
MBARAR N
o 4 h ohF e FEArf
1 mg KA
LR T 1L.Omg* | API HSE
#a g 185.0mg* | MARM/#ESH | USP-NEEPIP |
2R LB 120mg AR USP-NF/EPIP |
58 i B ok 20 mg PobEe Ty USP-NF/EP/IP
Opadry® I #L &8 G & 8.0 mg &, R4t HSE
BE 208.0 mg
Smg h#
08t 5.0 mg* API1 HSE
Mk 181.0 mg* BAK#EAH | USP-NF/EP/IP
Bk AR 12.0 mg 4 15 7 USP-NF/EP/IP
BSR4 2.0mg ¥ A USP-NF/EP/JP
Opadiy® L E X G & 8.0 mg s HSE
% 208.0 mg
10 mg K
50 feag 10.0 mg* API HSE
fhab ik 176.0 mg* HLEAMHE4H | USP-NF/EP/IP
R LB 12.0 mg 4 A8 USP-NF/EP/JP
ARk 2.0mg A A USP-NF/EP/JP
Opadry® 1 2 &% 4 &, 80mg R HSE |
b 2080 mg.
25mg K
B 0les 25.0 mg* APl HSE
Mok A 157.0 mg* HEM/AES R | USP-NF/EP/IP
BE LR 120 mg o 1 ) USP-NF/EP/JP
gt g 20mg H A USP-NF/EP/IP
RA =Tt 40mg Shim USP-NF/EP/JP
Opadry® 1 SLE A G & 2.0mg @, e 44 HSE
2¥ 208.0 mg
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APL EdE B s
HSE = A #4Li%
USP-NF= EEHBETLEFE
PhEur= Btifzh s
Jp= B AR#HHL
*Pr ARk aG R D AR ARG APL R R KA 100%58 60 IR ARIE AT ) Y 25
MK HAEIA T, AR A,
SZjafe] 5. B8 DUIRER 1R f R AE
B DURAER 1 A28 B DI ER (AR a8 DUREER ()3 Bl i 2 nT Ja st 45 o B8 LA R 1
NE R AR A . BDUIRRR 1 B R] AR 2G5S MR oy o N RAE AN 43 #r B DUIRER 1 AL
[0251] 25 | #kB DUIHER 1 ZUR A R AHRRAE 8T X F 26k KATH (XPRD) % &5 i E R
YR, 1A °C B REFEAR (NMR) A B AR B 2T A3t E (FT-TR) OG22 0Rn (B ki F I A&
/R IAERR (BIoR Z FHE & HGE (DSC) MINEE &8 (TGA)) iBiT Karl Fischer
(KF) BI7K M 5E 76 40°C HT 75%RH 747 F0 2 J& J5 385 XRPD F§- R 4 A a8 it v 3430 5 J7 7%
(1) pKa JB3T BRI E VLR Log P/D (SRS / /K) AR B SIAZZV R (GVS s an A g
XRPD WCEE (1) [E 44 o Hr (1) 56 A B — R AE 3R ) FRI7K 3 & AR E T o KA R AR SRAE
FEuES 7 BDUERR 1 AR HE 5 MR (FInss 2.3.4.5 A6 k) <J@it XRPD PP FES
TS L HEEIR LS H AL °C NMRL FT-TR OGSV (BRI / e ) AREm (4
1 DSC. TGA MR E G WA ) AT KF RI7KI5E
[0252] XG4y RATHT (XRPD) 41
A Cu Ka %85 (40 kV,40 mA) . E 04k XYZ B BE T B ZhEE 5 8 A7 B8O AT B 1
BeF HiStar 4IRS, 75 Bruker AXS C2 GADDS fiT vt AUscEE X 55 8t R AT A
X HEANFRGHE 0.3 mm £HLHE B B — Gobel 2 AN HAURRME, BT X
STERARAERE T BB SO A2 4 mme SR AR S — AR EE N 20 em Y 0 — 0 JEZEF3
B, IXAFR) 3.2 - 29.7° MUERL20 JuFE. HEEAE S EREE T X SR 120 R, H
FHARBEERI A N T WNT 4. 1. 16 ) GADDS, 3F M. Diffrac Plus EVA v 9.0.0. 2B v
13.0. 0. 2 2B EIEER .
[0253]  JEUAEASE FH AR B B UM R, ] & AE R B3 26 1 NI AT IR A E R AR AR . 154 1-2
mg FERMTERE T BRI FARFERT. 75 SR B IUIEE | 2R 4ERER (= LK
10 FE 11) .
[0254]  NMRZFEAE
FERC & B B FE AR AT DRX400 $24 6 4l 1) Bruker 400 MHz {#§ FUCEE NVR 3
X H R #E Bruker IN#ELSLES, M ™A Topspin v 1.3 (patch level 8) iz47THJ TCONNMR
v4.0.4 (build 1), SEILAZNMELTE . X TAEF ML REVE, @i UF A Topspin ZRAGHHR .
7E d6-DMSO | & KE N, BRAE N AV . B4 M1 ACD SpecManager v 9.09 (build
7703) WIHAT .
[0255] & 12 BoRE8 1 HEAT 'H ONMR i, 183058 75 2-6 LAY 'H NMR o, I 555 1 it
IPIEFAT T L. Z K 13, PR, HEFAFRZER K. £0.75 ppm M 2 ppm
ZIEH— KB R F I PEER— g g, HgES, T Mg, R ] BRES
1-6 fETEAE AR 25 F R 7 0.75 - 2 ppm XK A4k .
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[0256] % J

fits LA H B2 (A COOH)
1 43

2 42

3 40

4 41

5 42

6 41-42

ANEFERIE T+, A5 5 HN A 43, (HSL PR B EFE 6 DTSR A 40 3 43 Z (8] 221k
SR, Herp>k B (0. 75-2 ppm) Y0 A2 AL B T AR A2 AH 24 TE 1), IF Hog R4 i S T3, ANRe
WEE .

