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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. S

/
3. The crystalline obeticholic acid Form C according to claim 1 charactgrized by an

X-ray diffraction pattern including characteri stic peaks at about 4.2, 6.479./5/, 12.5,12.6,

15.5, 15.8, 16.0, 16.7 and 19.0 degrees 2-Theta. yd

.
R j/
4. The crystalline obeticholic acid Form C according terclaim 1 or claim 3
characterized by an X-ray diffraction pattern includingfd@acteristic peaks at about 4.2,

pd .
6.4,83,9.5, 11.1,12.2,12.5, 12.6, 15.5, 15.8, 13;,91’15.3, 16.7, 18.6 and 19.0 degrees 2-

//
Theta. Y.

/

e
#
5. The crystalline obeticholic acjd Form C according to any one of claims 1 or 3-4
characterized by an X-ray d':;f?won pattern including characteristic peaks at about 4.2,
6.4, 83,95 11.1,12.2, 12} 12.6,15.5,15.8,16.0, 163, 16.7,17.0, 17.8, 18.6, 18.8,

19.0, 20.5 and 20.9 degreés 2-Theta,

6. The cr}gége obeticholic acid Form C according to any one of claims 1-5,

wherein M-ray diffraction pattern is collected on a diffractometer using Cu Ka
i

.
radlal,uén.

S

d

4 7. The crystalline obeticholic acid Form C according to any one of claims 1-6

characterized by an X-ray diffraction patfern 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,

0L
s



Lie-noid-Farnnomae.
T <

10

15

20

25

A % Lnlar )
CTIT COUTUTIT ST au_y UTNICTUTLIatin s 10y
further characterized by a Differential Scanning Calorimetry (DSC) thermogram having

an endotherm value at about 98+2 °C.

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

/

s

e

erystalline obeticholic acid to obeticholic acid Form 1. /

e

/

reacting 3o-hydroxy-6a-ethyl-7-keto—5p-cholan-24-oic ';llc/:‘id’/with NaBH, to form

obeticholic acid as a synthetic intermediate.

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

12.  The process according to claim 11, comprising the steps of
crystalline obeticholic acid, and ’

converting crystalline obeticholic acid to obetichelic acid Form 1.

13, The process according to any one of c'l}ims 11-12, comprising the steps of
reacting E- or B/Z-3c-hydroxy-6-ellyylidene-7-keto-5p-cholan-24-oic acid with

Pd/C and hydrogen gas to form 3oc-hydro/xj:f 6a-ethyl-7-keto-5B-cholan-24-oic acid,
reacting 3a-hydroxy-6a:pf41—7-kcto-5 B-cholan-24-oic acid with NaBH, to form

d
crystalline obeticholic acid/iﬁd
converting crystal line obeticholic acid to obeticholic acid Form 1.

/

14, The praé/ess according to any one of claims 11-13, comprising the steps of

reatting 3o-hydroxy-6-ethylidene-7-keto-53-cholan-24-oic acid methy! ester with
to form E- or E/Z-3a-hydroxy-6-ethylidene-7-keto-5B-cholan-24-0ic acid,
reacting E- or E/Z-3o-hydroxy-6-ethyylidene- 7-keto-53-cholan-24-oic acid with
Pd/C and hydrogen gas to form 3a-hydroxy-6o-ethyl-7-keto-5p-cholan-24-oic acid,

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

converting crystalline obeticholic acid to obeticholic acid Form 1.




15 The-process-according-to-anv.one.of.claims.l 114, comprising the steps.of
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reacting 3o, 7-ditrimethylsilyloxy-5p- chol-6-en-24-oic acid methyl ester with
CH3CHO to form 3o~-hydroxy-6-ethylidene-7 -keto-33-cholan-24-oic acid methyl ester,

reacting E- or B/Z-3a-hydroxy-6-ethy lidene-7-keto-553-cholan-24-oic acid methyl

5  ester with NaOH to form E- or E/Z-3a-hydroxy-6-ethylidene-7-keto-33-cholan-24-oic

acid,

reacting E- or E/Z-3a-hydroxy-6-ethy lidene-7-keto-553-cholan-24-oic acid with ‘ /"’
Pd/C and hydrogen gas to form 3o-hydroxy-6a-ethyl-7-keto-5B-cholan-24-oic aci(}‘/

