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ABSTRACT

Synthetic methods for preparing deoxycholic acid and inter-
mediates thereof, high purity synthetic deoxycholic acid,
compositions and methods of use are provided. Also, pro-

vided

are processes for the synthesis of 12-keto or 12-a-

hydroxy-steroids from A-9,11-ene, 11-keto or 11-hydroxy-f-
steroids. This invention is also directed to novel compounds
prepared during the synthesis. This invention is also directed
to the synthesis of deoxycholic acid starting from hydrocor-

tisone.
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METHODS FOR THE PURIFICATION OF
DEOXYCHOLIC ACID

REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of U.S. provi-
sional application Ser. No. 61/288,132, filed on 18 Dec. 2009,
U.S. provisional application Ser. No. 61/303,816, filed on 12
Feb. 2010, U.K. Application No. 1008726.0 filed on 25 May
2010, and U.S. provisional application Ser. No. 61/348,686,
filed on 26 May 2010, all of which are incorporated herein by
reference in their entirety.

BACKGROUND OF THE INVENTION

[0002] 1. Field of the Invention

[0003] This invention is directed to the synthesis of deoxy-
cholic acid and salts thereof as well as to intermediates useful
in the synthesis of deoxycholic acid. In one embodiment, this
invention provides synthetic methods for preparing deoxy-
cholic acid or a salt thereof starting from hydrocortisone. This
invention is also directed to intermediates such as 12-keto or
12-a-hydroxysteroids as well as novel processes for their
preparation. This invention still further provides purified
deoxycholic acid compositions and methods for purification
wherein the deoxycholic acid has a purity of at least 96%.
[0004] 2. State of the Art

[0005] Rapid removal of body fat is an age-old ideal, and
many substances have been claimed to accomplish such
results, although few have shown results. “Mesotherapy”, or
the use of injectables for the removal of fat, is not widely
accepted among medical practitioners due to safety and effi-
cacy concerns, although homeopathic and cosmetic claims
have been made since the 1950°s. Mesotherapy was originally
conceived in Europe as a method of utilizing cutaneous injec-
tions containing a mixture of compounds for the treatment of
local medical and cosmetic conditions. Although meso-
therapy was traditionally employed for pain relief, its cos-
metic applications, particularly fat and cellulite removal,
have recently received attention in the United States. One
such reported treatment for localized fat reduction, which was
popularized in Brazil and uses injections of phosphatidylcho-
line, has been erroneously considered synonymous with
mesotherapy. Despite its attraction as a purported “fat-dis-
solving” injection, there is little safety and efficacy data of
these cosmetic treatments. See, Rotunda A. M. and M. Kotod-
ney, Dermatologic Surgery 32: 465-480 (2006) (“Meso-
therapy and Phosphatidylchotine Injections Historical Clari-
fication and Review”).

[0006] Recently published literature reports that the bile
acid, deoxycholic acid, and salts thereof, have fat removing
properties when injected into fatty deposits in viva. See, WO
2005/117900 and WO 2005/112942, as well as US2005/
0261258,  US2005/0267080;  US2006/127468;  and
US20060154906, all incorporated herein by reference in their
entirety). Deoxycholate injected into fat tissue degrades fat
cells via a cytolytic mechanism. Because deoxycholate
injected into fat is rapidly inactivated by exposure to protein
and then rapidly returns to the intestinal contents, its effects
are spatially contained. As a result of this attenuation effect
that confers clinical safety, fat removal therapies typically
require 4-6 sessions. This localized fat removal without the
need for surgery is beneficial not only for therapeutic treat-
ment relating to pathological localized fat deposits (e.g., dys-
tipidemias incident to medical intervention in the treatment of
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HIV), but also for cosmetic fat removal without the attendant
risk inherent in surgery (e.g., liposuction). See, Rotunda et al.,
Dermatol. Surgery 30: 1001-1008 (2004) (“Detergent effects
of sodium deoxycholate are a major feature of an injectable
phosphntidylcholine formulation used for localized fat disso-
Iution™) and Rotunda et al., J. Am. Acad. Dermatol. (2005:
973-978) (“Lipomas treated with subcutaneous deoxycholate
injections”), both incorporated herein by reference in their
entirety.

[0007] In addition, many important steroids have a 12-a.-
hydroxy-substituent on the C-ring of the steroid. Such com-
pounds include, by way of example, bile acids such as deoxy-
cholic acid, cholic acid, lithocholic acid, and the like.
Heretofore, such compounds were typically recovered from
bovine and ovine sources which provided a ready source of
bile acids on a cost effective basis. However, with the recent
discovery that pathogens such as prions can contaminate such
sources, alternative methods for the synthesis of bile acids
from plant sources or synthetic starting materials have
become increasingly important. For example, deoxycholic
acid from animals in New Zealand are a source of bile acids
for human use under US regulatory regimes, as long as the
animals continue to remain isolated and otherwise free of
observable pathogens. Such stringent conditions impose a
limitation on the amount of suitable mammalian sourced bile
acids and does not preclude the possibility that the bile acid
will be free of such pathogens.

[0008] There remains a need for suitable quantities of effi-
cacious bile acids such as deoxycholic acid that are known
from the outset to be free from moieties of animal origin (or
pathogenic moieties capable of acting in an animal, particu-
larly a mammal, and for human use, having a deleterious
effect on a human), and other harmful agents such as animal
or microbial metabolites, toxins, including bacterial toxins,
such as pyrogens, for use as medicaments in humans.

[0009] In addition, there is a need to prepare a bile acid
composition free of other unintended bile acids. In this
regard, it is known that mammalian sourced deoxycholic acid
is contaminated with cholic acid. In turn, it is further known
that cholic acid is an essential component in the formation of
gall stones. Accordingly, there is an ongoing need to provide
methods for preparing deoxycholic acid which methods
would not result in contamination with other bite acids.
[0010] Heretofore, GB2452358 discloses the synthesis of
deoxycholic acid starting with 9ca-hydroxyandrost-4-en-3,
17-dione. In that synthesis, the intermediate 3a-hydroxy-5p-
androst-9(11)en-17-one is disclosed as being derived from
9a-hydroxyandrost-4-en-3,17-dione. While 9a-hydroxyan-
drost-4-en-3,17-dione is effectively converted to deoxycholic
acid as disclosed in that patent, synthesis of deoxycholic acid
from hydrocortisone would be of particular value as hydro-
cortisone is widely available.

[0011] Cortisone and hydrocortisone have an 11-keto or
11-p-hydroxy group respectively rather than the 12-ci-hy-
droxy group of deoxycholic acid. Conversion of the 11-keto
or 11-f-hydroxy group on the steroidal backbone to the cor-
responding 12-a-hydroxy or 12-keto group is non-trivial as
not only must the conversion be made it must be made ste-
reoselectively. International Patent Application Publication
No. WO02008/157635 reports multiple reaction schemes
where, in one instance, a 3-p-acetoxy-11-keto steroid is con-
verted to a 3-f-acetoxy-12-a.-hydroxysteroid via formation
of a A-9,11-ene functionality in said steroid following by
allylic oxidation at the 12-position with chromium trioxide.



US 2013/0137884 Al

The use of chromium trioxide provides modest yields of the
A-9,11-ene-12-oxo functionalities and side products gener-
ated by this reaction encumber purification of the desired
product. Moreover, chromium trioxide is highly toxic, corro-
sive, and carcinogenic. It is the main example of hexavalent
chromium, an environmental hazard. Use of chromium triox-
ide in the oxidation process should be limited.

[0012] In view of the above, there is a need to provide a
synthetically efficient method for converting 11-p-hydroxy/
11-keto steroids to the corresponding a A-9,11-ene, 12-a-
hydroxy/12-keto steroids using environmentally compatible
and less toxic oxidizing agents.

[0013] Pharmaceutical grade chemicals require consis-
tently reproducible levels of purity. In some embodiments,
purification processes should provide at least 95% purity or at
least 99% purity. However, purification to at least 99% is
technically challenging. For example, solvents used in the
purification process can become entrapped with the product
thereby reducing its purity and other contaminants can be
carried over by any purification process.

[0014] This problem is particularly relevant with deoxy-
cholic acid and salts thereof as this product is disclosed for
cosmetic use in removing undesirable fat deposits. See, e.g.,
U.S. Pat. No. 7,622,130 which is incorporated herein by
reference in its entirety. As cosmetic procedures are entirety
elective, higher safety standards are typically required by
regulatory authorities.

SUMMARY OF THE INVENTION

[0015] This invention provides methods and compositions
useful in the preparation of bile acids or salts thereof as well
as methods for purification of the so prepared bite acids.

[0016] In one embodiment, there is provided an oxidation
process which either eliminates or limits the amount of chro-
mium (V) oxidizing agent employed during allylic oxidation
at the 12-position of A-9,11-ene steroids. The oxidation
employs an environmentally compatible co-oxidant mixture
which provides compounds 1, 2, and 3:

1
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-continued

H

[0017] wherein Pg is a hydroxyl protecting group, R is
hydrogen, hydroxyl, or —OPg, R" is the 17-side chain of a
bile acid, which bile acid is selected from the group consisting
of cholic acid, deoxycholic acid, taurocholic acid, and glyco-
cholic acid, wherein the carboxyl functionality of said side
chain is optionally esterified with a C,-C alkyl group, and R>
is hydrogen, or R and R? together with the carbon atom
attached thereto form a keto group or a keto protecting group;
and each of R*, R* and R® is independently C,-C, alkyl.
[0018] Optionally, in a further step, the above mixture is
treated with a chromium (VI) oxidizing agent to convert the
partially oxidized products at the 12-position to the corre-
sponding ketone. In this process, the amount of chromium
(V]) oxidizing agent employed is significantly less than that
reported in Example 10 of U.S. Ser. No. 12/153,446 which
employed chromium trioxide as the sole oxidizing agent.
[0019] Accordingly, in one embodiment, there is provided
a method for effecting allylic oxidation at the 12-position of
A-9,11-ene steroidal compound 4:

PgO“‘\“'
H

to the corresponding 12-keto compound 3:

which method comprises contacting compound 4 with a co-
oxidant mixture comprising alkali hypochlorite and t-alkyl
hydrogen peroxide under oxidizing conditions to provide
compound 3;

[0020] wherein Pg is a hydroxyl protecting group, R is
hydrogen, hydroxyl, or —OPg, R" is the 17-side chain of a
bile acid, which bile acid is selected from the group consisting
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of cholic acid, deoxycholic acid, taurocholic acid, and glyco-
cholic acid, wherein the carboxyl functionality of said side
chain is optionally esterified with a C,-C alkyl group, and R?
is hydrogen, or R' and R? together with the carbon atom
attached thereto form a keto group or a keto protecting group.

[0021] In another embodiment, oxidation of compound 4
with said co-oxidant mixture provides compounds:

PgO\\‘““

o

PgO"

[0022] wherein Pg is a hydroxyl protecting group, R is
hydrogen, hydroxyl, or —OPg, R* is the 17-side chain of a
bile acid, which bile acid is selected from the group consisting
of cholic acid, deoxycholic acid, taurocholic acid, and glyco-
cholic acid, wherein the carboxyl functionality of said side
chain is optionally esterified with a C,-C alkyl group, and R?
is hydrogen, or R! and R? together with the carbon atom
attached thereto form a keto group or a keto protecting group;
and each of R*, R* and R? is independently C,-C, alkyl.

[0023] The mixture provided optionally can be treated with
a slight excess of a chromium oxidizing agent to provide
conversion of compound 2 and optionally compound 1 to
compound 3 thereby improving the overall yield of com-
pound 3. Accordingly, in this embodiment, there is provided
a method for effecting allylic oxidation at the 12-position of
A-9,11-ene steroidal compound 4:
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which process comprises contacting compound 4 with a co-
oxidant mixture comprising alkali hypochlorite and t-alkyl
hydrogen peroxide (THEW) under oxidizing conditions to
provide a mixture of compound 1, 2, and 3; and

[0024] further oxidizing said mixture with an effective
amount of a chromium (VI) oxidizing agent to provide com-
pound 3, wherein Pg is a hydroxyl protecting group, R is
hydrogen, hydroxyl, or —OPg, R* is the 17-side chain of a
bile acid, which bile acid is selected from the group consisting
of cholic acid, deoxycholic acid, taurocholic acid, and glyco-
cholic acid, wherein the carboxyl functionality of said side
chain is optionally esterified with a C,-C alkyl group, and R>
is hydrogen, or R! and R? together with the carbon atom
attached thereto form a keto group or a keto protecting group.

[0025] In one optional embodiment, the mixture of com-
pounds 1, 2 and 3 are reacted under hydrogenation conditions
to hydrogenate the A-9,11-ene prior to oxidation with the
chromium (V1) oxidizing agent.

[0026] When said optional hydrogenation occurs prior to
oxidation with the chromium (VI), there are provided novel
intermediates of formula 5 and 6:

R3
0
~o :
R* R
RS

PgO\\‘““
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-continued

PgO\\‘““

wherein Pg, R, R', R, R?, R* and R? are as defined above

[0027] In a preferred embodiment, hydrogenation occurs
after oxidation step(s) is (are) completed.

[0028] In another embodiment, this invention provides a
process for preparing A-9,11-ene-12-keto compound 7:

PeO™

from the corresponding A-9,11-ene compound 8:

PgO\\\““

[0029] where Pg is a hydroxyl protecting group. R! is the
17-side chain of a bile acid, which bile acid is selected from
the group consisting of cholic acid, deoxycholic acid, tauro-
cholic acid, and glycocholic acid, wherein the carboxyl func-
tionality of said side chain is optionally esterified with a
C,-C, alkyl group, and R? is hydrogen, or R* and R? together
with the carbon atom attached thereto form a keto group or a
keto protecting group;

[0030]

[0031] effecting allylic oxidation at the 12-position of com-
pound 8 by reaction with an t-alkylhydroperoxide of the
formula (R*)(R*)(R*)C—O—OH in the presence of a co-
oxidant, wherein each of R?, R*, and R® is independently
C,-C; alkyl, to first provide a mixture of compounds 9, 10,
and 7:

wherein said process comprises:
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PgO\\\“u

10

and optionally wherein compound 11b is then further oxi-
dized with a chromium (VI) oxidizing agent to provide the
A-9,11-ene-12-one compound 7.

[0032] In one optional embodiment, the mixture of com-
pounds 9, 10, and 7 are reacted under hydrogenation condi-
tions to hydrogenate the A-9,11-ene prior to oxidation with
the chromium (V1) oxidizing agent.

[0033] When said optional hydrogenation occurs prior to
oxidation with the chromium (VI) oxidizing agent, there are
provided novel intermediates of formula 11a and 11b:

1la
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5
-continued
11b 14
on 2l
Pgo\\“"'
H
[0034] wherein Pg, R', R?, R?, R* and R’ are as defined [0043]  a) contacting hydrocortisone:

above.
[0035] In another embodiment, this invention provides a
process for converting an 11-f-hydroxysteroid to the corre-
sponding 12-ketosteroid wherein said process comprises:
[0036] a) selecting an appropriately protected 11-3-hy-
droxysteroid;
[0037] b) dehydrating the 11-f-hydroxysteroid to pro-
vide the A-9,11-ene functionality in said steroid;
[0038] c)effecting allylic oxidation at the 12-position by
reacting the steroid product of b) above with t-alkylhy-
droperoxide in the presence of a co-oxidant; and
[0039] d) hydrogenating the A-9,11-ene functionality to
yield the 9-ai-hydro-11-dihydro-12-ketosteroid; and
[0040] e) optionally reducing the 12-keto functionality with at least a molar equivalent of hydrogen under hydroge-
of the 9-a-hydro-11-dihydro-12-ketosteroid produced nation conditions to provide 4,5-dihydrohydrocortisone—
in d) above with an effective amount of a reducing agent compound 15:
to provide the 9-a-hydro-11-dihydro-12-a-hydroxys-
teroid.
[0041] In another embodiment, this invention provides a
method for preparing compound 12

15

12
H
[0044] D) contacting compound 15 with at least 2 equiva-
o . . . lents of a reducing agent under conditions wherein the
comprising contacting compound 13 wherein Pg is a carbonyl groups are reduced to alcohol groups to pro-
hydroxyl protecting group: vide compound 16;
13 16

under dehydrating conditions to provide compound 12.

[0042] In another embodiment, this invention provides a
method for preparing a compound of formula 14
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[0045] c) contacting compound 16 with a vicinal alcohol [0050] said method comprising:
oxidizing agent under oxidizing conditions to provide

compound 17: [0051] a) contacting hydrocortisone:

17

HO\‘\\‘"

[0046] d) selectively protecting the 3-hydroxyl group of
compound 17 to provide a compound of formula 13:

13 with at least a molar equivalent of hydrogen under hydroge-
nation conditions to provide 4,5-dihydrohydrocortisone—
compound 15:

15

where Pg is a hydroxyl protecting group;
[0047] e) contacting the compound of formula 13 under
dehydrating conditions to provide a compound of for-

mula 12;
12
[0052] D) contacting compound 15 with at least 2 equiva-
lents of a reducing agent under conditions wherein the
| carbonyl groups are reduced to alcohol groups to pro-
PgO\\““ vide compound 16:

[0048] ) and removing the hydroxyl protecting group to
provide compound 14.
[0049] In another embodiment, this invention provides a

method of preparing a compound of formula 18: 16

18

HO\\\\‘“

PgO™

[0053] c)contacting compound 16 with a vicinal alcohol
oxidizing agent under oxidizing conditions to provide
compound 17:
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HO\\‘\“A

[0054] d) selectively protecting the 3-hydroxyl group of
compound 17 to provide compound 13:

13

PeO™

where Pg is a hydroxyl protecting group;

[0055] e) contacting the compound of formula 13 under
dehydrating conditions to provide compound 12; and

12

PgO\\‘““

[0056] f) and converting compound 12 under olefin
forming conditions to form compound 18;

18

PgO\\\“"

[0057] In another embodiment, this invention provides a
method of preparing deoxycholic acid or a salt thereof, said
method comprising:

[0058] a) following the procedures above to provide com-
pound 18;
[0059] D) reacting compound 18 with an alkylpropiolate

CH=CC(O)OR' or an alkyl acrylate CH,—CHC(O)OR'

May 30, 2013

wherein R' is alkyl in the presence of a Lewis acid to form
compound 19 wherein the dashed line === is a single or
double bond;

19

PgO\\‘\‘"

[0060] h) reacting the compound of formula 19 with H,,
under hydrogenation conditions to form compound 20:

20

PeO™

[0061] 1) reacting compound 20 with an oxidizing agent to
provide compound 21;

21

PgO\\‘““

[0062] j) reacting compound 21 with H, under hydrogena-
tion conditions to provide compound 22:

22
CO,R;

m,,

PgO\\‘““
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[0063] k) reacting compound 22 with a reducing agent to
provide compound 23:

23
CO,R; and

[0064] 1) contacting compound 23 under deprotection and
hydrolysis conditions to form deoxycholic acid or the salt
thereof.

[0065] In another embodiment, this invention provides a
method of preparing compound 24

24
/,,
o}
COOMe
AcO\\““
H

said method comprising:

[0066] a) contacting compound 25:
25

O

O

under hydrogenation conditions comprising hydrogen and at
least 8% by weight of a 50% wet (with water for safety) Pd on
carbon in a solvent selected from the group consisting of
acetone, isopropanol, ethyl acetate, N,N-dimethylforma-
mide, and tetrahydrofuran in an autoclave maintained at
elevated pressure to provide compound 26:

May 30, 2013

[0067] b) dehydration of compound 26 in the presence of
sulfuric acid under conditions wherein water is eliminated to
provide compound 27:

26

>

27

Q
o)

[0068] c) contacting compound 27 with an excess of
lithium tri-t-butoxyaluminum hydride under selective reduc-
ing conditions including a temperature of from —-40° C. to
-45° C. to provide compound 28:

28

HO\\\\‘.A

!

[0069] d) contacting compound 28 with an excess of ethyl-
triarylphosphonium halide under Wittig reaction conditions
to provide compound 29:

29

HO\\““

%

[0070] e) protecting the 3-d-hydroxy group of compound
29 under acetylation conditions including an excess of anhy-
drous acetic anhydride to provide compound 30:
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30
/
AcO‘\\\“.
H 5
[0071] ) contacting compound 30 with an excess of methyl

acrylate in presence of an excess of C,-C, alkyl aluminum
dichloride under alkylating conditions to form compound 31:

31

COOMe;

-

AcOV

[0072] g) contacting compound 31 with hydrogen and a
hydrogenation catalyst selected from platinum and dry palla-
dium on carbon in an inert solvent under hydrogenation con-
ditions including an autoclave maintained at an elevated pres-
sure to provide compound 32;

32

COOMe

AcO\\““

[0073] h) contacting compound 32 dissolved in an inert
solvent under co-oxidizing conditions including an excess of
C,-C¢ hydroperoxide as a first oxidant and an excess of
NaOCl as a co-oxidant under oxidizing conditions optionally
followed by further oxidation with a slight excess of pyridini-
umchlorochromate to provide compound 24:

May 30, 2013

24

COOMe;

AcO\\‘\“

which compound is washed with methanol.

[0074] In another embodiment of this invention, there is
provided a method for preparing deoxycholic acid or a salt
thereof which method comprises:

[0075] a) contacting compound 24

24

COOMe;

AcO\\““

with hydrogen and Pd/C under hydrogenation conditions
comprising hydrogen and Pd on carbon in an autoclave main-
tained at elevated pressure optionally followed by oxidizing
any of the 12-hydroxyl groups formed during hydrogenation
with pyridiniumchlorochromate under oxidizing conditions
to provide compound 33;

33

COOMe;

o

AcO

[0076] b) reacting compound 33 with lithium tri-1-alkoxy-
aluminum hydride under reducing conditions to provide com-
pound 34:
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34

COOMe; and

ACO\‘\“‘.

[0077] c¢) exposing compound 34 to deprotection and
hydrolysis conditions to form deoxycholic acid or the salt
thereof.

[0078] In another embodiment, this invention provides a
method of preparing compound 26

26
O
by contacting compound 25:

25
O

under hydrogenation conditions comprising hydrogen and
10% Pd/C using a solvent selected from the group consisting
of N,N-dimethylformamide, acetone, isopropanol, ethyl
acetate and aqueous acetone comprising up to 5% water.
[0079] In another embodiment, this invention provides a
method for preparing deoxycholic acid (DCA) having a
purity of greater than 96%, or a salt thereof, which method
comprises:

[0080] (a)contacting DCA having a purity of about 95% or
less with a solvent comprising dichloromethane under con-
ditions to form a DCA solution;

[0081] (b) crystallizing the DCA from the DCA solution
obtained from step (a) to provide a solution containing crys-
talline DCA;

[0082] (c) recovering the crystalline DCA which has a
purity of greater than 96%.

[0083] In another embodiment, this invention provides a
method for preparing deoxycholic acid (DCA) having a
purity of greater than 96%, which method comprises:

10
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[0084] (a) contacting DCA having a purity of about 95% or
less with a solvent comprising dichloromethane and metha-
nol under conditions to form a DCA solution;

[0085] (b) crystallizing the DCA from the DCA solution
obtained from step (1) to provide a solution containing crys-
talline DCA;

[0086] (c) recovering the crystalline DCA and removing
sufficient amounts of the dichloromethane to provide a purity
of greater than 96% for the recovered crystalline DCA.
[0087] In another embodiment, this invention provides a
synthetic deoxycholic acid (DCA) or a pharmaceutically
acceptable salt thereof, wherein the synthetic DCA or the
pharmaceutically acceptable salt thereof has a purity of at
least 99%.

[0088] In another embodiment, this invention provides a
composition comprising a DCA having a purity of at least
99% or a pharmaceutically acceptable salt thereof and a phar-
maceutically acceptable excipient.

[0089] In another embodiment, this invention provides a
composition for non-surgical removal of localized fat, said
composition consisting essentially of a DCA having a purity
of at least 99% or a pharmaceutically acceptable salt thereof
wherein the DCA is essentially the sole fat removal compo-
nent of said composition.

[0090] In another embodiment, this invention provides a
composition comprising DCA and a solvent, which solvent
comprises dichloromethane with or without methanol,
wherein the concentration of DCA to solvent is from 40:1 to
about 10:1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0091] FIG. 1 provides a proton NMR spectrum of com-
pound 9 using a 500 MHz instrument.

[0092] FIG. 2 provides a >*C NMR spectrum of compound
9 using a 125 MHz instrument.

[0093] FIG. 3 provides a mass spectrum of compound 9.

DETAILED DESCRIPTION OF THE INVENTION

[0094] Throughout this disclosure, various publications,
patents and published patent specifications are referenced by
an identifying citation. The disclosures of these publications,
patents and published patent specifications are hereby incor-
porated by reference into the present disclosure to more folly
describe the state of the art to which this invention pertains.
[0095] As used herein, certain terms may have the follow-
ing defined meanings. Asused in the specification and claims,
the singular form “a,” “an” and “the” include singular and
plural references unless the context clearly dictates other-
wise.

[0096] Unless otherwise indicated, all numbers expressing
quantities of ingredients, reaction conditions, and so forth
used in the specification and claims are to be understood as
being modified in all instances by the term “about.” Accord-
ingly, unless indicated to the contrary, the numerical param-
eters set forth in the following specification and attached
claims are approximations. Each numerical parameter should
at least be construed in light of the number of reported sig-
nificant digits and by applying ordinary rounding techniques.
[0097] Asusedherein, the term “comprising” is intended to
mean that the compounds and methods include the recited
elements, but not excluding others. “Consisting essentially
of” when used to define compositions and methods, shall
mean excluding other elements of any essential significance
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to the compounds or method. “Consisting of” shall mean
excluding more than trace elements of other ingredients for
claimed compounds and substantial method steps. Embodi-
ments defined by each of'these transition terms are within the
scope of this invention. Accordingly, it is intended that the
methods and compounds can include additional steps and
components (comprising) or alternatively include additional
steps and compounds of no significance (consisting essen-
tially of) or alternatively, intending only the stated methods
steps or compounds (consisting of).

[0098] The term “alkyl” refers to monovalent saturated ali-
phatic hydrocarbyl groups having from 1 to 10 carbon atoms
or 1 to 6 carbon atoms. The term “lower alkyl” refers to an
alkyl of 1-6 carbon atoms or 1-4 carbon atoms. This term
includes, by way of example, linear and branched hydrocar-
byl groups such as methyl (CH,—), ethyl (CH,CH,—),
n-propyl (CH,CH,CH,—), isopropyl ((CH;),CH—), n-bu-
tyl (CH,CH,CH,CH,—), isobutyl ((CH;),CH,—), sec-bu-
tyl ((CH;)(CH;C,)CH—), t-butyl ((CH;);C—), n-pentyl
(CH;CH,CH,CH,CH,—), and neopentyl ((CH;);CCH,—).
[0099] The term “t-alkyl” or “tert-alkyl” refers to tertiary
alkyl groups of the formula R'R*R*C— where each of R', R?
and R> are independently alkyl of from 1 to 3 carbon atoms
and a total of 10 carbon atoms. Such groups preferably have
no more than 4-6 carbon atoms.

[0100] Theterm “oxidizing agent” refers to a reagent which
can accept electrons in an oxidation-reduction reaction. In
this way, oxygen can be added to a molecule or hydrogen can
be removed from a molecule. Oxidizing agents include by
way of example only Jones reagent, tert-butyl hydroperoxide,
sodium hypochlorite, pyridinium chlorochromate and CrO;.
In one example, the oxidizing agent is specific to vicinal (1,2)
alcohols and include periodate compounds. Such oxidizing
agents are sometimes referred to as “vicinal alcohol oxidizing
agents”.