[0257]  [FAUEREAReSE A6 2, JF HA o0, IR ie s 7 38 2 #ikfY °C NVR il . K 14
75 DEPTQ i, Mo CHMIZRfRUE A5 0] b, T CH A CH EER4E 18 T A 13 DMUgE4EE T,
XERLTF 9 AN CHAT 4 A CHAE . X 5E5H)— 3. £ 175 ppm AL BRERBRFE. 9T H
s DX I0E FE S L, 4 H M Z R T B T R o SR, AT L1 AR 18] B AR NA 124, RN
A 104 CH AR 2 Mtk (AEFEREE) . —MREAE N — M 5ES. K,
W £E DEPT135 J3, 2=tk (5 5, KAl R RESE 920 2lER. S WK 15, DEPT135
Wit 5 DEPTQ Pt 1 LB BoR | NI (FE 42.5 ppm &b ) 2. fEF o 2 N, HR
T 2 MW K. R ESE 52N ER.

[0258]  S4b, BEAT 1 I 5E Bk () st TR T 1) 1 SR A6 AN E Herr BRI ZR0RAE 5 5 5 — DMk S
SEE. 20K 16, Z UCEIE S ARSI, XRALE 32. 3 ppm ALRIEDEH 2 M.
HIRAE 32,3 ppm ARUER R B2 LK 17, Fik, BRTEE R 38 7 26 Mk (O
RIR ), X5 H— 3

[0250]  jHif ATRE] FT-IR

EEC 4 Universal ATR FEFECAER) Perkin—Elmer Spectrum One FUNEEEYE . N
8 v5. 0. 1 B, W IR i Bidls . 2 LA 18,

[o260] jEII R ZEFHEEHYE OSC A E S8 (TGA) BRI

TEBC A% 50 o7 A B BEEERS K TA Instruments Q2000 Gt #E DSC 4 « ¥ FIAG & B4,
BT RE AR SR HERS IEAXAS o I F IS BN ALY 0. 5-3 mg SRR LA 10°C « 20%F A
25°CHN#RE 300°C o 7EFEM: EFTLAS0 ml b MRFFERMA AR I ER AT 2 Advantage
for Q Series v2.8.0.392f1Thermal Advantage v4.8.3, N Universal Analysis v4.3A
SATEAE . XS] DSC, B S HT A AR L 2°C « 43R T 25°CINERE 200°C. A
AT 0. 20°CIMREAT 40 s A REEEIFEN | sec/pto
[0261]  7EFC % 16 7 FZhHEFERRA TA Tnstruments Q500 TGA HFUiC4E TGA HdiE . MG
5E B Alumel XS BEAT IR R AE « B 5-10 mg 7R S IN BB P25 B2 A B 1y AR DSC
AR, PL10°C « 3% MR EEIE R INIAE 350°C . 7EAEM EJTRL 60 ml B MR RS
F1 AR IE BB A FE Advantage for Q Series v2.8.0.392fl Thermal Advantage v4.8. 3.
[0262]  JEIL DSC AT TGA BEAT SR 1 #LAUHR M. TGA MELZE (S ILIE 19) BoRAE B IR A
121°C 2 [A) B S5 1. 7%, IX Al B K E . DSCiigk (S 19) TR 732 HIR IR IR H
(RIBEAHG TR ER ) AL 94°C RGN A
[0263] %5 ANREIVAT BRI AL AL, I YR 1) DSCEE— Pt FL (2 WK 20) o i%H
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ARAFAS R Al WAL (BRI EEAL ) SR EA (B TS Ui—%jaaaﬁ:ﬂaﬁnm
) k. VS DSC ARG AL RGR I £ BOR BRI AL TR S (Te) £ T 95 CHIB IR,

XF T B AL 2 m i, HAR I | BURRGEM . 7EAN AT W R F 28 th 7 89 C&ﬂ“ﬂ’]dﬁ’]%ﬁ
P Y TAEBIE AR T B MR 75t 7

[0264]  DSC 4k (WK 19) TS fEAE 220°C ft 4, X0 24T TGA #4325 i k) T o
[0265] 5% 1.2.3.4.5 1 6 #LAY TGA M8 BA KUK (K&l 21) o EIREEAT 120°C[FI &
(1) Sk LR Ko A5 NMR W22 AR &K —38. #— Pt Karl Fischer
(KF) 7K & BT IX L &, S ILE FK 5K 2

[0266] 3K K 4252 4F M I TGA H &y 4R £

s B TGA ) E &2 st
1 1. 7%
2 0. 6%
3 1. 2%
4 0. 9%
5 1. 5%
6 1. 6%

& 22 B~ T EEBE ) 6 N EIR Y DSC 72828 o 28 A AL, B AN A KN 5 AR IR IR,
AR &K B 25 75 B30 A FE BT 1)/ W 4, 4 DSC M TGA 15 B WL o 25 A FE
T L.