reacting 3o-hydroxy-6at-ethyl-7-keto— 3B-cholan-24-oic acid with NaBH¢fo form

10 crystalline obeticholic acid, and //' 4
. converting crystalline obeticholic acid to obeticholic acid Forﬁp/ff

s

16.  The process according to any one of claims 11-15, c/:/om’;/;rfising the steps of
reacting 3a-hydroxy-7-keto-5p-cholan-24-oic agidxrnethyl ester with
15 Li[N(CH(CHs;))2] and Si(CH3);Cl to form 3cx,7—di/tr=ifi;léthylsilyloxy—5B—chol—G-en-24-oic
acid methyl ester, ///
reacting 3(1,7—ditrimethylsilyloxy;jB{cho]-6-en—24—oic acid methyl ester with
CH;CHO to form E- or E/Z-3oc-hydrgxg/-(i-ethylidene-7uketo-SB-cholan-24-oic acid
methyl ester, < 4 ,
20 reacting E- or E/Z-i@e—’ﬂ;/droxy—&ethylidene—7-keto—5f3-cholan—24—oic acid methyl
ester with NaOH to fog:d’E/Z&a-hydroxy—6-ethylidene-7—keto-5B—cholan—24-oic acid,
reacting E-,,o’f"iE/Z-?:a-hydroxy-é-ethyIidene—7-keto-5B—chokan-24»oic acid with
Pd/C and hy/ gen gas to form 3o-hydroxy-6a-ethyl-7-keto-5p-cholan-24-oic acid,
r/f;aéing 3o-hydroxy-6o.-ethyl-7-keto-5p-cholan-24-oic acid with NaBHy to form
25 cryﬁi},af{ine obeticholic acid, and

converting crystalline obeticholic acid to obeticholic acid Form 1.

e

//‘J
17. . The process according to any one of claims 11-16, comprising the steps of
reacting 3a-hydroxy-7-keto-5p3-cholan-24-oic acid with CH3OH and H»SO, to

30 form 3a-hydroxy-7-keto-3p-cholan-24-oic acid methyl ester,

100
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Li[N(CH(CH3)2)2] and Si{CH3)3Cl to form 3¢, 7-ditrimethylsilyloxy-5g-chol-6-en-24-o0ic
acid methyl ester,

reacting 3o, 7-ditrimethylsilyloxy-5p-chol-6-en-24-oic acid methy] ester with
CH;CHO to form E- or E/Z-3a-hydroxy-6-ethylidene-7-keto-53-cholan-24-oic acid
methyl ester,

reacting E- or B/Z-3o~hydroxy-6-ethy lidene-7 -keto-5B-cholan-24-oic acid methyl,f”f
ester with NaOH to form E- or E/Z-3a~hydroxy—6—ethylidene-7—keto»5B-cholan~24~gic/

. ’l"
acid, Y

&

reacting E- or E/Z-3a-hydroxy-6-ethy lidene-7-keto-5 B-cholan—24-oj€’écid with
o
Pd/C and hydrogen gas to form 3o-hydroxy-6 a-ethyl-7-keto-5p-cholap<24-oic acid,
«’J’}'
reacting 3a-hydroxy-6c.-ethyl-7-keto- 5B-cholan-24-oic acid with NaBH, to form
Vs

crystalline obeticholic acid, and p /
converting crystalline obeticholic acid to obetiok}pﬁfc acid Form 1.

v‘//

e
18.  The process according to any one of clajm/s 10-17, wherein the crystalline
Ve

/”

obetichotlic acid is Form C. e

s

19.  The process according to gﬁlaﬁ;l 18, wherein crystalline obeticholic acid Form C is

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

o
4""

P
20.  The process a}pc’brding to any one of claims 18 or 19, wherein the crystalline

obeticholic acid/EeS’r;n C is crystallized from ni-butyl acetate.

o
.
#

s
21. T,h‘g process according to any one of claims 11-17, wherein converting crystailine

obg;iéﬁolic acid Form C to obeticholic acid Form 1 comprises the step of dissolving

J,ac’r:ystalline obeticholic acid Form C in aqueous NaQOH solution and adding HCL
g

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

acid Form C is dried under vacuum at about 8¢ °C.