[0101] The term “chromium oxidizing agents” refers to
chromium VI compounds capable of effecting oxidation. In
one embodiment, the chromium oxidizing agent is capable of
oxidizing primary alcohols to aldehydes and secondary alco-
hols to ketones. Such selective chromium oxidizing agents
are typically complexed with a base such as pyridine. One
particularly preferred chromium oxidizing agent is pyridini-
umchlorochromate. In another embodiment, the chromium
oxidizing agent is capable of oxidizing a methylene group
alpha to vinyl unsaturation to effect formation of an allylic
ketone. In that embodiment, preferred chromium oxidizing
agents include chromium trioxide and a co-oxidant mixture
of NaOCl and t-alkyl hydrogen peroxide such as t-butyl
hydrogen peroxide (TBHP).

[0102] The term “hydroxy protecting group” refers to a
group capable of protecting the hydroxy (—OH) group of a
compound and releasing the hydroxy group under suitable
deprotection conditions. Common such groups include acyl
(which forms an ester with the oxygen atom of the hydroxy
group), such as acetyl, benzoyl, and groups that form an ether
with the oxygen atom of the hydroxy group, such as benzyl
and methoxymethyl, etc. Hydroxy protecting groups are well
known in the field of organic synthesis.

[0103] Theterm “elimination conditions” refers to reaction
conditions in which a small molecule, such as H,O, HCI, or
HBr, etc., is lost from a compound comprising a hydroxyl,
chloro, or bromo group, etc. to form a corresponding com-
pound comprising an alkenyl group. In one example, an
elimination condition includes dehydration conditions
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wherein the hydroxyl group and the vicinal hydrogen atom
are eliminated to form a vinyl group (an “ene”) group. Dehy-
dration conditions may include converting the hydroxyl
group to a leaving group such as chloro, bromo, tosyl, mesyl,
—OS(0)Cl.

[0104] The term “Ac” refers to an acetyl group which has
the formula CH,C(O)—.

[0105] The term “keto” refers to the group (>C—0).
[0106] The term “keto protecting group” refers to a group
capable of protecting a keto group of a compound and releas-
ing the keto group under suitable deprotection conditions,
Common such groups include ketals and acylals. Keto pro-
tecting groups are well known in the field of organic synthe-
sis.

[0107] Suitable hydroxy or keto protecting groups and
other protecting groups which may be employed, and the
conditions for their removal, are described in books such as
Protective groups in organic synthesis. 3 ed. T. W. Greene and
P.G. M. Wuts, eds., John Wiley & Sons, Inc., New York, N.Y.,
U.S.A., 1999, and will be well known to a person of ordinary
skill in the art, which is incorporated by reference in its
entirety.

[0108] The term “ketal” refers to a group having two
—OR?? groups attached to the same carbon atom in a mol-
ecule, where R** represents an alkyl group or the two R*?
groups together with the carbon atom and the two oxygen
atoms attached thereto form a ring structure. The two —OR??
groups may be the same or different.

[0109] The term “acylal” refers to a group having two
—O(C=0)R?? groups attached to the same carbon atom in a
molecule, where R** represents an alkyl group or the two R*?
groups together with the carbon atom and the two
—O(C=—0)— groups attached thereto form a ring structure.
The two —O(C=0)R>* groups may be the same or different.
[0110] The term “reducing agent” refers to a reagent which
can donate electrons in an oxidation-reduction reaction,
allowing hydrogen to be added to a molecule. Suitable reduc-
ing agents include lithium aluminum hydride, sodium boro-
hydride, sodium cyanoborohydride, and the like.

[0111] Theterm “acetylating reagent” refers to a reagent in
which can add an acetyl (Ac) group CH;C(O)—to an alcohol
moiety of a molecule.

[0112] The term “acid” refers to regents capable of donat-
ing H*.
[0113] The term “Lewis acid” refers to an electron pair

acceptor. Lewis acids include oraganometallic reagents such
as alkyl aluminum halides (e.g. Et,AlCl and MeAICl,).
[0114] The term “hydrogenation conditions” refers to suit-
able conditions and catalysts for introducing H, across one or
more double bonds. Hydrogenation catalysts include those
based on platinum group metals (platinum, palladium,
rhodium, and ruthenium) such as Pd/C and PtO,.

[0115] The term “olefination reagent” refers to regents that
react with ketones to form the corresponding olefins. The
term “olefin forming conditions” refers to suitable conditions
for carryout such transformations. Examples of such reagents
include Wittig reagents and Wittig olefination conditions.
[0116] The term “reflux conditions™ refers to conditions
wherein a liquid boils, and the vapor of the boiling liquid
condenses and runs back down into the liquid below.

[0117] The term “pharmaceutically acceptable salt” refers
to pharmaceutically acceptable salts of deoxycholic acid,
which salts are derived from a variety of organic and inor-
ganic counter ions well known in the art and include, by way



US 2013/0137884 Al

of example only, sodium, potassium, calcium, magnesium,
ammonium, and tetraalkylammonium.

[0118] The numbering of the steroidal scaffold as used
herein follows the general convention:

It is to be understood that unless otherwise specified, the
scatfolds only represents the position of carbon atoms. One or
more bonds between two adjacent carbon atoms may be a
double bond and one or more of carbon atoms be may option-
ally substituted.

[0119] The term “A-9,11-ene steroidal” or “A-9,11-ene
compound” as used herein refers to a steroidal compound
having a double bond between the 9 and 11 carbon atoms
which can be represented by the scaffold of:

the term “11-B-hydroxy steroidal” or “11-p-hydroxy com-
pound” as used herein refers to a steroidal compound having
a hydroxy substituent on the 11-position carbon atom which
can be represented by the scaffold of:

[0120] The term “11-keto steroidal” or “l1-keto com-
pound” as used herein refers to a steroidal compound having
a keto substituent on the 11-position carbon atom which can
be represented by the scaffold of:
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[0121] The term “12-keto steroidal” or “12-keto com-
pound” as used herein refers to a steroidal compound having
a keto substituent on the 12-position carbon atom which can
be represented by the scaffold of:

[0122] The term “12-alpha-hydroxy steroidal” or “12-al-
pha-hydroxy compound” as used herein refers to a steroidal
compound having a hydroxy substituent on the 12-position
carbon atom which can be represented by the scaffold of:

[0123] The term “17-side chain of a bile acid” refers the
substituent on the 17-position carbon atom.

Synthetic Processes

[0124]

[0125] In one embodiment, this invention provides a syn-
thesis of compound 14 which is an intermediate for synthe-
sizing deoxycholic acid (DCA), or a pharmaceutically
acceptable salt thereof.

A. Synthesis of DCA from Hydrocortisone
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Scheme 1. Synthesis of 3a-hydroxy-5p-androst-9
(11)-en-17-one (14) from Hydroxortisone

Hydrocortisone

HO\\\‘“.

35 (pg = Ac)
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-continued

12

36 (pg = Ac)

HO\\\‘“A

14

where Pg is a protecting group.
[0126] This method comprises exposing compound 13 (the
synthesis of which is described below):

13

where Pg is a hydroxyl protecting group, to dehydrating con-
ditions to provide compound 12

12

PgO\\\“‘.

H

and removing the hydroxyl protecting group.

[0127] Insome embodiments, Pgis —C(O)R", wherein R*
is lower alkyl. In some embodiments, Pg is —C(O)CHj;.
[0128] In one embodiment, the dehydration conditions
comprise converting the hydroxyl group of the compound of
formula 13 to -L, where -L is a leaving group, such as —OS
(0)Cl, —OSO,R? (wherein R? is lower alkyl or phenyl or
phenyl substituted with alkyl, for example, —CH; or
—C,H,CH,), or —OPX, (wherein X is bromo or OR?,
wherein R? is lower alkyl). In some embodiments, the dehy-
dration conditions comprise thionyl chloride and pyridine.
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[0129] Insome embodiments, compound 13 is prepared by
a method comprising selectively protecting the 3-hydroxyl
group of compound 17:

17

HO\\\““

[0130] In one embodiment, the protecting group Pg is
—C(O)-lower alkyl, for example, —C(O)CH;. In some
embodiments, compound 17 is exposed to acylation condi-
tions to form 35, such as by treatment of 17 with acetic
anhydride and an organic base such as triethylamine Et;N),
pyridine, and/or dimethylaminopyridine.

[0131] Insome embodiments, compound 17 is prepared by
a method comprising contacting compound 16

16

with a vicinal alcohol oxidizing agent under oxidizing con-
ditions.

[0132] Insomeembodiments, the vicinal alcohol oxidizing
agent is lead tetraacetate (Pb(OAc),) or sodium periodate
(NalO,).

[0133] Insome embodiments, compound 16 is prepared by
a method comprising contacting compound 15

with at least 2 equivalents of a reducing agent under condi-
tions wherein the carbonyl groups are reduced to alcohol
groups.
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[0134] In some embodiments, the reducing agent com-
prises sodium borohydride, sodium cyanoborohydride, alu-
minum hydride and the like.

[0135] Insome embodiments, compound 15 is prepared by
a method comprising reacting hydrocortisone:

hydrocortisone

with at least a molar equivalent of hydrogen under hydroge-
nation conditions.

[0136] In some embodiments, the hydrogenation condi-
tions comprise Pd/C as a catalyst. In some embodiments, the
hydrogenation conditions comprise DMF as a solvent.

[0137] In some embodiments, the method of preparing
compound 12 comprises:

[0138] a) contacting hydrocortisone:

hydrocortisone

with at least a molar equivalent of hydrogen under hydroge-
nation conditions to provide 4,5-f-dihydrohydrocortisone—
compound 15:

15
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[0139] b) contacting compound 15 with at least 2 equiva-
lents of a reducing agent under conditions wherein the car-
bonyl groups are reduced to alcohol groups to provide com-
pound 16:

16

[0140] c¢) contacting compound 16 with a vicinal alcohol
oxidizing agent under oxidizing conditions to provide com-
pound 17:

17

[0141] d) selectively protecting the 3-hydroxyl group of
compound 17 to provide compound 13:

13

PgO\\\\m

where Pg is a hydroxyl protecting group;
[0142] e) subjecting compound 13 to dehydrating condi-
tions to provide compound 12:

12
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[0143] Inanother aspect, this invention provides a method
of preparing compound 28 comprising exposing compound
12 to deprotection conditions. In some embodiments, Pg is
—C(0O) tower alkyl and the deprotection conditions comprise
hydrolysis conditions. In some embodiments, the hydrolysis
conditions comprise alkaline metal hydroxide or alkaline
metal alkoxide and water.

[0144] In some embodiments, this invention provides a
method of preparing DCA or a salt thereof, said method
comprising:

[0145] a-e) preparing compound 12 as described above

12

[0146] f) converting compound 12 under olefin forming
conditions to form compound 18

18

[0147] g) reacting compound 18 with an alkylpropiolate
CH=CC(O)OR or an alkyl acrylate CH,—CHC(O)OR
wherein R is alkyl in the presence of a Lewis acid to form
compound 19 wherein the dashed line === is a single or
double bond

19

[0148] h) reacting the compound of formula 19 with H,
under hydrogenation conditions to form compound 20
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20

PeO™

[0149] 1) reacting compound 20 with an oxidizing agent to
form compound 21

21

-

PgO®

[0150] j) reacting compound 21 with H, under hydrogena-
tion conditions to form compound 22

22

PgO\\‘“h

[0151] k) reacting compound 22 with a reducing agent to
form compound 23

23
CO3R; and

peO™

[0152] 1) exposing compound 23 to deprotection and
hydrolysis conditions to form deoxycholic acid or the salt
thereof.
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[0153] In one embodiment, the hydrogenation conditions
of'parta) comprise a Pd/C catalyst. In some embodiments, the
hydrogenation conditions comprise a solvent DMF as a sol-
vent.

[0154]

[0155] In one embodiment, the vicinal alcohol oxidizing
agent of part ¢) is NalO,.

[0156] In one embodiment, the protecting group Pg of the
compound of formulas 13-23 is —C(O)-lower alkyl, for
example, —C(O)CH;. In some embodiments, compound 17
is exposed to acylation conditions to form 35, such as by
treatment of 17 with acetic anhydride and an organic base
such as Et;N, pyridine, and/or dimethylaminopyridine.
[0157] In one embodiment, the dehydrating conditions of
step e) comprise converting the hydroxyl group of the com-
pound of formula 13 to -L, where -L is a leaving group, such
as —OS(0)Cl,—OSO,R? (wherein R? is lower alkyl or phe-
nyl or phenyl substituted with alkyl, for example, —CH,;,
—C H,CH,), —OPX, (wherein X is bromo or OR>, wherein
R? is lower alkyl). In some embodiments, the dehydrating
conditions comprise thionyl chloride and pyridine.

[0158] In one embodiment, the olefin forming conditions
apart f) comprise a agent such as Ph,PCH,CH,"Br".

In one embodiment, the reducing agent of part b) is

[0159] In one embodiment, the Lewis acid of part g) is
EtAlCL,.
[0160] Inone embodiment, the alkylpropiolate of part g) is

methylpropriolate.

[0161] In one embodiment, the alkyl acrylate of part g) is
methylacrylate.
[0162] In one embodiment, the hydrogenation conditions

of part h) comprise a PtO, or Pd/C catalyst.

[0163] Inone embodiment, the oxidizing agent of part i) is
CrO;.
[0164] In one embodiment, the oxidizing agent of part 1)

comprises tert-butyl hydroperoxide. In one embodiment, the
oxidizing agent of part 1) comprises an excess of tert-butyl
hydroperoxide (e.g. about 35 equivalents) and an excess of
sodium hypochlorite (e.g. about 7 equivalents) at a low tem-
perature (e.g. about 0-5° C.). In another embodiment, the
oxidizing agent of part i) comprises a palladium reagent (e.g.
Pd/C), an excess of tert-butyl hydroperoxide (e.g. about 5
equivalents) and potassium carbonate in dichloromethane
(DCM).

[0165] In one embodiment, the hydrogenation conditions
of comprise a Pd/C catalyst.

[0166] Inone embodiment, the reducing agent of part k) is
LiAl(OtBu);H,
[0167] Inoneembodiment,the deprotection and hydrolysis

conditions of part 1) when Pg is —C(O)CH; comprise react-
ing compound 38 with an alkali metal hydroxide, alkali metal
alkoxide, or a mixture of both.

[0168] In one embodiment, the alkali metal hydroxide is
LiOH or NaOH.

[0169] Inoneembodiment,salts of deoxycholic acid can be
prepared by reaction with an alkali metal alkoxide or hydrox-
ide. Salts of deoxycholic acid include the sodium (Na*),
potassium (K*), and lithium (Li") salts.

[0170] In one embodiment, this invention provides side
products as shown in Example 3 which can be recycled by
chemical modification to be used as intermediates in the
methods described herein.
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B. Conversion of 11-p-Hydroxy/11-Keto Steroids to the
Corresponding 1 Hydroxy/12-Ketosteroids

[0171] Inanotherembodiment, this invention provides syn-
thetic processes for the efficient conversion of 11-p-hydroxy/
11-keto steroids to the corresponding 12-ci-hydroxy/12-ke-
tosteroids which compounds are useful in the synthesis ofbile
acids. The processes preferably employ steroids such as
9-HAD, cortisone or hydrocortisone, which may also be pre-
pared synthetically and converted to compound 4 by methods
described, for example, in U.S. Provisional Patent Applica-
tion No. 61/303,816, filed on Feb. 12, 2010, titled “Prepara-
tion of Deoxycholic Acid and Intermediates Thereof,” which
is incorporated herein by reference in its entirety.

[0172] In one of its process aspects, this invention is
directed to a process for converting a A-9,11-ene compound
4:

to the corresponding 12-keto compound 3:

[0173]
gen, hydroxyl, or—OPg, R' is the 17-side chain of a bile acid,
which bile acid is selected from the group consisting of cholic
acid, deoxycholic acid, taurocholic acid, and glycocholic
acid, wherein the carboxyl functionality of said side chain is
optionally esterified with a C,-Cy alkyl group, and R? is
hydrogen, or R' and R? together with the carbon atom
attached thereto form a keto group or a keto protecting group,
such as a ketal;

[0174]

[0175] effecting allylic oxidation at the 12-position of com-
pound 4 by reaction with an t-alkylhydroperoxide of the
formula (R*)(R*)(R*)C—O—OH in the presence of a co-
oxidant, wherein each of R?, R*, and R® is independently
C,-C; alkyl, to first provide a mixture of compounds 1, 2 and
3:

where Pg is a hydroxyl protecting group, R is hydro-

wherein said process comprises:
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PgO\\‘““

PgO\\‘““

PgO\\\““

[0176] and wherein compound 1 and/or 2 is optionally fur-
ther converted to provide the A-9,11-ene-12-one compound
3.

[0177] In some embodiments, the t-alkylhydroperoxide is
tert-butylhydroperoxide.

[0178] The co-oxidant is typically any oxidizing agent
which works in concert with the alkylhydroperoxide to effect
oxidation at the 12-position albeit whether the oxidation pro-
vides an allylic keto, an allylic alcohol or an allylic peroxide
as shown above in formulas 1, 2, and 3. In some embodi-
ments, the co-oxidant is aqueous sodium hypochlorite
(NaOCl). In one embodiment, the allylic oxidation at the)-2-
position of compound 4 is effected by an excess of tert-butyl
hydroperoxide (e.g. at or above 1.5 equivalents, at or above 6
equivalents, at or above 10 equivalents or about 35 equiva-
lents) and an excess of sodium hypochlorite (e.g. about 7
equivalents) at a low temperature (e.g. at or below 22° C., at
or below 10 and about 0-5° C.). The tert-butyl hydroperoxide
may be added as anaqueous solution in a concentration of;, for
example, about 70%. The sodium hypochlorite may be added
as an aqueous solution in a concentration of, for example,
about 2.5% to 13%, about 5%, or 10%. In some embodiments,
the allylic oxidation is effected in a solvent selected from the
group consisting of water, ethyl acetate, hexane, heptanes,
toluene, t-butyl alcohol, dimethoxypropane, petroleum ether,
and dicholoroethane, or combinations thereof. In some
embodiments, a phase transfer catalyst can be employed. The
use of these co-oxidants provides for oxidation without the
use of the toxic chromium VI oxidants.

[0179] In some embodiments, the co-oxidant is a metal
compound such as Cul.
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[0180] In some embodiments, the allylic oxidation is
effected in the presence of palladium on charcoal and a base.
In another embodiment, the allylic oxidation at the 12-posi-
tion of compound 4 is effected by a palladium reagent (e.g.
Pd/C, Pd(OAc), BINAP, Pd(OCOCF,), or Pd(OAc), on
charcoal), an excess of tert-butyl hydroperoxide about 5
equivalents and potassium carbonate or sodium biphosphate
in a solvent, such as DCM.

[0181] Insomeembodiments, the conversion of compound
1 to compound 3 comprises addition a palladium reagent (e.g.
Pd/C, Pd(OAc),.BINAP, Pd(OCOCF,), or Pd(OAc), on
charcoal), an excess of tert-butyl hydroperoxide (e.g. about 5
equivalents) and potassium carbonate or sodium biphosphate
in a solvent, such as DCM.

[0182] Insomeembodiments, the oxidation of compound 2
comprises addition of an oxidizing agent capable of oxidizing
analcohol functionality (—OH) to aketo functionality (—0O),
which are known in the art, for example, pyridinium chloro-
chromate (PCC). When so used, the amount of pyridinium
chlorochromate employed is significantly less than use of
chromium [ VI] trioxide. For example, in a preferred embodi-
ment, the pyridinium chlorochromate is employed at a molar
ratio of about 1 to 1.5 to compound 2 and preferably at about
amolar ratio of 1.1. This compares favorably with the amount
of chromium trioxide used previously to effect oxidation
about 4 times more.

[0183] In some embodiments, compound 1 is first isolated
from the mixture and then converted to compound 2 by reduc-
tion with, for example, a reducing agent such as aluminum
amalgam or catalytic hydrogenation.

[0184] In another of its process aspects, this invention is
directed to a two-step process of converting a mixture of
compounds 1, 2 and 3:

PgO\\‘““
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-continued

PgO\\\“u

to the corresponding 12-keto compound 39:

39

[0185] where each of Pg, R, R', R? R? R*, and R® are as
defined above;
[0186] wherein said process comprises first reacting said

mixture under hydrogenation conditions; and

[0187] then reacting the product formed thereby under oxi-
dation conditions.

[0188] In some embodiments, the hydrogenation of the
mixture of compounds 1, 2 and 3 forms a mixture of com-
pounds comprising compounds 5, 6 and 39:

R; o

X\O
RZ

PgO\\\\m

PgO\“““
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-continued

PeO™

39

[0189] In some embodiments, the hydrogenation condi-
tions comprise hydrogen gas, a catalyst and a solvent. Insome
embodiments, the catalyst is selected from the group consist-
ing of platinum (Pt), palladium (Pd), rhodium (Rh), and
ruthenium (Ru) based catalysts, such as Pd/C, RhCI(PPh,),
and PtO,. In some embodiments, the solvent is ethyl acetate
(AcOEY).

[0190] In some embodiments, the oxidation conditions
comprises an oxidizing agent capable of oxidizing an alcohol
functionality (—OH) to a keto functionality (—O) which are
known in the art.

[0191] Oxidation conditions known in the art include, but
are not limited to, Corey-Kim oxidation (using N-chlorosuc-
cinimide and dimethyl sulfide), Dess-Martin oxidation (using
2-iodoxybenzoic acid or Dess-Martin periodinane), Jones
oxidation (using CrO;), and Swern Oxidation (using dim-
ethyl sulfoxide and oxalyl chloride).

[0192] In some embodiments, the oxidizing agent is pyri-
dinium chlorochromate (PCC). Other oxidizing agent may
include, but are not limited to, pyridinium dichromate,
sodium percarbonate, iodoxybenzoic acid, V,0s, Na,Cr,O,,
CrO,;, sodium percarbonate, urea hydrogen peroxide, and
oxone, etc.

[0193] When R' and R? together with the carbon atom
attached thereto form a keto group, the keto group can be
converted to the 17-position side chain of a bile acid by
methods known in the art, such as those described in
WO2008/157635, which is incorporated herein by reference
in its entirety.

[0194] In one of its process aspects, the process further
comprises reducing compound 39 to provide compound 40:

40

[0195] In some embodiments, the reduction of compound
39 to provide compound 40 comprises addition of reduction
agent capable of stereoselectively, preferably stereospecifi-
cally, reducing a keto functionality (—O) to an alcohol func-
tionality (—OH), for example lithium tri-tert-butoxyalumi-
num hydride.
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[0196] Insome embodiments, R' and R together with the
carbon atom attached thereto form a keto group.

[0197] Insome embodiments, R' and R? together with the
carbon atom attached thereto form a keto protecting group,
such as:

)YI
{7

e}

wherein n is 1, 2, or 3 and the wavy line «~w~ represents the
point of connection to the rest of the molecule.

[0198] In some embodiments, is the 17-side chain of a bile
acid, which bile acid is selected from the group consisting of
cholic acid, deoxycholic acid, taurocholic acid, and glyco-
cholic acid. In some embodiments, the carboxyl functionality
of'said side chains is optionally esterified with a C,-Cg alkyl
group, for example a C,-C, alkyl group, such as a methyl
group.

[0199] Insomeembodiments, R!isselected from the group
consisting of

CO,RS

szg\/ cox
NI\/N SO;H

/\/SO3R5

wherein R° is lower alkyl and the wavy line w~ represents
the point of connection to the 17-position of steroidal scaf-
fold.

[0200] In some embodiments, Pg is —C(O)R'?, wherein
R'? is lower alkyl optionally substituted with one to five
substituents selected from the group consisting of halo,
—OR"?; and phenyl optionally substituted with one to five
substituents selected from the group consisting ofhalo, lower
alkyl, and —OR*?; wherein R'? is hydrogen or lower alkyl. In
some embodiments, Pg is —C(O)CH; or—C(O)CH,CH;. In
some embodiments, Pg is



US 2013/0137884 Al

[0201] Insome embodiments, Pg is —R'*, wherein R'* is
selected from the group consisting of lower alkyl optionally
substituted with phenyl, —OR"® or vinyl (—CH=—CH,);
—Si(R'%),; heterocycloalkyl; and phenyl optionally substi-
tuted with one to five substituents selected from the group
consisting of halo, lower alkyl, and —OR'?; wherein R'? is
hydrogen or lower alkyl and each R'® is independently
selected from the group consisting of lower alkyl and phenyl.
In some embodiments, Pg is selected from the group consist-
ing of:

[0202] The process of this invention employs conversion of
an 11-p-hydroxy steroid (which may be prepared from a
corresponding 11-ketosteroid by conventional reduction
reaction of the keto group) followed by dehydration to pro-
vide a A-9,11-ene steroid, which is oxidized to the corre-
sponding 12-keto steroid by an alkylhydroperoxide. This pro-
cess provides unexpectedly high yields as compared with
previously known processes using oxidizing agent such as
CrO; to convert the A-9,11-ene steroid to the 12-keto steroid.
As shown in the table in Example 2 below, the yield of using
CrO; during the preparation of deoxycholic acid was typi-
cally less than 50% or less than 40%. Using the process of this
invention, unexpectedly high yields of over 60% were
obtained consistently. Moreover, the use of NaOCl (bleach)
and TBHP is significantly more environmentally compatible
than chromium (VI) oxidizing agents.

[0203] In another of its process aspects, this invention is
directed to a process for converting an 11-8-hydroxysteroid
to the corresponding 12-ketosteroid wherein said process
comprises:

[0204] a) selecting an appropriately protected 11-3-hy-
droxysteroid;
[0205] b) dehydrating the 11-f-hydroxysteroid to pro-

vide the A-9,11-ene functionality in said steroid;
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[0206] c)effecting allylic oxidation at the 12-position by
reacting the steroid product of b) above with alkylhy-
droperoxide in the presence of a co-oxidant; and

[0207] d) hydrogenating the A-9,11-ene functionality to
yield the 9-ai-hydro-11-dihydro-12-ketosteroid; and

[0208] e) optionally reducing the 12-keto functionality
of the 9-a-hydro-11-dihydro-12-ketosteroid produced
in d) above with an effective amount of a reducing agent
to provide the 9-a-hydro-11-dihydro-12-a-hydroxys-
teroid.

[0209] In some embodiments, the alkylhydroperoxide is
tert-butyl hydroperoxide. The co-oxidant may be one of those
described herein.

[0210] In some embodiments, the 11-p-hydroxysteroid is
prepared by reducing a corresponding 11-ketosteroid with at
least a stoichiometric amount of a reducing agent to provide
the 11f-hydroxysteroid.

[0211] In some embodiments, the 11-p-hydroxysteroid is
hydrocortisone or a hydrocortisone derivative, such as a pro-
tected hydrocortisone.

[0212] It is to be understood that individual steps in the
processes described herein can be done sequentially as
described but are not necessarily performed sequentially. One
or more of the steps can be performed as part of a larger
scheme. One skilled in the art can readily react other parts of
the compounds described herein to make analogues of these
compounds.

C. Synthesis of Compound 24 from Compound 25

[0213] In another embodiment, this invention provides a
method of preparing compound 24

24
AcO\\‘\“‘
H
said method comprising:
[0214] a) contacting compound 25:
25

O

@

under hydrogenation conditions comprising hydrogen and at
least 8% by weight of a 50% wet Pd on carbon in a solvent
selected from the group consisting of acetone, isopropanol,
ethyl acetate, N,N-dimethylformamide, and tetrahydrofuran
in an autoclave maintained at elevated pressure to provide
compound 26:
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26

%&o

[0215] b) dehydration of compound 26 in the presence of
sulfuric acid under conditions wherein water is eliminated to
provide compound 27:

27

@)
e

[0216] c¢) contacting compound 27 with an excess of
lithium tri-t-butoxyaluminum hydride under selective reduc-
ing conditions including a temperature of from —40to —45° C.
to provide compound 28:

28

HO\\\\“.