[0267] 3R L A%52HE M1 DSC 45 FMEE:

#t5 ERL TN B2 | A PAR.N,
1 28.3]/g, Tmax = 64°C 1.2]/g, Tonset =94°C 220°C
2 7.4]/g, Tmax =48°C 1.4]/g, Tonset =94°C 220°C
3 I 2.0]/g, Tonset =89°C 175°C
4 14.5]/g, Tmax = 58°C 1.3]/g, Tonset =94°C 200°C
5 12.2]/g, Tmax = 59°C 1.2]/g, Tonset =94°C 175°C
6 28.7]/g, Tmax =59°C 1.5]/g, Tonset =94°C 200°C

IR AR (PLM)

FE it A A T BB AL () B P AR SR AL Leica  LM/DM mARG B AT 0 95
Wb B SRS B T SR A b, 7EREh P [ 52, 55 B SR 8% A, AT BE L A5 AN ks 4y
o FESAIE YRR RS N R EES I 13 2 RO 52
[0268]  &] 23A-23F EIREE 1.2.3.4.5 F1 6 A& FH /NI AS IV S0RE T2 1l 1) K 1) i 5 &5 4
RO EE. 55 1.2.3.4.5 Fl 6 LA R AFRIAL. 7P RIE N R LRI DT, X5
MR HE AR — B BARMITERIN/NT 1im=3 o X6/ Rk R~ 36 B e AT AR bt
Brite
[0269]  EE SyLZARWREH (GVS)

{5 FH FH SMS 23 B AR 5 1K SMS DVS I AE K 73 &5 SR B 3 A 43, SRAFIE SR 4k
A B HE R FR TR FAE 25°C R o LA 200 ml «43BF B E , il T RIE &
PRGBGSR . WA TR IR AR IER Rotronic #73k (1. 0-100% RH U7
JGIE) , ME A XHESE . W ER T CFFAJE £ 0.005 mg) ANWTHEIIEE BRH A2k FIAE
MEEL (IEME) .

[0270] EEAERTZAT, W 5-20 mg FEME T EEIMALAFENES . £ 40% RH A
25°C (AR AR ) TIMBOREIEARE . 0 SRS TIRIBSRE L 2 IRFHER 1
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NERIEIN ) o FRHESEHRZAE 25°C HAE 0. 5-90%RH Y FEI A LA 10% RH [8] B AT
[0271] £ M

S {5

B —4T 48 1 40-90

fEE / W B — 4 2 85— JL/K, 7K —40
[a]F% (% RH) 10

FH B 2

Sk (ml « 2% D 200

HJE (C) 25

FasEPE (CC o« 2050 ™) 0.2

W B B 1] ( /NE ) 6 /NI E& IR

76 25°C MR35 1 LA E EE R (GVS) ZRiRzk, WK 24, #EM BAEREE R
TR, A O 2] 90% AHXHEE (RH) /S EE B ARAL Ay 3. 8%, i J (WS B g e it 2k ] F) T AR
/N, R T TEARAE 75 2 RO B K e RMEK VIR B 7E 8N SE58 f ¥ A LY
HEZ (0.3%) .

[0272]  GVSHIZNAE (K 25) BIRKIW K2 KAAIET SRR T, R R A AT
IR T FEWBR B, 8 SopE Y PRtk 21 P45 EL 2 80% RH, FFAEEAKMI [A]AE 90% RH T
Al RIS, BT EAE A DR .

[0273]  FESERK GVS Ji, [RIUSCEE i, 3BT XRPD EIR 7, 2 3R B i BT & HE R (I
26)

[0274] it Karl Fischer (KF) [IzKII5E

1§ Hydranal Coulomat AG iAW+, H Mettler Toledo DL39 FEASTHIMNE T
BRI S K E . BRRE AR H 5N subaseal %422 LB BE /K K40 TGA A% _EIKE
i, BRI EEHZ 10 mg K24, 3 BT — Um0 I 5E
[0275] IS Hr i Karl Fischer (7K EFE] 2.4 wtlb KL R . IXBEfl s T
It TGA W EE B S Ik . BT RE IR — L8 /K A 2 75 N H ) AL AR R i, 1 & ] BB [RA
X PP A AS R SEIRFE T BT
[0276]  JHITFES 2 H Karl Fischer P ALK E/KE . RN BIRIXELE R, 3 B
H 55 L3151 Karl Fischer 45 SR TGA MLELH (1) H B IR HAT HLi . Bd 2 — 3%
(1), FURAERTA 3 Wi frh s @M RN . 3F3R3 0 Karl Fischer 24 &8 LLAE RIS
& AR K E . X EMEHE IR — 3 BAR— SR 5 L e A SR ICE 2 197K . TGA
HE iR — T tiEd Karl Fischer i 8 RG4S AL, IX 7T fe MG — Sk AU BE 7261 R
Y, RN AR T, (E AR 9 7] B A FH SRR ATl
[0277] N :Karl Fischer (KF) 45 5A15 7K &5 A5

fits KF &7k & B EL ) KF 455 TGA # B
1 2. 4% 2. 1% 1. 7%
2 1. 9% 0. 4% 0. 6%
3 2. 5% 1. 4% 1. 2%
4 2. 2% 0. 92% 0. 9%
5 2. 3% 0. 53% 1. 5%
6 2. 8% 2. 1% 1. 6%
pKa il 52 AT

FET A D-PAS BT Sirius GlpKa X35 FUEE pKa JUEHHE . 7E 25°C N ALK PEA TR
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ot UV AR B S KR :.%EPL_L%%%WB‘ EIEBHTINE. 70.15 M KC1 (aq) XHEEAN
FUHATEF A (ISA) . it Yasuda—Shedlovsky 7N, % FF EE K IE G40 ) SEIUE AL
122 0% 3LA5T . RZH] Refinement Pro ¥ v1. 0 MEHEHEATHEZ . pKa {ELAITRINELA] ACD
pKa FHME AT vO #E4T .

