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METHODS FOR THE PURIFICATION OF DEOXYCHOLIC ACID

REFERENCE TO RELATED APPLICATIONS

This application claims the benefit of U.S. provisional application serial number
61/288,132, filed on 18 December 2009, U.S, provisional application serial number
61/303,816, filed ou 12 February 2010, UK. Application No. 1008726.0 filed on 25 May
2016, and U.S. provisional application serial number 61/348,686, filed on 26 May 2010,

all of which are incorporated herein by reference in their entirety.

BACKGROUND OF THE INVENTION

Field of the Invention
This invention is directed to the synthesis of deoxycholic acid and salts thercof as
well as to mtermediates useful in the synthesis of deoxycholic acid. In oue erabodivuent,
this invention provides synthetic methods for preparing deoxycholic acid or a salt thercof
starting from hydrocortisone. This invention 1s also divected 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%.

State of the Art

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 efficacy coucerns, although howeopathic and cosmetic
claims have been made since the 1950°s. Mesotherapy was originally conceived in
Europe as a method of utilizing cutancous injections containing a mixture of compounds
for the treatment of local medical and cosmetic conditions, Although mesotherapy was
traditionally ermployed for pain reliet, its cosmetic applications, particularly fat and
cellulite removal, have recently received attention in the United States. {Une such
reported treatment for localized fat reduction, which was popularized in Brazil and uscs

injections of phosphatidylcholine, has been erroneously considered synonymous with
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mesotherapy. Despite its attraction as a purported "fat-dissolving"” injection, there is little
safety and cfficacy data of these cosmetic treatments. See, Rotunda, A M, and M.
Kolodney, Dermatologic Surgery 32:, 465480 (2006} (“Mesotherapy and

Phosphatidylcholine Injections: Historical (larification and Review™ ).

Recently published literature reports that the bile acid, deoxycholic acid, and salis
thereot, have fat removing properties when ijected 1uto {atty deposits in vivo. See, WO
2005/117900 and WO 2005/112942, as well as US2005/0261258; USZ005/0267080;
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 mactivated by exposure to
protein and then rapidly returns to the intestinal contents, its effects are spatially
contained. As 4 result of this attenuation effect that confers chnical safety, fat removal
therapies typically require 4 — 6 sessions. This localized {at removal without the need for
surgery is beneficial not only for therapeutic treatruent relating to pathological localized
fat deposits {e.g., dyslipidemias incident to medical intervention in the treatment of HIV},
but also for cosmetic fat romoval without the attendant risk inherent in surgery {(e.g.,
tiposuction). See, Rotunda ef o/, Dermatol. Surgery 30: 1001-1008 (2004} (“Detergent
effects of sodium deoxycholate are a major feature of an injectable phosphatidylcholine
formulation used for localized fat dissolution”) and Rotunda ef ol J. Am. Acad.
Permatol. (2005: 973-978) (“Lipomas treated with subeutaneous deoxycholate

mnjections”), both incorporated herein by reference in their entirety.

In addition, many huportaut steroids have a 12-g-hydroxy-substituent on the C-
ring of the steroid. Such compounds include, by way of example, bile acids such as
deoxycholic acid, cholic acid, hithocholic acid, and the like. Herctofore, such compounds
were typically recovered from bovine and ovine sources which provided a ready source of
bile acids on a cost ottective basis, However, with the recent discovery that pathogens
such as prions can contaminate such sources, aliernative methods for the synthesis of bile
acids from plant sources or synthetic starting materials have become increasingly
iaportant. 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

)
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impose a limitation on the amount of suitable mammalian sourced bile acids and does not

prechude the possibility that the bile acid will be free of such pathogens.

There remains a need for suitable quantities of efficacious bile acids such as
deoxycholic acid that are known {rom the outset to be free from moteties of anivnal origin
{or pathogenic moictics capable of acting in an animal, particularly a mammal, and for
human use, having a deleterious cffect on a humany, and other harmful agents such as
animal or microbial metabolites, toxins, including bacterial toxins, such as pyrogens, for

use as medicaments in humans,

In addition, there 1s 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 1s contaminated with cholic acid. In turn, 1 18 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 bile acids,

Heretofore, GB2452358 discloses the synthesis of deoxycholic acid starting with
Su-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 Sa-hydroxyandrost-4-en-3,17-
dione. While Su-hydroxyandrost-d-en-3,17-dione 1s effectively converted to deoxycholic
acid as disclosed in that patent, synthesis of deoxycholic acid from hydrocortisone would

be of particular value as hydrocortisone 18 widely available.

Cortisone and hydrocortisone have an 11-keto or 11-pB-hydroxy group respectively
rather than the 12-g-hydroxy group of deoxycholic acid. Conversion of the 11-keto or 11-
B-hydroxy group on the steroidal backbone to the corresponding 12-a-hydroxy or 12-keto
group s nou-trivial as not only must the conversion be made 1t maust be made
stereoselectively. International Patent Application Publication No. WOZ008/157635
reports multiple reaction schemes where, in oue instance, a 3-B-acetoxy-11-keto steroid is
converted to a 3-B-acctoxy-12-a-hydroxysteroid via formation of a A-9,11-ene
functionahity in said steroid following by allylic oxidation at the 12-position with
chroorium trioxtde. The use of chromium trioxide provides modest yields of the A-9,11-
enc-12-ox0 functionalitics and side products generated by this reaction encumber
purification of the desired product. Moreover, chromiur trioxide is highly toxic,

3
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corrostve, and carcinogenic. It is the main example of hexavalent chromium, an
environmental hazard. Usc of chromium trioxide in the oxidation process should be

Limited.

In view of the above, there 1s a need o provide a synthetically efficient method for
converting 1 1-B-hydroxy/! -keto steroids to the corresponding a A-9,1 1-ene, 12-0-
hydroxy/12-keto steroids using environmentally compatible and less toxic oxidizing
agents,

Pharmaceutical grade chemicals require consistently reproducible levels of purity.
o some erabodiveents, purification processes should provide at least 5% purity or at
least 99% purity. However, purification to at least 99% is technically challenging. For
exarmple, solvents used in the purification process can become enirapped with the product
thereby reducing its purity and other contaminants can be carried over by any purification

Process.