!

[0217] d) contacting compound 28 with an excess of ethyl-
triarylphosphonium halide under Wittig reaction conditions
to provide compound 29:

29

HO\\\‘\.A

%

[0218] e) protecting the 3-a-hydroxy group of compound
29 under acetylation conditions including an excess of anhy-
drous acetic anhydride to provide compound 30:
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30

AcO\\‘\“

[0219] ) contacting compound 30 with an excess of methyl
acrylate in presence of an excess of C,-C, alkyl aluminum
dichloride under alkylating conditions to form compound 31:

31

COOMe;

AcO\\‘\“‘

[0220] g) contacting compound 31 with hydrogen and a
hydrogenation catalyst selected from platinum and dry palla-
dium on carbon in an inert solvent under hydrogenation con-
ditions including an autoclave maintained at an elevated pres-
sure to provide compound 32;

32

2,

COOMe

AcO\\‘\“‘

[0221] h) contacting compound 32 dissolved in an inert
solvent under co-oxidizing conditions including an excess of
C,-C,t-alkyl hydroperoxide as a first oxidant and an excess of
NaOCl as a co-oxidant under oxidizing conditions optionally
followed by further oxidation with a slight excess of pyridini-
umchlorochromate to provide compound 24:



US 2013/0137884 Al

24

COOMe;

AcO\\“‘“

which compound is washed with methanol,

[0222] In an alternative embodiment, this invention pro-
vides a method of preparing compound 31

31

%,
“,

)y COOMe
AcO\\“‘v
H

by contacting compound 30

ACO\\\\“‘[ i j
H

with methyl acrylate in presence of a Lewis acid.
[0223]

[0224] In another embodiment, this invention provides a
method of preparing compound 26

30

In another embodiment, the Lewis acid is EtAICl,.

6
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by contacting compound 25:

25

9

under hydrogenation conditions comprising hydrogen and
10% Pd/C wherein hydrogenation occurs in presence of N,N-
dimethylformamide or acetone.

[0225] In another embodiment, hydrogenation occurs in
presence of acetone.

[0226] In another embodiment, this invention provides a
method for preparing compound 24 which method com-
prises:

[0227] a) contacting compound 25:

25

(N

under hydrogenation conditions comprising hydrogen and at
least 8% by weight of a 50% wet Pd on carbon in a solvent
selected from the group consisting of acetone, isopropanol,
ethyl acetate, N,N-dimethylformamide, and tetrahydrofuran
in an autoclave maintained at elevated pressure to provide
compound 26:

26
O

[0228] b) dehydration of compound 26 in the presence of
sulfuric acid under conditions wherein water is eliminated to
provide compound 27:
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O;
O l
H

[0229] c¢) contacting compound 27 with an excess of
lithium tri-t-butoxyaluminum hydride under selective reduc-
ing conditions including a temperature of from —-40° C. to
-45° C. to provide compound 28:

28
O;
Ho“““'[ I i
H

[0230] d) contacting compound 28 with an excess of ethyl-
triarylphosphonium halide under Wittig reaction conditions
to provide compound 29:

2!
HO‘\\\“V[ i j
H

[0231] e) protecting the 3-G-hydroxy group of compound
29 under acetylation conditions including an excess of anhy-
drous acetic anhydride to provide compound 30:

30
AcO\\““' : I {
n

[0232] ) contacting compound 30 with an excess of methyl
acrylate in presence of an excess of C,-C, alkyl aluminum
dichloride under alkylating conditions to form compound 31:

23

27

9
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31

N
é‘\\

COOMe;

AcO\\““

[0233] g) contacting compound 31 with hydrogen and a
hydrogenation catalyst selected from the group consisting of:
platinum and dry palladium on carbon; in an inert solvent
under hydrogenation conditions including an autoclave main-
tained at an elevated pressure to provide compound 32;

32

COOMe

AcO\\‘\“

[0234] h) contacting compound 32 dissolved in an inert
solvent under co-oxidizing conditions including an excess of
C,-C,t-alkyl hydroperoxide as a first oxidant and an excess of
NaOcl as a co-oxidant under oxidizing conditions optionally
followed by further oxidation with a slight excess of pyridini-
umchlorochromate to provide compound 24:

24

AcO\\‘\“

[0235]
In a further embodiment,

1) optionally, washing compound 24 with methanol.

step a) comprises acetone as a solvent;
step b) comprises dichloromethane as a solvent;

step ¢) comprises anhydrous tetrahydrofuran as a solvent in
an inert atmosphere;

Wittig reaction conditions of step d) comprise potassium
tert-butoxide in anhydrous tetrahydrofuran as a solvent in an
inert atmosphere;

step e) comprises triethylamine and 4-dimethylaminopyri-
dine;
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C,-C, alkyl aluminum dichloride of step f) comprises ethy-
laluminum dichloride in anhydrous dichloromethane as a
solvent in an inert atmosphere at 0-5° C.;

the hydrogenation catalyst of step g) comprises dry palladium
on carbon in ethyl acetate as a solvent; and

the C,-C, t-alkyl hydroperoxide of step comprises t-butyl
hydroperoxide in water as a solvent at a temperature below 5°

In another embodiment, this invention provides a method for
preparing deoxycholic acid or a salt thereof which method
comprising:

a) contacting compound 24

24

COOMe;

AcO\\““

with hydrogen and Pd/C under hydrogenation conditions
comprising hydrogen and Pd on carbon optionally followed
by oxidizing any of the 12-hydroxyl groups formed during
hydrogenation with pyridiniumchlorochromate under oxidiz-
ing conditions to provide compound 33;

33

COOMe;

AcO\\“‘“

b) reacting compound 33 with lithium tri-t-alkoxyaluminum
hydride under reducing conditions to provide compound 34:

34

COOMe; and

AcO\\““

¢) exposing compound 34 to deprotection and hydrolysis
conditions to form deoxycholic acid or the salt thereof.

May 30, 2013

Compounds

[0236] In another aspect, this invention is directed to a
compound of formula 1 or 5:

H

wherein

[0237] Pg is a hydroxyl protecting group;

[0238] R is hydrogen, hydroxyl, or —OPg;

[0239] R!is the 17-side chain of a bile acid selected from

the group consisting of cholic acid, deoxycholic acid, tauro-
cholic acid, wherein the carboxyl functionality of said side
chain is optionally esterified with a C,-C, alkyl or benzyl
group, and glycocholic acid and R? is hydrogen, or R* and R?
together with the carbon atom attached thereto form a keto or
a keto protecting group; and

[0240] each of R?, R* and R” is independently C,-C, alkyl

[0241] Insomeembodiments, R' is selected from the group
consisting of

V\A/VE\/ o

COZH

COZR5

CO,R®

N
N
mﬂ
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-continued

M/VNN /\/ SO3H
%,
NNNN/\/SO:;RG

wherein R is lower alkyl and the wavy line w~ represents
the point of connection to the 17-position of steroidal scaf-
fold.

[0242] In some embodiments, R! is the 17-side chain of a
bile acid selected from the group consisting of cholic acid,
deoxycholic acid, taurocholic acid, and glycocholic acid. In
some embodiments, the carboxyl functionality of said side
chain is optionally esterified with a C,-C, alkyl group, suchas
a methyl, ethyl, or tert-butyl.

[0243] Insome embodiments, R' and R? together with the
carbon atom attached thereto form a keto group.

[0244] Insome embodiments, R' and R? together with the
carbon atom attached thereto form a keto protecting group,
such as:

)YI
O
et
wherein n is 1, 2, or 3 and the wavy line «w~ represents the
point of connection to the rest of the molecule.

[0245] In some embodiments, the compound of formula 1
is compound 41

41

Pgo\\\“h

[0246] In some embodiments, the compound of formula 1
is selected from the group consisting of compound 42, 43, 44,
45 or 46:

25
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COOH,

42

43

44

45

46



US 2013/0137884 Al

[0247] In some embodiments, the compound of formula 5
is compound 47:

47

PgO\\\‘N

[0248] In some embodiments, the compound of formula 5
is selected from the group consisting of compound 48, 49, 50,
51 or 52:

48

49

50

51

May 30, 2013

-continued

52

W

AcO®

In some embodiments, the compound of formula 6 is selected
from the group consisting of compound 48a, 49a, 50a, 51a or
52a:

48a
COOCH3,
AcO\\“‘
49a
COOH,
AcO\\\“‘.
50a
5la

AcO\\““
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-continued

OH o/j

52a

AcO\\\\“

D. Synthesis of DCA from Compound 53

[0249] In another embodiment, provided is a method for
preparing deoxycholic acid (DCA) or a pharmaceutically
acceptable salt thereof, said method comprises:

[0250] (1) reacting a compound of formula 53

53

PgO\\\““

with a reducing agent to form a compound of formula 54
wherein Pg is a protecting group and R is alkyl

54

COOR; and

P go\\\“h

[0251] (2) exposing the compound of formula 54 to depro-
tection and hydrolysis conditions to form deoxycholic acid or
the pharmaceutically acceptable salt thereof.

[0252] Insomeembodiments, Pgis —C(O)R', wherein R*
is lower alkyl. In some embodiments, Pg is —C(O)CH,;. In
some embodiments, the hydrolysis conditions comprise an
alkali metal hydroxide, alkali metal alkoxide or a mixture
thereof. In some embodiments, the alkali metal hydroxide is
LiOH or NaOH.

[0253] Insomeembodiments, the compound of formula 53
is a compound of formula 33, which is methyl 3a-acetoxy-
5p-cholan-12-one-24-oate:

May 30, 2013

33

COOMe;

and the compound of formula 54 is a compound of formula
34, which is methyl 3a-acetoxy-2a-hydroxy-58-cholan-24-
oate:

34

COOMe.

AcO\\““

[0254] In some embodiments, this invention provides a
method for preparing a compound of formula 26, which is
9a-hydroxy-5f-androstan-3,17-dione:

26

,

which method comprises reacting 9a.-hydroxyandrost-4-en-
3,17-dione 120

25

SN

O |

with H, under hydrogenation conditions to form 9a.-hydroxy-
5p-androstan-3,17-dione.

[0255] In some embodiments, the hydrogenation condi-
tions comprise a solvent which solvent is DMF, acetone, ethyl
acetate, and the like.
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[0256] In some embodiments, this invention provides a [0258] Insomeembodiments, the compound of formula 28

method for preparing a compound of formula 27, which is is prepared by reacting a compound of formula 27

5p-androst-9(11)-en-3,17-dione:

27
0,
27
O
(@)
H

which method comprises reacting a compound of formula 26

with a reducing agent to form the compound of formula 28.

[0259] In some embodiments, this invention provides a

26
O
' I i method for preparing a compound of formula 18:
(6] 18
H

with an acid to form the compound of formula 27,

L

[0257] In some embodiments, this invention provides a
method for preparing a compound of formula 29, which is
(Z)-3a-hydroxy-5p-pregna-9(11),17(20)-diene:

g
29
/ comprising converting a compound of formula 29
o™ 29
H

and the method comprises reacting a compound of formula 28

28
O
o™
H
to the compound of formula 18 wherein Pg is a protecting
group.
HOY
H

[0260] Insome embodiments, Pgis —C(O)R", wherein R*
is lower alkyl. In some embodiments, Pg is —C(O)CHj;.

with a two-carbon olefination reagent under olefin forming [0261] Insomeembodiments, the compound of formula 18
conditions to form (Z)-3a-hydroxy-5p-pregna-9(11),17(20)- is a compound of formula 30, which is (Z)-3a-acetoxy-5f-
diene. pregna-9(11),17(20)-diene:
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31

30 COOMe,

o™
- H
AcO¥
H

and wherein the method comprises reacting a compound of

formula 30
wherein the method comprises exposing the compound of
formula 55 to acylation conditions to form (2)-3a-acetoxy-
5,3-pregna-9(11),17(20)-diene. 30
[0262] In some embodiments, this invention provides a
method for preparing a compound of formula 19: /

19
AcO\\\\“

H

with CH,CHC(O)OCH, in the presence of the Lewis acid to
form methyl 3a-acetoxy-5p-chol-9(11), 16-dien-24-oate.
[0265] In some embodiments, this invention provides a

PgO\\\\“‘ method for preparing a compound of formula 21:

21
wherein R is alkyl, Pg is a protecting group, and the dashed
line === is a single or double bond, which method comprises
reacting a compound of formula 18

18

H

wherein Pg is a protecting group and is alkyl, which method
comprises reacting the compound of formula 20

peo™ 20

with an alkylpropiolate CH=CC(O)OR or an alkyl acrylate
CH,—CHC(O)OR in the presence of a Lewis acid to form the
compound of formula 19.

[0263] Insomeembodiments, Pgis —C(O)R', wherein R*
is lower alkyl. In some embodiments. Pg is —C(O)CHj;. In H
some embodiments, Pg is CH,C(O) and R is CH;.

[0264] Insomeembodiments, the compound of formula 19 with an oxidizing agent to fort the compound of formula 21.
is a compound of formula 31 which is methyl 3a-acetoxy- [0266] Insomeembodiments, the compound of formula 20
5p-chol-9(11),16-dien-24-oate: is prepared by reacting a compound of formula 19
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19

H

with under hydrogenation conditions to form the compound

of formula 20, wherein the dashed line === is a single or
double bond.
[0267] Insomeembodiments, the compound of formula 21

is a compound of formula 24, which is methyl 3a-acetoxy-
5p-chol-9(11)-en-12-one-24-oate:

24

COOMe,

AcO\\\\“

and the method comprises reacting a compound of formula 56

56

COOMe

AcO\\\“‘

with an oxidizing agent to form the compound of formula 24.

[0268] In some embodiments, this invention provides a
method for preparing a compound of formula 53:

53

COOR/,

PgO\\\‘“'

May 30, 2013

wherein Pg is a protecting group and R is alkyl, which method
comprises reacting a compound of formula 57

57

P gO\\\“h

with H, under hydrogenation conditions to form the com-
pound of formula 53.

[0269] Insomeembodiments, Pgis —C(O)R', wherein R*
is lower alkyl. In some embodiments, Pg is —C(O)CH,.

[0270] Insomeembodiments, the compound of formula 53
is a compound of formula 33, which is methyl 3a-acetoxy-
5p-cholan-12-one-24-oate:

33

COOMe,

AcO\\\“‘

and the method comprises reacting a compound of formula 58

58

AcO\“\“

with H, under hydrogenation conditions to form methyl
3a-acetoxy-5f-cholan-12-one-24-oate.
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[0271] In some embodiments, the method comprises
[0272] (a) reacting a compound of formula 21
21
peo™”

H

with H, under hydrogenation conditions to form a mixture of
the compound of formula 53 and a compound of formula 59:

53
“,
o]
P
59
COOR,
P
H
[0273] (b) contacting the mixture of the compound of for-

mula 53 and the compound of formula 59 with an oxidizing
reagent under conditions to form a mixture of the compound
of formula 57 and the compound formula 53, and

[0274] (c) contacting the mixture of the compound of for-
mula 57 and the compound of formula 53 with H, under
hydrogenation conditions to form the compound of formula
53.

[0275] In some embodiment, the oxidizing agent is pyri-
dinium chlorochromate.

[0276] The compounds of preferred embodiments can be
prepared from readily available starting materials using the
following general methods and procedures. It will be appre-
ciated that where typical or preferred process conditions (i.e.,
reaction temperatures, times, mole ratios of reactants, sol-
vents, pressures, etc.) are given, other process conditions can
also be used unless otherwise stated. Optimum reaction con-
ditions may vary with the particular reactants or solvent used,
but such conditions can be determined by one skilled in the art
by routine optimization procedures.

[0277] Additionally, as will be apparent to those skilled in
the art, conventional protecting groups may be necessary to

31
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prevent certain functional groups from undergoing undesired
reactions. Suitable protecting groups for various functional
groups as well as suitable conditions for protecting and
deprotecting particular functional groups are well known in
the art. For example, numerous protecting groups are
described in T. W. Greene and G. M. Wuts, Protecting Groups
in Organic Synthesis, Third Edition, Wiley, New York, 1999,
and references cited therein.

[0278] The starting materials and reagents for the reactions
described herein are generally known compounds or can be
prepared by known procedures or obvious modifications
thereof. For example, many of the starting materials and
reagents are available from commercial suppliers such as
Aldrich Chemical Co. (Milwaukee, Wis., USA), Bachem
(Torrance, Calif., USA), Enika-Chem or Sigma (St. Louis,
Mo., USA). Others may be prepared by procedures, or Obvi-
ous modifications thereof, described in standard reference
texts such as Fieser and Fieser’s Reagents for Organic Syn-
thesis, Volumes 1-15 (John Wiley and Sons, 1991), Rodd’s
Chemistry of Carbon Compounds, Volumes 1-5 and Supple-
mentals (Elsevier Science Publishers, 1989), Organic Reac-
tions, Volumes 1-40 (John Wiley and Sons, 1991), March’s
Advanced Organic Chemistry, (John Wiley and Sons, 4”
Edition), and Larock’s Comprehensive Organic Transforma-
tions (VCH Publishers Inc., 1989). For example, hydrocorti-
sone can be prepared from cortisone using conventional
reduction techniques.

[0279] The various starting materials, intermediates, and
compounds of the preferred embodiments may be isolated
and purified where appropriate using conventional tech-
niques such as precipitation, filtration, crystallization, evapo-
ration, distillation, and chromatography. Characterization of
these compounds may be performed using conventional
methods such as by melting point, mass spectrum, nuclear
magnetic resonance, and various other spectroscopic analy-
ses.

Methodology

[0280] The purification methods of this invention employ
deoxycholic acid (DCA) having a purity of about 95% or less
and, in some cases, a purity of about 80% or less. These
methods enhance the purity of these DCA compositions to at
least about 96% or at least 99%.

[0281] In one aspect, this invention provides for a method
for purifying deoxycholic acid (DCA) to provide DCA hav-
ing a purity of greater than 96% or at least 99%. In one
embodiment, the method comprises:

[0282] (a) contacting DCA having a purity of about 95% or
less with a solvent comprising dichloromethane under con-
ditions to form a DCA solution;

[0283] (b) crystallizing the DCA from the DCA solution
obtained from step (a) to provide a solution containing crys-
talline DCA;

[0284] (c) recovering the crystalline DCA and removing
sufficient amounts of the dichloromethane to provide a purity
of greater than 96% for the recovered crystalline DCA.
[0285] In some embodiments, this invention provides for a
method for purifying deoxycholic acid (DCA) to provide
DCA having a purity of greater than 96% or at least 99%. In
one embodiment, the method comprises:

[0286] (a) contacting DCA having a purity of about 95% or
less with a solvent comprising dichloromethane and metha-
nol under conditions to form a DCA solution;

[0287] (b) crystallizing the DCA from the DCA solution
obtained from step (a) to provide a solution containing crys-
talline DCA;
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[0288] (c) recovering the crystalline DCA and removing
sufficient amounts of the dichloromethane to provide a purity
of greater than 96% for the recovered crystalline DCA.

[0289] Insome embodiments, either of the above process is
repeated.
[0290] In one embodiment, DCA having a purity of about

95% or less is dissolved in a mixture of dichloromethane and
methanol. If necessary, dissolution can be facilitated by heat-
ing the solvent to reflux. Furthermore, as necessary, any
insoluble impurities can be removed by filtration typically
filtering the solution at an elevated temperature, for example,
using a filter having a pore size of about 5 pm or less.
[0291] The amount of dichloromethane and methanol ini-
tially employed in the solvent systems of the methods of this
invention is best defined by a weight ratio of dichloromethane
to methanol of from about 100:1 to about 3:1, or from about
50:1 to about 4:1, or from about 20:1 to 10:1.

[0292] The amount of DCA employed relative to the total
amount of solvent initially employed is best defined by a ratio
of solvent to DCA of from about 40:1 to about 10:1, or about
30:1 to about 15:1 or about 19:1.

[0293] In another embodiment, additional dichlo-
romethane is added at the reflux temperature. The amount of
additional dichloromethane ranges from about 20 to 1100
volume percent of the initial amount of dichloromethane
incorporated into the solvent system. In some embodiments,
the amount of additional dichloromethane is from about
30-70 volume percent or about 50 volume percent of the
initial amount of dichloromethane used.

[0294] Upon dissolution and optional filtration, substan-
tially all of the methanol is then removed by azeotropic dis-
tillation at atmospheric pressure leaving a solution compris-
ing primarily dichloromethane. Crystallization of the DCA
from the dichloromethane provides for DCA having a purity
of at least 96% or at least 99%.

[0295] Inone embodiment, the DCA is derived from mam-
malian sources, which is generally commercially available.
[0296] In another embodiment, the DCA is derived syn-
thetically. Methods for preparing synthetic DCA are
described herein and in U.S. patent application Ser. No.
12/035,339, published as US 2008-0318870 Al, and U.S.
patent application Ser. No. 12/153,446, published as US
2009-0270642 A1, which are hereby incorporated by refer-
ence in its entirety.

Compositions

[0297] In one of its composition aspects, this invention
provides a compound that is synthetic deoxycholic acid
(DCA) or apharmaceutically acceptable salt thereof, wherein
the synthetic DCA or the pharmaceutically acceptable salt
thereof has a purity of at least 99%.

[0298] In another of its composition aspects, this invention
provides for a solution comprising DCA and a solvent which
comprises dichloromethane and methanol wherein the con-
centration of solvent to DCA is from 40:1 to about 10:1 and
further wherein the ratio of dichloromethane to methanol is
from about 100:1 to about 3:1.

[0299] The invention also provides a composition compris-
ing a DCA having a purity of at least 99% or a pharmaceuti-
cally acceptable salt thereof and an acceptable excipient. The
invention also provides a composition consisting essentially
of'a DCA having a purity of at least 99% or a pharmaceuti-
cally acceptable salt thereof wherein DCA is essentially the
sole fat removal component of said composition.
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[0300] The compositions can be comprised of the DCA of
this invention in combination with at least one acceptable
excipient or pharmaceutically acceptable excipient. Such
excipient may be any solid, liquid, semi-solid or, in the case of
an aerosol composition, gaseous excipient that is generally
available to one of skill in the art.

[0301] Solid excipients include starch, cellulose, talc, glu-
cose, lactose, sucrose, gelatin, malt, rice, flour, chalk, silica
gel, magnesium stearate, sodium stearate, glycerol
monostearate, sodium chloride, dried skim milk and the like.
Liquid and semisolid excipients may be selected from glyc-
erol, propylene glycol, water, ethanol and various oils, includ-
ing those of petroleum, vegetable or synthetic origin, e.g.,
peanut oil, soybean oil, mineral oil, sesame oil, etc. Examples
ofliquid carriers, particularly for injectable solutions, include
water, saline, aqueous dextrose, and glycols.

[0302] The DCA in the compositions can be at a concen-
tration of about 0.001 to 10, 0.01 to 5, or 0.1 to 2% w/w, w/v,
or v/v. In some embodiments, the DCA can be at a concen-
tration of about 0.1-5% w/w or about 1% w/w. In some
embodiments, the fin dissolving solution comprises up to
100, 50, 20, 10, 5,2, 1, 0.5, 0.2, 0.05, 0.02, or 0.01 grams of
the one or more detergents, bile acids and/or bile salts, deoxy-
cholic acid or salts thereof or sodium deoxycholate.

[0303] In some embodiments, the compositions herein
include no lipids, phospholipids, or phosphatidylcholine. In
some embodiments, the compositions herein include up to
5% wiw, wiv, or v/v lipids, phospholipids, or phosphatidyl-
choline.

[0304] Insomeembodiments, the compositions can further
comprise a second therapeutic agent selected from the group
consisting of: anti-microbial agents, vasoconstrictors, anti-
thrombotic agents, anti-coagulation agents, suds-depres-
sants, anti-inflammatory agents, analgesics, dispersion
agents, anti-dispersion agents, penetration enhancers, ste-
roids, tranquilizers, muscle relaxants, and anti-diarrhea
agents. In some embodiments, a solution is in a container that
contains up to 500 mL of solution. Such container can be a
syringe or syringe-loadable container.

Methods of Use

[0305] The DCA of this invention preferably with at least
99% purity or a pharmaceutically acceptable salt or compo-
sitions thereof are useful in various pharmaceutical or cos-
metic applications, form example as described in U.S. Pat.
No. 7,622,130, and U.S. Patent Application Nos. 2005-
0267080 Al and 2006-0127468 A1, which are incorporated
herein by reference in their entirety.

[0306] Inone embodiment, the present invention relates to
methods for reducing a subcutaneous fat deposit in a subject.
Such methods comprise the step of administering locally to a
subcutaneous fat deposit in the subject a composition com-
prising: (i) a fat-dissolving effective amount of deoxycholic
acid preferably having a purity of at least 99% or a salt
thereof, for example, sodium deoxycholate; (ii) a pharmaceu-
tical, veterinary, or cosmetic excipient; and wherein the DCA
or salt thereof is essentially the only fat removing component
of the composition. In some embodiments, the fat deposit is
cosmetically unappealing and the removal of it is to improve
the appearance of the subject. In some embodiments, the fat
deposit is associated with a condition selected from the group
consisting of obesity, fat redistribution syndrome, eyelid fat
herniation, lipomas, Dercum’s disease, lipodystrophy, buf-
falo hump lipodystrophy, dorsocervical fat, visceral adipos-
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ity, breast enlargement, hyperadiposity, diffused body fat
around trunk and arms, and fat deposits associated with cel-
lulite. In some embodiments, the above method does not
include performing surgery on said subject.

[0307] The foregoing and other aspects of the embodiments
disclosed herein may be better understood in connection with
the following examples.

EXAMPLES

[0308] In the examples below and elsewhere in the speci-
fication, the following abbreviations have the indicated mean-
ings. If an abbreviation is not defined, it has its generally
accepted meaning.

Ac,O Acetic anhydride

ACN Acetonitrile

AcOH Acetic acid

CAD Charged aerosol detector
CONC Concentrated

CrO; Chromium trioxide
DCA Deoxycholic acid

DCM (CH,CL,) Dichloromethane
DMAP 4-Dimethylaminopyridine
DMF N,N-Dimethylformamide

EtAlCl, Ethyl aluminum dichloride
EtOAc Ethyl acetate
Horh Hour
H,80, Sulphuric acid
HCI Hydrochloric acid
HCIO, Perchloric acid
HPLC High pressure liquid chromatography
HPLC-RI High pressure liquid chromatography with
refractive index detection
Hz Hertz
KBr Potassium bromide
K—OBu Potassium tert-butoxide
LiAl(O'Bu);H Lithium tri-tert-butoxyaluminum hydride
LiOH Lithium hydroxide
LOD Loss on drying
MeOH Methanol
MHz Megahertz
Min Minutes
mL Milliliter
Mmol Millimole
Mol Mole
MTBE Methyl tert-butyl ether
Na,S0, Sodium sulfate
NaOH Sodium hydroxide
NMT Not more than
Obs Observed
PCC Pyridinium chlorochromate
Pd/C Palladium on carbon
PtO, Platinum oxide
Rep Reported
TEA Triethylamine
TFA Trifluoroacetic acid
THF Tetrahydrofuran
TLC Thin layer chromatography
uv Ultraviolent
Wt Weight
[0309] General:
[0310] All manipulations of oxygen- and moisture-sensi-

tive materials were conducted with standard two-necked
flame dried flasks under an argon or nitrogen atmosphere.
Column chromatography was performed using silica gel (60-
120 mesh). Analytical thin layer chromatography (TLC) was
performed on Merck Kiesinger 60 F,5, (0.25 mm) plates.
Visualization of spots was either by UV light (254 nm) or by
charring with a solution of sulfuric acid (5%) and p-anisal-
dehyde (3%) in ethanol.
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[0311] Apparatus:

[0312] Proton and carbon-13 nuclear magnetic resonance
spectra (‘"H NMR and '*C NMR) were recorded on a Varian
Mercury-Gemini 200 (*H NMR, 200 MHz; '*C NMR, 50
MHz) or a Varian Mercury-Inova 500 (*H NMR, 500 MHz;
13C NMR, 125 MHz) spectrometer with solvent resonances
as the internal standards (*H NMR, CHCI, at 7.26 ppm or
DMSO at 2.5 ppm and DMSO-H,O at 3.33 ppm; '*C NMR,
CDCl, at 77.0 ppm or DMSO at 39.5 ppm), 'H NMR data are
reported as follows: chemical shift (8, ppm), multiplicity
(s=singlet, d=doublet, t=triplet, q=quartet, br=broad,
m=multiplet), coupling constants (Hz), and integration.
Infrared spectra (FT-IR) were run on a JASCO-460" model.
Mass spectra were obtained with a Perkin Elmer API-2000
spectrometer using ES™ mode. Melting points were deter-
mined using a LAB-INDIA melting point measuring appara-
tus and are uncorrected. HPLC chromatograms were
recorded using a SHIMADZU-2010 model with a PDA
detector. Specific optical rotations were determined employ-
ing a JASCO-1020 at 589 nm and are uncorrected.