@




e 23 The-process-according-to-any-one-of-claims-12-17, wherein reacting 3o-hydroxy= oo
6o-ethyl-7-keto-3B-cholan-24-oic acid with INaBH; to form crystalline obeticholic acid is i /

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

5 24,  The process according to claim 23, wherein the temperature is about 90 °C to P
about 105 °C. ‘

25.  The process according to any one of claims 23-24, wherein the basic aqueous
solution is an aqueous NaOH solution. '
10 Ve

y
V

Ve

26.  The process according to any one of ¢ laims 25, wherein the basig,a‘aueous solution

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

27.  The process according to any one of claims lB—l?,fwﬁérein reacting E- or E/Z-30-
15 hydroxy-6-ethylidene-7-keto-5p-cholan-24-0ic acid v\;iftl‘i‘ Pd/C and hydrogen gas to form
./'
3a-hydroxy-6a-ethyl-7-keto-5f-cholan-24-oic ag_id“is carried out at a temperature at

P
about 20 °C to about 40 °C and at a pressuretaf/about 4 to about 5 bars.

o

;/j
28.  The process according to clgi-rﬁ' 27, wherein, the organic phase of the reaction

20 mixture is treated with activatetgifé/;rbon.
,»/
29.  The process ac{gefr/ding to any one of claims 27-28, wherein the temperature is
about 25 °C to abguf“fzs °C.

e

e

25 30 The"grocess according to any one of claims 27-29, wherein the pressure is about
4.5 tgﬁgout 5.5 bars.
Mc/”!

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

reaction mixture is allowed to stir for about 1 hour.

s 32.  The process according to any one of claims 27-31, wherein reacting E- or E/Z-3 ¢t~
hydroxy-6-ethylidene-7-keto-5p-cholan-24-01ic acid with Pd/C and hydrogen gas is heated

to about 100 °C and stirred for about 2 hour to about 5 hours.

100
TXIE
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Wh\/lbill reaetire-E=—or
hydroxy-6-cthylidene-7-keto-5p-cholan-24-o1 ¢ acid with Pd/C and hydrogen gas is heated

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

&

e

34.  The process according to any one of claims 14-17, wherein reacting E- or E/Z-30- Py
S
hydroxy-6-ethylidene-7-keto-53-cholan-24-oic acid methy! ester with NaOH to form E- /,

or B/Z-30-hydroxy-6-ethylidene-7-keto-5p-cholan-24-oic acid is carried out at a
temperature at about 20 °C to about 60 °C. s

A
v

10 //
35.  The process according to claim 34, wherein the temperature is ab’O},YQO °Cto
about 25 °C. yd

#

4

f/
36.  The process according to any one of claims 34-35, \ﬁbé’rein reacting E- or E/Z-3a-
15 hydroxy-6-ethylidene-7-keto-5B-cholan-24-0ic acid me;t,hflji ester with NaOH is carried

out in methanol, water, and a NaOH solution. /,/

s
37.  The process according to any one}féaims 34-36, wherein the NaOH solution is a

7

50% wt. aqueous solution.

20 yd /
38. The process accordi;xg’;:) any one of claims 13-17, wherein reacting 3a,7-
ditrimethyisilyloxy—S[%;0}1/(31-6—en-24-0ic acid methyl ester with CH;CHO to form E- or
E/Z- 3a-hydroxy?,—‘é?hylidene~7-keto-5B-cholan-24—oic acid methyl! ester is carried out in

#
a polar aprotic.olvent at a temperature at about -50 °C to about -70 °C in the presence of

25 BFs. 7
/
e
}g,/ The process according to claim 38, wherein the polar aprotic solvent is
/ dichioromethane.
e

/ 30 40.  The process according to any one of claims 38-39, wherein the BF; is a 16% wt.

/

e solution in acetonitrile.
s

/
/
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41 The process m‘r‘nrrﬁng to.any-one of.claims 38 11(\> wherein-the temperature 1S

about

-60 °C 10 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 LiIN(CH(CH,),),] and Si(CH;);Cl to

form 3, 7-ditrimethylsilyloxy-5B-chol-6-en-24-oic acid methyl ester is carried outin a d

7
L
-
s

&
Y

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 so]venlt,v»i’sf

tetrahydrofuran.