This problem is particularly relevant with deoxycholic acid and salts thereof as
this product s disclosed for cosmetic use in removing undesirable fat deposits. See, e.g.,
U.S, Patent No, 7,622,130 which is imcorporated herein by reference 1o is ontirety, As
cosmetic procedures are entirely elective, higher safety standards are typically required by

regulatory authorities,

SUMMARY OF THE INVENTION
This inveuntion provides methods and compositions useful in the preparation of

bile acids or salts thereot as well as methods for purification of the so prepared bile acids,

In one embodiment, there 18 provided an oxidation process which cither eliminates
or lumits the amount of chromivm (VI oxidizing agent employed duaring allvlic oxidation
at the 1Z-position of A-9,11-cne steroids. The oxidation employs an environmentally

compatible co-oxidant mixture which provides compounds 1, 2, and 3:
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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, aud glycocholic acid, wherein the
carboxyl functionality of said side chain s optionally esterified with a C;-Cy atkyl group,
and R is hydrogen, or R' and R? together with the carbon atorm attached thereto form a
keto group or a keto protecting group; and each of R, R and R’ is independently €,-Cs

alkyl.

Optionally, in a further step, the above mixture 1s treated with a chromium (V1)
oxidizing agent to convert the partially oxidized products at the 12-position to the
corresponding ketone., In this process, the amount of chromium (V1) oxidizing agent
employed is significantly less than that reported in Example 10 of U.S. Serial No.

12/153,446 which employed chromium trioxide as the sole oxidizing agent.

Accordingly, in one embodiment, there 1s provided a method for effecting allvlic

oxidation at the 12-position of A-8,11-eue steroidal compound 4:

PgO“‘

to the corresponding 12-keto compound 3:




10

5

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

wherein Pg is a hydroxyl protecting group, R is hydrogen, hydroxyl, or ~OPg, R
is the 17-s1de chain of a bile acid, which bile acid s 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 esterificd with a C-Cs 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.

fn another emwbodiment, oxidation of compound 4 with said co-oxidant mixture

provides compounds:

wherein Py is a hydroxyl protecting group, R is hydrogen, hydroxyl, or -OPg, R’
ts 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;-Cq 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;-Cy

alkyl,

The mixture provided optionally can be treated with a slight excess of a chrominm
oxidizing agent to provide conversion of compound 2 and optionally compound 1 to
compound 3 thereby improving the overall yield of compound 3. Accordingly, in this
embodiment, there is provided a method for effecting allvlic oxidation at the 12-position

of A-9,11-ene steroidal compound 4;
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to the corresponding 12-keto compound 3:

which process comprises contacting compound 4 with a co-oxidant tmxture comprising
alkalt hypochlorite and #-alkyl hydrogen peroxide (YBHP) under oxidizing conditions to
provide a mixture of compound 1, 2, and 3; and

further oxidizing said mixture with an effective amount of a chromium (V1)
oxidizing agent to provide compound 3, wherein Pg 1s g 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
glycocholic acid, wherein the carboxyl functionality of sard 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 prolecting group.

in one optional embodiment, the mixture of compounds 1, 2 and 3 are reacted
under hydrogenation conditions to hydrogenate the A-9,1 1-ene prior to oxidation with the

chromuum (VI} oxidizing agent.

When said optional hydrogenation occurs prior to oxidation with the chromium

(V1}, there are provided novel interrmaediates of formoula § and 62

OH sz
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wherein Pg, R, R, RY R RYand R are as defined above

In a preferred embodiment, hydrogenation occurs after oxtdation step{s} is {are)

completed,

In another embodiment, this invention provides a process for preparing A-9,11-

enc-12-keto compound 7

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

8

where Pg is a hydroxyl protecting group, R is the 17-side chain of a bile acid,
which bile acid 1s 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-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;

wherein satd process comprises:

effecting allylic oxidation at the 12-position of compound 8 by reaction with an
r-alkythydroperoxide of the formula (R3 X R‘gj(RS}(_}O—()H in the presence of a co-oxidant,
wherein cach of R, RY, and R’ is independently C,-C; alkyl, to first provide a mixture of

compounds §, 18, and 7:
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and optionally wherein compound 11b is then further oxidized with a chromium (V)

oxidizing agent to provide the A-9, 1 1-ene-12-on¢ compound 7.

In one optiopal embodiment, the rowxture of compounds 8, 16, and 7 are reacte
under hydrogenation conditions to hydrogenate the A-8,11-ene prior to oxidation with the
chromium (VI oxidizing agent.

When said optional hydrogenation occurs prior to oxidation with the chrormium

(V1) oxidizing agent, there are provided novel intermediates of fornmmula 11a and 11ib:

iia iib

. I p2 pi pé :
wherein Pg, R', R°, R7, R" and R are as defined above.

i another embodiment, this invention provides a process for converting an 11-§~

hydroxysteroid to the corresponding 12-ketosteroid wherein said process comprises:

ay selecting an appropriately protecied 11-p-hydroxysteroid;

b} dehydrating the 11-B-hydroxysteroid to provide the A-9,11-ene
functionality in said steroid;

¢} cffecting allylic oxidation at the 12-position by reacting the steroid product
of b} shove with r-alkylhydroperoxide m the presence of a co-oxidant; and

d) hydrogenating the A-9,11-ene functionality to yield the S-o-hydro-11-
dihydro-12-ketosteroid; and

g



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~-g-hydro-11-dihydro~-12-a-hydroxysteroid.

in another embodiment, this invention provides a method for preparing compound

H
12

comprising contacting compound 13 wherein Pg is a hydroxy! protecting group:

10 13

under dehydrating conditions to provide compound 12.