[0313] Chemicals:

[0314] Unless otherwise noted, commercially available
reagents were used without purification. Diethyl ether and
THF were distilled from sodium/benzophenone. Laboratory
grade anhydrous DMF, commercially available DCM, ethyl
acetate and hexane were used.

Example 1
Synthesis of

3a-Acetoxy-5p-androstane-9,11-ene-7-one (36)
from Hydrocortisone

Step 1
[0315]

10% Pd/C
DMF, H,

Hydroxortisone

15

[0316] To a solution of hydrocortisone (25.0 g) in DMF
(150 mL) was added 10% of Pd/C (1.5 g, 6-wt %) and the
resulting slurry was hydrogenated in an autoclave (60 psi) for
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6 h at 25-35° C. Upon complete disappearance of starting
material, as evidenced by TLC (30 (30% EtOAc in DCM), the
crude reaction mixture was filtered through a Celite® (8 g)
bed and washed with DMF (100 mL). The solvent was com-
pletely removed by distillation under vacuum at below 65° C.,
which afforded compound 15 as a white solid (23.0 g, 91.5%).

Step 2

[0317]

NaBH4/EtOH

15

NalO,4

[0318] To a solution of compound 15 (23.0 g) in ethanol
(350 mL) and DCM (350 mL.) was added sodium borohydride
(2.4 g), and the resulting solution was stirred for 3 h at 25-35°
C. At this point, 50% aqueous acetone (200 ml.) was added to
quench the excess reagent and then sodium periodate (33.7 g)
was added. The resulting solution was stirred for 16 h at
25-35° C. TLC showed complete disappearance of the inter-
mediate (40% EtOAc in DOA). Water (400 ml.) was added to
the reaction mixture. The phases were separated and the aque-
ous layer was extracted with DCM (600 mL). The organic
layers were combined and then washed with saturated brine
solution (200 mL). The solvent was evaporated under vacuum
to provide crude compound 16 as a white solid (23.0 g). The
crude product was stirred in hexane (200 mL) at 30° C. for 1
h, filtered and washed with hexane (50 mL) to afford com-
pound 16 as a white solid (19.0 g, 98%).

May 30, 2013
Step 3
[0319]
Ac,0/DCM
TEA

35

[0320] To asolution of compound 16 (19.3 g) in DCM (340
ml.) was added triethylamine (12.7 g), DMAP (0.76 g) and
acetic anhydride (12.9 g) at 25-35° C. After stirring for 2 hr at
25-35° C., TLC analysis (60% EtOAc in hexanes) showed the
reaction to be complete. The reaction mixture was washed
with saturated sodium bicarbonate solution (200 mL) fol-
lowed by a second wash with brine solution (100 mL). The
organic layer was dried over Na,SO, (50 g) and filtered. The
filtrate was concentrated by vacuum distillation to afford
compound 35 as an off-white solid (18.0 g, 82%).

Step 4
[0321]

SOCl,/pyridine

AcO\\\\“

35

AcO‘\‘\“

36

[0322] To a solution of compound 35 (18.0 g) in pyridine
(100 mL) was added thionyl chloride (6.0 mL) at 25-35° C.
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and the resulting solution was stirred for 1 hr at 25-35° C. At
this point the reaction was determined by TLC (30% EtOAc
in hexanes) to be complete. Pyridine was removed by evapo-
ration under vacuum at below 60° C. The crude material was
dissolved in a mixture of water (100 mL) and ethyl acetate
(180 mL) and the phases were separated. The aqueous phase
was extracted with ethyl acetate (180 mL) and the organic
phases were combined. The combined organic phase was
washed with 2N HCI (100 mL) and saturated brine solution
(100 mL). After drying over anhydrous Na,SO, (40 g), the
mixture was filtered and the filtrate was concentrated to dry-
ness by vacuum distillation to provide compound 36 as a
white solid (15.0 g, 88%).

Example 2
(2)-30a-Acetoxy-5f3-pregna-9(11),17(20)-diene (30)

[0323]

30

-

AcOV

[0324] Compound 30 can be prepared by procedures simi-
lar to that described Example 8, converting compound 28 to
compound 30.

[0325] Methods and examples for preparing and purifying
DCA from compound 60 are described in GB2452358 and
U.S. Provisional Application 61/288,132, titled “METHODS
FOR THE PURIFICATION OF DEOXYCHOLIC ACID”,
filed on Dec. 18, 2009, both of which are incorporated by
reference hereby in their entirety.

Example 3

Impurities Isolated During the Preparation of DCA
or Intermediates Thereof

[0326] The following compounds were recovered as impu-
rities during the synthesis described herein:

61
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-continued

HO\\\‘.h

OH,
HO™
H
0
HO” : I E
H
7

62

63

64

65

66

67
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36
-continued -continued
68 a, 74
COOH,
o
H
75
69
COOH,
o
76
2,
o 70 on
COOH,
Aco\“\“‘ HO\\‘\“
o H
n 71
COOH, and
- =
ACO\\‘ AcO
78
72
2,
OH “
COOCH3, COOCH;.
A0 o™
H H
73
/,’ g .
", [0327] The compounds set forth above have utility as inter-
COOH, mediates that can be recycled into a reaction scheme leading
to compound 18. For example, compounds 61 and 62 and be
dehydrogenated by conventional means to provide the 4,5-
ene compound which can be rehydrogenated to provide the
proper stereochemistry at S-position.
[0328] The 17-keto group of compound 63 and 65 can be
o™ protected by conventional means such as ketal formation. The

H 3-hydroxyl group of both compounds 63 and 65 can then be
oxidized to form the 3-keto group. For compound 63, dehy-



US 2013/0137884 Al

drogenation at the 4,5 position followed by hydrogenation
will provide proper stereochemistry at the S-position. For
both compounds 63 and 65, reduction of the 3-keto group
followed by deprotection of the 17-keto group provides for
compound 18.

[0329] compound 64 can be selectively protected at the
3-hydroxyl group and the 17-hydroxyl group can then be
oxidized followed by deprotection at the 3-hydroxyl to pro-
vide compound 18.

[0330] The 3,17 di-allyl compound 66 can be oxidized to
provide the 3,17 di-keto compound which can be reduced by
conventional means to provide the 3,17-dihydroxyl com-
pound such as compound 64.

[0331] compound 67 can be oxidized at the 3-position and
then reduced and the 3-hydroxyl group protected to provide
compound 18.

[0332] Similarly, the remaining compounds can likewise be
modified to generate one or more intermediates used in the
methods of this invention.

Example 4
[0333]
“,
CO,Me
—_—
AcO\\““‘
H
79
2,
(€] “
COMe
AcO\\\“
H
80

Synthesis of Compound 80 from Compound 79 by a Method
of this Invention

[0334] compound 79 (120.0 g) was oxidized using 70%
tert-butyl hydroperoxide ((CH,);C—O—OH) in water (35
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equiv.) and 10% sodium hypochlorite (NaOCl) (7.0 equiv;
added in 7 hours duration) in ethyl acetate at 0-5° C. After
work up, the organic layer was treated with sodium sulfite
followed by PCC (1.0 equiv.) treatment provided 185 g of
residue. The residue on slurry purification in 20% aq., metha-
nol (2 vol) provided 75.2 g (60.6% yield) pure compound 80.
Comparison Procedure of Synthesis of Compound 80 from
Compound 79 Using CrO,

[0335] CrO; (65 g, 599 mmol) was added in two lots (40 g
and 25 g) to a solution of compound 79 (65 g, 139 mmol) in
AcOH (975 mL) in a clean and dry flask, (Caution: Highly
exothermic, control the temperature below 50° C. with ice
water cooling as needed). The resulting mixture was heated at
30-35° C. for 3 h. Lower temperatures of 25-35° C. may be
used. Upon reaction completion by TLC (30% EtOAc in
hexane, NMT 2% of compound 79), isopropyl alcohol (108
ml.) was added and the mixture was stirred for 15 min before
the solvent was evaporated under vacuum below 60° C. To the
residue material was added water (1200 mI.) and MTBE (650
mL). The two phases were separated and the aqueous layer
was extracted with MTBE (2x650 mL). The combined
organic layer was washed with water (750 mL) and brine
solution (332 mL). The solvent was completely removed
under vacuum below 50° C. To the residue was added metha-
nol (195 mL) and the solvent was completely removed via
vacuum distillation below 50° C. Methanol (130 mL) was
added again and the mixture was cooled to 10-15° C., stirred
for 1 h at 10-15° C., filtered and the cake was washed with
chilled (0-5° C.) methanol (65 mL). The white solid was dried
in a hot air drier at 50-55° C. until the LOD is NMT 0.5% to
afford compound 80 (36 g, 53.7% yield).

[0336] 'HNMR (500 MHz, CDCl,): 8=5.71 (s, 1H), 4.71-
4.75 (m, 1H), 3.66 (s, 3H), 2.37-2.42 (m, 3H), 2.02-2.31 (m,
2H), 2.0 (s, 3H), 1.67-1.98 (m, 9H), 1.24-1.56 (m, 9H), 1.19
(s, 3H), 1.01-1.02 (d, J=6.5 Hz, 3H), 0.90 (s, 3H).

[0337] '*CNMR (500 MHz, CDCl,): =204.9, 174.5, 170.
4,163.8,123.6,73.7,53.4,53.0,51.3,47.2,41.7,39.8,37.7,
35.2,35.0,33.9,31.4,30.5,29.6,27.6,27.3,26.4,26.1,24.1,
21.2,19.4, 10.6.

[0338] Mass (m/z)=445.0 [M"+1], 462.0 [M*+18].

[0339] IR=3437, 3045, 2946, 2870, 1729, 1680, 1252,
1168, 1020, cm™.

[0340] m.p.=137-139 (from EtOAc/hexanes mixture),
[0341] [c],,=+93 (¢=1% in CHCI,).

Example 5
[0342] The following table shows the results of the prepa-

ration of compound 80 from compound 79 using either CrO,
or (CH;);C—0O—O0H and NaOCl as the oxidizing agent.

HPLC-RI  HPLC-RI
Reagent INPUT OUTPUT YIELD (PURITY)* (ASSAY)**
CrO; 25Kg  1.0Kg 38.70% 82.75% 73.90%
CrO, 122Kg  62Kg 49.20% 80.29% 75.30%
(CH,),C—O—OH and NaOCl 200g 13.0g 63% 96.62% 90.20%
(CH;);C—O—OH and NaOCl 200g 128 ¢ 62% 97.06% 89.60%
(CH;);C—O—OH and NaOCl 500g 320¢g 62% 95.35% 87.30%
(CH,),C—O—OH and NaOCl 500g 315¢g 61% 93.50% 86.00%
(CH;);C—O—OH and NaOCl 1200 g 752¢g 61% 96.00% 86.20%

*purity based on ratio of compound peak area to total peak area

**purity based on ratio of compound peak area to the peak area of a known reference

standard
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Example 6 -continued
Identification of Peroxide Compound 81
[0343] After filtration of pure compound 80, the fitter o ”"
mother liquor (enriched with impurity ~30% at with a reten- /
tion time of 3.14 minutes) was collected. The 3.14 minute COCH;
impurity was isolated by column chromatography, which pro-
vided 100 mg of a pure product as an oil NMR & Mass data
revealed that the impurity is 12-tert-butylperoxy compound
81, which are provided in FIGS. 1-3.
Example 7 AcO™ 8
[0344] 32
[0345] The 12-tert-butylperoxy compound 81 (50 mg) was
treated with Pd/C (12 wt %), tert-butyl hydroperoxide (5
0 . equiv) and potassium carbonate (0.025 equiv) in dichlo-

0 " romethane (10 pads) at room temperature for 24 hours, HPL.C
CO,CH; analysis revealed still presence of 89% of un-reacted com-
- pound 12-tert-butylperoxy 81 and observed only 11% of
compound 80.
[0346] Compound 80 (10.0 g) was hydrogenated using
o commercial dry 10% Pd/C (25 wt %) in ethyl acetate (25
AcO” parts) at 45-50° C. under hydrogen pressure for 18 hours

provided ~25% of allylicalcohol which was treated with PCC

81

4, (1.2 equiv) atroom temperature for 2 hours, then washed with
Q water & brine solution. A half of the organic layer was dis-
COCH3 tilled under vacuum and then re-subjected for hydrogenation
using fresh Pd/C (25 wt %) at 45-50 under 50 psi hydrogen
— pressure for 18 hours, which provided 9.5 g of compound 82

(95% yield with 87% HPLC-RI purity).

AcO™ Example 8
H
80 [0347] In Scheme 2 below, there is provided a scheme for
the total synthesis of deoxycholic acid.
Scheme 2
O O
O
' 10% Pd/C ' LiAL{O'Bu);H
‘@ Acetone, Hy ‘@ DCM, H,S0, THF, -40° C.
0, 0,
o 85% o 95%
25 H 0
26 H

27
e} OH /
PhsPCH,CH;+Br Acy0, DMAP
* KO'Bu, THF, 1t TEA, DCM
) . W 62% - 3 steps
HO™ ) HOW [ HO 8

28 83 29
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-continued

Methylacrylate,
EtAICL, DCM, 1t

_—

AcO\\\“‘

W
AcO Methy propiolate

EtAICL, DCM, 1t

30 —_—

AcO\\\“‘

“,

CO,Me

70% TBHP
NaOCl

62%
AcO\\\‘

AcO\\\‘
32

\J
N
-~

CO>Me

LiAI(O'Bu);H
THF, 0° C.

AcO\\“ '

33

Purification
_

Crude DCA
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COMe
10%-Pd/C
H,, EtOAc
85% in
2 steps

H,, PtO2,
N\_-CoMe _ FrOA
65% in
2 steps

85

CO,Me
10%-Pd/C
H, EtOAc

—_—

NaOH
THF/MeOH
R

34

Deoxychloricacid
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Conversion of Compound 25 to Compound 26:

Selection of Solvent

[0348] Several solvents were studied in the modification of
this step: The following experiments were conducted using
the above solvents and the results are tabulated below.

Input Output
S. No. (g) Solvent (g) Remarks

1 1.0 DMF 0.9  SB-product: 85.8% by HPLC-
RI
Sa-product: 8.6%

2 0.5 Acetone 0.45  5B-product: 88.5%
Sa-product: 7.8%

3 0.3 IPA 0.25 5B-product: 81.5%
Sa-product: 11.8%

4 0.3 Ethanol 0.25  5B-product: 68.6%
Sa-product: 14.3%

5 0.3 3%Aq 0.25 5B-product: 86.9%

acetone Sa-product: 8.5%

6 0.3 DCM 0.25  5B-product: 47.2%
Sa-product: 32.7%

7 0.3 EtOAc 0.25  5B-product: 78.7%
Sa-product: 13.2%

8 0.3 MeOH 0.25 Observed 3-methoxy 3,9-
single bond

9 0.3 Hexane 0.25  5B-product: 50.5%
Sa-product: 12.9%

10 0.3 n-Butanol 0.25 5B-product: 58.1%
Sa-product: 34.9%

11 0.3 THF 0.25  5B-product: 77.7%
Sa-product: 13.9%

12 0.3 MTBE 0.25  35p-product: 57.5%
Sa-product: 34.0%

13 5.0 1,4-Dioxane 4.5  5p-product: 43.8%
Sa-product: 1.1%, rxn not
completed.

[0349] When dichloromethane, methanol or ethyl acetate

was used as a solvent as solvent in the hydrogenation of
compound 25, complete consumption of the starting material
was observed (by TLC). After isolation of the product and
analysis by HPLC-RI, both Sa.- and 5p-isomers of compound
26 were formed in an about 1:1 ratio. When acetone was used
as solvent in the hydrogenation of compound 25, complete
consumption of the starting material was observed (by TLC).
After isolation of the product and analysis by HPLC-RI,
5p-isomer of compound 26 was almost exclusively formed
and less than 10% formation of 5a-isomer. Thus, acetone
provided more than 90% selectivity and more than 85% yield
in this step.

[0350] To asolution of 9a-Hydroxyandrost-4-ene-3,17-di-
one (150.0 g) in acetone (3600 ml.) was added 10% of Pd/C
(12 g, 8 wt %, 50% wet) and the resulting slurry was hydro-
genated in autoclave (50 psi) for 5 h at 25-25° C. Upon
complete disappearance of the starting material, as evidenced
by TLC (30% EtOAc in DCM), the crude reaction mixture
was filtered through a Celite® bed (20 g) and washed with
dichloromethane (1500 mL). The filtrate was removed under
vacuum and the crude product (145.0 g) was obtained as a
white solid. This crude product was combined with (145.0 g)
acetone (300 mL) at 0° C., stirred for 1 h, then filtered and
washed with chilled acetone (150 ml) and dried under
vacuum at 50° C. This provided compound 26 (129 g, 85%) as
a white solid.

40
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[0351] TLC: p-Anisaldehyde charring. R, for compound
26=0.48 and R, for compound 25=0.3. Eluent was 30%
EtOAc in DCM.

[0352] 'HNMR (500 MHz, CDCl,): §=2.40-2.37 (m, 1H),
2.11-2.02 (m, 2H), 1.91-1.31 (m, 19H), 0.96 (s, 3H), 0.84 (s,
3H).

[0353] '*C NMR (125 MHz, CDCl,): $=221.0, 95.7, 80.1,
47.0,43.6,38.6,38.5,37.1,35.9,33.41,32.9,32.0,27.9,26.9,
21.5,20.2,20.0, 12.6.

[0354] Mass (m/z)=305.0[M*+1], 322.0 [M"+18].

[0355] IR (KBr)=3443, 2938, 1722, 1449, 1331, 1138
-1

cm ™.

[0356] m.p=213-216° C. (from acetone)

[0357] [c],=116 (c=1% in CHCL,).

[0358] HPLC/RI Purity: 99.0%.

Conversion of Compound 26 to Compound 27:

[0359] Toa solution of compound 26 (121 g)in DCM (1815
ml.)was added sulfuric acid (19.1 mL) over 15 minutes under
an inert atmosphere at 5-10° C. The temperature was raised to
25-35° C., and the mixture was stirred for 2 h. At this point the
reaction was determined to be complete (TLC, 30% EtOAc,
in DCM). The mixture was washed with water (600 mL.) and
then washed with 10% aqueous NaHCO, solution (600 mL).
The organic layer was again washed with water (200 m[.)
followed by saturated brine solution (200 mL). The solvent
was then distilled under vacuum, providing compound 27
(108.2 g, 95%) as an oft-white solid. The crude product was
used in the next step without further purification.

[0360] TLC: p-Artisaldehyde charring, R, for compound
27=0.76 and R, or compound 25=0.44. Bluent was 30%
EtOAc in DCM.

[0361] 'HNMR (500 MHz, CDCl,): 8=5.61 (s, 1H), 2.57-
2.47 (m, 2H), 2.42-2.24 (m, 4H), 2.20-2.05 (m, 3H), 1.99-1.
86 (m, 2H), 1.85-1.84 (d, J=6 Hz 1H), 1.63-1.57 (m, 5H),
1.40-1.37(d,J=13.5Hz,1H) 1.28-1.25 (dd, 4.0, 13.5 Hz, 1H),
1.17 (s, 3H) 0.85 (s, 3H).

[0362] '*CNMR (125MHz, CDCl,): §=221.3,212.8, 140.
1,118.5,48.5,45.9, 443, 43.5, 39.0, 38.0, 37.3, 36.1, 35.8,
33.3,28.8,26.0,25.5,22.5,13.9.

[0363] Mass (m/z)=287 [M*+1], 304 [M*+18].

[0364] IR (KBr)=3450, 2913, 1737, 1707, 1413, 1403,
1207 cm™.

[0365] m.p.=143.4-145.9° C. (from DCM).

[0366] [ct],—+142 (c—1% in CHCL,).

[0367] HPLC/RI Purity: 96.7%.

Conversion of Compound 27 to Compound 30:

[0368] To a solution of compound 27 (108.0 g) in THF
(1080 ml) was added lithium tri-tert-butoxyaluminum
hydride (700 mL) at -40 to -45° C. under an inert atmo-
sphere. The resulting reaction mixture was stirred for 2 h at
-40to —45° C. Upon completion of the reaction, as evidenced
by TLC (30% EtOAc in DCM), the reaction mixture was
quenched by the addition of 2N HCI solution. The phases
were separated and the resulting aqueous layer was extracted
with dichloromethane (648 mL). The organic fractions were
combined and washed with water (648 mL), followed by
saturated brine solution (540 mL). The organic layer was
evaporated under vacuum which afforded compound 28, dis-
solved in THE (540 mL.).

[0369] To a solution of ethyltriphenylphosphonium bro-
mide (417 g) THE (216 mL) was added potassium tert-bu-
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toxide (1086 mL., 1 M solution in THF) drop wise over 20 min
under nitrogen at 25-35° C. The resulting dark red reaction
mixture was stirred for an additional 1 h at the same tempera-
ture. The above solution of compound 28 was added slowly in
30-40 minutes to the above suspension at 25-35° C. The
reaction mixture was stirred for an additional 3-5 h, leading to
complete consumption of the starting material (as evidenced
by TLC; 30% EtOAc in DCM). The reaction mixture was
quenched with into ice water (1.080 L). The aqueous layer
was extracted with MTBE (2x540 mL) and the combined
organic extracts were washed with saturated brine solution
(540 mL) organic layer was concentrated under vacuum and
the crude material was purified by using MTBE (2x540 mL)
filtered, take filtrate distilled off solvent 25% under vacuum,
To a solution of compound 29 was cool to 25° C. added
triethylamine (105.2 mL), DMAP (4.5 g) and acetic anhy-
dride (53.5 mL) at 25-35° C. under nitrogen. After stirring for
2 hr at 25-35° C., the reaction was determined to be complete
by TLC (10% EtOAc in hexanes). The reaction mixture was
washed with water (1080 mL) followed by brine solution
(324 mL). The organic layer was concentrated under vacuum
to afford Crude compound 30 (225 g), the residue was re-
crystallized in 2% aq methanol provided 85 g of pure com-
pound 30 (63.5% yield with 96% HPLC-RI purity).

[0370] TLC: p-Anisaldehyde charring, R, for compound
30=0.5 and R -for compound 29=0.15. Eluent=10% BEtOAc in
hexanes.

[0371] 'HNMR (500 MHz, CDCl,): 8=5.38 (s, 1H), 5.20-
5.18(d, J=6.5Hz, 1H), 4.76-4.72 (m, 1H), 2.40-2.35 (m, 3H),
2.25-2.22 (m, 1H), 2.09-2.03 (m, 3H), 2.01 (s, 3H), 1.98-1.49
(m, 10H), 1.41-1.31 (m, 2H), 1.27-1.16 (m, 3H), 1.07 (s, 3H),
0.79 (s, 3H).

[0372] '*CNMR (125 MHz, CDCl,): 8=170.5, 150.0, 140.
4,119.6,114.3,74.7,53.5,42.0,41.7,39.6, 38.6, 35.6,35.3,
33.8,31.9,29.5,278,26.7,26.6,25.5,21.3,16.9, 13.2
[0373] Mass (m/z)=342.9 [M*+1], 360 [M*+18].

[0374] IR (CHCIl,)=3440, 3035, 1730, 1451, 1367, 1258,
1028 cm™".

[0375] Mp=93.9-97.8°C.

[0376] [c],=+109 (c=1% in CHCl,).

[0377] HPLC/RI Purity: 96.0%.

Conversion of Compound 30 to Compound 32 Via
Compound 84:

[0378] To a solution of compound 30 (56 g) in DCM (560
ml) was added methy] acrylate (35.13 mL) at 0-5° C. under
an inert atmosphere stirring for 60 min, solution was cool to
0-5° C., ethylaluminum dichloride (272.9 mL; 1.8 M in tolu-
ene), was added over period of 60 mm. The temperature was
then raised to 25-35° C. and the mixture was stirred for ~18 hr.
At this point analysis by TLC (10% EtOAc in hexanes)
showed the reaction to be complete, so the mixture was
poured into ice cold water (1120 mL). The phases were sepa-
rated and the aqueous layer was extracted with DCM (2x255
mL). The organic layers were combined and washed sequen-
tially with water (560 mL) and brine solution (560 mL), the
organic layer was evaporated under vacuum, which provided
compound 84 (66 g) as an oil.

[0379] To a solution of compound 84 in ethyl acetate (550
mL), Pd/C (6.7 g) slurry in ethyl acetate (110 mL) was added
at 25-35° C. The resulting slurry was stirred under 70 psi
hydrogen pressure for ~16 h. The progress of the reaction was
monitored by HPLC. The catalyst was filtered on a Celite®
bed (25 g) and the cake was washed with ethyl acetate (990
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mL). The filtrate was evaporated under vacuum, which pro-
vided compound 32 (59 g, 85%) as a solid.

[0380] TLC: p-Anisaldehyde charring, R, for compound
32=0.32 and R, for compound 84=0.30 Eluent=10% EtOAc
in hexanes.

[0381] 'H NMR (500 MHz, CDCL,): 8=5.31 (s, 1H), 4.73
(m, 1H), 3.66 (s, 3H), 2.37-2.03 (m, 7H), 2.01 (s, 3H), 1.98-
1.09 (m, 18H), 1.06 (s, 3H), 0.92-0.91 (d, J=6.0 Hz, 3H), 0.59
(s, 3H).

[0382] '*CNMR (125MHz, CDCl,): 8=174.6,170.5, 139.
8,119.5,74.8, 56.0, 53.3, 51.4, 41.9, 41.7, 40.9, 38.5, 36 4,
35.4,35.2,33.8,31.0,30.9,29.5,28.2,27.8,26.8,26.7,25.2,
21.4,179,11.5

[0383] Mass (m/z)=448.2 [M*+18].

[0384] IR (KBr)=3435, 3039, 2941, 1729, 1448, 1435,
1252, 1022 cm™.

[0385] mp=122.1-123.9°C.

[0386] [ct],,=+56 (¢=1% in CHCI,).

[0387] HPLC/RI Purity: 93.0%,

Conversion of Compound 30 to Compound 32 Via
Compound 85:

[0388] Ethyl aluminum dichloride (104.5 mL, 192 mmol,
1.8 Min toluene) was added to a solution of methyl propiolate
(13.58 mL,, 153 mmol) in DCM (100 mL) at 0° C. under inert
atmosphere. The resulting solution was stirred for 15 min and
then compound 30 (22 g, 64.3 minor) was added. After stir-
ring for an additional 20 min at 0° C., the temperature was
raised to 25° C. and held there for a further 18 h. At this point
the reaction was determined to be complete by TLC, and the
mixture was poured into cold (0° C.) water (200 mL). The
phases were separated and the aqueous layer was extracted
with DCM (150 mL). The organic layers were combined and
washed sequentially with water (200 mL.) and saturated brine
solution (100 mL). It was then dried over anhydrous Na,SO,,
(40 g) and filtered. The filtrate was concentrated under
vacuum and the resulting solid was purified by slurring in
methanol (280 mL) to provide compound 85 (17.5 g 68% as
a white solid.