44, The process according to any one of claims 42-43, wh;réin the temperature is
about e
-20 °C to about -25 °C.

e

45.  The process according to any one of ‘_g'l%iims 42-44 wherein reacting 3a-hydroxy-

7-keto-5p-cholan-24-oic acid methyl eﬂstc’rﬂwith Li[N(CH(CH;),),] and Si{CHj3)sCl is

stirred for about 2 hours.

46.  The process accogdi’ﬁg to claim 17, wherein reacting 3o-hydroxy-7-keto-5p-
cholan-24-oic acid with CH 3OH and H,30; to form 3a-hydroxy-7-keto-53-cholan-24-oic
acid methy! ester is heated for about 3 hours and the pH of the reaction mixture is

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

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

‘,/'SXB-cholan—24-oic acid methy! ester further comprises the addition of activated carbon.

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

7-keto-5B-cholan-24-oic acid with CH3;OH 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.




i i e S e T RS- PROGESS-ACCOTAINE t0-20y-ONE-0f € laims 46-49, - wherein the pH-is-abeut 7:0-to- e

about 7.5.

5 51. A compound E/Z-3c-hydroxy-6-ethylidene-7-keto-58-cholan-24-oic acid
produced by the process according to any one of claims 10-50, wherein the E/Z isomer A
ratio is greater than about 50%, greater than about 60%, greater than about 70%, greater yd

than about 80%, greater than about 83%, greater than about 85%, greater than about 90%/’/
pd

greater than about 93%, greater than about 95 %, or greater than about 99%. //
v
10 s
52, The compound according to claim 51, wherein the E/Z ratio is determfned by
4
HPLC. y
p
yd
p
- 53, The compound according to any one of claims 51 -52,/wﬁerein the ratio is greater
15 than about 80%. f’/
f"/y/'j

54.  The compound according to any one of cldims 51-53, wherein the ratio is greater

than about 83%. S

e

. i ez . . '
20 55, The compound according to-any one of claims 51-34, wherein the ratio is greater

than about 85%. //

e
y

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

than about 90%4.// // !

25 /’
57. /Tﬁé compound according to any one of claims 51-56, wherein the ratio is greater
thg/n/éi%out 93%.

<

y
y
// 58.  The compound according to any one of claims 51-57, wherein the ratio is greater
/30 than about 95%.

/ 59.  The compound according to any one ofclaims 51-58, wherein the ratio is greater
ye than about 99%.
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conjugate thereof, having a potency of greater than about 98%.

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

greater than about 98%.

62.  The obeticholic acid according to clai m 60, wherein the potency of said e
obeticholic acid is determined by subtracting the amount of water, sulphated ash, rgsi‘éfual

solvents, and other organic impurities. e

d
v,!
,e
s

63.  The obeticholic acid according to any one of claims 61-62 hagm(é a potency of
greater than about 98.5%. .

64.  The obeticholic acid according to any one of clgirﬁé 61-63 having a potency of
greater than about 99.0%.

65.  The obeticholic acid according to gn}'?ﬂone of claims 61-64 having a potency of
greater than about 99.5%.

66. The obeticholic acidﬁac‘é;)rding to any one of claims 61-65, wherein said
obeticholic acid containls/é"gotal of less than about 2% of one or more impurities selected
from 6-ethy1ursod§95i§;:holic acid, 3o-hydroxy-6a-ethyl-7-cheto-53-cholan-24-oic acid,
6ﬁ—ethylchcnqgiéé;ycholic acid, 3o, 7a-dihydroxy-6-ethyliden-58-cholan-24-oic acid,
chenodeq;;«yé;olic acid, and 30(3a,7a~dihydroxy-6o-ethyl-3B-cholan-24-oyloxy)-7o.-
hydgg;x’y"iaa-emy}-sg-choian-24-oic acid.

-

7

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.

&
[« 2N
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obeticholic acid contains less than about 1.2%6 of water.

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

obeticholic acid contains less than about 1.0%6 of water.

e
P
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 qgfi’éi

and 3o, 7a-dihydroxy-6-ethyliden-5p-cholan-24-o0ic acid. e

e
7.

obeticholic acid contains a total of less than about 0.06% of 6—ethyl}br§bdeoxycholic acid

and 3a,70-dihydroxy-6-ethyliden-53-cholan-24-oic acid. ﬁ,.f'j
e

The obeticholic acid according to any one of claims 66-71, Whe}eiﬁv said

73.