In another embodiment, this invention provides a method for preparing a

compound of formula 14

HOY

15 a} contacting hydrocortisone:




with at least a molar equivalent of hydrogen under hydrogenation conditions to provide

4,5-dihydrohvdrocortisone —~ compound 15:

15

5 b} contacting compound 15 with at least 2 equivalents of a reducing agent
under conditions wherein the carbonyl groups are reduced to alcohol groups to provide

compound 16:
OH

HO, | wWOH

o
o\

16

10 c} contacting compound 16 with a vicinal alcobol oxidizing agent under

oxidizing conditions to provide compound 17:

17
d) selectively protecting the 3-hydroxyl group of compound 17 to provide a

15 compound of formula 13;

11



where Pg s a hydroxyl protecting group;
&} contacting the compound of formula 13 under dehydrating conditions to

5  provide a compound of formmula 12;

Pgo™

= T

2

f) and removing the hydroxyl protecting group to provide compound 14

fn another ewsboditoent, this invention provides a method of preparing a

compound of formula 18:

pgO™

10
satd method comprising:

a) contacting hydrocortisone:

OH

o OH

with at lcast a molar equivalent of hydrogen under hydrogenation conditions to provide

15 4,5-dihydrohydrocortisone — compound 15:

12



b} contacting compound 15 with at least 2 equivalents of a reducing agent
under conditions wherein the carbonyl groups are reduced to alcohol groups to provide

5  compound 16:

HOY

¢} contacting compound 16 with a vicinal aleohol oxidizing agent under

oxidizing conditions to provide compound 17:

16 d)

compound 13;

Pgo"

where Pg s a hydroxyl protecting group;
&} contacting the compound of formula 13 under dehydrating conditions to

15  provide compound 12; and



Pgo"

Iy and converting cornpound 12 under olefin forming conditions to form

compound 18;

PgO™

H

18

5 in another embodiment, this invention provides a method of preparing
deoxycholic acid or a salt thereof, said method comprising:
ay following the procedures above to provide compound 18;
b} reacting cornpound 18 with an alkylpropiolate CH=CC(OYOR' or an alkyl
acrylate CHy=CHC(OOR wherein R’ is alkyl in the presence of a Lewis acid to form
10 compound 19 wherein the dashed line ---- is a single or double bond;
CO,R

Pgo"
H' 49

h} reacting the compound of formula 19 with Hy under hydrogenation conditions
to form compound 24
CO,R

Pgo™

H

20

o
(o]

i} reacting compound 28 with an oxidizing agent to provide compound 21:

14



CO,R

Pgo"
H 2

5
i} reacting compound 21 with Hy under hydrogenation counditions to provide
compound 22:

CO,R

Pgo"
H 22
5 k} reacting compound 22 with a reducing agent to provide compound 23:
, CO5R
OH " ’
Pgo™
° H 23
s and

i) contacting compound 23 under deprotection and hydrolysis conditions to
form deoxycholic acid or the salt thereof

In another embodiment, this invention provides a method of preparing compound

10 24
T COOMe
AcO 24

said method comprising:

a} contacting compound 25:

[y
L
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25

\ 2
(2)

o}
under hydrogenation conditions comprising hydrogen and at least 8% by weight of a 50%
wet (with water for satety) Pd on carbon in a solvent selected from the group consisting of
acetone, wopropanol, ethyl acetate, N N-dimethylformarnide, and tetrahydrofuran in an

autoclave maintained at elevated pressure to provide compound 26:

v

) dehydration of compound 26 in the presence of sulfuric acid under

conditions wherein water 1s elivminated to provide compound 27:

O
H 27

b

b
) contacting compound 27 with an excess of lthium tri-~butoxyvaluminum
hydride under selective reducing conditions including a temperature of from -40°C to -

45°C to provide compound 28:

it

K
HO o 28
d) contacting compound 28 with an excess of ethyltriarylphosphonium halide

under Wittig reaction conditions to provide compound 29:

HOY

s

25

16



e rotecting the 3-a-hyvdroxy group of compound 29 under acetvlation
p g 3 ¥ group 2 3

conditions mcluding an excess of anhydrous acetic anhydride to provide compound 36:

AcO™

6

30

f}  contacting compound 36 with an excess of methyl acrylate in presence of
5 anexcess of C-C; alkyl aluminum dichloride under alkylating conditions to form

compound 31:

COOMe

3

AcO"
H 31 .
>
g} contacting compound 31 with hydrogen and a hydrogenation catalyst
sclected from platinum and dry palladium on carbon in an inert solvent under
10 hydrogenation conditions including an autoclave maintained at an elevated pressure to
} o o

provide compound 32;

COOMe

AcO™

3

32
h}  contacting compound 32 dissolved in an inert solvent under co-oxidizing

conditions including an excess of Cs-Cg r-alkyl hvdroperoxide as a first oxidant and an

[,
(4]

excess of NaOC! as a co-oxidant under oxidizing conditions optionally followed by

further oxidation with a slight excess of pyndmwmchlorochromate to provide compound

24:
ACO\“ 4

17



which compound is washed with methanol.

in another embodiment of this invention, there is provided a method for
preparing deoxycholic acid or a salt thereo{ which method comprises:

a) contacting compound 24

COOMe

AcO™
c H 24

(4]

with hydrogen and Pd/C under hydrogenation conditions comprising hydrogen and Pd on
carbon in an autoclave maintained 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;

10 ;
b}  reacting compound 33 with lithium tri--alkoxyaluminum hydride under

reducing conditions to provide compound 34;

COOMe

;and
¢} exposing compound 34 to deprotection and hydrolysis conditions to form

15 deoxycholic acid or the salt thereof.

fn another ewsbodient, this invention provides a method of preparing compound

i8
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O | i 26

H

by conlacting corapound 25:
O

IO
JOCH

under hydrogenation conditions comprising hydrogen and 10% Pd/C using a solvent
sclected from the group consisting of N N-dimethylformamide, acetone, isopropanol,

ethyl acetate and aqueous acetone comprising up to 3% water.

In another embodiment, this invention provides a method for preparing
deoxychohic acid (DCA) having a purity of greater than 96%, or a salt thereof, which
method comprises:

{a) contacting DCA having a purity of about 95% or less with a solvent
comprising dichloromethane under conditiouns to form a DCA solution;

(b} crystallizing the DCA from the DCA solution obtained from step (a) to
provide a solution containing crystalhine DCA;

{c) recovering the crystalline DCA which has a purity of greater than 96%.