[0389] TLC: p-anisaldehyde charring, R, for 85=0.32 and
R for 30=0.5.

[0390] TLC mobile phase: 10% EtOAc in hexanes.

[0391] 'HNMR (500 MHz, CDCL,): $=6.92-6.926 (d, I=7.
5, 15.5 Hz, 1H), 5.80-5.83 (d, J=16 Hz, 1H), 5.37-5.43 (m,
2H), 4.73-4.75 (m, 1H), 3.73 (s, 3H), 3.02-3.04 (t, ]=6.5 Hz,
1H), 2.15-2.23 (m, 3H), 2.05-2.08 (m, 3H), 2.01 (s, 3H),
1.48-1.99 (m, 8H), 1.24-1.34 (m, 2H), 1.20-1.21 (d, J=5 Hz,
3H), 1.11-1.17 (m, 1H), 1.07 (s, 3H), 0.67 (s, 3H).

[0392] '*CNMR (125MHz, CDCl,): 8=170.5,167.2, 155.
0,153.7, 141.6, 124.0, 118.8, 118.7, 74.6, 53, 9, 51.3, 45.7,
41.7,38.8,37.1,35.5,35.3,34.6,33.7,31.8,29.5,27.7, 26.5,
26.5,21.3,19.7,15.7.

[0393] Mass (m/z)=444.0 [M*+18].

[0394] IR (KBr)=3443, 3030, 2930, 1719, 1650, 1247,
1359, 1032, 1170 cm™.

[0395] m.p.=114-116° C. (from methanol)

[0396] [c],=+102 (c=1% in CHCI,).

[0397] ELSD Purity: 99.7%, Retention time=19.57, (Inert-
sil ODS 3V 250x4.6 mm, 5 um),

[0398] ACN: 0.1% TFA in water (90:10).

[0399] To a solution of compound 85 (17.5 g, 41 mmol) in
EtOAc (350 ml) was added PtO, (4.37 g), and the resulting
slurry was hydrogenated in a Parr apparatus (70 psi) for 14-16
h. At this point the reaction was determined to be complete by



US 2013/0137884 Al

TLC. The mixture was filtered through a small plug of
Celite® and the solvent was removed under vacuum, afford-
ing compound 32 (17.0 g, 96.0%) as a white solid. The above
product was used in the next step without further purification.
[0400] TLC: p-anisaldehyde charring, R, for 32=0.32 and
R, for 85=0.30.

[0401] TLC mobile phase: 10%—FEtOAc in hexanes.
[0402] 'H NMR (500 MHz, CDCl,): 8=5.31 (s, 1H), 4.73
(m, 1H), 3.66 (s, 3H), 2.03-2.37 (m, 7H), 2.01 (s, 3H), 1.09-
1.98 (m, 18H), 1.06 (s, 3H), 0.91-0.92 (d, J=6.0 Hz, 3H), 0.59
(s, 3H).

[0403] '*CNMR (125 MHz, CDCL,): 6=174.6,170.5, 139.
8,119.5,74.8,56.0, 53.3, 51.4, 41.9, 41.7, 40.9, 38.5, 36 4,
35.4,35.2,33.8,31.0,30.9,29.5,28.2,27.8,26.8,26.7,25.2,
214,179,11.5

[0404] Mass (m/z)=448.2 [M*+18].

[0405] IR (KBr)=3435, 3039, 2941, 1729, 1448, 1435,
1252,1022 cm™".

[0406] m.p.=122.1-123.9° C. (from EtOAc),

[0407] [c] =56 (c=1% in CHCl,)

[0408] ELSD Purity: 97.7%: Retention time=14.57 (ZOR-
BAX SB C-18 150x4.6 mm, 5 um,

[0409] ACN: 0.1% TEA in water (90:10)

Conversion of Compound 32 to Compound 24:

[0410] To asolution of compound 32 (20 g) in ethyl acetate
(200 mL) was added 70% TBHP in water (200 mL) reaction
solution was cool to 0° C. was slowly added 10% Sodium
hypochlorite for about 6-7 h at 0-5° C., stir for 2-3 h at same
temp. Upon complete disappearance of compound 32 by TLC
(eluent=20% EtOAc in hexanes), separate the organic layer
and the aqueous layer extracted with ethyl acetate (60 mL).
the combined organic layer was washed with water (2x400
ml) followed by treated with 20% sodium sulfite sol (220
mL) at 50-55° C. for 2 h, separate two layers; organic layer
was treated with pyridinium chlorochromate (10.9 g) for 6-8
h at 25-30° C. Upon complete disappearance of allylicalcohol
by TLC (eluent=20% EtOAc in hexanes), the organic layers
were washed with hot water (4x500 mL) followed by satu-
rated brine solution (100 mL). Organic layer was evaporated
under vacuum at 45-50° C. The resulting crude material was
purified by stirring it with 20% aqueous methanol (40 mL) at
5-10° C. for 1 h filtered; the cake was washed with 20%
aqueous methanol (20 mL) and then dried under vacuum at
45-50° C., which provided compound 24 (13 g) as a pale
yellow solid.

[0411] TLC: p-Anisahlehyde charring, R, for compound
24=0.28 and R -for compound 32=0.52. Eluent=20% EtOAc
in hexanes.

[0412] 'HNMR (500 MHz, CDCl,): 8=5.71 (s, 1H), 4.75-
4.71 (m, 1H), 3.66 (s, 3H), 2.42-2.37 (m, 3H), 2.31-2.02 (m,
2H), 2.0 (s, 3H), 1.98-1.67 (m, 9H), 1.56-1.24 (m, 9H), 1.19
(s, 3H), 1.02-1.01 (d, J=6.5 Hz, 3H), 0.90 (s, 3H).

[0413] '*CNMR (500 MHz, CDCl,): =204.9, 174.5, 170.
4,163.8,123.6,73.7,53.4,53.0,51.3,47.2,41.7,39.8,37.7,
35.2,35.0,33.9,31.4,30.5,29.6,27.6,27.3,26.4,26.1,24.1,
21.2,19.4, 10.6.

[0414] Mass (m/z)=445.0 [M*+1], 462.0 [M*+18]

[0415] IR=3437, 3045, 2946, 2870, 1729, 1680, 1252,
1168, 1020, cm™".

[0416] m.p.=141-142°C.

[0417] [c],=+102 (c=1% in CHCI,).

[0418] HPLC/RI Purity: 96.2%.
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Conversion of Compound 24 to Compound 33:

[0419] The hydrogenation of compound 24 on 10.0 g scale
using dry 10% Pd/C (15 wt %) in ethyl acetate (20 parts) was
added and applied about 50 psi hydrogen pressure and tem-
perature raised to 70° C. After reaching temperature 70° C.,
observed increase of hydrogen pressure to about 60 psi, at
these conditions maintained for 60 h. After 60 hours 0.6% of
compound 24 and 2.75% of allylic alcohol were still
observed, so further stirred for additional 12 h (observed
0.16% of allylic alcohol and 0.05% of compound 24). After
work-up, the reaction provided 9.5 g of residue.

[0420] Anther hydrogenation reaction on 25 g of com-
pound 24 with above conditions for 76 h provided 24.5 g of
residue.

Method A

[0421] 10% Pd/C (900 mg) was added to a solution of
compound 24 (2.0 g, 4.5 mmol) in EtOAc (150 mL) and the
resulting slurry was hydrogenated in a Parr apparatus (50 psi)
at 50° C. for 16 h. At this point the reaction was determined to
be complete by TLC. The mixture was filtered through a small
plug of Celite® and the solvent was removed under vacuum,
providing compound 33 (1.6 g, 80% yield) as a white solid.
[0422] TLC: p-anisaldehyde charring, R, for 33=0.36 and
R for 25=0.32.

[0423] TLC mobile phase: 20%—FEtOAc in hexanes.
[0424] 'HNMR (500 MHz, CDCl,): 8=4.67-4.71 (m, 1H),
3.66 (s, 3H), 2.45-2.50 (t, J=15 Hz, 2H), 2.22-2.40 (m, 1H),
2.01 (s, 3H), 11.69-1.96 (m, 9H), 1.55 (s, 4H), 1.25-1.50 (m,
8H), 1.07-1.19 (m, 2H), 1.01 (s, 6H), 0.84-0.85 (d, J=7.0 Hz,
3H).

[0425] '*CNMR (125MHz, CDCl,): =214.4,174.5, 170.
4,73.6,58.5,57.4,51.3,464, 43.9, 41.2, 38.0, 35.6, 35.5,
35.2,34.8,32.0,31.2,30.4,27.4,26.8,26.2,25.9,24.2,22.6,
21.2,18.5,11.6,

[0426] Mass (m/z)=447.0 [M*+1], 464.0 [M*+18].

[0427] IR (KBr)=3445, 2953, 2868, 1731, 1698, 1257,
1029 cm™.

[0428] m.p.=1422-144.4° C. (from EtOAc/hexanes mix-
ture),

[0429] [c],=+92 (¢=1% in CHCI,).

[0430] ELSD Purity: 96.6%: Retention time=9.93 (Inertsil

ODS 3V, 250x4.6 mm, 5 um, ACN: 0.1% TEA in water
(90:10)

Method B

[0431] A slurry of 10% Pd/C (9 g in 180 mL of ethyl
acetate) was added to a solution of compound 24 (36 g, 81
mmol) in EtOAc (720 mL) and the resulting slurry was treated
with hydrogen gas (50 psi) at 45-50° C. for 16 h, (A total of
1080 mlL. of solvent may be used). At this point the reaction
was determined to be complete by HPLC(NMT 1% of com-
pound 24). The mixture was filtered through Celite® (10 g)
and washed with ethyl acetate (900 mL). The filtrate was
concentrated to 50% of its volume via vacuum distillation
below 50° C. To the concentrated solution was added pyri-
dinium chlorochromate (20.8 g) at 25-35° C. and the mixture
was stirred for 2 h at 25-35° C., when the reaction completed
by HPLC (allylic alcohol content is NMT 1%).

[0432] The following process can be conducted if com-
pound 24 content is more than 5%. Eater the reaction mass
through Celite® (10 g) and wash with ethyl acetate (360 mL).
Wash the filtrate with water (3x460 mL) and then with satu-
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rated brine (360 mL). Dry the organic phase over sodium
sulphate (180 g), filter and wash with ethyl acetate (180 mL).
Concentrate the volume by 50% via vacuum distillation
below 50° C. Transfer the solution to a clean and dry auto-
clave. Add slurry of 10% palladium on carbon (9 g in 180 mL
of ethyl acetate). Pressurize to 50 psi with hydrogen and stir
the reaction mixture at 45-50° C. for 16 h.

[0433] Upon complete consumption of compound 24 by
HPLC (the content of compound 24 being NMT 1%), the
reaction mixture was filtered through Celite® (10 g) and the
cake was washed with ethyl acetate (900 mL). The solvent
was concentrated to dryness via vacuum distillation below
50° C. Methanol (150 ml.) was added and concentrated to
dryness via vacuum distillation below 50° C. Methanol (72
ml.) was added to the residue and the mixture was stirred for
15-20 min at 10-15° C., filtered and the cake was washed with
methanol (36 mL). The white solid was dried in a hot air drier
at 45-50° C. for 8 h to LOD being NMT 1% to provide
compound 33 (30 g, 83.1% yield).

Conversion of Compound 33 to Compound 34:

Method A

[0434] A THEF solution of lithium tri-tert-butoxyaluminum
hydride (1M, 22.4 mlL,, 22.4 mmol) was added drop wise to a
solution of compound 33 (2.5 g, 5.6 mmol) in THF (25 mL) at
ambient temperature. After stirring for an additional 4-5 h, the
reaction was determined to be complete by TLC. The reaction
was quenched by adding aqueous HC1 (1M, 10 mL) and the
mixture was diluted with EtOAc (30 mL). The phases were
separated and the organic phase was washed sequentially
with water (15 mL) and saturated brine solution (10 mL). The
organic phase was then dried over anhydrous Na,SO, (3 g)
and filtered. The filtrate was concentrated under vacuum and
the resulting solid was purified by column chromatography
[29 mm (W)x500 mm (L), 60-120 mesh silica, 50 g], eluting
with EtOAc/hexane (2:8) [5S mL fractions, monitored by TLC
with p-anisaldehyde charring]. The fractions containing the
product were combined and concentrated under vacuum to
provide compound 34 (2.3 g, 91%) as a white solid.

[0435] TLC: p-anisaldehyde charring, R, for 34=0.45 and
R,for 33=0.55.

[0436] TLC mobile phase: 30%—EtOAc in hexanes.
[0437] 'HNMR (500 MHz, CDCl,): $=4.68-4.73 (m, 1H),
3.98 (s, 1H), 3.66 (s, 3H), 2.34-2.40 (m, 1H), 2.21-2.26 (m,
1H), 2.01 (s, 3H), 1.75-1.89 (m, 6H), 1.39-1.68 (m, 16H),
1.00-1.38 (m, 3H), 0.96-0.97 (d, J=5.5 Hz, 3H), 0.93 (s, 3H),
0.68 (s, 3H).

[0438] '*CNMR (125 MHz, CDCl,): §=174.5,170.5,74.1,
72.9,51.3,48.1,47.2,46.4,41.7,35.8,34.9,34.7,34.0,33.5,
32.0,30.9,30.8,28.6,27.3,26.8,26.3,25.9,23.4,22.9,21.3,
17.2,12.6

[0439] Mass (m/z)=449.0 [M*+1], 466.0 [M*+18].

[0440] IR (KBr)=3621, 2938, 2866, 1742, 1730, 1262,
1162, 1041, cm™".

[0441] m.p=104.2-107.7° C. (from EtOAc).

[0442] [c],,=+56 (¢=1% in CHCI,).

[0443] ELSD Purity: 97.0%; Retention time=12.75 (Inert-
sil ODS 3V, 250x4.6 mm, 5 um, ACN: Water (60:40)

Method B

[0444] A THEF solution of lithium tri-tert-butoxyaluminum
hydride (1M, 107.6 mL, 107.6 mmol) was added over 1 h to
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a solution of compound 33 (30.0 g, 67 mmol) in dry THF (300
ml) at 0-5° C. After stirring for an additional 4 hat 5-10° C.,
the reaction was determined to be complete by HPLC(NMT
1% of compound 33). The reaction was cooled to 0-5° C. and
quenched by adding 4N HCl (473 mL). The phases were
separated. The aqueous layer was extracted with DCM
(2x225 mL) and the combined organic phase was washed
sequentially with water (300 mL.) and saturated brine solution
(300 mL). The organic phase was then was concentrated to
dryness by vacuum distillation below 50° C. Methanol (150
ml.) was added to the residue and concentrated to dryness by
vacuum distillation below 50° C. Water (450 mL) was then
added to the residue and the mixture was stirred for 15-20
min., filtered and the cake was washed with water (240 mL).
The white solid was dried in a hot air drier at 35-40° C. for 6
h to provide compound 34 (30 g, 99.6%).

Conversion of Compound 34 to crude DCA:

Method A

[0445] A solution of LiOH (187 mg, 4.4 mmol) in H,O (2.0
ml) was added to a solution of compound 34 (500 mg, 1.11
mmol) in THF (8 ml) and MeOH (8 mL). The resulting
mixture was stirred for 3-4 h at 50° C. Upon complete disap-
pearance of'the starting material by TL.C, the reaction mixture
was concentrated under vacuum. A mixture of water (10 mL)
and 3 N HCI (1 ml) were combined and cooled to 0'C and then
added to the crude product. After stirring for 1 h at 0° C., the
precipitated solids were filtered and then washed with water
(10 mL)) and hexane (20 mL). Drying under vacuum at room
temperature provided deoxycholic acid (DCA, 400 mg, 91%
yield) as a white solid.

[0446] TLC: p-anisaldehyde charring, R, for DCA=0.32
and R for 2.1a=0.82.

[0447] TLC mobile phase: 10%—Methanol in DCM.
[0448] 'HNMR (500 MHz, DMSO): 6=11.92 (s, 1H), 4.44
(s, 1H),4.19 (s, 1H), 3.77 (s, 3.35-3.36 (m, 1H), 2.19-2.21 (m,
1H), 2.08-2.10 (m, 1H), 1.73-1.80 (m, 4H), 1.43-1.63 (m,
6H), 1.15-1.35 (m, 12H), 0.98-1.05 (m, 2H), 0.89-0.90 (d,
J=6.0 Hz, 3H), 0.83 (s, 3H), 0.58 (s, 3H).

[0449] '*C NMR (125 MHz, DMSO): =174.8,71.0, 69.9,
47.4,46.1,46.0,41.6,36.3,35.6,35.1,34.9,33.8,32.9,30.8,
30.7,30.2, 28.6, 27.1, 27.0, 26.1, 23.5,23.0, 16.9, 12.4.

[0450] Mass (m/z)=393 [M*+1].

[0451] IR=3363, 2933, 2863, 1694, 1453, 1372, 1042,
-1

cm™.

[0452] m.p.=171.4-173.6° C., (from ethanol); 174-176° C.

(Alfa Aesar) and 171-174° C. (Aldrich)

[0453] [a] ,=+47 (¢ 1% in EtOH), +54° (¢=2% in ethanol)
[Alfa Aesar]

[0454] ELSD Purity: 99.7%: Retention time=5.25 (Inertsil
ODS 3V, 250x4.6 mm, 5 um, ACN: 0.1% TFA in water
(90:10).

Method B

[0455] A 20% solution of NaOH (40 g, 270 mmol) in H,O
(54 mL) was added to a solution of compound 34 (30 g, 67
mmol) in THF (120 mL.) and MeOH (120 mL) at 0-5° C. The
resulting mixture was stirred for 4 h at 25-35° C. Upon
completion of reaction by HPLC (NMT 0.5% of compound
34 and intermediates), the solvent was removed via vacuum
distillation below 50° C. The residue was dissolve in water
(300 mL) and washed with DCM (2x150 mL). The pH of
aqueous layer was adjusted to 1-2 with 2N HCI (~173 mL).
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The solids were filtered, washed thoroughly with water (3 L)
and dried by a hot air drier at 70-75° C. until the moisture
content is less than 2% to provide deoxycholic acid (DCA, 26
g, 99% yield) as a white solid.

Example 9
Deoxycholic Acid (DCA) Purification

1. Solvent Selection

[0456] Two solvent systems were explored for further puri-
fication of DCA:

[0457] 10% Hexanes in EtOAc
[0458] DCM

The following experiments have been conducted and the
experimental results are tabulated below.
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Batch Temp Output

No. Size (g) °C) (g) Remarks

1 5.0 10-15 3.0 99.0% HPLC purity by RI
detection.

2 100 25-30 70 99.3% HPLC purity by RI
detection.

3 47 25-30 44 99.5% HPLC purity by RI
detection.

[0463] Higher quality product was obtained when isolation
is done at 25-30° C. as compared to 10-15° C.

Purification of DCA in 100 Scale

[0464] The final purification procedure for this step is given
below:

Batch Output
No. Size (g) Solvent (g) Purity by HPLC
1 136  10% Hexanes 100 95% HPLC purity by RI
in EtOAc detection
2 9.5 DCM* 6.8 >99% HPLC purity by RI
detection
3 4.0 DCM* 3.0 >99% HPLC purity by RI
detection

No. Raw Material Qty  Unit M. Wt. Mole Mole ratio
1 Crude DCA 100 g 392 0.255 1.0
2 Dichloromethane 50 L — — 50 vV
3 Methanol 250 mL — — 25V
4  NaOH 1223 g 40 0.3058 1.2
5 2NHCI 204 mL — — 204V
6 Demineralised 10 L — — 100 V

(D.M.)Water

*The DCA to be purified was dissolved in a mixture of methanol and DCM and then the
methanol was removed by azeotropic distillation. The amount of methanol required to
dissolve the crude DCA depends on how pure it is to begin with.

Typical crude material was ~75% pure and could be dissolved atreflux using 10% methanol-
DCA (by volume) using ~20 mL per gram. With purer DCA, the percentage of methanol had
to be increased to 15%.

[0459] Effective purification was achieved by crystalliza-
tion of the product from DCM following dissolution in a
mixture of methanol and DCM and azeotropic removal of the
methanol via atmospheric distillation,

2. Solvent Quantity

[0460] Experiments have been conducted using different
solve volumes and the experimental results are tabulated
below.

Batch Solvent  Output
No. Size (g) quantity (g) Purity by HPLC

1 4.0 25 vol 3.0 99.3% HPLC purity by RI
detection

2 5.0 15 vol 3.56  99.3% HPLC purity by RI
detection

3 5.0 20 vol 3.4 99.3% HPLC purity by RI
detection

4 100 15 vol 70 99.3% HPLC purity by RI
detection

5 47 15 vol 44 99.5% HPLC purity by RI
detection

[0461] Excellent recoveries and product quality were
obtained at all solvent levels.

3. Isolation Temperature

[0462] The following experiments have been conducted by
varying the isolation temperature and the results are tabulated
below:

[0465] Crude DCA (110 g) was dissolved in 10% methanol
DCM (2.5 L) at reflux temperature. To this clear solution 2.5
L of dichloromethane was added at reflux temperature and
then about 3.0 L of solvent was distilled at atmospheric pres-
sure (GC analysis of reaction mass supernatant revealed the
presence of about 3% of methanol). The reaction slurry was
cooled to 20-25° C. and then stirred for 3-4 h. The mixture
was filtered and the solids were washed with DCM (300 mL).
The product was dried in a hot air oven at 50-55° C. for 6-8 h.
[0466] The above dried DCA was added to water (1.0 L)
and then 10% sodium hydroxide solution (122 ml) was
added resulting in a clear solution. This solution was filtered
through Sy filter paper. The filtrate was diluted with water (2.0
L), and the pH was adjusted to 1-2 with 2N HCl solution (204
mL). The precipitated solids were stirred for 1 h, filtered and
the solids were washed with additional water (7.0 L). After
drying in ahotair ovenat 70-75° C. for 16-20 h, purified DCA
(~66 g with more than 99% purity by HPL.C RI detection) was
obtained as a white solid.

[0467] TLC: p-Anisaldehyde charring, R, for DCA=0.32
and R, for compound 34=0.82. Eluent=10% methanol in
DCM.

[0468] 'HNMR (500 MHz, DMSO): 5=11.92 (s, 1H), 4.44
(s, 1H), 4.19 (s, 1H), 3.77 (s, 1H), 3.36-3.35 (m, 1H), 2.21-
2.19 (m, 1H), 2.10-2.08 (m, 1H), 1.80-1.73 (m, 4H), 1.63-1.
43 (m, 6H), 1.35-1.15 (m, 12H), 1.05-0.98 (m, 2H), 0.90-0.89
(d, J=6.0 Hz, 3H), 0.83 (s, 3H), 0.58 (s, 3H).

[0469] '*CNMR (125 MHz, DMSO): 5=174.8, 71.0, 69.9,
47.4,46.1,46.0,41.6,36.3,35.6,35.1,34.9,33.8,32.9,30.8,
30.7,30.2, 28.6, 27.1, 27.0, 26.1, 23.5,23.0, 16.9, 12.4.
[0470] Mass (m/z)=393 [M*, 1].

[0471] IR=3363, 2933, 2863, 1694, 1453, 1372, 1042,
cm™.

[0472] m.p.=171.4-173.6° C. (from ethanol); 174-176° C.
(Alfa Aesar) and 171-174° C. (Aldrich).
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Recrystallization of Deoxycholic Acid (DCA)

[0473] DCA obtained from Method B (26 g) above, was
charged into a clean and dry flask. Methanol (65 mL) and
DCM (585 mL) were added. The mixture was heated to reflux
to obtain a clear solution, DCM (650 mL) was charged to the
solution and the solvent was distilled atmospherically until
780 mL of solvent was collected. The mixture was assayed by
GC to determine the solvent composition. If the methanol
content is more than 2%, add DCM (200 mL) and distill
atmospherically until 200 mL of distillate have been col-
lected. (Check for the methanol content by GC). The reaction
mixture was cooled over 1-2 h to 20-25° C. and stirred at this
temperature for 3-4 h. The product was filtered and washed
with DCM (81 mL), dried in a hot air drier at 50-55° C. for 8
h. The purity was determined by HPLC. If single max impu-
rity is more than 0.1%, the above process is repeated.

[0474] The dried material from the above was charged in to
aclean flask. Water (190 mL) was added and followed by 10%
aqueous NaOH (3.18 g 31.8 mL of water). The solution was
filtered through 5p filter paper and the filtrate was diluted with
additional water (380 mL). The pH was adjusted to 1-2 with
2 N HCI (53 mL). The resulting solids was filtered, washed
thoroughly with water (1.9 L), and dried in a hot air drier at
70-75° C. until the water content is below 1% to give DCA as
a white solid (17 g, % of recovery: 65).

Example 10

Alternate Method of Synthesis and Purification a of
DCA from Compound 33

Step 1a—Hydrogenation of methyl 3a-acetoxy-12-
oxo 5p-chol-9(11)-en-24-oate (24)

[0475]

Pd/C, Hj (50 psi),
_—
EtOAc, 45-50° C.

AcO™

24

33
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-continued

AoV

86

AcO™ '

87

[0476] Dry Pd/C (75.0 g, 25 wt %) was added to 24 (300.0
g,0.7mol)in EtOAc (7.5 L, 25 vol). The reaction mixture was
heated to 45°-50° C. and pressurized to 50 psi of H, HPLC
analysis after 21 hours indicated <1.0% area under the curve
(AUC) of 24 remained; 4.6% AUC of the allylic alcohol
impurity 86 and 11.1% AUC of the 87 formed. The reaction
mixture was cooled to 30°-35° C., filtered over Hyflo® (300
g) and washed with EtOAc (7.5 L) to remove the catalyst. The
resulting filtrate was concentrated to about 6 L and taken
forward without further manipulation (67.8% AUC by HPLC,
5.5% AUC of the allylic alcohol impurity 86 and 13.0% AUC
of' 87).

Step 1b/c—Oxidation of Allylic Alcohol 86 and 87
and Rehydrogenation 24 to methyl
3a-acetoxy-2-0x0-53-cholan-24-oate (33)

[0477]

33

AoV

86
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-continued

1b) PCC, EtOAc,
25°C.

le) PA/C., Hy,
EtOAc,
45-50° C.

AcO™ i

33

Step 1b—PCC Oxidation of Allylic Alcohol 86 and
87

[0478] Aslurry of PCC (149.1 g, 1.03 equiv.) in EtOAc (1.5
L) was added to the 33 solution from above at 20°-25° C. The
reaction was allowed to proceed for 3.5 hours where HPL.C
analysis showed that <1% AUC of the allylic alcohol 86 and
<1% AUC of 87 remained. The reaction mixture was filtered
over Hyflo® (300 g) and washed with EtOAc (3.0 L). The
EtOAc filtrate was washed with deionized (D1) water (2x3.6
L) and brine (3.6 L), filtered over Hyflo® (300 g) and washed
with EtOAc (3.0 L). The resulting filtrate was concentrated to
~7.5 L and taken forward without further manipulation (77.
7% AUC by HPLC containing 5.3% AUC of 24).