The obeticholic acid according to any one of g}zims 66-72, wherein said
obeticholic acid contains a total of less than aboug,ﬂbe% of 6-ethylursodeoxycholic acid
and 3a,7a-dihydroxy—6-ethyliden-5B-cholan;@zf—oic acid.

fiy

P

74.  The obeticholic acid accordip-g’”fto any one of claims 66-73, wherein said

obeticholic acid contains Jess tk:x(aﬁfabout 0.15% of 3a~hydroxy-6a-ethyl-7-cheto-5p-

cholan-24-oic acid.

w}:"
v

75.  The obetiquﬁc acid according to any one of claims 66-74, wherein said

obeticholic ac;jd'f/comains less than about 0.06% of 3a-hydroxy-6a-ethyl-7-cheto-583-

cholan-24-6ic acid.
f‘/f
e
767
//

The obeticholic acid according to any one of claims 66-75, wherein said

- obeticholic acid contains less than about 0.05% of 3o-hydroxy-6a-ethyl-7-cheto-55-

s

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.




~~~~~~~~~~~~~~~~ e [ 8 The-obeticholic-acid-aceording-te-any-—one-of-claims-66-7%-wherein-said— oo

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

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

5  obeticholic acid contains less than about 0.05% of 6B-ethyichenodeoxycholic acid. Vs

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

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

10  81.  The obeticholic acid according to any one of claims 66-80, whereir},séid

obeticholic acid contains less than about 1% of chenodeoxycholic acidf.,/""

e
&

e
82. The obetichotlic acid according to any one of claims 6§~§ 1, wherein said

obeticholic acid contains less than about 0.2%% of chenod/eo'ﬁiycholic acid.

&

1 5 /"/

~
83. The obeticholic acid according to any or}g" of claims 66-82, wherein said
obeticholic acid contains less than about 015‘% of 3a(3a,7a-~dihydroxy-6a-~ethyl-50-
cholan-24~oy1oxy)—7a-hydroxy—6a-et9ykf5 B-cholan-24-oic acid.

i

20 84, The obeticholic acid a;e’é?ding to any one of claims 66-83, wherein said
-
obeticholic acid contains)efés than about 0.06% of 3a(3a,7a-dihydroxy-6a-ethyl-3B-
choIan—24-oyloxy)—7pt<fiydroxy'-6a—ethyl—5 B-cholan-24-oic acid.
//
/

85. Thg /gﬁ/e/ticholic acid according to any one of claims 66-84, wherein said
25 obetic}m‘{é acid contains less than about 0.05% of 3a(3a,7a-dihydroxy-6¢-ethyl-58-
A
cholan-24-oyloxy)-7a-hydroxy-6o-ethyl-5B-cholan-24-oic acid.
//
/ 86.  The obeticholic acid according to any one of claims 61-85, wherein the

e obeticholic acid is obeticholic acid Form 1.

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

e amino acid conjugate thereof, wherein said crystalline obeticholic acid is Form C.

o]
Go
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B~ The-erystatline-obeticholie-aeid-aceording-to-elaim-87-wherein-said-erystatiine

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.

y
90.  The crystalline obeticholic acid Form C according claim 87, wherein the s?/lyzfte is

a hydrate. f,/
/

‘/’A

91.  The crystalline obeticholic acid Form C according to any one gf’é;laims 88-90
having a potency of greater than about 92%. ’//
‘ /.f’"'j

92.  The crystalline obeticholic acid Form C according,téfany one of claims 88-91

having a potency of greater than about 94%. ) 4
/,/’)

93.  The crystalline obeticholic acid Form{,C( yaccording to any one of claims 8§8-92
having a potency of greater than about Q@%.
94,  The crystalline obeticho‘VLié/acid Form C according to any one of claims 88-93

having a potency of greater rhén about 98%.

;"/‘fy/
95.  The crystal)irié obeticholic acid Form C according to any one of claims 88-94
having a potenpf%f greater than about 99%.

s
96. “The crystalline obeticholic acid Form C according to any one of claims 87-95,