HAC

k fﬁ:‘m 4,76
. "ﬂ‘( / B (Pot): 4.82
r Aji BRACD (v11)

[0278] ﬁm\ﬂﬂﬁﬁﬁg pKa 1§ ] Eﬁ@?{/ﬁﬁ Ly 55 e 3 A vk & (K 27) I R A
Yasuda—Shedlovsky #MEANE R 0% FLIE 7] (& 28) pKa 15 BE42 I 7€ 18 € pH TML &)
AT B R . ] 29 E'Z/TEXH%? pH FIFHZE 1) 7341 o
[0279]  Log Pl

S 3 P bL 2210 i B3RS (ISA) B7K, £E Sirius GlpKa AR He 35
T EVRICER S, LIS 2 Log P, Log Py f1 Log D{H. RA Refinement Pro #ff v1.0 X}
BT E . Log PAEREITIIIAN A ACD v9 Al Syracuse KOWWIN v1.67 BMA-3E1T.
[0280] 3R O : FHIMAISZ I LogP

ACD (V9) T LogP  |5. 81
S LogP 5. 54
SEWIE LogPy 1. 58
SEN LogD7. 4 2.98

S ACD BTN LogP, R ) 185 M 4 e VA0 & o 75 3 B AR SEEE /ISA JKELZ TR
AT 3N E 13 2 ] 30 HR il (AN AT Hh 25 o W £0 42 2 A R 7KV VR pKa 58, 3 M il
LRNF T 3 PP EEE /1SA KL . pKa EPE’JM%EF REAS I & LogP
[0281]  SEyhPEIZE (LogD ff pH MAZAL ) WLIE 31, Log D &4 REL, AFRAESFE pH T
T AT BRI R LogP RAUA M 50, HAH 4 T4l P 2516 e R 2
1M LogPyu+ A=A HLES MR L R 2L LogP 1 LogPy+ A H 25 v Ve dh 2830 52 4 Y %735
55 pH bR AR B IEYT (49 Foeas R PER ) Al pH AR SR IEY) (49T 5%
LB B .

[0282]  7E 40°CAIl 75% RHZ 25°C Al 97% RHF i 2 faE M

FEIE T2 A I R e PRI, K 58 1 URE U AFAE 40°CH 75% AHAHEE (RH) T
W N FERLEARAE 25°CH 9T% AHX R FE N DU AR SR B IE o 78 5 RIGAILE 2 Jil Ja
T XRPD BRI . 2 MFERRAE 2 DNICAF AT NRFFE R RREL |k 2 Ji, R
| AR LKA R e . 2 LKl 32 I 33,

[0283] AT # i 6 IR A AR SRR . FIA K] DSC SEIRAE 95°C il E B IR LI
TR SR, 6 MR BAF AR AL, H A fME— 2 7 5K &, lid Karl
Fischer W5 M 1. 9% 2 2. 8% L4k, #aHr BRARERK, FFRH ML 175-220°C i
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Hah. Sl pKa i 4. 82, LogP A 5. 54« WAMITAN B 7 AR /IS B AN FI UL 0RE T2 Rl K (1) il 5 &85
Y/
[0284]  FRyEVEIAIRRH, FEINIE M (40°C /75% RH) TEERIEE (25°C /97% RH) T 2
)G, A B R AR AR R . R VRV (GVS) 4 Bk B RN AR X B IR 1), A
0 % 90% FHXFIESE (RH) S E &340 3. 8%, 1F GVS FRMERIK AW K. 1E GVS fa@it
XRPD F- 2R 3 Hr B RE A T 2 A e A 1) o i 33 2 Al P AR e MR IR0 25 SRR B i AR d i T
AR,
[0285]  SLftafsl 6 B XERF 2R 2 M) R 4 X6t AR AL 2

FELL 0. 1°C / A3 8h A AV 5 CHEBAE SR /50°C 8 /N A B R 1 & J 5 HH P8 DLAR 2 A
BT R 2 SR I A A, W B DR R I B i X TR (S LKL 34) » 2505 G &Y
— B, PR AR AL XRPD BEE A iz b Rl 52 e B o A3 A A 451 G 25 P 1 B DB RR VA e
Hkdil & G 8L,
[0286] &5 44 IEAC & RN, 2SR 72,2,2,, FEAX R EH 1 2 FRBR DB, &
RL [I>20(D)] = 3.22%, g RRHES T4 0.4 x 0.4 x 0. 3mm BB dn B4 . #E 7
F RIS STARAL 2 AE TG €5, C9. C10 A1 C14 Fo SEFPEA 0 €34 C6. C7. C8. C13.
CL7 F1 €22 2K R,Flack &% =—0.01 (13) . X T4E ARG B T d0 €5.09.C10 Fl
Cl4, 7F St dh A F M0 €3, €6 C7. €8, C13. C17 F €22 [fRI B 4544, Flack % =
1.01(13),iESE | FiR4RIR.
[0287] M2, ZEMEABREEEEAT.