Step 1c—Rehydrogenation of 24 to 33

[0479] Powder activated carbon DARCO (60 g, 20 wt %)
was added to the crude 33 solution from above containing 24.
The resulting slurry was heated to 45°-50° C. for 4 hours,
cooled to 30°-35° C. and filtered over Celite®. The filter cake
was washed with EtOAc (7.5 L), concentrated to 7.5 L. and
added to dry Pd/C (60.0 g, 20 wt %). The reaction mixture was
heated to 45°-50° C. and pressurized to 50 psi of H, for 6
hours. HPLC analysis indicated <1.0% AUC of 24 remained;
1.1% AUC of 86 impurity and <1.0% AUC of 87 formed. The
reaction was deemed complete and cooled to 30°-35° C.,
filtered over Celite® and washed with EtOAc (7.5 L). The
EtOAc filtrate was concentrated to 5 volumes and azeotroped
with MeOH (2x4.5 L) back down to 5 volumes. The resulting
slurry was diluted with DI water (2.4 L) and maintained at
20-25° C. The slurry was filtered, washed with DI water
(2x600 mL) and dried under vacuum at 40°-50° C. to yield
266 g (88%) of 33 (66.2% AUC by HPLC).

Step 2—Synthesis of 34

[0480] A solutionof33(245g,0.5mol)in THF (2.5 ) was
cooled to 0°-5° C. and 1M solution of Li(t-BuO);AlH (822.9
ml, 1.5 equiv.) was added while maintaining the temperature
below 5° C. The reaction mixture was stirred at 5°—-10° C.
for 22 hours. Reaction may be complete in 2-4 hours. HPL.C
analysis indicated that the reaction was complete with <1% of
33 remaining. The reaction was quenched with 4 M HCl (3.7

46
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L) while maintaining the temperature below 20° C. The reac-
tion mixture was extracted with CH,Cl, (2x2.5 L) and the
combined organic phases were washed with DI water (2x2.5
L). The CH,Cl, phase was concentrated to afford 300 g
(122%) of 34 (73.5% AUC by HPLC). 'H NMR analysis
indicated that 9.7 wt % of THF and 0.8 wt % of CH,Cl,
remained.

Step 3—Synthesis of DCA

[0481] A NaOH solution (87.6 g, 4 equiv.) in DI water
(438.6 mL.) was added to a solution of 34 (245 g, 0.5 mol) in
MeOH (980 mL) and THF (475 mL) at 0°-5° C. The reaction
mixture was allowed to warm to 20°-25° C. HPLC analysis
showed that the reaction was complete after 1 hour with
<0.5% 34 and <0.5% of the hydrolysis intermediates remain-
ing. The reaction was diluted with DI water (2.5 L) and
concentrated to ~10 volumes. The aqueous solution was
washed with CH,Cl, (2x1.3 L) and adjusted to pH 1.7-2.0
using 2 M HC1 (1.6 L). A white slurry formed and was stirred
at 20°-25° C. for 1 hour. The slurry was filtered, washed with
DI water (7x1 L) and dried under vacuum to yield 195 g
(91%) of DCA (82.2% AUC by HPLC).

Step 4—Purification of DCA
[0482] A solution of DCA obtained above (190 g, 0.48 mol)
in MeOH (475 mL) and CH,Cl, (4275 mL) was heated to
35°-40° C. The MeOH/CH,Cl, was distilled out of the mix-
ture while CH,Cl, (47.40 mL) was added matching the rate of
distillation. Analysis of the solvent composition by "H NMR
indicated 4.5 mol % of MeOH remained relative to CH,Cl,.
The slurry was allowed to cool to 20°-25° C. and held for 16
hours. The solids were isolated by filtration, washed with
CH,CI, (600 mL) and dried under vacuum to yield 104 g
(55%) of DCA (>99% AUC by HPLC-RID and 98.7% AUC
by HPLC-CAD).
[0483] Therecrystallization was repeated by heating a mix-
ture of DCA (103 g, 0.3 mol) in MeOH (359 mL) and CH,Cl,
(1751 mL) t0 35°-40° C. The MeOH/CH,Cl, was distilled out
of the mixture while CH,Cl, (3760 ml.) was added matching
the rate of distillation. Analysis of the solvent composition by
'H NMR indicated 4.7 mol % of MeOH remained relative to
CH,Cl,. The slurry was allowed to cool to 20°-25° C. After 1
hour, the solids were isolated by filtration, washed with
CH,Cl, (309 mL) and dried under vacuum to afford 82 g
(79%) of DCA (>99% AUC by HPLC-RID and 99.3% AUC
by HPLC-CAD).
[0484] To assess the effect of additional purification and
reprocessing, the product was recrystallized a third time prior
to the normal final water isolation step. The above sample of
DCA (80 g, 0.2 mol) in MeOH (240 mL) and CH,Cl, (1400
ml) was heated to 35°-40° C. The MeOH/CH,Cl, was dis-
tilled out of the mixture while CH,Cl, (2000 mL) was added
matching the rate of distillation. Analysis of the solvent com-
position by *H NMR indicated 6.7 mol % of MeOH remained
relative to CH,Cl,. The slurry was allowed to cool to 20°-25°
C. After 1 hour, the solids were isolated by filtration, washed
with CH,Cl, (240 mL) and dried under vacuum to afford 72
£ (89%) of DCA (99.7% AUC by HPLC-CAD).
[0485] The sample was slurried in DI water (840 mL.) and
diluted with a solution of NaOH (14.0 g) in DI water (140
mL). The resulting solution was filtered over Celite® and
washed with DI water (1.4 L). The filtrate was adjusted to pH
1.6 with 2 M HC1 (~300 mL) resulting in a white precipitate
which was held for 1 hour at 20°-25° C. The product was
isolated by filtration, washed with DI water (9.0° L) and dried
under vacuum to afford 63 g (87%) of DCA (99.7% AUC by
HPLC-CAD).
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Example 11

[0486] A manufacturing process for deoxycholic acid key
starting material compound 24 has been modified and made
suitable for large scale production. The manufacturing pro-
cess is safe, economical, environmentally-friendly and pro-
duces high quality final product that consistently meets speci-
fications.

The manufacturing process involves:

Preparation of the Key Starting Material (i.e. Methyl
3a-acetoxy-12-0x0-5p-chol-9(11)-en-24-oate) Com-
pound 24
[0487] The Key Starting Material is prepared in eight
chemical steps from 9-a-hydroxyandrost-4-en-3,17-dione

May 30, 2013

(9-HAD). Since some of the intermediates are not isolated,
this part of'the process corresponds to Stage-I to Stage-V. The
structural assignments for all intermediates are consistent
with NMR and Mass Spectral data. The detailed procedures
forthe final process along with the spectral data of the product
from each step are provided in the Process section.

A schedule of impurities along with their status (isolated,
identified, not observed, etc.), a list of raw materials, and a
description of critical process parameters are all provided in
the final sections of the report.

Based on the results of the process modification and the
demonstration batch, the manufacturing process is suitable
for its intended purpose.

Scheme 1 - synthetic scheme starting from 9a-Hydroxyandrostenedione

10% Pd/C
DMF, H2
T

28 83

Methylacrylate,
EtAICL, DCM, 1t

—_—

AcO\\\“ l

30
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5‘\‘

CO,Me

AcO\\\“‘
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ﬁ o
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s
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H H

AcO\\“"

LiAL{O'Bu);H
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27
Ph;PCH,CH;+Br Ac,O, DMAP
KO'Bu, THF, 1t TEA, DCM
_—
70% = two steps
o™
29
COMe
10%-Pd/C
H,, MeOH
EtOAc
88% in
3 steps
84
COMe
CrO3
AcOH
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Modification of the Final Process

[0488] Drawbacks of the Initial Runs of the Proposed Pro-
cess Steps

The process for the preparation of DCA was worked reason-
ably well on the initial run through the proposed route and we
were able to prepare multi-gram quantities of synthetic DCA
with pretty high purity, but disadvantages they are key starting
material purity, yield and Wittig stage column chromatogra-
phy not feasible for plant scale these things are successfully
avoided by using crystallization methods in aqueous metha-
nol, allylic oxidation reaction also improved good yield and
purity of compound 24, the initial experimental procedure
and results for each step are given below.

Modification of each step of the new process modifications
was undertaken. These modification studies are described in
this section. Attempts were made to combine steps to mini-
mize work-ups and isolations, resulting in an increase in
efficiency. The resulting process has a total of eight stages—
five steps are involved to prepare the regulatory starting mate-
rial (key starting material, compound 24) and three for its
conversion to DCA. There is also one additional stage for the
final purification.

Modification Study for Step 1

[0489] Chemical name of product: 9a-Hydroxy-5f3-an-
drostane-3,17-dione

Synthetic Scheme:

[0490]
(0]
10% Pd/C
Acetone, Hy
—_—
(@)
25
(0]
O
H
26

Modification Plan for Step 1

[0491] Selection of solvent
[0492] Solvent quantity
[0493] Reaction time
[0494] Catalyst quantity

Selection of Solvent

[0495] The following solvents were studied in the modifi-
cation of this step:

[0496] N.N-Dimethylformamide (DMF)

[0497] Acetone
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[0498] Aqueous Acetone
[0499] Dichloromethane (DCM)
[0500] Methanol (MeOH)
[0501] Ethanol (EtOH)
[0502] Isopropyl alcohol (IPA)
[0503] n-Butanol
[0504] Tetrahydrofuran (THF)
[0505] Methyl tert-butylether (MTBE)
[0506] 1,4-Dioxane
[0507] Ethyl acetate (EtOAc)
[0508] The following experiments have been conducted

using the above solvents and the results are tabulated below,

Input Output
S.No. (g) Solvent (g) Remarks
1 1.0 DMF 0.9  5PB-product: 85.8% by HPLC-RI

Sa-product: 8.6%

2 0.5 Acetone 045  5B-product: 88.5%
Sa-product: 7.8%
3 0.3 TPA 0.25  5B-product: 81.5%
Sa-product: 11.8%
4 0.3 Ethanol 0.25  5B-product: 68.6%
Sa-product: 14.3%
5 0.3 3%Aq 0.25  5B-product: 86.9%
acetone Sa-product: 8.5%
6 0.3 DCM 0.25  5B-product: 47.2%
Sa-product: 32.7%
7 0.3 EtOAc 0.25  5B-product: 78.7%
Sa-product: 13.2%
8 0.3 MeOH 0.25  Observed 3-methoxy 3,9- single
bond
9 0.3 Hexane 0.25  5B-product: 50.5%
Sa-product: 12.9%
10 0.3 n-Butanol 0.25  5B-product: 58.1%
Sa-product: 34.9%
11 0.3 THF 0.25  5B-product: 77.7%
Sa-product: 13.9%
12 0.3 MTBE 0.25  3p-product: 57.5%

Sa-product: 34.0%
5p-product: 43.8%
Sa-product: 1.1%, rx not
completed.

13 5.0 1,4-Dioxane 4.5

Remarks:

[0509] When dichloromethane, methanol or ethyl acetate
was used as a solvent in the hydrogenation of 25, complete
consumption of the starting material was observed (by TLC).
After isolation of the product and analysis by HPL.C-RI, both
Sa- and 5p-isomers of compound 26 were formed in an about
1:1 ratio.

[0510] When acetone was used as a solvent in the hydro-
genation of 25, complete consumption of the starting material
was observed (by TLC). After isolation of the product and
analysis by HPLC-RI, almost exclusive formation of the
5p-isomer of compound 26 and less than 10% formation of
Sa-isomer was observed.

Conclusion:

[0511] Based on the above experimental results, acetone
was chosen as the preferred solvent, providing more than 90%
selectivity and more than 85% yield in this challenging step.
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Solvent Quantity

[0512] The reaction has been carried out with different
volumes of Acetone to determine the preferred solvent quan-
tity. The following experiments have been conducted and the
results are tabulated below:

May 30, 2013

Catalyst Quantity

[0518] In order to modify the Pd/C quantity, the following
experiments have been conducted and experimental results
are tabulated below. The catalyst used in every case was 50%
Wet palladium-on-carbon.

S. No. Exp. No.

Batch Catalyst Output
Size (g) Qty (g) (8

Remarks

1 BDA-09-004-1-024 0.3

0.021 (7%) — 25 was not completely

consumed

2 BDA-09-004-1-025 1.0 0.1 (10%) 0.9 25 was completely consumed

3 BDA-09-004-1-026 0.3 0.036 (12%) 0.9 25 was completely consumed

4 BDA-09-005-1-03 0.3 0.024 (8%) 0.25 25 was completely consumed

Remarks:
Solvent [0519] When the experiments are conducted with 7 wt % of
Input Volume Output catalyst, the reaction was incomplete even after 5h of reaction
S. No. (® (mL per g) (® Remarks time.

1 5.0 20 40 Level of 5a=8.0% .

2 0.5 2 04 Level of 5a = 7.4% Conclusion:

3 10.0 24 8.5  Level of S5a=8.5% .

4 150.0 24 129 LZZ; ngg ~ 8.5% [0520] At least 8% by weight of catalyst should be used to
reliably obtain complete consumption of the starting mate-
rial.

Remarks: Final Modified Process for Step 1:
[0513] Yields and quality of the product are similar at all [0521] The final modified process for this step is given
concentrations. below.
[0514] The quaht.y of the product was monitored by Raw Material Input Details:
HPLC (RI detection), NMR and MASS.
[0522]
Conclusion:
[0515] Since the yield and product quality were essentially s R ™ Mol
the same at all concentrat.ions, 24 ml/g was chose?n as this No. mz‘;rials Q. Unit Wt Moles m?ioe
would be the most productive, less volume also starting mate-
rial not soluble. 1 9a-Hy- 1500 g 302 0496 1.0
droxyandrost-
4-ene-3,17-
Reaction Time dione
2 10% Pd/C (50% 120 g — — 8 Wt %
[0516] The following experiments have been conducted to 5 ‘Zet)t 2050 mL 0 v
. . . . cetone m. — — i
determine the most suitable reaction time and the results are 4 Dichloromethane 1500  mL B B 15V
tabulated below. 5 Celite 20 g — — —

Output Remarks

10g 5 hr 8.63 g 25 was completely consumed
10g 12hr 8.32 g 25 was completely consumed
25 was not completely consumed
50g 5 hr 43.3 g 25 was completely consumed

B oW~
o
[
aQ
w
=3

Conclusion:

[0517] Based on the experimental results, the reaction time
was set at 4-5 h (at 25-35° C.).

Experimental Procedure:

[0523] To asolution of 9a.-Hydroxyandrost-4-ene-3,17-di-
one (150.0 g) in Acetone (3600 mL) was added 10% of Pd/C
(12 g, 8 wt %, 50% wet) and the resulting slurry was hydro-
genated in autoclave (50 psi) for 5 h at 25-25° C. Upon
complete disappearance of the starting material, as evidenced
by TLC (30% EtOAc in DCM), the crude reaction mixture
was filtered through a Celite® bed (20 g) and washed with
dichloromethane (1500 mL). The filtrate was removed under
vacuum and the crude product (145.0 g) was obtained as a
white solid. This crude product was combined with (145.0 g)



US 2013/0137884 Al

acetone (300 mL) at 0° C., stirred for 1 h, then filtered and
washed with chilled acetone (150 and dried under vacuum at
50.This provided compound 26 (129 g, 85%) as a white solid.
[0524] TLC: p-Anisaldehyde charring, R, for compound
26=0.48 and R, for compound 25=0.3. Eluent was 30%
EtOAc in DCM.

[0525] 'HNMR (500 MHz, CDCl,): $=2.40-2.37 (m, 1H),
2.11-2.02 (m, 2H), 1.91-1.31 (m, 19H), 0.96 (s, 3H), 0.84 (s,
3H).

[0526] '*C NMR (125 MHz, CDCl,): =221.0, 95.7, 80.1,
47.0,43.6,38.6,38.5,37.1,35.9,33.41,32.9,32.0,27.9,26.9,
21.5,20.2,20.0, 12.6.

[0527] Mass (m/z) 305.0[M*+1], 322.0 [M*+18].

[0528] (KBr)=3443, 2938, 1722, 1449, 1331, 1138 cm™".
[0529] m.p=213-216° C. (from acetone).

[0530] [c],=+116 (c=1% in CHCI,).

[0531] HPLC/RI Purity: 99.0%.

Modification Studies Step 2

[0532] Chemical name of Product: 8 58-Androst-9(11)-
ene-3,17-dione

Synthetic Scheme:

[0533]
0
' DCM, H,S0,
—_—
o
H
26
0
o
H
27

Modification Plan for Step 2

[0534] Selection of reagent

Selection of Reagent

[0535] The following experiments have been conducted
and the results are tabulated below.

Batch Output
S. No. Size (g) Reagent (g) Remarks
1 0.1 Resin —  compound 26 was not
(H+) completed
2 0.1 Resin —  compound 26 was not
(H+) completed

May 30, 2013
-continued
Batch Output
S. No. Size (g) Reagent (g) Remarks

3 0.2 Resin —  compound 26 was not
(H+) completed

4 108  H,SO, —  compound 26 was completed
5 0.2 H3PO, —  compound 26 was not
completed
6 0.2 25%Aq —  compound 26 was completed
1,580,
Conclusion:
[0536] sulfuric acid was chosen as the preferred reagent for

elimination, in acidic resin reaction was not completed.

Final Modified Process for Step 2:

[0537] The final modified process for this step is given
below:
Ref. Exp. No: BDA-09-008-11-02

S.  Raw M. Mole
No. materials Qty.  Unit Wt. Mole ratio

compound 26 121 g 304 0.3979 1.0

2 Sulfuric acid 19.1 mL 98 0.3579 0.9

3 Dichloro- 1815 mL — — 15V
methane

4 Water 800 mL — — 6.6 V

5 Sodium 600 mL — — 50V
bicarbonate

6 Brine solution 200 mL — — 1.65 V

Experimental Procedure:

[0538] Toa solutionof compound 26 (121 g)in DCM (1815
ml.)was added sulfuric acid (19.1 mL) over 15 minutes under
an inert atmosphere at 5-10° C. The temperature was raised to
25-35° C., and the mixture was stirred for 2 h. At this point the
reaction was determined to be complete (TLC, 30% EtOAc in
DCM). The mixture was washed with water (600 mL) and
then washed with 10% aqueous NaHCO, solution (600 mL).
The organic layer was again washed with water (200 mL)
followed by saturated brine solution (200 mL). The solvent
was then distilled under vacuum, providing compound 27
(108.2 g, 95%) as an oft-white solid. The crude product was
used in the next step without further purification.

[0539] TLC: p-Anisaldehyde chairing, R, for compound
27=0.76 and R, for compound 25=0.44. Eluent was 30%
EtOAc in DCM.

[0540] 'HNMR (500 MHz, CDCl,): 8=5.61 (s, 1H), 2.57-
2.47 (m, 2H), 2.42-2.24 (m, 4H), 2.20-2.05 (m, 3H), 1.99-1.
86 (m, 2H), 1.85-1.84 (d, 6 Hz 1H), 1.63-1.57 (m, 5H),
1.40-1.37 (d, I=13.5 Hz, 1H) 1.28-1.25 (dd, J=4.0, 13.5 Hz,
1H), 1.17 (s, 3H) 0.85 (s, 3H).

[0541] 'CNMR (125MHz, CDCl,): §=221.3,212.8, 140.
1,118.5,48.5,45.9, 443, 43.5, 39.0, 38.0, 37.3, 36.1, 35.8,
33.3,28.8,26.0,25.5,22.5,13.9.

[0542] Mass (m/z)=287 [M*+1], 304 [M*+18].

[05413] IR (KBr)3450,2913, 1737, 1707, 1413, 1403, 1207
cm ™.
[0544] m.p.=143.4-145.9° C. (from DCM).
[0545] [c],=+142 (c=1% in CHCI,).
[0546] HPLC/RI Purity: 96.7%.

Modification Studies for Step 3

[0547] Chemical name of product: (Z)-3c-Acetoxy-5p-
preg-9(11),17(20)-diene (compound 30)
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51
Synthetic Scheme:
[0548]
O
LiAl(OtBu)3H
THF, -40° C.
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H
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Final Modified Process for Step 3: Purification Solvent Selection:
[0549] The final modified procedure for this step is given [0553] Several solvent systems were explored for this final
below. purification. They are:
Modification plan for Step 3 [0554] Methanol

[0550] ~ Solvent quantity [0555] Aqueous Methanol

Solvent Quantity [0556] Ethanol

[0551] In order to evaluate the MTBE solvent quantity, the [0557]  Isopropyl alcohol

following experiments have been conducted and the results [0558]  Acetone
are tabulated below. [0559] The following experiments have been conducted

and the experimental results are tabulated below.

Batch Solvent Output

S. No. Size(g) Quantity (g) Remarks Batch Output
S. No. Size (g) Solvent (g) Purity by HPLC
1 10.4 104 mL 6.8 10 volume reaction was
completed 1 10.4  Methanol 6.8 95.8% HPLC purity
2 10.4 156 mL 6.7 15 volume reaction was by RI detection
completed 2 2.0 1% Aq methanol 1.3 94% HPLC purity
3 43.5 528 mL 29 12 volume reaction was by RI detection
completed 3 2.0 2% Aq methanol 1.39  96% HPLC purity
by RI detection
4 2.0 IPA 0.81 80.3% HPLC purity
by RI detection
Conclusion: 3 2.0 Ethanol 0.9  97% HPLC purity
) ) by RI detection
[0552] This reaction works equally well at 12 m[ of solvent 6 20  Acetone 036 97% HPLC purity
per gram of substrate. Because of the greater throughput at 12 by RI detection

mL per gram, this was selected as the preferred amount,
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-continued
Batch Output
S. No. Size (g) Solvent (g) Purity by HPLC
7 5.0 2% Aq methanol 3.68 94.3% HPLC purity
by RI detection
8 11.0 2% Aq methanol 8.2  95% HPLC purity
by RI detection
Conclusion:
[0560] Extremely effective purification, purity and yield

were achieved by crystallization of the product from 22.4 Aq
methanol.

Solvent Quantity

[0561] Experiments have been conducted using different
solvent volumes and the experimental results are tabulated
below.

Batch Solvent Output
S. No. Size (g) quantity (g) Purity by HPLC
1 2.0 2 vol 1.3 94% HPLC purity
by RI detection
2 5.0 4 vol 3.45 97.4% HPLC purity
by RI detection
3 11.0 4 vol 8.2 95.1% HPLC purity
by RI detection
Conclusion:
[0562] Excellent recoveries and product quality were seen

at all solvent levels, so 4 volumes were selected as this is the
most productive.

Isolation Temperature

[0563] The following experiments have been conducted by
varying the isolation temperature and the results are tabulated
below

Batch Temp Output
S. No. Size (g) (°C) (g) Remarks
1 5.0 25-30 3.68 95% HPLC purity by RI
detection
2 11.0 15-20 8.2  95.1% HPLC purity by
RI detection
3 11.0 10-15 8.3 94% HPLC purity by RI
detection
4 11.0 15-20 8.2 95% HPLC purity by RI
detection
Conclusion:
[0564] Isolation of the product at 15-20° C., provided good

quality and yield.
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Final Modified Process for Step 3:

[0565] The final modified procedure for this step is given
below:
S.  Raw M. Mole
No. material Qty  Unit Wt. Mole  ratio
compound 27 108 g 286 0.377 1.0
2 Lithium tri-tert- 700 mL 0.489 1.3
butoxyaluminum
hydride
3 THF 1080 mL — — 10V
4 Dichloromethane 648 mL — — 10V
5  Water 648 mL — — 6.0 V
6 2NHCI 648 mL — — 6.0 V
7  Brine solution 540 mL — — 50V
8 THF 756 mL — — 70V
9  Potassium tert- 1086 mL — 1.085 3.0
butoxide
(1.0M in THF)
10 Ethyltriphenyl- 417 ¢ 37126 112 29
phosphonium
bromide
11 MTBE 4104 mL — — 38V
12 Water 1080 mL — — 10V
13 Brine solution 540 mL — — 5V
14 Acetic anhydride 53.5 mL 102 0.566 1.5
15 MTBE 216 mL — — 2V
16  Triethylamine 105.2 mL 101 0.755 2.0
17 4-(N',N-Dimethyl- 46 g 122 0037 0.1
amino)pyridine
18  Water 1080 mL — — 10V
19  Brine solution 324 mL — — 3V
[0566] Experimental Procedure:
[0567] To a solution of compound 27 (108.0 g) in THF

(1080 ml) was added lithium tri-tert-butoxyaluminum
hydride (700 mL) at -40 to —45° C., under an inert atmo-
sphere. The resulting reaction mixture was stirred for 2 h at
-40to —45° C. Upon completion of the reaction, as evidenced
by TLC (30% EtOAc in DCM), the reaction mixture was
quenched by the addition of 2N HCI solution. The phases
were separated and the resulting aqueous layer was extracted
with dichloromethane (648 mL). The organic fractions were
combined and washed with water (648 mL), followed by
saturated brine solution (540 mL). The organic layer was
evaporated under vacuum which afforded compound 28, dis-
solved in THF (540 mL).

[0568] To a solution of ethyltriphenylphosphonium bro-
mide (417 g) in THF (216 ml) was added potassium tert-
butoxide (1086 mL,, 1 M solution in TEM drop wise over 20
min under nitrogen at 25-35° C. The resulting dark red reac-
tion mixture was stirred for an additional 1 h at the same
temperature. The above solution of compound 28 was added
slowly in 30-40 minutes to the above suspension at 25-35° C.
The reaction mixture was stirred for an additional 3-5 h,
leading to complete consumption of the starting material (as
evidenced by TL.C; 30% EtOAc in DCM). The reaction mix-
ture was quenched with into ice water (1.080 L). The aqueous
layer was extracted with MTBE (2x540 ml.) and the com-
bined organic extracts were washed with saturated brine solu-
tion (540 mL) organic layer was concentrated under vacuum
and the crude material was purified by using MTBE (2x540
ml) filtered, take filtrate distilled off solvent 25% under
vacuum. To a solution of compound 29 was cool to 25° C.
added triethylamine (105.2 mL), DMAP (4.5 g) and acetic
anhydride (53.5 mL) at 25-35° C. under nitrogen. After stir-
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ring for 2 hr at 25-35° C., the reaction was determined to be
complete by TLC (10% EtOAc in hexanes). The reaction
mixture was washed with water (1080 mL) followed by brine
solution (324 mL). The organic layer was concentrated under
vacuum to afford crude compound 30 (225 g), the residue was
re-crystallized in 2% aq methanol provided 85 g of pure
compound 30 (63.5% yield with 96% HPLC-RI purity).

[0569] TLC: p-Anisaldehyde charring, R, for compound
30=0.5 and R -for compound 29=0.15. Eluent=10% BEtOAc in
hexanes.

[0570] 'HNMR (500 MHz, CDCL,): 8=5.38 (s, 1H), 5.20-
5.18(d, J=6.5 Hz, 1H), 4.76-4.72 (m, 1H), 2.40-2.35 (m, 3H),
2.25-2.22 (m, 1H), 2.09-2.03 (m, 3H), 2.01 (s, 3H), 1.98-1.49
(m, 10H), 1.41-1.31 (m, 2H), 1.27-1.16 (m, 3H), 1.07 (s, 3H),
0.79 (s, 3H).

[0571] '>C NMR (125 MHz, CDCl,): $=170.5, 150.0, 140.
4,119.6, 114.3,74.7,53.5,42.0, 41.7,39.6, 38.6, 35.6, 35.3,
33.8,31.9,29.5, 27.8, 26.7, 26.6, 25.5,21.3, 16.9, 13.2

[0572] Mass (m/z)=342.9 [M*+1], 360 [M*+18].

[0573] IR(CHCI;)=3440, 3035, 1730, 1451, 1367, 1258,
1028 cm™*.

[0574] Mp=93.9-97.8° C.

[0575] [c],=+109 (c=1% in CHCl,).

[0576] HPLC/RI Purity: 96.0%.