wﬁé;ein the crystalline obeticholic acid Form C contains a total of less than about 4% of

e ‘one or more impurities selected from 6-ethylursodeoxycholic acid, 3a-hydroxy-6o.-ethyl-

) 30

7-cheto-5B-cholan-24-oic acid, 63-ethylchenodeoxycholic acid, 3o, 7a-dihydroxy-6-
ethyliden-5p-cholan-24-oic acid, chenodeoxycholic acid, and 3a.(3a, 7a-dihydroxy-6o-
ethyl-5B-cholan-24-oyloxy)-7a-hydroxy-6a-ethyl-5B-cholan-24-oic acid.

en
vt
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Q- The-erystalline-obeticholic-acid EFormi-C.according to.claim. 96, wherein the total

impurities 1s 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. ,,/
4
/
/

100. A pharmaceutical composition comprising of crystalline obeticholiqr,a’c/id and a

pharmaceutically acceptable carrier. S

101.  The pharmaceutical composition according to claim 190,” Wherein the crystalline

obeticholic acid is Form C. /,,f/

&

p
102. A method of treating or preventing an Fngfnediated disease or condition in a
subject comprise of administering an effectivgné};ount of obeticholic acid Form 1
according to any one of claims 60~86 or ;}rdéuced by a process according to any one of
claims 10-50, or a pharmaceutical cc;;nﬁ‘ésition according to claim 99.

e

r 4

103. A method of treating/@fﬁ;)reventing an FXR mediated disease or condition in a
subject comprise of admjnfgtering an effective amount of crystalline obeticholic acid
according to any ongfo’f’jclaims 1-9 or §7-98 or a pharmaceutical composition according to
any one of clain}s“‘/](IOO-IOI.
A«’/i‘f

104. ’}Cﬁg\method according to any one of claims 102-103, wherein the disease or
cog;}ﬁ/ion is selected from biliary atresia, cholestatic liver disease, chronic liver disease,

. ,nqunalcoholic steatohepatitis NASH), hepatitis C infection, alcoholic liver disease,
primary biliary cirrhosts (PBC), liver damage due to progressive fibrosis, liver fibrosis,
and cardiovascular diseases including atherosclerosis, arterioscierosis,

hypercholesteremia, and hyperlipidemia.

—
ey
<>




18— A-method-for lowering triglyeerides 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 Y

&

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.

-

e

/
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WE CLAIM:

1. A process of preparing obeticholic acid Form 1. comprising the step of converting

crystalline obeticholic acid to obeticholic acid Form | and wherein obeticholic acid Form

1 1is the non-crystalline form.

2. The process of claim 1. comprising the steps of

reacting 3u-hvdroxy-6g-ethvl-7-keto-5B-cholan-24-oic acid with NaBH, to form

crvstalline obeticholic acid, and converting crystalline obeticholic acid to obeticholic acid

Form 1.

3. The process of claim 2. comprising the steps of

reacting E- or E/Z-3u-hvdroxy-6-cthylidene-7-keto-53-cholan-24-oic acid with

Pd/C and hydrogen eas to form 3a-hvdroxy-60-ethvl-7-keto-58-cholan-24-oic acid,

reacting 3o-hvdroxy-6a-ethyl-7-keto-5p-cholan-24-oic acid with NaBH, to form

crystalline obeticholic acid, and

converting crystalline obeticholic acid to obeticholic acid Form 1.

4, The process of claim 3. comprising the steps of

reacting E- or E/Z-3a-hvdroxy-6-ethvlidene-7-keto-53-cholan-24-oic¢ acid methyl

ester with NaOH to form E- or E/Z-3a-hvdroxvy-6-ethyvlidene-7-keto-5B-cholan-24-oic

acid,

reacting E- or E/Z-3a-hvdroxy-6-ethvlidene-7-keto-58-cholan-24-oic acid with

Pd/C and hydrogen eas to form 3o-hvdroxy-6a-ethvl-7-keto-5-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.

5. The process of claim 4, comprising the steps of

reacting 3o.7-ditrimethvlsilvloxy-55-chol-6-en-24-oic acid methvl ester with