[0288]  HITFFEURSZARAL 2= HI B AF (PLATON) #fi5E F ML (C8) A AR Oy, T ACD 3K
4 ( BL K Cahn-Ingold-Prelog) %f (C8) IFRIRN S. ZRMMT, XT B/C ¥ &R R I &E#H: 511
TRUR M AR L5 14 R & A TS 1

[0289] X Bijvoet % 7 {#i A Bayesian Gt vt Il 72 I 48 Xf 45 M4 (Hooft %5, L Appl.
Cryst., (2008), 41, 96-103) &7, FrER M 12 IR0 I 40t 4574 FIREZE N 1. 000, T Z48%]
GE R AN R 2 SR B AE E MR 2243 I 0. 000 F11 0. 000, IS iZFEFHE Flack 28R
HABERE N -0.019(17) .

[0200] B DIMHERMIL S AMAA—ER 1 A5 LA 34 6 7t Xf 5 JuEF (€13,
C14.C15.C16 1 C17) BRI R HT Wi T iX NI s B IE R A RT (closest puckering
descriptor) &FR. X3 6 JLEF (CL. C2. C3. C4. C5 1 C10) ;(C5. C6. C7. C8. CI FN
C10) A1 (C8.C9.Cl1.C12,C13 Al C14) HIM G 3B T T BEA f 25 47 S X 6 A 5 =2
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o

[0201]  FESARLS M EEE] 2 NMIERR 5 F I ESE. BT RIS 2 5B H
01 A1 04 ( FHFESEIIHEE ) . 03 A1 01 ( HAEREGNE ) (1B DUIRBR A 2 AN R0 FRAH 58 45
FIV A%, 01— HIC——03 [D* » A = 2.7419(12)A] F1 04— HAC—01 [D+ » <A =
2.6053 (13)A (S UL 35) o IXUEHHEAE A=A B M =4SN . R EHEZFE DR

TN IR KR /N B T3 5 43 731 A 0. 402 AT -0. 176 eA-3,

[0202]  ZZEHIRTHE R XRPD & 5 SRIGHE R E SR W], dik 5 KM — 2, HA2 R IE

iR G A (=LK 36) .

[0293] 3K 1. B UIJEER GHYR Sk E

2 Gh ] ok

4k ik ERTSOC T A&

B, Cas Hys Oy

AF 420.63

A 100(2) K

K 1.54178 A

#hA R 0.40 x 0.40 x 0.30 mm

b B¢ K &4 0k

i % &7 an

7B P2,242,

an K o) a=8T72510(10) A  a=90°
b=1269860(10)A P=90°
¢ =22.5408(2)A ¥ =90°

A 2497 44(4) A3

Z 4

% G 1.119 Mg/m?3

ik B M 0.574 mm-!

F(000) 928

* 2. RUEE R BIE RS E



CN 104781272 A

i

R B

Fr 4t

BB
BT &

I F 43 4 2 09058 B
FARAE
2R 69 B

i3 B
AR AR
BeE AT EAL
AL E

Tk A it
s AMATIA
SEARRATAL

SuperNova, Dual, A& F#Cu, Atlas
SuperNova (Cu) XAT#8., CuKa
w2

9.15-74.49°

JO0Sh=10s ~155k< 15, 2851526
50001

5073 [Riint) = 0.0220]

99.4%

NIA

REFRHFEaE
1.00000420.78605

A

SHELXTL (Sheldrick. 2001)
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CON 104781272 A OB B 56,62 T

s AR strleg bRk bk
A 4L A SHELXTL (Sheldrick, 2001)
e e T EW(F-F2Y
$aBIH RIBS 5073/0/286
*EF249 1R 1.060
Momax 0.001
MAERIEA
50394¢48; 1>26(1) R1=0.0320, wR2=0.0859
e R1=00322, wR2= 00861
A X, i Hw=1/[a" (F2)+( 0.0503P)*+0,5520P]
S p=(F A 2F )3
that ek dh Adk -0.01(13)
RREFERTR 0.40242-0.176 eA-3
SR R4 T,
HAGEHRT, XYZ bt
HAEGERRF, U &t Flt
HEF(EHK L), XYZ AR F ARG T
HEF(EHE), U 5B T Ueq it 154

HEF(E&ET L) XYZ KL A4
HEF(EERETL) U LB EE

AERF, OCC kXA
ABEF, XYZ sﬂ%ﬁ«
EART, U £ 5

SCrEfE] 7B LIRS 18 (HEARAAR ) fLEik (R ) ISR (MR H S R

[l 44 B3 DUJE R () BERASAE VR4S 152 303 (B R R ) I AT AE 5548
EAEH o BT T TR 5T LAPEO 75 BR IR 1 IR 45 24 i 1) TS 20 77 2 A0 R MR WA 1) R e A B DLHR
R ) A A dn A AR T SR 2B 157 W AEZS T BLDUIERR 1 Y (H4EMA ) BUF S
B8 DUIB PR I K P2 55 R TR) BT 70 AT« s G AUC EAT 1 EEEE (2 LK 37-38)

[0204] B DUEER 1 A (HESAR ) A1 F BI85 3 KR, 7EAS R B[R] UAC 8 8- 3 ) T vk e
2D 3 /NI BB DU ) AT 00 6 RBhWiaT 1T .
[0205]  SKIGTTE .