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

{a) comtacting DCA having a purity of about 95% or less with a solvent
comprising dichloromethane and methanol under conditions to form a DCA solution;

{b} crystallizing the DCA from the DCA solution obtained from step (1} to
provide a solution containing crystalline DCA;

{c} recovering the crystalline BCA and removing sufficient amouunts of the
dichloromethane to provide a purity of greater than 96% for the recovered crystalline

DCA.

i another embodiment, this invention provides a synthetic deoxycholic acid

19



{(IDCA) or a pharmaceutically acceptable salt thereof, wherein the synthetic DCA or the

pharmaceutically acceptable salt thereof has a purity of at least 99 %.

In another embodiment, this invention provides a corposition comprising a DCA
having a purity of at least 99% or a pharmaceutically acceptable salt thereof and a

pharmaceutically acceptable excipient.

In another embodiment, this invention provides a composition for non-surgical
removal of localized fat, said composition counsisting essentially of a DCA having a purity
of at least 99% or 4 pharmaccutically acceptable salt thereof wherein the DCA 18

essentially the sole fat removal component of said composition.

i 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 o about 10:1.

BRIEF DESCRIPTION OF THE DRAWINGS

Figare 1 provides a proton NMR spectrum of compound 9 using a 500 MHz

instrument.

Fisure 2 provides a "¢ NMR spectrum of compound 9 using a 125 MHz
p g

instrument.

Figure 3 provides a mass spectrum of compound 9.

DETAILED DESCRIPTION OF THE IRVENTION
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 incorporated by
reference into the present disclosure to more fislly describe the state of the art to which
this invention pertains,

As used herein, certain terrus may have the following defined weanings. As used

ER N1

in the specification and claums, the singular form “a,” “an” and “the” inchude singular and

plural references unless the context clearly dictates otherwisc.
Unless otherwise indicated, all numbers expressing quantities of ingredients,
reaction conditions, and so forth used in the specification and claims are to be understood

20



as being modified in all instances by the term “about.” Accordingly, unless indicated to
the contrary, the numerical parameters set forth in the following specification and
attached claims are approxumations. Each numerical parameter should at least be
construed in light of the number of reported significant digits and by applying ordinary

5 rounding techuiques.

As used herein, the terma “comprising” 1 intended to rocan that the compounds
and methods include the recited clements, but not excluding others. “Consisting
essentially of” when used to define compositions and methods, shall mean excluding
other clements of any essential significance to the compounds or method. “Consisting of”

10 shall mean exchuding wove than trace elements of other ingredients for claimed
compounds and substantial method steps. Embodiments defined by cach of these
transtiion 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

o
LA

essentially of) or alternatively, intending only the stated methods steps or compounds

{consisting of).

The term “alkyl” refers to monovalent saturated aliphatic 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

20 exarople, lincar and branched hydrocarbyl groups such as methyl (CH;s-), ethyl
{(CH;CH;-), n-propyt (CH;CHCH,-3, isopropyl ((CH3RCH-), #-butyl
(CHRCHRCHLCHy-), 1sobutyl ((CHy L CHCH,-), sec-butyl {(CH X CHCHCH-), 1-butyl
({CH3hC-), n-pentyl (CHCHCHCHLCH-), and neopentyl ((CH CCHR-)

The term "“f-alkyl” or “tert-alkyl” refers to tertiary alkyl groups of the formula
25 R'BRIRIC- 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.
The term “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
30 hydrogen can be removed from a molecule. Oxidizing agents include by way of example

only Jones reagent, fers-butyl hydroperoxide, sodium hypochlorite, pyridinium

21
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chlorochromate and Cr(35. In one example, the oxidizing ageut s specific to vicinal (1,2}
alcohols and include periodate compounds. Such oxidizing agents are sometimes referred

to as “vicinal aicobol oxidizing agents”.

The term “chromium oxidizing agents” refers to chromium VI compounds capable
of etfecting oxidation. In one embodiment, the chromium oxidizing agent is capable of
oxidizing primary alcohols to aldehydes and secondary alcohols to ketones. Such
selective chromium oxidizing agents are typically complexed with a base such as
pyridine. Oue particalarly preferred chromium oxidizing agent is
pyridintumchlorochromate. 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 incinde
chromium trioxide and a co-oxidant mixture of NaOCH and r-alkyl hydrogen peroxide

such as r-butyl hydrogen peroxide (TBHP).

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 oxvgen 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.

The term “chmination conditions” refers to reaction conditions in which a small
molecule, such as Hx(3, HCL, or HBr, etc., is lost from a compound comprising a
hydroxyl, chlore, or bromo group, clc. to form a corresponding compound comprising an
alkenyl group. In one example, an elivination condition includes dehydration conditions
wherein the hydroxyl group and the vicinal hydrogen atom are climinated to form a vinyl
group {(an “ene”y group. Dehydration counditions may nclude converting the hydroxy]
group 1o a leaving group such as chloro, bromeo, tosyl, mesyl, -OS(OC)CL

The term “Ac” refers to an acetyl group which has the formula CH3C(O}-.

The term “keto” refers to the group (>C=0).

The term “keto protecting group” refers to a group capable of protecting a keto

group of a compound and releasing the keto group under suitable deprotection conditions.

22
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Common such groups inchude ketals and acylals. Keto protecting groups are well known

in the field of organic synthesis.

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 syathesis, 3 ¢d., T. W, Greene and P. G. M, Wuts, eds., John
Wiley & Sons, lnc., New York, NY., US.A,, 1999, and will be well known to a person

of ordinary skill in the art, which is incorporated by reference in its entirety.

ot 19 : 22
The term “ketal” refers to a group having two -OR™ groups attached to the same
. 272
carbon atont in a molecule, where R™ represents an alkyl group or the two R* groups
together with the carbon atom and the two oxygen atorus attached thercto form a ring

22 ‘o
structure. The two -OR™ groups roay be the same or differeut,

The term “acylal” refers to a group having two ~(C=0)R* groups attached to the
sarme 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

. - . 33 P
a ring structure. The two -O(C=0)R™ groups may be the same or different.

The term “reducing agent” refers to a reagent which can donate electrons in an
oxidation-reduction reaction, allowing hydrogen to be added to a2 molecule. Suitable
reducing agents inchude lithiurn aluminum hydride, sodium borohydride, sodium

cyanoborohydride, and the hike.