CH;CHO to form E- or E/Z-3a-hvdroxy-6-ethylidene-7-keto-53-cholan-24-oic acid

methyl ester
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reacting E- or E/Z-3a-hvdroxy-6-ethviidene-7-keto-53-cholan-24-oic acid methvl

ester with NaOH to form E- or E/Z-30-hvdroxy-6-ethvlidene-7-keto-58-cholan-24-oic

acid,

reacting E- or E/Z-3a-hvdroxy-6-ethvlidene-7-keto-58-cholan-24-oic acid with

Pd/C and hydrogen gas to form 3o-hvdroxv-6a-ethvl-7-keto-5B-cholan-24-oic acid,

reacting 3a-hydroxv-6a-ethyl-7-keto-5p-cholan-24-oic acid with NaBH, to form

crystalline obeticholic acid, and

converting crystalline obeticholic acid to obeticholic acid Form 1.

6. The process of claim 5. comprising the steps of:

reacting 3o-hvdroxv-7-keto-5B-cholan-24-oic¢ acid methvl ester with

Li]N(CH(CH3)»),] and Si(CH3)5Cl to form 3a.7-ditrimethvisilyloxy-53-chol-6-¢n-24-oic

acid methvl ester.

reacting 3o.7-ditrimethvlsilvloxv-58-chol-6-en-24-oic acid methvl ester with

CH;CHO to form E- or E/Z-3a-hvdroxy-6-ethylidene-7-keto-53-cholan-24-oic acid

methyl ester,
reacting B- or E/Z-3a-hydroxv-6-ethvlidene-7-keto-58-cholan-24-oic acid methvl

ester with NaOH to form E- or E/Z-3a-hvdroxy-6-ethvlidene-7-keto-58-cholan-24-oic

acid,

reacting E- or E/Z-30-hvdroxv-6-ethvlidene-7-keto-5B-cholan-24-oic acid with

Pd/C and hvdrogen gas to form 3o-hydroxy-6a-ethvl-7-keto-58-cholan-24-oic acid,

reacting 3o-hydroxy-6a-ethyl-7-keto-5B-cholan-24-oic acid with NaBH, to form

crystalline obeticholic acid, and

converting crystalline obeticholic acid to obeticholic acid Form 1.

7. The process of claim 6, comprising the steps of:

reacting 3u-hydroxy-7-keto-5-cholan-24-oic acid with CH;OH and H,SOs to

form 3a-hvdroxy-7-keto-38-cholan-24-oic acid methvl ester,

reacting 3a-hvdroxy-7-keto-5B8-cholan-24-oic acid methvl ester with

Li[N(CH(CH3)»),] and Si{CH3);Cl to form 3a.7-ditrimethylsilvloxy-53-chol-6-en-24-oic

acid methvl ester.
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reacting 3a.7-ditrimethvlsilvioxv-53-chol-6-en-24-oic acid methvl ester with

CH;CHO to form E- or E/Z-30-hydroxy-6-ethvlidene-7-keto-5-cholan-24-oic acid

methyl ester.
reacting E- or E/Z-3u-hvydroxv-6-ethvlidene-7-keto-58-cholan-24-oic acid methyl

ester with NaOH to form E- or E/Z-30-hydroxv-6-ethvlidene-7-keto-5B-cholan-24-0i¢

acid,

reacting E- or E/Z-30-hvdroxy-6-ethvlidene-7-keto-58-cholan-24-oi¢ acid with

Pd/C and hvdrogen gas to form 3o-hvdroxv-6a-ethyl-7-keto-58-cholan-24-oic acid,

reacting 3u-hydroxy-6a-ethyl-7-keto-583-cholan-24-oic acid with NaBH, to form

crystalline obeticholic acid. and

converting crystalline obeticholic acid to obeticholic acid Form 1.

8. The process of claim 7. wherein converting crvstalline obeticholic acid to

obeticholic acid Form 1 comprises the step of dissolving crystalline obeticholic acid in

aqueous NaOH solution and adding HCL.

9. The process of claim 7. wherein reacting 3o-hydroxv-6o-ethvl-7-keto-5p-cholan-

24-oic acid with NaBHjy to form crystalline obeticholic acid is carried out at a temperature

at about 85 °C to about 110 °C 1in a basic agueous solution.

10. The process of claim 7. wherein reacting E- or E/Z-3a-hvdroxy-6-ethvlidene-7-

keto-5B-cholan-24-oic acid with Pd/C and hvdrogen eas to form 3a-hydroxy-6a-ethyl-7-

keto-5[-cholan-24-oic acid is carried out at a temperature at about 90 °C to about 110 °C.

11. The process of claim 7. wherein reacting E- or F/Z-3¢-hvdroxy-6-ethvlidene-7-

keto-5B-cholan-24-oic acid methvl ester with NaOH to form E- or E/Z-3a-hvdroxy-6-

ethvlidene-7-keto-58-cholan-24-oic acid is carried out at a temperature at about 20°C to

about 60 °C.