Modification Studies for Step 4

[0577] Chemical name of product: Methyl 3a-acetoxy-5p-
chola-9(11) 16-lien-24-oate (compound 84)

Synthetic Scheme:

[0578]
Methylacrylate,
/ EtAICL,
DCM, rt
—_—
AcO\\\\“.
H
30
, 10%-Pd/C
7,
“, H,, EtOAc
COMe ———
AcO\\“‘
H

84
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-continued

&
o

CO>Me

AcO\\\“‘
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Modification Plan for Step 6

[0579] Selection of Lewis Acid
[0580] Lewis Acid Quantity
[0581] Catalyst selection
[0582] Catalyst Quantity

Selection of Lewis Acid

[0583] In order to examine alternative Lewis acids as a
catalyst in this step, the following experiments have been
conducted and the results are tabulated below:

S. Batch Output
No. Size(g)  Reagent (g) Remarks
1 0.1 SnCl, — No reaction - only is
starting material.
2 0.1 ZnCl, — No reaction - only is
starting material
3 0.3 SnCl, — No reaction - only is
starting material.
Lewis Acid Quantity:
[0584] Ethyl aluminum dichloride was found to be effec-

tive for this step. We studied mole ratios of ethyl aluminum
dichloride and the results are tabulated below:

Batch Lewisacid Output

S. No. Size(g)  (Equiv) (g) Remarks
1 0.2 2.0 —  Observed 10% of starting
material.
2 0.2 2.5 —  Observed 10% of starting
material.
3 27 3.0 30.0 Observed absence of starting
material.

Conclusion:

[0585] Reaction worked well with 3.0 equiv of Ethyl alu-
minum dichloride.

Catalyst Selection

[0586] Platinum oxide had been used initially as a catalyst
in this step. Palladium-on-carbon is less expensive and is also
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a typical hydrogenation catalyst, so this was also explored.
The following experiments have been conducted and the
results are tabulated below:

Batch Output
S. No. Size(g) Catalyst (g) Remarks

1 2.0 Pd/C —  Reaction was completed.
(50% wet)

2 5.0 Pd/C —  Reaction was not
(50% wet) completed.

3 43.0 Pd/C 45.0  Reaction was completed.
(dry)

Conclusion:

[0587] 50% wetpalladium/carbon worked on small scale in
ethyl acetate media, using commercial dry palladium cata-
lyst.

Final Modification Process for Step 4:

[0588] The final medication procedure for this step is given
below:
S.  Raw M. Mole
No. Material Qty  Unit Wt. Mole ratio
compound 30 56 g 342 0.163 1.0
2 Dichloro- 1120 mL — — 20V
methane
3 Methyl acryl- 35.13 mL 86 0.389 2.38
ate
4 Ethyl 2729 mL — 0491 3.0
aluminum
dichloride
(1.8M in
toluene)
5  Water 1680 mL — — 30V
6  Brine solution 560 mL — — 10V
7  Methanol 336 mL — — 6.0 V
8  Ethyl acetate 1650 mL — — 295 V
9  10% Palladium 67 g — — 12 wt%
on carbon
10 Celite 25 g — — —

Experimental Procedure:

[0589] To a solution of compound 30 (56 g) in DCM (560
ml) was added methy] acrylate (35.13 mL) at 0-5° C. under
an inert atmosphere stifling for 60 min, solution was cool to
0-5° C., ethylaluminum dichloride (272.9 mL; 1.8 M in tolu-
ene), was added over period of 60 min. The temperature was
then raised to 25-35° C. and the mixture was stirred for ~18 hr.
At this point analysis by TLC (10% EtOAc in hexanes)
showed the reaction to be complete, so the mixture was
poured into ice cold water (1120 mL). The phases were sepa-
rated and the aqueous layer was extracted with DCM (2x255
mL). The organic layers were combined and washed sequen-
tially with water (560 mL) and brine solution (560 mL), the
organic layer was evaporated under vacuum, which provided
compound 84 (66 g) as an oil.

[0590] To a solution of compound 84 in ethyl acetate (550
mL), Pd/C (6.7 g) stuffy in ethyl acetate (110 mL) was added
at 25-35° C. The resulting slurry was stirred under 70 psi
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hydrogen pressure for ~16 h. The progress ofthe reaction was
monitored by HPLC. The catalyst was filtered on a Celite®
bed (25 g) and the cake was washed with ethyl acetate (990
mL). The filtrate was evaporated under vacuum, which pro-
vided compound 32 (59 g, 85%) as a solid.

[0591] TLC: p-Anisaldehyde charring, R, for compound
32=0.32 and R for compound 84=0.30 Eluent=10% BEtOAc
in hexanes.

[0592] 'H NMR (500 MHz, CDCL,): 8=5.31 (s, 1H), 4.73
(m, 1H), 3.66 (s, 3H), 2.37-2.03 (m, 7H), 2.01 (s, 3H), 1.98-
1.09 (m, 18H), 1.06 (s, 3H), 0.92-0.91 (d, J=6.0 Hz, 3H), 0.59
(s, 3H).

[0593] '*CNMR (125 MHz, CDCL,): 6=174.6, 170.5, 139.
8,119.5,74.8, 56.0, 53.3, 51.4, 41.9, 41.7, 40.9, 38.5, 36 4,
35.4,35.2,33.8,31.0,30.9,29.5,28.2,27.8,26.8,26.7,25.2,
21.4,179,11.5

[0594] Mass (m/z)=448.2 [M*+18].

[0595] (KBr)=3435, 3039, 2941, 1729, 1448, 1435, 1252,
1072 cm™.

[0596] m.p.=122.1-123.9°C.

[0597] [a],=+56 (c=1% in CHCl,).

[0598] HPLC/RI Purity: 93.0%,

Modification Study for Step 5

[0599] Chemical name of product: Methyl 3a-acetoxy-12-
0x0-5@-chol-9(11)-e 24-date (compound 24)

Synthetic Scheme:

[0600]

4, TBHP
NaOCl
COMe

AcO\\““

ACO\‘\\“‘

24

Modification Plan for Step 8

[0601] Selection of reagent
[0602] Reagent stoichiometry
[0603] Solvent selection

[0604] Solvent quantity

[0605] Reaction temperature
[0606] Reaction time

[0607] Product isolation solvent
[0608] Product recrystallisation
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Reagent Selection
[0609] The reaction was tried with a large number of alter- Batch Output
native oxidizing agents. The following experiments were S.No.  Size(g) Solvent () Remarks
conducted and the results are tabulated below. 1 1.0 DCM _ Starting material was not
consumed
2 0.5 Water —  Starting material was not
consumed
S Batch Output 3 1.0 EtOAc 0.4 React%on was completed.
No. Size(g) Reagent () Remarks 4 2.0 EtOAc 0.8  Reaction was completed.
1 0.5 NBS —  Reaction was not completed.
2 0.2 Br, —  Reaction was not completed.
3 0.2 DDHT —  Reaction was not completed. Conclusion:
4 0.2 HBr —  Reaction was not completed.
5 1.0 DDHT/AIBN —  Reaction was not completed. [0618] The results were better when EtOAc was used as the
6 0.1 NB1S/ Ben-.d —  Reaction was not completed. solvent as compared to DCM. Therefore, ethyl acetate was
zoylperoxide
7 0.1 DDHT/Ben- —  Reaction was not completed. chosen as the preferred solvent.
zoylperoxide .
8 0.2  SeO,/NMO —  Reaction was not completed. Solvent Quantity
9 0.2 SeO,/TBHP —  Reaction was not completed. . .
10 0.1 SeO, — Reaction was not completed. [0619] 20 volumes of Ethyl acetate were used in the initial
11 0.1 Bry/AcOH —  Reaction was not completed. runs of this step. The following experiments were conducted
12 0.1 Bry/AcOH —  Reaction was not completed. to see if less solvent could be used. The results are tabulated
13 0.2 CrOs/Pyridine —  Reaction was not completed. bel
14 0.1 6% Aq CrO; —  Reaction was completed. clow.
15 0.2 CrO;/DMP —  Reaction was not completed.
16 0.5 TBHP, Cul/ —  Reaction was not completed.
NaOCl
17 2.0 TBHP/NaOCl —  Reaction was completed. Batch Solvent Solvent  Output
18 5.0 TBHP/NaOCl 2.0 Reaction was completed. S. No. Size (g) Quantity Ratio (e Remarks
19 0.2 CrO,/Styrene —  Reaction was not completed.
20 0.2 CrO3/DMB —  Reaction was not completed. 1 2.0 10 mL 5V 0.8  Reaction was
21 1.0 TBHP/NaOCl 0.4  Reaction was completed. completed
22 2.0 TBHP/NaOCl 0.8  Reaction was completed. 2 10.0 200 mL 20V 4.5 Reaction was
23 10.0  TBHP/NaOCl 4.5 Reaction was completed. completed
24 5.0 TBHP/ 4.5 Reaction was completed. 3 20.0 200 mL 10V 13.0  Reaction was
Ca(OCl), completed
25 20.0 TBHP/NaOClI 13.0  Reaction was completed. 4 20.0 200 mL 10V 12.8  Reaction was
26 20.0 TBHP/NaOCl 12.8  Reaction was completed. completed
Note:
DDHT: Dibromo dimethylhydantoin, DMP: Dimethylpyrazole, DMB: 3,3-Dimethyl
1-but: .
H Conclusion:

TBHP—tert-Butyl hydro peroxide

[0610] Several other reagents such as CrO3/TBHP,
NaClO2/TBHP, and the like were also tried.

Conclusion:

[0611] As to TBHP/NaOCl, it is noted that the alternative
oxidants other than chromium trioxide did not work well.
Accordingly, TBHP/NaOCI were selected as the oxidizing
reagent.

Solvent Selection

[0612] During the runs of this step, acetic acid was used as
solvent. The following solvents were selected as alternatives
and the results were compared.

[0613] Dichloromethane
[0614] Ethyl acetate
[0615] Water

[0616] Numerous other solvents have been tried with the
different oxidation conditions. Some of the other sol-
vents are ACN, acetone, and AcOH but others could be
incorporated.

[0617] The following experiments were conducted and the
results are tabulated below.

[0620] 10 volumes of solvent were chosen as the preferred
amount.

Reagent Stoichiometry

[0621] Theinitial runs of this step were carried out with less
equivalents of TBHP. The following experiments have been
conducted to modify this amount of this reagent and results
are tabulated below.

Batch Mole  Output

S. No. Size(g) Ratio (g) Remarks
1 0.2 10 —  Reaction was not completed
2 1.0 20 —  Reaction was not completed
3 1.0 25 —  Reaction was not completed
4 1.0 30 —  Reaction was not completed
5 20.0 34 13.0  Reaction was completed
6 20.0 34 12.8  Reaction was completed
Conclusion:

[0622] Thereaction went to completion with 34 equivalents
of reagent, but was incomplete in the two experiments where
less was used. Therefore, 34 equivalents were selected as the
preferred amount.
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Reagent Stoichiometry

[0623] Theinitial runs of this step were carried out with less
equivalents of NaOCI. The following experiments have been
conducted to modify this amount of this reagent and results
are tabulated below.

Batch Mole  Output
S. No. Size(g) Ratio (g) Remarks
1 1.0 3.0 —  Reaction was not completed
2 0.2 5.0 —  Reaction was not completed
3 5.0 5.0 —  Reaction was not completed
4 1.0 10.0 0.4  Reaction was completed
5 5.0 7.0 2.0 Reaction was not completed
6 5.0 7.0 2.2 Reaction was not completed

Conclusion:

[0624] The reaction went to completion with 7.0 equiva-
lents of reagent, but was incomplete in the two experiments
where less was used. Therefore, 7.0 equivalents were selected
as the preferred amount.

Reaction Temperature

[0625] In order to modify the reaction temperature, the
following experiments have been conducted and the results
are tabulated below.

Batch Output
S. No. Size (g)  Temperature (g) Remarks

1 5.0 25-30° C. 2.0 Reaction was completed

2 5.0 10-15° C. 2.2 Reaction was completed

3 20.0 0-5°C. 13.0  Reaction was completed

4 20.0 0-5°C. 12.8 Reaction was completed
Conclusion:
[0626] The reaction worked at all temperatures between 0

and 5° C., so arange of 0-10° C. was chosen as the reaction is
expected to be more selective at lower temperature and the
yields were observed to be higher.

Reaction Time

[0627] During the initial runs, the reaction was carried out
at 0-5° C. (for 24 hr). In order to ascertain whether to modify
the reaction time, the following experiments were conducted
and the results are tabulated below.

Batch Output
S. No. Size (g) Time. (g) Remarks
1 1.0 24 0.4  Reaction was completed
2 20.0 8.0 13.0  Reaction was completed
3 20.0 8.0 12.8  Reaction was completed
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Conclusion:

[0628] Thereaction appears tocomplete at0-5°C.in 8 h, so
this was chosen as the preferred reaction time.

Product Isolation Solvent Selection:

[0629] Two solvent systems were explored for this final
purification. They are:

[0630] Methanol
[0631] Aqueous Methanol
[0632] The following experiments have been conducted

and the experimental results are tabulated below.

S.  Experiment Batch Output
No. Number Size (g) Solvent (g) Purity by HPLC
1 BDA-09- 20.0 Methanol 10.0  95.6% HPLC purity
009-V-05 by RI detection
2 BDA-09- 50.0 20% Aq 31.9 95.2% HPLC purity
009-V-017 methanol by RI detection
3 BDA-10- 60.0 20% Aq 38.0  91.2% HPLC purity
003-V-01 methanol by RI detection
4 BDA-10- 13.0 30% Aq 10.5 81.8% HPLC purity
003-V-06A methanol by RI detection
5 BDA-10- 13.0  40% Aq 11.0  80.3% HPLC purity
003-V-06B methanol by RI detection
6 BDA-10- 13.0 50% Aq 11.0  80.4% HPLC purity
003-V-06C methanol by RI detection
Conclusion:
[0633] Extremely effective purification, purity& yield were

achieved by isolation of the product from 20% Aq methanol.
Alternatively, column purification with silica gel and a gra-
dient solvent system (EtOAc/hexanes) is used.

Purification Solvent Selection:

[0634] Two solvent systems were explored for this final
purification. They are:

[0635] Methanol
[0636] Aqueous Methanol
[0637] The following experiments have been conducted

and the experimental results are tabulated below.

Batch Output
S. No. Size (g) Solvent (g) Purity by HPLC
1 10.0 Methanol 8.0 93.6% HPLC purity
by RI detection
2 18.0 13% Aq 15.5 93.8% HPLC purity
methanol by RI detection
3 25.0 Methanol 10.0 91.9% HPLC purity
by RI detection
4 20.0 13% Aq 17.0 93.8% HPLC purity
methanol by RI detection
5 20.0 13% Aq 17.0 93.3% HPLC purity
methanol by RI detection
Conclusion:
[0638] Extremely effective purification, purity& yield were

achieved by recrystallization of the product from 13% Aq
methanol. Alternatively, column purification with silica gel
and a gradient solvent system (EtOAc/hexanes) is used.
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Final Modified Process for Step 8:

[0639] The final modified procedure for this step is given
below.
S.  Raw M. Mole
No. Material Qty  Unit Wt. Mole ratio
1 compound 32 200 g 430  0.046 1.0
2 10% Sodium- 220 mL 745 0.322 7.0
hypochlorite
3 70% TBHP in 200 mL 90 1.56 34.0
water
4 Ethyl acetate 300 mL — — 15V
5 Pyridiniumchloro- 109 g 215.5 0.056 1.1
chromate
6 Methanol 140 mL — — 7.0 V
7 ‘Water 2000 mL — — 100 V
8 Brine solution 100 mL — — 50V

Experimental Procedure:

[0640] To asolution of compound 32 (20 g) in ethyl acetate
(200 mL) was added 70% TBHP in water (200 mL) reaction
solution was cool to 0° C., was slowly added 10% Sodium
hypochlorite for about 6-7 h at 0-5 stir for 2-3 h at same temp.
Upon complete disappearance of compound 32 by TL.C (elu-
ent=20% EtOAc in hexanes), separate the organic layer and
the aqueous layer extracted with ethyl acetate (60 mL). the
combined organic layer was washed with water (2x400 m[.)
followed by treated with 20% sodium sulfite sol (220 mL) at
50-55° C. for 2 h, separate two layers, organic layer was
treated with pyridinium chlorochromate (10.9 g) for 6-8 h at
25-30° C. Upon complete disappearance of allylicalcohol by
TLC (eluent=20% EtOAc hexanes), the organic layers were
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washed with hot water (4x500 mL) followed by saturated
brine solution (100 mL). Organic layer was evaporated under
vacuum at 45-50° C. The resulting crude material was puri-
fied by stirring it with 20% aqueous methanol (40 mL) at
5-10° C. for h filtered; the cake was washed with 20% aque-
ous methanol (20 mL.) and then dried under vacuum at 45-50°
C. The organic layer was concentrated and absorbed onto
silica (1.5 equiv.). Separately a silica gel (hexanes) column
was prepared with 7 equiv. of silica and the resulting product
containing mixture was loaded onto the column. The product
was then eluted with a hexane/EtOAc gradient mixture to
yield column fractions containing compound 24. Each frac-
tion was sampled and tested for purity. All fractions with the
desired purity were combined and concentrated invacuo. The
resulting mixture was then precipitated from hexanes and
then dried under vacuum at 45-50° C., which provided com-
pound 24 (13 g) as a pale yellow solid.

[0641] TLC: p-Anisaldehyde charring, R, for compound
24=0.28 and R for compound 32=0.52. Eluent 20% EtOAc in
hexanes.

[0642] 'HNMR (500 MHz, CDCl,): 8=5.71 (s, 1H), 4.75-
4.71 (m, 1H), 3.66 (s, 3H), 2.42-2.37 (m, 3H), 2.31-2.02 (m,
2H), 2.0 (s, 3H), 1.98-1.67 (3H, 9H), 1.56-1.24 (m, 9H), 1.19
(s, 3H), 1.02-1.01 (d, J=6.5 Hz, 3H), 0.90 (s, 3H).

[0643] '*CNMR (500 MHz, CDCL,): 6=204.9, 174.5, 170.
4,163.8,123.6,73.7,53.4,53.0,51.3,47.2,41.7,39.8,37.7,
35.2,35.0,33.9,31.4,30.5,29.6,27.6,27.3,26.4,26.1,24.1,
21.2,19.4, 10.6.

[0644] Mass (m/z)=445.0 [M"+1], 462.0 [M*+18]

[0645] IR=3437, 3045, 2946, 2870, 1729, 1680, 1252,
1168, 1020, cm™".

[0646] m.p=141-142°C.
[0647] [o] ,=+102 (c=1% in CHCI,).
[0648] HIPLC/RI Purity: 96.2%.

Scheme 3-The Final Synthesis from 25

10% Pd/C

Acetone,
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THF, -40° C.

—_—
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-continued
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[0649]
O
O
10% Pd/C
DMF, H,
D —
(@)
H
(@) 26
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Stage-1I: 5p-Androst-9(11)-ene 3,17-dione _continued
O
[0650]
O
’ DCM, 1,50, o
e
H
27
@)
o Stage-I11: (Z)-3a.-Acetoxy-5p-pregna-9(11),17(20)-
26 diene
[0651]
O
LiAl(OtBuyH
THF, -40 °C.
—_—
@)
H
27
O
Ph;PCH,CH3<Br / Ac,O, DMAP
KOBu, THF, rt TEA, MTBE
62%-3 steps
o™ —
H H
28 29

AcO\\““

30
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Stage-IV: Methyl
3a-acetoxy-5p-chol-9(11)-en-24-oate

[0652]
Methylacrylate,
/ EtAICL,
DCM, rt
_—
AcO\\“‘
H
30
. 10%-Pd/C
I, EtOAc
COMe ———
AcO\\“‘
84
“,
COMe
AcO\\““'
H

32

Stage-V: Methyl 3a-acetoxy-12-o0x0-58-chol-9(11)-

en-2(1-oate
[0653]
4, TBHP
“, NaOCl
COMe ———
AcO\\““‘
H
32
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-continued

0
CO,Me

AcO\\‘\“

Stage-1: 9a-Hydroxy 5f-androstane-3,17-dione
[0654]

(0]
10% Pd/C
DMF, H,
—_—
(@)
25
(0]
(@)
H
26
Raw Materials:
[0655]
S.  Raw Mol. Mole
No. Material Qty  Unit Wt. Mole Ratio
1 9a-Hy- 1000 g 3024 0.330 1.0
droxyandro-
stenedione
(9-HAD)
2 10% Pd/C 80 g — 8.0 wt %
(wet)
3 Acetone 3000 mL — 300 V
4 Dichloro- 1200 mL — 120V
methane
5 Celite 20 g — —

Experimental Procedure:

[0656] O1. Charge Acetone (2200 mL) into a clean and dry
autoclave.

02. Charge 9-HAD (100 g) into the same autoclave.

03. Stirreaction mixture at 25° C. (RT) and add slurry of Pd/C
(8.0 g) in acetone (200 mL.
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04. After inerting with nitrogen, pressurize with hydrogen gas
to 60 psi.

05. Stir the reaction mixture at 25-35° C. (RT) and 60 psi for
4-5h.

06. Check for completion by HPLC (30% EtOAc in DCM;
NMT 0.5% of 25)

07. Dilute the reaction mixture with dichloromethane (300
ml),

08. Filter through a Celite® bed (20 g) and wash the Celite®
with dichloromethane (900 mL),

09. Concentrate the filtrate via vacuum distillation of all the
solvent at below 45° C.

10. Charge acetone (300 mL) and completely remove the
solvent under vacuum at below 65° C.

11. Charge acetone (200 ml) and cool to 0-5° C.

12. Maintain the resulting slum; for 2 h at 0-5 and then filter,
13. Wash the wet cake with chilled (0-10° C.) acetone (100
mL).

14. Dry the resulting white solid in a hot air oven at 45-50° C.
until the LOD is NMT 1%.

Wet weight: 105 g

Dry weight; 86 g

Yield: 85.4%

LOD<1.0%

[0657] Melting range: 218-219.7° C.
SOR: +126.4 (¢=1% in CHCl,),

HPLC/RI Purity: 99.0%.
Note: Alternative Process for Hydrogenation.

Raw Materials:

[0658]
Mol.

No. Raw Material Qty  Unit Wt. Mole Mole Ratio

1 9a-Hy- 1000 g 302 0.331 1.0
droxyandro-
stenedione
(9-HAD)

2 10% Pd/C (dry) 70 g — — 7.0 wt%

3 N,N-Dimethyl- 700 mL — — 7.0V
formamide

4 Dichloro- 1200 mL — — 120 V
methane

5 Acetone 600 mL — — 6.0 V

6 Celite 20 g — — —

Experimental Procedure:

[0659] 15. Charge DMF (500 mL) into a clean and thy
autoclave.

16. Charge 9-HAD (100 g) into the same autoclave.

17. Stirreaction mixture at 25° C. (RT) and add slurry of Pd/C
(7.0 g) in DMF (200 mL).

18. After inerting with nitrogen, pressurize with hydrogen gas
to 60 psi.

19. Stir the reaction mixture at 25-35° C. (RT) and 60 psi for
3h.

20. Check for completion by TLC (30% EtOAc in DCM;
NMT 2% of 25).
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21. Dilute the reaction mixture with dichloromethane (300
mL),

22. Filter through a Celite® bed (20 g) and wash the Celite®
with dichloromethane (900 mL).

23. Concentrate the filtrate via vacuum distillation of all the
solvent at below 65° C.

24. Charge acetone (300 mlL) and completely remove the
solvent under vacuum at below 65° C.

25. Charge acetone (200 mL) and cool to 0-5° C.

26. Maintain the resulting slurry for 2 h at 0-5° C., and then
filter.

27. Wash the wet cake with chilled (0-10° C.) acetone (100
mL).

28. Dry the resulting white solid M a hot air oven at 45-50° C.
until the LOD is NMT

Wet weight: 105 g

Dry weight: 88 g

Yield: 87.4%

LOD<1.0%

[0660] Melting range: 218-219.7° C.
SOR: +126.4 (c=1% in CHCl,)

Stage-II: 5p-Androst-9(11)-ene-3,17-dione

[0661]
0]
DCM, H,S04
—_—
O
H
26
(0]
(@)
H
27

Raw Materials:
[0662]

S.  Raw Mol. Mole

No. Material Qty  Unit Wt. Mole Ratio
1 Stage - I 850 g 304 0.279 1.0
Product
2 Sulfuric acid 13.5 mL 98  0.251 0.9
3 Dichloro- 1530 mL — — 180 V
methane
4 Hexanes 340 mL — — 4V
5 Water 1700 mL — — 200 V
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-continued
S.  Raw Mol. Mole
No. Material Qty  Unit Wt. Mole Ratio
6 Sodium 425 mL — — 50V
bicarbonate
7 Saturated 425 mL — — 50V
Brine
solution

Experimental Procedure:

[0663] O1. Charge dichloromethane (1275 mL) and the
Stage-I product into a clean and dry flask.

[0664] 02. Cool the mixture to 10 and then add sulfuric
acid (13.5 nit) slowly over 15 min at 10-15° C.

[0665] 03. Reaction solution temp raise to 25-35° C. and
stir for 2 h at 25-35° C.

[0666] 04.Check for completion by TLC (30% EtOAc in
DCM; NMT 1% of Stage-I product).

[0667] 05. Wash the reaction mixture with water (300
mL).

[0668] 06. Back extract the aqueous layer with DCM
(2x212 mL), and then combine the organic layers.

[0669] 07. Wash the organic layer with saturated sodium
bicarbonate solution (425 m[.) [0676]
O
LiAl(OtBu)3H
THF, -40° C.
—_—
H
27
O Ac20, DMAP
Ph3PCH2CH3+Br TEA,
KOtBu, THF, 1t MTBE
—_— —_—
62%-3 steps
ol ol
H H
28 29
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[0670]
followed by brine solution (425 mL).
[0671]
vacuum at less than 45° C.
[0672]
solvent completely under vacuum at less an 50° C.
[0673]
then filter and wash the cake with water (255 ml).
[0674]
C. until the moisture content is NMT 0.5%,
Wet weight: ~190 g.
Dry weight: 76 g

Yield: 95%

Moisture<-0.5%

[0675] Melting range: 148.5-150.1° C.
SOR: +144.4 (c=1% in CHCL,).

HPLC/RI Purity: 96.0%.

Stage-I11: (Z)-3a-Acetoxy-5p-preg-9(11),17(20)-
diene (Compound 30)

AcO\\““

30

08. Wash the organic layer with water (550 mL)
07. Distill out the solvent completely under
08. Add hexanes (340 mL) and distill out the
09. Add water (616 mL), stir for 15 min at RT,

10. Dry the white solid in a hot air drier at 55-60°
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Raw Materials:

[0677]
S. Raw M. Mole
No. material Qty  Unit Wt. Mole  ratio
compound 27 7% g 286.2  0.265 1.0
2 Lithium tri-tert- 319 mL 2542 0.489 1.2
butoxyaluminum
hydride
3 THF 760  mL — — 10V
4  Dichloromethane 380 mL — — 6V
5 Water 456  mL — — 6.0V
6 2NHCI 456 mL — — 60V
7 Brine solution 380 mL — — 50V
8 THF 532 mL — — 80V
9 Potassium tert- 768  mL — 0.797 2.9
butoxide
(1.0M in THF)
10 Ethyltriphenyl- 2954 g 371.26 0.795 3.0
phosphonium
bromide
11 MTBE 2280 mL — — 30V
12 Water 760  mL — — 10 vV
13 Brine solution 380 mL — — 5V
14 Acetic anhydride 37.6 mL 102 0.398 1.5
15 MTBE 216 mL — — 5V
16 Triethylamine 73.9 mL 101 0.530 2.0
17  4-(N,N-Dimethyl- 323 g 122 0.026 0.1
amino)pyridine
(DMAP)
18 Water 796 mL — — 10 vV
19 Brine solution 380 mL — — 5V
20  Methanol 380 mL — — 5V
21 2% Aqueous methanol 380 mL — — 5V

Experimental Procedure:

[0678] 01. Charge dry THF (760 mL.) and Stage-1I Product
(76 g) under nitrogen into a clean and dry flask.