The term “acetylating reagent” refers to a reagent in which can add an acetyl (Ac)
group CH3C(O)- to an alcohol moiety of a molecule.

+

The term “acid” refers to regeunts capable of donating H

The term “Lewis acid” refers to an electron pair acceptor. Lewis acids include

oraganometallic reagents such as alkcyl aluminum halides {e.g. ERAICT and MeAICh).

The term “hydrogenation conditions” refers to suitable conditions and catalysts for
introducing H; across one or more double bonds. Hydrogenation catalysts inchude those
based on platinum group metals (platinum, palladium, rhodium, and ruthenium) such as

Pd/C and PLO,,

The terny “olefination reagent” refers to regents that react with ketones to form the
corresponding olefing. The term “oleflin forming conditions” refers to suitable conditions
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for carryout such fransformations. Examples of such reagents include Wittig reagents and

Wittig olefination conditions.

The term “reflux conditions” refers to conditions wherein a hiquid boils, and the

vapor of the boiling liquid condenses and runs back down into the Hiquid below.

The term “pharmaceutically acceptable salt” refers to pharmaceutically acceptable
salts of deoxycholic acid, which salts are dertved from a variety of organic and worganic
counter ions well known in the art and include, by way of example only, sodium,

potassium, calcium, magnesium, ammontum, and tetraalloylammontum.

The vurabering of the steroidal scaffold as used hevewn follows the general

convention:

It is to be understood that unless otherwise specified, the scaffolds only represents the
position of carbon atoms. (Une or more bonds between two adjacent carbon atoms may be

a double bond and one or more of carbon atoms be may optionally substituted.

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 oft

the term “11-P-hydroxy sterordal” or “11-B-hydroxy cormpound” as used herein refers to a
sterotdal compound having a hydroxy substituent on the 11-position carbon atom which

can be represented by the scaffold of:

24



The term “1i-keto sterordal” or “11-keto compound™ as used herein refers to a
sterotdal compound having a keto substituent on the | L-position carbon atom which can

5 berepresentied by the scatfold of:

The term “12-keto steroidal” or “12-keto compound” as used hercin refers to a
sterotdal compound having a keto substituent on the 12-position carbon atom which can

10 be represeuted by the scaffold oft

The term “12-alpha-hydroxy steroidal” or “12-alpha-hydroxy compound” as used
herein refers to a steroidal compound baving a hydroxy substituent on the 12-position
15 carbon atom which can be represented by the scaffold oft

OH g

The term “17-side chain of a bile acid” refers the substituent ou the 17-position

carbon atom,

28 Svnthetic Processes

By



A, Synthesis of BCA from hydrocortisone

In one embodiment, this invention provides a synthesis of compound 14 which is
an ntermediate for synthesizing deoxycholic acid (DCA}, or a pharmaceutically
acceptable salt thereof.

Scheme 1. Synthesis of 3o-hydroxy-53f-androst-9(11}-en-17-one (14} from

Hydrocortisone

o

H 12
33 {pg = Ac} 38 {pg = Ac)

where Pg is a protecting group.

This method comprises exposing compound 13 (the synthesis of which is

described below):

Pgo™

where Pg 1s a hydroxyl protecting group, to debiydrating conditions to provide corapound
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12

Pgo"

and removing the hydroxyl protecting group.

In some embodimenis, Pg s -C( O)Rl, wherein B! is lower allkyl, In some

embodiments, Pg is -C{O)TH;.

In one embodiment, the dehydration conditions comprise converting the hydroxyl
group of the compound of formula 13 fo -L, where -L 18 a leaving group, such as
~OS(OXC, -O80,R” (wherein R” is lower alkyl or pheny! or pheny! substituted with alkyl,
tor example, -CHj or -CgHsCHy), or -OPX, {(wherein X 18 bromo or OR3, wherein R is
tower alkyly. In some embodimeuts, the dehydration counditions comprise thionyl chloride

and pyridine.

In some embodiments, compound 13 is prepared by a method comprising

selectively protecting the 3-hydroxyl group of compound I7:

i one embodiment, the protecting group Pg 1s -C{O}-lower alkyl, for example,
-C{HCH;. 1o some embodiments, compound 17 1s exposed to acylation conditions to
form 38, such as by treatment of 17 with acetic anhydride and an organic base such as

triethylamine (EtsN), pyridine, and/or dimethylaminopyridine.

In some embodiments, compound 17 1s prepared by a wethod comprising

contacting compound 16

27
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with a vicinal alcobol oxidizing agent under oxidizing conditions.

In some embodiments, the vicinal alcohol oxidizing agent 1s lead tetraacetate

5 (PB{OAc)) or sodium periodate (NalOy).

In some embodiments, compound 16 1s prepared by a method comprising

contacting compound 15

10 with at least 2 equivalents of a reducing agent under conditions wherein the carbonyl

groups are reduced to alcohol groups,

fn some embodiments, the reducing agent coraprises sodium borohydnde, sodium

cyanoborohydride, lithium aluminum hydride and the like.

in some embodiments, compound 15 is prepared by a method comprising reacting

15 hydrocortisone;

hydrocortisons

with at lcast a molar equivalent of hydrogen under hydrogenation conditions.