Fr IR o B DUIRER 1 8 (HESRAE ) Alimik F 2L, mlidEsE A CIE B0 2E F b
FAR I F AL, JEHIG] A R pH 4 7K TR EGR . BF AL &2 225- £ 250 g [k
FEMEME Sprague Dawley KB (Harlan Laboratories) . S EIRAMEH 6 R, 7EN
PO 20 mg/kg/5 mL. 7EH B DUIRERHIFNGST R, EMEE A . RS 25 B & 1l
iTo
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[0206]  7ESE—K, 4hahns PRI ZC Bk E) T4 (SOP VIVO/SAF6) , it 5 F e 1A 2 ik
M. 7EFARWKE — RIS Wit AR 25 (Na Heparin) FFE REL 500
wL MR (250 w L3R ), HSLBIUREEEDK / AKIE P EIREE T o 78 L /NP, fFRE SR 7E ACTR
PA 10000xg &0 5 4381 W M5 R AL R BIRUE , FRAE -20°C R IAE. 45 %5 30 408
1 /NI 1. 3 NIE 2 NEE AT 3 NBF U BRI RE . SR HPLC-ES/MS/MS 58 & 77V At LIS A s o
KHAEX 715 AT 28 520 7
[0207] &5

B 37 sl T AE 2 PRIEATE K 20 mg/Kg b w IR 577145 25 )5 B8 DUIR R 1 1 3 I
WRE . (EARSH 6 BLRHBME. BFIRE THrEZE.
[0298] 7E4 TR RS, 1. 5 /NI fEIA 2 Cmax, I3 B DUIE BRI B 95 A — ANk
BRI ER 3N F12, 3 /N JE & &2 Cmax (1 J1-F—2F.
[0209]  {E4F R UUEAER 1 B (AESRA) 1 BYS B30 712 M AS A T i AA B AL 30 77 244
Do 30 B 5 FR1GH M ML AR JZ VG, 2 /NI JE RAF A8 AN . 6 RO R T 8dE A8 b R
%, X—ATAEG 22 EAR T nd SR s s o X5 T Ik s e, BTt 52100 3 /N
[ AUC By o B 71223 W, 3 /B JG B DU IR 7 A/E T I b . 2 A L ESE, B DU PR i
M &A= AR A R S, © Wb NIBY T, IREM A E A &R DRk, 4%
AN E ] AR e E i R A B UEER &, B 38 ilkd T AR A I RN
R, HBIRES SE RER, 3F HAE A T Ard S 20U 1A B s R
[0300] % AN IE AL

WIURER 1 7 (HESiA ) 1 BURT AR B R 0% 5 A8 B 5 00 & . T EAE AS ik
AVEIRE I NG A1 2 R IR BN R . — REMATIE . X TR, M E 53
TRAS IIHE AR 8 SUNIE IR IE (T,) , ik T3 s T 208 SO BB #54E (T,) « R
T ME, IRKRCRA/RL KHERR.
[0301] & 3: B UIHER (174A1 FAL ) AT CDCART UDCARJE A5,
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F A % #hALiE
et | To(T) | TAC) | Tw(T) T,(C)
136-140 - 119 98
CDCA 143
163
UDCA | 203-207 " 203 105
N 120-124 | 108-112 " .
235-237
R XAk AAE
s | TulK) | TCK) | T/IaCK) | TaCK) | T4CK) | Td/Tu (K)
- 392 371 0,85
CDCA 409413 | - 416
436
UDCA 476-480 | - - 477 378 0,79
393-397 0,75 - " 0,75
o0 Re g sossip | 3138

LR

X+ CDCA 1 UDCA 13 2 -5 2 B4 15 B4R — 2, Hodh UDCA 19448 s =i T CDCA [RIM i
| BRUF AR B IEALIR B T (102-112°C) & T F Hp9E SRS Tm (120-124°C ) » YL 2
Bl AT 20, B AR RS 2 AT S B8R — 3 F MAERGSIRE (235-237°C) MAEA
BUANEAR o
[0302]  DAFF/R SCRE R 7R (1) 55 i 4 o 8L 8 R 8 B B AL R R TR 1 L R 5 e g fn e iR
52540 (J. Kerc 28 Thermochim. Acta, 1995 (248) 81-95).
[0303] RZEFHERIES T

BHAT TR EFHEIGE (DSC) 43 b DL It 5 5 B9 DL IER & 44 RN Al i A T s I A
MRS . PTHACES A Mettler Toledo DSC 821e ., % 1 AUANF UKLy 4-5 mg 34T
T Hr. BL10TC / aEinBuE R G B 25T 30-300°C HIRE VR A .
[0304]  [&] 39 Tty B DUARER Ak F ZU3RAF 10 DSC 2k IR 4 T 59005 s
120. 04°C AL — AR AREL A  1Z 45 B B E BROR (HSM) BIIESE s7E 30°C —240°C [yl
P, TS B () [E A& — AR SEASAE 122-124°C R o £E DSC b2k, &1 %) F ARG AU T AN
P 5 AR SO TR B R SR I — B SR, WA BEAH Y TR IX ] BB H T AN S SR A4 B
B, HAREESHT (TCA) 7 30-300°C I8 /5 3 Bl I A B AT 8 k% o
[0305] &[40 Bt B DUIRERAE ffg 1 ZUZRAS 1 DSC 4k . MELBILE 79. 95°C AL HI—A
WAL A o W AN B SR B SV BT IO SR — 8. 0T IX Lo, A - ik Ar
(BeBEHAL ) iR eeE/ DT 4R aY) . RIS KL 30-300°C iR JE V8 A A BT E &
L]
[0306]  JKiAEME

PDUIERER 1A (HE&RAA ) FHERAA P AR KA M B AR D VA & . o7 St i,
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B EAEF T pH (HC1 0.1 mol/L) WK, HFAHMIESG FTET 25°C T — A DMEZ
7o S ANERGT e, Wit HPLC-ES-MS/MS I & W A S Bk
[0307] 455 .