02. Cool to —3.5 to —45° C. and then add a solution of lithium
tri-tert-butoxyaluminum hydride at —35 to -45° C. over 1 h.
03. Stir the reaction mixture for 2-3 h at -35 to -45

04. Monitor the reaction by HPLC (30% EtOAc in DCM;
NMT 3% of Stage-1I Product),

05. Add 2N HCI solution (474 mL) to the reaction mixture,
maintaining the temperature at <0° C.

06. Separate the layers and back extract the aqueous layer
twice with dichloromethane (2x380 mL)

07. Wash the combined organic layers with water (380 mL)
and then with brine solution (380 mL).

08. Completely remove the solvents by atmospheric distilla-
tion at less than 60° C.

09. Check the residue for water content. If it is =0.5%, add
DCM (156 mL) and distill atmospherically again at less than
60° C.

10. Dissolve the residue in dry THF (380 mL), and keep the
solution under a nitrogen atmosphere.

[0679] this is the Stage IIIA Product.

11. Charge ethyltriphenylphosphonium bromide (295 g) and
THF (250 mL) into a clean and dry

[0680] flask under nitrogen.

12. Add a solution of potassium tert-butoxide (1M in THF,
769 mL) over 10 min and then stir the Resulting red-colored
solution for 1 h at 25-35° C.

13. Add the THF solution from step 10 over %2 h and then stir
for an additional 3 h at 25-35° C.
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14. Check for completion by TLC (30% EtOAc in DCM;
NMT 1% of Stage-IIIA Product).

15. Add ice water (780 mL) to the reaction mixture at 25-35°
C. (exothermic by 5-8° C.).

16. Separate the layers and back extract the aqueous phase
with MTBE (2x380 mL).

17. Combine the organic layers and wash with water (380
mL) and then brine (380 mL).

18. Distill out the solvents completely under vacuum and
below 50° C.

19. Add MTBE (264 mL) and distill out completely under
vacuum at bet 50° C.,

20. Add MTBE (380 mL) again and stir for 2 h at 2.5-35° C.

21. Filter the unwanted salts, wash them with MTBE (380
ml) and combine the filtrates.

22. Distill out the solvents completely under vacuum and
below 50° C.

23. Add fresh MTBE (380 mL) and then distill it out com-
pletely under vacuum,

24. Add MTBE (380 ml) again and stir for 2 h at 25-35° C.

25. Filter the unwanted salts, wash them with MTBE (380
ml) and combine the filtrates distilled under vacuum up to
20%, add fresh MTBE (180 mL).

26. Charge filtrate (760 m[.) Stage-11IB Product into a clean
and dry flask,

27. Charge DMAP (3.2 g),

[0681] 28. Add triethylamine (73.8 mL),

29. Add acetic anhydride (37.58 mL) slowly at 25-35° C.;
over 15 min.

30. Stir the reaction mixture for 2-3 h at 25-35 CC.

31. Check for completion by TLC (10% EtOAc in hexane;
NMT 1% of Stage-I1IB Product).

32. Wash the reaction mixture with water (760 mL) and then
aqueous layer extract with MTBE (380 ml.) combined
organic layer wash with saturated brine solution (380 mL).

33. Concentrate organic layer by completely atmospheric
distillation below 50 CC.

34. Charge methanol (152 mL) and completely remove the
solvent under vacuum at below 50° C.

35. Charge 2% aqueous methanol (304 mL.) and heat to 60-6.
5°C.

36. Maintain the resulting clear solution for 1 h at 60-65 then
slowly cool to 15-20° C. maintain

[0682] for 2 h at same temp and then filter.

37. Wash the wet cake with chilled (10-15° C.) 2% aqueous
methanol (76 mL).

38. Dry the resulting white solid in a hot air oven at 45-50° C.
until the LOD is NMT %.

Wet weight: ~70 g.
Dry weight: 55 g

Yield: 63%
Moisture<0.5%

HPLC/RI Purity: 95.0%.
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Stage-IV: Methyl
3a-acetoxy-5-chol-9(1)-en-24-oate

May 30, 2013
-continued
S. Raw Mol. Mole
No. Material Qty  Unit Wt. Mole Ratio
9 10% Ethyl 3000 — — 30V
acetate in Hexane
10 10% Pd/carbon 12 g — — 12 wt %
(50% water wet)
11 Methanol 600 mL — — 6.0V
12 3% Aqueous 400 mL — — 40V
methanol
13 Water 3000 mL — — 30V
14 Saturated brine 1000 mL — — 100 V
solution
15 Celite 30 g — — —

[0683]

Methylacrylate,

/ EtAICL,
DCM, rt

—_—

AcO\\\“‘v
H
30
10%-Pd/C
2,
‘., H,, EtOAc
CO,Me ——
AcO\\‘\‘A
84
“,
COMe
AcO\\““‘
H

32
Raw Materials:
[0684]

S. Raw Mol. Mole
No. Material Qty  Unit Wt. Mole Ratio
1 Stage -III Product 102 g 342 0.298 1.0
2 Methyl acrylate 61.0 mL 86 0.67 2.38
3 Ethyl aluminum 496 mL 126.98 0.893 3.0

dichloride
(1.8M in
toluene)
4 Dichloromethane 1500 mL — — 15V
5 Saturated 1000 mL — — 10V
bicarbonate sol
6  Ethyl acetate 1800 mL — — 18V
7 Silica gel 300 g — — 3.0
(# 60-120)
8 Hexane 1000 mL — — 100 V

Experimental Procedure:

[0685] O1. Charge dichloromethane (1000 mL) and stag
product (102 g) cool the reaction mass to 0° C.

[0686] 02.Add methyl acrylate (61 mL) over Y2hat 0-5°
C.

[0687] 03. Stir for 1 h at 0-5° C. and then add a solution
of ethylaluminum dichloride (1.8 M, in toluene, 496
mL) over 1 h at 0-5° C. (Caution: This reagent reacts
violently with water).

[0688] 04. Stir for Y2 h at 0-5° C. and raise the tempera-
ture to 25-35° C. and stir for 16 h.

[0689] 05.Check for completion by TLC (10% EtOAc in
hexane; NMT 5% of Stage-III Product).

[0690] 06. Pour the reaction mass slowly in 10-15 min
into ice water (2000 mL) and separate the phases.

[0691] 07. Extract the aqueous layer with DCM (500
mL).
[0692] 08. Combine the organic phases and wash with

water (1000 mL) followed by saturated bicarbonate
solution (1000 mL) and then brine solution (1000 mL),

[0693] 09. Concentrate the organic phase to dryness
under vacuum below 50° C. This is Stage IVA Product.

[0694] 10. Residue dissolved in hexane (1000 mlL)
passed through silica bed buchnor funnel, bed wash with
10% ethyl acetate in hexane (3000 mL).

[0695] 11. Collect total filtrate to dryness under vacuum
below 50° C. This is Stage IVA Product,

[0696] 12. After unloading the flask, rinse with 40%
methanol in ethyl acetate (800 mL) and save this rinse
for the next step.

[0697] 13. Charge Stage IVA Product in 40% methanol
in ethyl acetate rinse (200 mL) from above to a dry
autoclave,

[0698] 14. Charge slurry of 10% palladium on carbon
(12 g in 200 mL of ethyl acetate)

[0699] 15. Pressurize with hydrogen (70 psi) and stir the
mixture for 16 h at 25-35° C.

[0700] 16. Check for completion by HPLC (NMT 1%
Stage IVA Product).

[0701] 17. Filter the reaction mixture through Celite®
(30 g) and wash the cake with ethyl acetate (1000 mL),

[0702] 18. Concentrate the filtrate to dryness via vacuum
distillation below 60° C.

[0703] 19. Add methanol (200 mL) and concentrate to
dryness via vacuum distillation below 60° C.

[0704] 20. Add 3% aqueous methanol (300 mL), stir for
15 min at 0-5° C., filter and wash the cake with 3%
aqueous methanol (100 mL.),
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[0705] 21. Dry the white solid in a hot air drier at 50-55°
C. until the moisture content is NMT 0.5%).
Wet weight: ~80 g
Dry weight: 60 g

Yield: 85%

Moisture<0.5%

[0706] Melting range: 131.7-133.1° C.
SOR: +57.4 (¢=1% in CHCl,).

HPLC/RI Purity: 93.0%.

Stage-V: Methyl 3a-acetoxy-12-0x0-53-chola-9(11)-

en-24-oate
[0707]
2, TBHP
. NaOCl
CO,Me ——»
AcO\\\“‘v
H
AcO\\““‘
33
Raw Materials:
[0708]
S.  Raw Mol. Mole
No. Material Qty  Unit Wt. Mole Ratio
1 Stage - IV 60 g 430 0.139 1.0
Product
2 70% TBHP in 610 mL 99.99  5.06 34.0
water
3 10% Sodium 660 mL 74.5 1.036 7.0
hypochlorite
4 Pyridinium- 328 g 215 0.1636 1.1
chlorochromate
5 Ethyl acetate 900 mL — — 15V
6 20% aqueous 210 mL — — 35V
methanol
lotl& 2
7 20% Sodium 600 mL — — 10 V
sulfite
8 Methanol lotl 240 mL — — 4.0V
9  Water 6000 mL — — 100 V
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-continued
S.  Raw Mol. Mole
No. Material Qty  Unit Wt. Mole Ratio
10 Saturated brine 300 mL — — 50V
solution
11 Methanol lot2 383 mL — — 64V
12 Water 57 mL — — 095 V
13 13% aqueous 40 mL — — 0.66 V
methanol

Experimental Procedure:

[0709] O1. Charge ethyl acetate (600 mL) and Stage-IV
Product (60 g) into a clean and dry flask.

02. Stir for 10 min at 25-35° C.

[0710] 03.Add70% TBHP in water (610 mL) at 25-35 and
then cool to at 0-5
04. Add 10% sodium hypochlorite (660 mL) over 7 h at 0-5°

05. Stir the reaction mixture for 3 h at 0-5° C.

06. Check for completion by HPLC-RI (20% EtOAc in hex-
ane; NMT 1% of Stage IV Product).

07. Separate the organic layer, aqueous layer extract with
ethyl acetate (300 mL.).

08. Combined organic layer wash with water (2x600 mL).
09. Charge ethyl acetate layer and 20% aqueous sodium
sulfite (600 mL) maintain for 2 h at 55° C.

10. Separate the organic layer wash with water (2x600 mL).
11. Charge organic layer into R.B. flask charge PCC (32.8 g)
at 25-30° C.

12. Stir the reaction mixture for 6-8 h at 25-30° C.

13. Check for completion by HPLC-RI (20% EtOAc in hex-
ane; NMT 2% of Allylicalcohol).

14. Charge DM water (1200 mL) and stir for 15 min. separate
organic layer.

15. Organic layer wash with DM water (3x600 mL), and brine
solution (300 mL).

16. Completely remove the solvent under vacuum distillation
below 50° C.

17. Add methanol (240 mL) and completely remove the sol-
vent via vacuum distillation below 50° C.

18. Add 20% aqueous methanol (180 mL) and then cool to
0-5°C.

19. Stir for 2 h at 0-5° C., filter and wash the cake with chilled
(0-5° C.) 20% aqueous methanol (30 mL).

20. Dry the solid in a hot air drier at 50-55° C.; for 8 h, crude
weight ~38 g.

21. Charge crude 38 g of stage-V material into a fresh and dry
RBF

22. Charge methanol 383 mlL..

23. Reflux the reaction mass to get the clear solution.

24. Add DM water drop wise 57 mL under reflux and continue
the reflux for 30 min (observed solids precipitation).

25. Cool the reaction mass slowly to 20-25° C., then 10-15° C.
and stir for 1 h.

26. Filter, suck dry & wash with 13% Aq methanol (40 mL).
27. Dry the compound under hot air oven at 60-65° C. until
LOD: <0.5%.

Wet weight: 38 g.

Dry weight: 32 g,
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Yield: 51.6%.

[0711] Melting range: 142-143.1° C.
SOR: +102.4 (c=1% in Acetone).

HPLC/RI Purity: 94.0%.

05. List of Raw Materials and Solvents

[0712] The following list of raw materials and solvents are
based on the details of the process described above.

No.
Raw Materials
01 9a-Hydroxyandrostenedione (Key starting material)
02 10% Pd/C
03 Sulfuric acid
04 Lithium tri-tert-butoxyaluminum hydride
05 Potassium tert-butoxide
06 Ethyltriphenylphosphonium bromide
07 Acetic anhydride
08 Triethylamine
09 4-(Dimethylamino)pyridine
10 Methy! acrylate
11 Ethylaluminum dichloride
12 70% tert-Butylhydroperoxide
13 10% Sodium hypochlorite
14 Sodium hydroxide
15 Pyridinium chlorochromate
Solvents
01 Acetone
02 Dichloromethane
03 Methanol
04 Methyltertbutylether
05 Ethyl acetate
06 Tetrahydrofuran
07 Hexane

06. Critical Parameters

[0713] During Process Modification, the following steps
are identified as critical parameters, which may show signifi-
cant affect on quality or yield.

Stage 111

Operation: Addition of Lithium Tri-Tert-Butoxyaluminum
Hydride Solution Under a Nitrogen Atmosphere to the
Compound at -40 to -45° C.

Explanation:

[0714] Control of the stoichiometry of the reducing agent,
lithium tri-tert-butoxyaluminum hydride, is critical to a favor-
able outcome in this step. If too little reducing agent is used,
the reaction will be incomplete. If too much is used, more of
the by-product, compound 83, will be formed.

[0715] The control of the stoichiometry is made more chal-
lenging since the reducing agent is moisture sensitive. There-
fore, it is important to use anhydrous solvents and for the
reaction to be carried out under a nitrogen atmosphere. If
moisture is allowed to contaminate the reaction, some of the
lithium tri-tert-butoxyaluminum hydride will be quenched.
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Operation: Addition of Potassium Tert-Butoxide Solution
Under Nitrogen Atmosphere to the Compoundat 25 t0 3.5° C.

Explanation:

[0716] A strong base is required for this reaction. Potas-
sium tert-butoxide is a sufficiently strong base and works
well. If it is exposed to water, the base is quenched and instead
forms potassium hydroxide, which is not a strong enough
base to cause the desired reaction. For this reason, it is impor-
tant to use anhydrous solvents and to carry this reaction out
under a nitrogen atmosphere.

Stage IV
Operation:

Addition of Ethylaluminum Dichloride Solution Under
Nitrogen Atmosphere at 0 to 5° C.

Explanation:

[0717] Ethylaluminum dichloride is a uniquely good cata-
lyst for this reaction. Other, less expensive catalysts have been
tried, but the reaction does not work well with these. Water
will react with ethylaluminum dichloride and destroy its abil-
ity to catalyze this reaction. For this reason, it is important to
use anhydrous solvents and a nitrogen atmosphere for this
reaction. If the reaction is exposed to even small amounts of
water, it does not work,

Stage V

Operation:

[0718] Addition of Sodium Hypochlorite should be
Required 6-7 h, the Temperature Must be Controlled to Below
5°C.

Justification:

[0719] Temperatures above 5° C. give poorer results in this
reaction, and it is possible for the temperature to climb above
this limit during the addition of sodium hypochlorite. There-
fore, it is important to add the sodium hypochlorite at a rate
that is slow enough that it still allows for good temperature
and time control. This may prove to be an even bigger prob-
lem on large scale.

07. Cleaning Procedure

[0720] Study has been carried out on deoxycholic acid
intermediates for establishing cleaning procedure. It is con-
cluded that, deoxycholic acid intermediates are freely soluble
in dichloromethane followed by water & methanol.

08. Impurities in DCA—Intermediates:

[0721] During the course of process development, a num-
ber of impurities were isolated and identified, or in some
cases suspected impurities were synthesized independently.
A list of such compounds along with the data that is available
for each compound is given in the table below.
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Stage

Number Impurity Common Name

Impurity structure

Data available

I

I

I

I

v

5 a-compound-26

5 a-compound-27

compound-83

Di Acetyl compound

8,9-Ene 17-ethyl
compound

W

OH

I |
H
Di-Wittig compound
e
H

O.
AcO\\\“‘. : I {
H
AcO\\\\“. : I {
H

Ac

1H NMR, Mass,
HPLC-RI,MR,SOR

1H NMR, Mass,
HPLC-RI

1H NMR, Mass,
HPLC-RI,

1H NMR, Mass,
HPLC-RI

1H NMR, HPLC-RI

1H NMR, Mass,
HPLC-RI
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-continued
Stage
Number Impurity Common Name Impurity structure Data available
v 8,9-Ene 1H NMR, Mass,
HPLC-RI
AcO\\\“‘v
H
\' Allylicaleohol 2, 1H NMR, Mass,
OH ‘., HPLC-RI
COOCH;
AcO\\\\“A
H
\4 12-tert- 1H NMR, Mass,
butylperoxycompound HPLC-RI
O
| -
e} K
COOCH;
AcO\\\\“.
H
Example 12 been made suitable for large scale production. The manufac-

turing process is safe, economical, environmentally-friendly
[0722] A manufacturing process for the synthesis of deoxy- and produces high quality final product that consistently
cholic acid from compound 24 as shown in Scheme 2 has meets specifications.
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Preparation of Compound 33

[0723] The formation of compound 33 was conducted on
40 gram scale. To 10.0 g (25 wt %) dry 10% palladium on
carbon (Pd/C) was added compound 24 (40.0 g, 90.0 mmol,
98.2% AUC by HPLC) followed by 600 mL of ethyl acetate
(EtOAc). The reaction mixture was pressurized to 60 psi of
hydrogen (H,) and allowed to react at 70° C. HPLC analysis
after 13 hours indicated <1% AUC by HPL.C of compound 24
remained, <1% AUC of the allylic alcohol had formed and
14.5% AUC of the diastereomer of compound 24 34 had
formed. The reaction was deemed complete, cooled to 30-35°
C. and filtered over Celite The Celite cake was washed with
EtOAc (400 mL) and the resulting filtrate was concentrated to
~25 volumes and taken forward without further manipula-
tion.

[0724] The PCC oxidation was conducted using the sample
of compound 33 in EtOAc (25 vol) from above. To a sample
of compound 33 (90.0 mmol) EtOAc (25 vol) was added PCC
(19.4 g, 1.0 equiv, Aldrich lot # S378744-058). The reaction
mixture was maintained at 20-25° C. for 25 hours. HPLC
analysis indicated 1.1% AUC of the diastereomer of com-
pound 34. The reaction mixture was deemed complete,
diluted with DI water (400 mL) and filtered over Celite. The
filter cake was washed with EtOAc (2x200 mL). The resulting
filtrate was washed with DI water (2x400 mL.) and treated
with DARCO KB-G (8.0 g). The mixture was heated to
45-50° C. for 4 hours and then cooled to 20-25° C. The slurry
was filtered over Celite and the filter cake was washed with
EtOAc (2x200 mL). The EtOAc filtrate was concentrated to
~5 volumes and azeotroped with MeOH (2x600 mL)) back
down to 5 volumes. The resulting slurry was assayed by 'H
NMR to indicate 6.4 mot % of EtOAc remained. The slurry
was diluted with DI water (320 mL) and maintained at 20-25°
C. for 1 hour. The slurry was filtered, washed with DI water
(2x200 mL) and dried under vacuum at 35-45° C. to afford
27.4 g (68%) of compound 33 (97.9% AUC by HPLC con-
taining 0.8% AUC of the diastereomer of compound 34). KF
analysis indicated 0.02 wt 94) water. The lower than expected
yield was most likely attributed to the elevated level of EtOAc
present during the precipitation

Preparation of Compound 34

[0725] A 10gram portion ofthe above sample of compound
33 was taken forward to the formation of compound 34 imple-
menting the following isolation conditions. To a solution of
compound 33 (10.0 g, 22.4 mmol) in 60 tetrahydrofuran
(THF) at 4-6° C. was added 33.6 mL (1.5 equiv, Aldrich lot
#00419TH) of 1 M tri-tert-butoxyaluminum hydride (Li(t-
BuO);AlH) THF maintaining the temperature below 6° C.
HPLC analysis after 18 hours indicated <1% AUC of com-
pound 33 remained and 5.5% AUC of the diastereomer of
compound 34 had formed. The reaction was deemed com-
plete and quenched with 4 M HCl (150 mL) maintaining the
temperature below 20° C. The reaction mixture was extracted
with heptane (2x100 mL). The combined organic phases
were washed with 1 M HCI (100 mL) and Di water (2x100
mL). The clear solution was distilled down to ~10 volumes
and azeotroped with heptane (2x100 mL) down to ~10 vol-
umes. Some scaling was observed and the sample was diluted
with heptane (100 mL) and MTBE (2.5 mL). The sample was
then heated to dissolution at 70-75° C. and allowed to cool
step-wise down to ~52° C. overa period of 1 hour when solids
precipitated. The thin slurry was held at 52° C. for 1 hour, 48°
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C. for 1 hour and 42° C. for 1 hour before the heat was turned
off and the slurry was allowed to slowly cool to 20-25° C.
overnight. The slurry was filtered, washed with heptane
(2x25 mL) and dried under vacuum at 35-45° C. to afford 6.8
g (68%) of compound 34 (96.0% AUC containing 2.8% AUC
of the diastereomer of compound 34) as white solids. Some
scaling was observed in the flask alter the filtration. The solids
were dissolved in CH,Cl, and concentrated to afford 1.3 g
(13%) of compound 34 (96.5% AUC containing 1.9% AUC of
the diastereomer of compound 34). The mother liquor and
washes were concentrated to afford 1.6 g (16%) of compound
34.

[0726] Due to the lower than expected yield from the pre-
cipitation, the procedure was repeated using 100% heptane
instead of 1.25% MTBE/heptane. A sample of compound 34
(10 g, 22.4 mmol, 93.4% AUC by HPLC) was diluted with
heptane (200 mL) and heated to dissolution at 80-85° C. The
solution was allowed to slowly cool down to 65° C. over a
period of 1 hour when solids precipitated. The thin slurry was
held at 65° C. for 1 hour and cooled in 5° C. increments down
to 30° C. over a period of 2 hours. The slurry was filtered at
30° C., washed with heptane (2x25 mlL) and dried under
vacuum at 35-45° C. to afford 7.5 g (75% recovery) of com-
pound 34 (95.7% AUC containing 0.1% AUC of the diaste-
reomer of compound 34) as white solids. Some scaling was
observed in the flask after the filtration. HPLC analysis are in
progress for the reactor rinse and mother liquor

Preparation of DCA-Crude

[0727] A sample of aqueous DCA-crude (340 mL) was
washed with 2-MeTHF (2x340 mL). The aqueous phase was
assayed by HPLC to indicate 0.1% AUC of the unknown
impurity with RRT=1.12. The aqueous phase was diluted
with 2-MeTHF (340 mL) and adjusted to pH=1.7-2.0 using 4
MHCI (60 mL). The phases were separated and the 2-MeTHF
phase was washed with DI water (2x400 mL). The 2-MeTHF
phase was concentrated to 5 volumes and azeotroped back
down to 5 volumes with heptane (3x320 mL). The 5 volume
slurry was assayed by "H NMR to indicate 2.0 mol % of
2-MeTHF remained relative to heptane. The slurry was
diluted with heptane (320 mL) and held at 20-25° C. for 1
hour. The slurry was filtered, washed with heptane (2x150
ml) and dried under vacuum at 35-45° C. to afford 24.2 g
(96%) of DCA-crude (95.7% AUC containing 0.4% AUC of
the diastereomer of DCA-crude, 1.8% AUC of the unknown
impurity with RRT=0.5 and 0.04% AUC of the unknown
impurity with RRT=1.12)

Preparation of DCA

[0728] A series of slurry purifications of DCA-crude were
attempted on 2.0 g to assess the purity and recovery. Samples
of DCA-crude (2.0 g, 5.1 mmol) were diluted with 25 vol-
umes of MeOH/CH,Cl, (See Table 1) and the resulting slur-
ries were held at specific temperatures (See Table 1) for 1
hour. The slurries were allowed cool to specific temperatures
(See Table 1) and filtered. The filter cakes were washed with
CH,Cl, (2x3 vol) and dried under vacuum at 35-40° C. over-
night to afford DCA (See Table 1). The results are summa-
rized in Table 1 below
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TABLE 1
Results for DCA
DCA Results

HPLC results (% AUC)
mol % MeOH  Slurry  Filtration Impurities

relative to temp temp Diast. of RRT
Entry CH,Cl, (°C) °C) Amt, recovery DCA DCA 0.5 1.12
1 2 35-37 28-30 1.3g,65%  99.00 ND 0.87 ND
2 1 35-37 28-30 1.7¢g,85% 9895 ND 092 ND
3 1 20-25 20-25 1.7¢,8%  99.15 ND 0.74 ND
4 0.5 20-25 20-25 1.8 ,90%  98.92 ND 0.86 ND
5 0 20-25 20-25 1.7¢g,85%  99.02 ND 070 ND

[0729] The results from entries 1-3 indicated that con-
ducting the slurry purification at 20-25° C. with 1 mol % 1
of MeOH provided better recovery and comparable
results to conducting the slurry at 35-37° C. with 2 mol
% of MeOH. The samples of DCA were analyzed by 'H
NMR to indicate <1 wt % of CH,Cl, was present after
drying.

1-14. (canceled)

15. A process for preparing a 12-keto compound 3:

e

PgO®

H

from the corresponding A-9,11-ene compound 4:

Pgo\\\“h

W
PeO and optionally wherein compound 2 is further oxidized to

provide the A-9,11-ene-12-one compound 3.
16. A process for preparing a 12-keto compound 3:

H

where Pg is a hydroxyl protecting group, R is hydrogen,
hydroxyl, or —OPg, R is the 17-side chain of a bile
acid, which bile acid is selected from the group consist-
ing of cholic acid, deoxycholic acid, taurocholic acid,
and glycocholic acid, wherein the carboxyl functionality
of said side chain is optionally esterified with a C;-C
alkyl group, and R? is hydrogen, or R* and R? together
with the carbon atom attached thereto form a keto group
or a keto protecting group;

said process comprises: effecting allylic oxidation at the
12-position of compound 4 wherein the allylic oxidation
is effected by a more than one equivalent of tert-butyl
hydroperoxide and in the presence of Cul, to first pro-
vide a mixture of compounds 1, 2 and 3:
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from the corresponding A-9,11-ene compound 4:

pgO™

PgO\\\““

where Pg is a hydroxyl protecting group, R is hydrogen,
hydroxyl, or —OPg, R* is the 17-side chain of a bile
acid, which bile acid is selected from the group consist-
ing of cholic acid, deoxycholic acid, taurocholic acid,
and glycocholic acid, wherein the carboxyl functionality 3
of said side chain is optionally esterified with a C,-Cg
alkyl group, and R? is hydrogen, or R and R* together
with the carbon atom attached thereto form a keto group
or a keto protecting group;

said process comprises:

effecting allylic oxidation at the 12-position of compound -
4 by reaction with an alkylhydroperoxide of the formula Pgo®

RHRH(R>)C—O—OH in the presence of a co-oxi- H

dant, wherein each of R?, R*, and R® is independently

C,-C, alkyl, wherein the co-oxidant is selected from the and optionally wherein compound 2 is further oxidized to
group consisting of aqueous sodium hypochlorite, pal- provide the A-9,11-ene-12-one compound 3.

ladium on carbon, PA(OCOCF;),, Pd(OAc), and Cul, to 17-64. (canceled)
first provide a mixture of compounds 1, 2 and 3: k% & %