In some embodiments, the hydrogenation conditions comprise Pd/C as a catalyst.
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In some embodiments, the hydrogenation conditions comprise DIMF as a solvent.
In some embodiments, the method of preparing compound 12 comprises:

a} contacting hydrocortisone:

hydrocartisone

with at lcast a molar equivalent of hydrogen under hydrogenation conditions to provide

4,5-p-dihydrohydrocortisone — compound 15;

b} contacting compound 15 with at least 2 equivalents of a reducing agent
under conditions wherein the carbonyl groups are reduced to alcohol groups to provide

compound 16:

HOY

) contacting compound 16 with a vicinal alcohol oxidizing agent under

oxidizing conditions to provide compound 17:
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dy selectively protecting the 3-hydroxyl group of compound 17 to provide

compound 13:

Pgo™

where Pg is a hydroxyl protecting group;
&) subjecting compound 13 to dehydrating conditions to provide compound

iZ:

Pgo™
g A 12

fn another aspect, this invention provides a roethod of preparing compound 28
comprising exposing compound 12 to deprotection conditions. In some embodiments, Pg
1s ~{C{0) lower alkyl and the deprotection conditions comprise hydrolysis conditions. In
some embodiments, the hydrolysis conditions comprise alkaline metal hydroxide or

alkaline metal alkoxide and water.

fn some embodiments, this wnvention provides a method of preparing DCA ora
salt thereof, said method comprising:
a~¢}  preparing compound 12 as described above
0

Pgo"
g no 12 )

3
H converting compound 12 under olefin forming conditions to form

compound 18



Pgo™
H 48

2} reacting compound 18 with an alkylpropiolate CH=CC{HOR or an alkyl
acrylate CH,=CHC{O)YOR wherein R is alkyl in the presence of a Lewis acid to form

Pgo"
5 H 19

h} reacting the compound of formula 19 with H; under hydrogenation

conditions to form compound 26
CO,R

Pgo"
H 29
i} reacting compound 28 with an oxidizing agent to form compound 21
, CO5R
e} ‘. 2
Pgo"
10 H o 21 .

i) reacting compound 21 with H; under hydrogenation conditions to form

compound 22
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CO,R

Pgo"
H 29

5
k) reacting cotapound 22 with a reducing agent to forra compound 23
CO,R

Pgo"

H

23 ; and
i) exposing compound 23 to deprotection and hydrolysis conditions to form

deoxycholic acid or the salt thereof,

in one embodiment, the hydrogenation conditions of part a) comprise a Pd/C
catalyst. In some embodiments, the hydrogenation conditions comprise a solvent DMF

as a solvent.
In one embodiment, the reducing agent of part b) 1s NaBH..
In one embodiment, the vicinal alcohol oxidizing agent of part ¢} 1s NalQy,

In one embodiment, the protecting group Pg of the compound of formudas 13-23 1
~C{O-lower alkyl, for example, -C(O)}CH;. In some embodiments, compound 17 is
exposed to acylation conditions to form 38, such as by treatment of 17 with acetic

anhydride and an organic base such as EgN, pyridine, and/or dimethylaminopyrnidine.

i one embodiment, the dehydrating conditions of step ¢} comprise converting the
hydroxyl group of the compound of formula 13 to -1, where ~L. is a leaving group, such as
-OS(OYCL, -O80,R* (wherein R” is lower alkyl or phenyl or phenyl substituted with alkyl,
tor example, -CHs, -CgHsCHzy), -OPX; (wherein X 18 bromo or OR”, wherein RY is lower
alkyl}. In some embodiments, the dehydrating conditions comprise thionyl chloride and

pyridine.

In one embodiment, the olefin forming conditions of part £) coruprise a Wittig

agent such as Phy PCH,CH, Br
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In one embodiment, the Lewis acid of part g) 18 EtAlCL,
In one embodiment, the alkylpropiolate of part g} is methylpropriolate.
in one ecmbodiment, the alkyl acrylate of part g} is methylacrylate.

In one embodiment, the hydrogenation conditions of part h) comprise a PtO, or

Pd/C catalyst.
I one embodiment, the oxidizing agent of part 1} is CrOs.

i one embodiment, the oxidizing agent of part 1} comprises feri-butyl
hydroperoxide. In one embodiment, the oxidizing agent of part i} comprises an excess of
tert-butyl hydroperoxide {e.g. about 35 equivalents) and an excess of sodiun hypochlorite
{e.g. about 7 equivalents) at a low temperature (e.g. about 0-5 °C}. In another
embodiment, the oxidizing agent of part 1) comprises a palladiom reagent {e.g. P/C), an
excess of rerr-butyl hydroperoxide {e.g. about S cquivalents) and potassiurn carbonate in
dichioromethane {I3{UM),

in one embodiment, the hydrogenation conditions of part j} comprise a P&/C
catalyst,

In one embodiment, the reducing agent of part k) i1s LIAOtBuiH,

I one embodiment, the deprotection and hydrolysis conditions of part I} when Pg
is -C{OYCH; comprise reacting compound 38 with an alkali metal hydroxide, alkali metal
atkoxide, or a mixture of both,

In one embodiment, the alkali metal hydroxide 1s LiOH or NaOH.

in one embodiment, salts of deoyxcholic acid can be prepared by reaction with an
alkali metal alkoxide or hydroxide. Salts of deoxychelic acid include the sodium (Na '),
potassium (K7), and Hthium (1i7) salts.

i one embodiment, this invention provides side products as shown in Example 3
which can be recyeled by chernical modification to be used as intermediates 1o the

methods described herein,

%)
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B. Conversion of 11-§-bydroxy/11-Kketo steroids to the corresponding 12-0-~
hydroxy/12-ketostersids

In another embodiment, this invention provides synthetic processes for the

efficient conversion of 11-B-hydroxy/1 I -keto steroids to the corresponding 12-u-
hydroxy/12-ketosteroids which compounds are aseful in the synthesis of bile acids. The
processes preferably employ steroids such as 8-HAD, cortisone or hydrocortisone, which
may also be prepared synthetically and converted to compound 4 by methods described,
for example, in U.S. Provisional Patent Application No. 61/303,816, filed on February 12,
2010, utled “Preparation of Deoxycholic Acid and Intermediates Thereof,” which is

incorporated herein by reference in its entirety.

In one of its process aspects, this invention is directed to a process for converting a

A-9,11-ene compound 4:

PgO“‘

to the corresponding 12-keto compound 3:

PgC™

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 consisting of
cholic acid, deoxycholic acid, taurocholic acid, aud glycocholic acid, wherein the
carboxyl functionality of said side chain s optionally esterified with a C;-Cy atkyl group,
and R is hydrogen, or R' and R? together with the carbon atorm attached thereto form a
keto group or a keto protecting group, such as a ketal;

whercin said process comprises;



N
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sffecting allylic oxidation at the 12-position of compound 4 by reaction with an
r-atkylhydroperoxide of the formula (RO R WR)C-0-OH in the presence of a co-oxidant,
wherein each of R, RY, and R” is independently C;-Cs alkyl, to fivst provide a mixture of

compounds 1, 2 and 3:

and wherein compound 1 and/or 2 1s optionally further converted to provide the A-

8,11-ene-12-one compound 3.
in some embodiments, the r-alkylhydroperoxide is tert-butylhydroperoxide.