AKEPE (nmol/L)
17 17.9
F A 9.1

FIXFT F AR 9.1 wmol/L, I Y 2B B HIVEMENE 17.9 nmol/L,
[0308] % H& L DUIEPR () AW FE 58 R F 2 s TR DUIRR 1 28 (R ) o RE %
T 1Y I R P UG L, LA I I RN B R A A A (BT AUC) , R ) 775
TR, R T ZME N AP R s A 1 B RORIX A B, 2 RS AN, K
Cmax {& T F B[ Cmax.
[0309] 1 MK ¥EM T F RKENE. FRERSERER, FARMEE >N (T6A) £
Tk 5 AR 36 BB P R B 7 A Ar] EE E R
[0310]  FMRIXLLLE IR, F A Y (R4S T I B A5 A Rl i W USC, 4 R . F ALY 32
B A S SRR R LT &5 | BAHERIPIRS, R T A W 1B A Ry
FEEPA R B FRAN 3 /N 5 LT IR B
[0311]  SEJfEMA] 8. Fe o P A it i B DLHA R ) oil] £

TS PR A T ) B DR P 2 R DA SRR R
[0312] JRifED

?,M % o
e MQMS
/ LOA TMSCH P
THE, -78 20
TMEO e ™MSO" OTMS
2
c_- O
O /"'\_,/(
A o
BF 5 OEt, NaOH
g MaOH
DoR-T% mos HO o
4x

1) Hs, PAIC OH
HEGH,. Hga

2100°C | .
HO

g
g

X [LA-11C1 0 0 sk
*m e

7£ 30°C N AE 5-mm #MEE (Norell, Inc. 507-HP) Figi3% CDC1, 1 MeOD—d & ¥ ) NMR
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Peilk, HAE Varian VNMRS-400 A1 LA 'H [ 400 MHz Wt fAie (6) DAPY AR AERELE (TMS
= 0.00 ppm) AFEAE, FFH ppm FIx. LC-MS/MS LA Accela—Thermo Finnigan LCQ Fleet #
fEEST (=) H @ AE B TP A EUAF . HPLC £E Agilent 1200 R7%1 (4 :Xterra MS
8,250 x 4.6 mm,5 Hm,40°C ) %ELL B —Ram FEUF. LLIGE/E LSA (Liquid Scintillation
Analyzer, Perkin Elmer, Tri—Carb 2900TR) FHEX{5.

[0313]  fLE&H) 2X Wil &

’ o : o

OMe OMe
L TTRBCH

————

o THE 78490 -
TMsO o RSO OTMS

1X 5%

fE-20CF, [ 5 AR (1.59 g,15.8 mmol) MIFE/K THF (6.0 mL) &Kl A\ n-BuLi
(6.30 mL,2.5 M,15.8 mmol) . 7E —20°C R HLHESRLR A L /MR JF, % £ % -78°C, A
TMSC1 (1.72 g, 15.8 mmol) , FEEIMAEHAY 1X (3.00 g,6.29 mmol) HIF/K THE (6.0
mL) o £ ~7T8'C Tk RBHR AW | /N, BRI NaHCO, 5 K, 76 S T Btk 30 53-8
HHZEA S, FEEAWRAT, B2 2X (3. 29 g,95%) , TEH#H—FALHT T~ 5%,
[0314] &4 3X i &

=

TMSOY OTMS

*e
X ax ‘e

B [1-"C] 285 (330 mCi,5.63 mmol) (H [“CIBaCO,fil4%, SA = 58.6 mCi/mmol)
IR 2K (1.0 mL) FIE 2/ (130 mg,2.95 mmol) I DCM (2.0 mL) 7F -78°C FIR4&, SRJG
7E-T8C N BRI AW 2X (3.29 g,6.00 mmol) [ DCM (13.0 mL) &, & IMA
BF, *OEt, (1.05 g,7.40 mmol) . 7E ~78°C FHiH: 1 /N, ff R BVR &) FHRE F 35°C, If
7E PR R 1 /NE . IEAK (10 mL) B KRR, K2 DOV 2B, & FF 1A HLE
27K Na,SO, 1, I IE 5, B W4s . BRARMIA Si10 iyl (4t :EtOAc = 5:1-3:1)
aifk, B 2E4) 3X (102 mCi, 31%, SAW 37.0 mCi/mmol) , A [l 44
[0315] 'H-NMR (CDCl,, Varian, 400 MHz) :8 0.65 (3H, s) :0.93 (3H, d, J=6.0 Hz),
1.01 (3H, s), 1.06-1.49 (12H, m), 1.62-2.04 (7H, m), 1.69 (3H, d, J= 6.8 Hz),
2.18-2.28 (2H, m), 2.32-2.43 (2H, m), 2.58 (1H, dd, /=12.8, 4.0 Hz), 3.62-3.70
(1H, m), 3.67 (3H, s), 6.18 (1H, q, J=6.8 Hz).