12. The process of claim 7. wherein reacting 3o.7-ditrimethylsilvioxy-58-chol-6-en-

24-oic acid methvl ester with CH3CHO to form E- or E/Z-3a-hvdroxy-6-ethvlidene-7-

keto-58-cholan-24-oic acid methyl ester 1s carried out in a polar aprotic solvent at a

temperature at about -50 °C to about -70 °C in the presence of BF;.
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13. The process of claim 7. wherein reacting 3a-hydroxy-7-keto-5B-cholan-24-oic

acid methvl ester with LifN(CH(CH3),)-] and Si(CH3);Cl to form 3¢.7-

ditrimethvlsilvloxv-58-chol-6-en-24-oic acid methvl ester is carried out itn a polar aprotic

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

14. The process of claim 7. wherein reacting 3o-hvdroxy-7-keto-58-cholan-24-oic

acid with CH3;OH and H,SO4 to form 3a-hvdroxy-7-keto-58-cholan-24-oic acid methvl

ester is heated for about 3 hours and the pH of the reaction mixture is adjusted with an

agueous basic solution.

15. A process of preparing crystalline obeticholic acid comprising precipitating said

crystalline form from a solution comprising obeticholic acid.

16. The process of claim 15, wherein the solution comprises n-butyl acetate.

17. The process of claim 15, wherein the crystalline obeticholic acid is characterized

by a differential scanning calorimetry thermogram having an endothermic peak at about

98 +2°C.

18. The process of claim 15, wherein the crystalline obeticholic acid is characterized

bv a differential scanning calorimetrv thermogram pattern substantially similar to fisure

6.

19. The process of claim 15, wherein the crystalline obeticholic acid is characterized

by a thermo-gravimetric analysis thermogram pattern substantially similar to figure 6,

20. A process of preparing obeticholic acid Form 1. comprising the steps of

reacting 3o-hvdroxy-7-keto-58-cholan-24-oic acid with CH;OH and H,SO4 to

form 3a-hvdroxy-7-keto-5B-cholan-24-oic acid methvl ester in which the reaction is

heated for about 3 hours and the pH of the reaction mixture is adjusted with an agueous

basic solution:
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reacting 3a-hvdroxv-7-keto-5p-cholan-24-oic acid methvl ester with

LiIN(CH(CH;)»)»] and Si(CH;);Cl to form 3a.7-ditrimethylsilvloxv-58-chol-6-en-24-oic

-acid methvl ester in which the carried out in a polar aprotic solvent at a temperature at

about -10 °C to about -30 °C:

reacting 3a.7-ditrimethvlsilvloxv-58-chol-6-en-24-oic acid methvl ester with

CH;CHO to form E- or E/Z-3¢-hydroxy-6-ethvlidene-7-keto-58-cholan-24-oic acid

methvl ester is which the carried out in a polar aprotic solvent at a temperature at about -

50 °C to about -70 °C in the presence of BF;;

reacting E- or E/Z-3u-hvdroxyv-6-ethvlidene-7-keto-5B-cholan-24-oic acid methvl

ester with NaOH to form E- or E/Z-3a-hydroxv-6-ethvlidene-7-keto-58-cholan-24-oic

acid in which the reaction is carried out at a temperature at about 20°C to about 60 °C;

reacting E- or E/Z-30-hvdroxy-6-ethvlidene-7-keto-58-cholan-24-oi¢ acid with

Pd/C and hvdrogen gas to form 3o-hydroxv-6u-ethyl-7-keto-5B-cholan-24-oic¢ acid is

which the reaction is carried out at a temperature at about 90 °C to about 110 °C:

reacting 3o-hydroxy-6a-ethyl-7-keto-5B-cholan-24-oic acid with NaBH, to form

crystalline obeticholic acid is carried out at a temperature at about 85 °C to about 110 °C

1 a basic agueous solution: and

converting crvstalline obeticholic acid to obeticholic acid Form 1 by dissolving

crystalline obeticholic acid in agueous NaOH solution and addine HCI.

and wherein obeticholic acid Form 1 is the non-crystalline form.
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