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
provides an allylic keto, an allylic alcohol or an allylic peroxide as shown above in
formulas 1, 2, and 3. In some embodiments, the co-oxidant is aqueous sodium
hypoehlorite (Na(3C1). In one embodiment, the allylic oxidation at the 12-position of
compound 4 is cffected by an excess of rert-butyl hydroperoxide (e.g. at or above 1.3
equivalents, at or above 6 equivalents, at or above 10 equivalents or abowut 35 equivalents)
and an excess of sodium hypochlorite (e.g. about 7 cquivalents) at a low temperature (e.g.
at or below 22 °C, at or below 10 °C, and about §-5 °C). The rers-butyl hydroperoxide
may be added as an aqueous 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 m a solvent sclected from the group consisting of water, cthyl
acetate, hexane, heptanes, toluene, t-butyl alcohol, dimethoxypropane, petroleum ether,
and dicholoroethane, or combinations thereof, In some embodiments, a phase transfor
catalyst can be emiployed. The use of these co-oxidants provides for oxidation without

the use of the toxic chronuium VI oxidants.

In some embodiments, the co-oxidant 18 a metal compound such as Cul

4

3

{
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In some embodiments, the allylic oxidation is effected in the presence of
palladium on charcoal and a base. In another cmbodiment, the allylic oxidation at the 12-
position of compound 4 is effected by a palladivm reagent {e.g. PA/C, PAOAC) BINAP,
PA{OCOCE;s),; or PA{OAc); on charcoal}, an excess of rerr-butyl hydroperoxide {e.g.
about 5 equivalents) and potassium carbouate or sodium biphosphate in a solvent, such as

DM,

in some embodiments, the conversion of compound 1 to compound 3 comprises
addition a palladium reagent (e.g. PI/C, PA(OAc) BINAP, PAOCOCK: ), or PA(OAC); on
charcoal}, an excess of rers-butyl hydroperoxide {e.g. about 5 equivalents) and potassium

carbonate or sodiam biphosphate i a solvent, such as DCM,

fn some embodiments, the oxidation of compound 2 comprises addition of an
oxidizing agent capable of oxidizing an alcohol functionality (-OH) to a keto functionality
(=0}, which are known n the art, for example, pyridinium chiorochromate (PCC). When
so used, the amount of pyridinium chlorochromate emiployed is significantly less than use
of chromium {VI] trioxide. For example, in a preferred embodiment, the pyridinium
chlorochromate is employed at a molar ratio of about 1 to 1.5 to compound 2 and
preferably at about a molar ratio of 1.1, This compares favorably with the amount of

chroorium trioxtde used previously to effect oxidation — about 4 times more.

In some embodiments, compound 1 1s first isolated from the mixture and then
converted to compound 2 by reduction with, for example, a reducing agent such as

aluminum amalgam or catalytic hydrogenation,

in another of its process aspects, this invention is directed to a two-step process of

converting a nuxture of compounds 1, 2 and 3:

Pgo"
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39,

. i 2 ol opd 5 .
where each of Pg, R, R, R, R, R® and R’ are as defined above;
wherein said process comprises first reacting said mixture under hydrogenation
conditions; and

then reacting the product formed thereby under oxidation conditions.

In some embodiments, the hydrogenation of the mixture of compounds 1, 2 and 3

forms a mixture of compounds comprising compounds 8, 6 and 39:

OH R

Pgo™

In some embodiments, the hydrogenation conditions comprise hydrogen gas, a
catalyst and a solvent. In some embodiments, the catalyst is selected from the group
consisting of platimum (Pt), palladium (Pd}, rhodivrn (Rh), and ruthenium {Ru) based
catalysts, such as Pd/C, RhCHPPhs}; and PtO,. In some embodiments, the solvent is ethyl

acetate (AcOEL).

In some embodiments, the oxidation conditions comprises an oxidizing agent
capable of oxidizing an alcohol functionality (-OH) to a keto functionality (=0} which are

known in the art.

Oxidation conditions known i the art include, but are not himted to, Corey-Kim
oxidation {using N-chlorosuccinimide and dimethy! sufide), Dess-Martin oxidation (using
2-iodoxybenzoic acid or Dess-Martin periodinane), Jones oxidation (using Cr(), and

Swern Oxidation (using dimethyl sulfoxide and oxalyl chloride).
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In some embodiments, the oxidizing agent is pyridinium chlorochromate (PCC).
Other oxidizing agent may include, but are not limited to, pyridinium dichromate, sodium
percarbonate, iodoxybenzoic acid, V2035, NayCrnGy, CrOs, sodium percarbonate, urea
hydrogen peroxide, and oxone, etc.

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 chawn of a bile acid by ruethods
known in the art, such as those described in WO2008/157635, which is incorporated

herein by reference in s entirety.

I one of its process aspects, the process further comprises reducing compound 39

to provide compound 46:

Pgo"

In some embodiments, the reduction of compound 3% to provide compound 44
comprises addition of reduction agent capable of stercoselectively, preferably
stercospecifically, reducing a keto functionality (=0) to an alcohol functionality (-OH),

for example hthium tri-fer-butoxyaluminum hydride.

. . 2 . , p
In some embodiments, R' and R” together with the carbon atom attached thereto

forma a keto group.

. ‘ { 2 . 4
In some embodimentis, R and R together with the carbon atom attached thereto

form a keto protecting group, such as:
)n

wherein nis 1, 2, or 3 and the wavy line vwv» represents the point of connection to the

L)

rest of the molecule.