[0316]  {L&H AX [l 2%
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HO™

e |

EZRT, EALAY 3X (102 mCi, 2. 75 mmol) I MeOH (6.0 mL) VAW TN NaOH
(220 mg,5.50 mmol) JH,0 (3.0 mL) . 7E45°C Ttk R BIRAY) 1 /NG, W H 2 =, I
JEB&% MeOH, I H,0 (12 mL) #iké. /K2 H HPO,BRAK, F DCM 2B, JFR A HLZ 22 K4
IR RYEET B0, £ Rl A DiiE , 13 21k 54 4X (86. 3 mCi, 85%) , v A Fulfl 4
[0317] 'H-NMR (CDCI,, Varian, 400 MHz) ;8 0.63 (3H, s), 0.92 (3H, d, J= 6.0
Hz), 0.99 (3H, s), 1.04-1.50 (13H, m), 1.61-2.01 (7H, m), 1.67 (3H, d, J=7.2
Hz), 2.21-2.28 (2H, m), 2.35-2.41 (2H, m), 2.56 (1H, dd, J= 12.8, 4.0 Hz),
3.58-3.69 (1H, m), 6.16 (1, q, J= 7.2 Hz).

[0318]  fh&4) 5X [l 4%

1) Hp, PIC
NaOH, H,O
S —————
2100°C

HOY

o 5x * o e

BALEY) 4X (86.3 mCi, 2. 35 mmol) F15% Pd/C (100 mg) 7E aq. 0.5 M NaOH (10
mL, 5. 0 mmol) FRNEAMIEZEL HM () TR 10 /b, SRS 7E 100°C T HidE: 14
AN PRI ST B B 25, KBk, SRR H.PO BRI . it SRR DL W, 1 [ A4 VA T
EtOAc /1, FH $h7K Pk, 1 S04 #ad 38, JEH S W4n o FRAR[EE ] EtOAc 45 d, 13 214k
A1 5X (67.7 mCi, 78%) , A [E 4
[0319] 'H-NMR (MeOD-d,, Varian, 400 MHz) :8 0.71 (311, s), 0.75-0.84 (1H, m),
0.81 (3H, t, J =7.4 Hz), 0.921.01 (1H, m), 0.96 (3H, d, J=6.4 Hz), 1.06-1.38
(TH, m), 1.25 (3H, s), 1.41-1.96 (1211, m), 2.01-2.05 (1H, m), 2.11-2.24 (2H,
m, 2.30-2.37 (1H, m), 2.50 (1H, t, J=11.4 Hz), 2.80-2.85 (1H, m), 3.42-3.49
(1H, m).
[0320] [ Z.3& -1-"C] B DUIHERfA 1l 2%
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% O
OH  NaBH, OH
NaOH
H,0
HO™ "0 100°C  Ho'
/;‘ e 14

7£ 80°C N IE4k&4) 5X (67.7 mCi, 1.83 mmol) faq. 2 M NaOH(4. 50 mL,9. 00 mmol)
[V N NaBH, (416 mg,11.0 mmol) 1 H20 (2.0 ml) &K . 7E 100°C i AR
AW 2 /N A AR T IMAK (6.0 mL) , HH H,PO R4k . 7Kz DOM B, 48 967K Na ,S0,
TP, I S10,5 HGE Yk, JE R ARG L FRARYIA S10, A (T4t (EtOAc = 1:1-1:3)
Ak, 13204 (44. 0 mCi, 65%) , AE A K, K4 (44. 0 mCi, 1. 19 mmol) 1B DIJRMER
(120 mg,0.285 mmol) AT EtOAc (4 mL) ", FFVAVAE 50°C THiE 2 /NIT, IR 5 H 2SS
KR A BRI BT Bt,0 7, 3y AR Diie ), 158 [ 2.2 -1-C] B IUEEE (560 mg,
38.5 mCi, SA = 29 mCi/ mmol) , A A [E44k,
[0321] 'H-NMR (CDCl,, Varian, 400 MHz) :8 0.66 (3H, s), 0.88 (311, s), 0.93
(3H, t, J =7.2 Hz), 0.93 (34, d, 7 =6.4 Hz), 0.96-1.04 (1H, m), 1.08-1.52
(14H, m), 1.51-1.60 (1011, m), 2.22-2.30 (111, m), 2.36-2.44 (I1H, m), 3.38-3.45
(111, m), 3.71 (IH, s)o
[0322]  LC-MS/MS (MS :LCQ Fleet) :MS t1%51H :421. 56 ;MS SEIIE :421. 07 [M-H] &
[0323] Radio TLC : =44k 60 Fo.,[#) TLC AR, ¥ ENAH 9 EtOAC RS 224 B K 98. 90%,
Rf = 0.675,
[0324]  HPLC (Agilent 1200 R%) izt ; L5 5 mM BEEZ SR 22 (pH = 3) :MeOH =
450:450: 1000 JFFHL2E4EREHy 98, 19% (B —ram), Rt = 20. 00 44t.
[0325] [ Z3& —1-"C] B DU/ A 2 TN 1°C,C,H,,0,, ZE3E T LSC ) 29 mCi/mmol EbYE
TR 421, 46,
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Abstract

The present invention relates to obeticholic acid:

or a pharmaceutically acceptable salt, solvate or amino acid conjugate thereof.
Obeticholic acid is useful for the treatment or prevention of a FXR mediated disease or
condition, cardiovascular disease or cholestatic liver disease, and for reducing HDL
cholesterol, for lowering triglycerides in a mammal, or for inhibition of fibrosis. The
present invention also relates to processes for the synthesis of obeticholic acid.
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