In some embodiments, B! is the 17-side chain of a bile acid, which bile acid is
sclected from the group consisting of cholic acid, deoxycholic acid, taurocholic acid, and

38



10

o
(o]

glycocholic acid. In some embodiments, the carboxyl functionality of said side chains is
optionally esterified with a C-Cy alkyl group, for example a C-Cy alkyl group, such as a

methyl group.
In some embodiments, R’ is selected from the group consisting of

Y, /%
2, “, 2 “, 2

,/\/COZH M M
VavaVa

2, 2, O 2, 0]

%, %, %,
’/\/COZRG ’/\//< M

ahdd v NN\ —son ™V NN\ —so.re

wherein R® is lower alkyl and the wavy line vwv represents the point of connection to

the 17-position of steroidal scaffold.

In some embodiments, Pg is -C(OYR"?, wherein R'* is lower alkyl optionaily
substituted with one to five substituents selected from the group consisting of halo, -ORY;
and phenyl optionally substituted with one to five substituents selected from the group
consisting of halo, lower alkyl, and -OR"; wherein R” is hydrogen or lower alkyl. In
some embodiments, Pg is -C{CHCH; or ~-C{NCH,CH;. In some embodiments, Pg ts:

o 0

CH;
CHj3

CH3 or

Tn some embodiments, Pg is -R'Y, wherein R™ is selected from the group
consisting of lower alky! optionally substituted with phenyl, -OR" or vinyl («CH=CH,);
-8i(R"*)3; heterocycloalkyl; and phenyl optionally substituted 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

consisting of:
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CH;

|

— s CHs CHs o 4~/CH3
' e )
CH3 CH3 , , , I Zﬁ \ CH3 ﬁﬁd
O—CH3Q

The process of this invention employs conversion of an 11-P-hydroxy sterowd
{which may be prepared from a corresponding 1 1-ketosteroid by conventional reduction
reaction of the keto group) followed by dehydration to provide a A-9,1 l-ene steroid,
which is oxidized to the corresponding 12-keto steroid by an alkylhydroperoxide. This
process 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
sterotd. As shown in the table in Example 2 below, the yield of using CrQ; during the
preparation of deoxycholic acid was typically less than 50 % or less than 40 %. Using the
process of this invention, unexpectedly high vields of over 60 % were obtained
consistently. Moreover, the use of NaOCH (bleach) and TBHP is significantly more

environmentally compatible than chromium (V1) oxidizing agents.

in another of its process aspects, this tnvention is directed to a process for
converting an 1 1-B-hydroxysteroid to the corresponding 12-ketosteroid wherein said
Process CoOmprises:
ay selecting an appropriately protected 11-B-hydroxysteroid;
b} dehydrating the 11-B-hydroxysteroid to provide the A-9,11-ene functionality in
said steroid;
cy effecting allylic oxidation at the 12-position by reacting the steroid product of
b} above with alkylhydroperoxide in the presence of a co-oxidant; and
d} hydrogenating the A-9,11-ene functionality to yield the 9-a-hydro-11-dihydro-
12-ketosteroid; and
¢} optionally reducing the 12-keto functionality of the 9-¢-hydro-11~dihydro-12-
ketosteroid produced in d) above with an effective amount of a reducing agent

to provide the 9-g¢-hydro-11-dihydro-12-a-hydroxysteroid,

40



In some embodiments, the alkylhydroperoxide is tert-butyl hydroperoxide. The

co-oxidant may be one of those described herein.

In some embodiments, the [1-f-hydroxysteroid is prepared by reducing a
corresponding ! i-ketosteroid with at least a stoichtometric amount of a reducing agent to

5 provide the H-B-hydroxysteroid.

In some embodiments, the 11-B-hydroxysteroid 1s hydrocortisone or a

hydrocortisone derivative, such as a protected hydrocortisone.

it is to be understood that individual steps in the processes described hercin can be
done sequentially as described but are not vecessarily performed sequentially, OUne or
10 more of the stops can be performed as part of a larger scheme. One skilled n the art can

readily react other parts of the compounds described herein to make analogues of these

compounds,
. Synthesis of compound 24 from compound 25

In another embodiment, this invention provides a method of preparing compound

COOMe

AcO H 24

said method comprising:

a) contacting compound 25:
0O

(1D
JOCH

20 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,
cthyl acetate, N N-dimcthylformamide, and tetrahydrofuran n an autoclave mamntained at

elevated pressure to provide compound 26:

41
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b} dehydration of compound 26 in the presence of sulfuric acid under

@

>

conditions wherein water is eliminated to provide compound 27:

ﬁ&g
O H 2?’;

5 c} contacting compound 27 with an excess of lithium tri~~butoxyvalunyinum

hydride under sclective reducing conditions inchuding a temperature of from -40 to -45° C

o)
HOY : I E
) 28

d} contacting compound 28 with an excess of cthyliriarylphosphonium halide

to provide compound 28:

10 under Wittig reaction conditions to provide compound 28:

@5)%
HO i 29 :

¢} protecting the 3-&-hydroxy group of compound 29 under acetylation

conditions mcluding an excess of anhydrous acetic anhydride to provide compound 36:

Ctgj%
AcO A 30 :

42
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f}  contacting compound 36 with an excess of methyl acrylate in presence of
an excess of C-C; alkyl aluminum dichloride under alkylating conditions to form

compound 31:

COOMe

AcO” 31 :
;
g} contacting compound 31 with hydrogen and a hydrogenation catalyst
sclected from platinum and dry palladium on carbon in an inert solvent under
hydrogenation conditions including an autoclave maintained at an elevated pressure to

provide compound 32;

COOMe

AcO 32

h}  contacting compound 32 dissolved in an inert solvent under co-oxidizing
conditions including an excess of Cs-Cy r-alkyl hvdroperoxide as a first oxidant and an
excess of NaOCH as a co-oxidant under oxidizing conditions optionally followed by
turther oxidation with a shight excess of pyndintumchlorochromate to provide compound

24:

COOMe

AcO H 24

which compound s washed with methanol.

In an alternative embodiment, this invention provides a method of preparing

compound 31
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AcO f 31
by contacting compound 30
AcO A 30

with methyl acrylate in preseuce of a Lewis acid.
in another embodiment, the Lewis acid s EtAICh.

In another embodiment, this invention provides a method of preparing compound

O | i 26

H

5

under hydrogenation conditions comprising hydrogen and 10% Pd/C wherein

(o

by contacting compound 23:

O

()

hydrogenation oceurs in presence of N N-dimethylformamide or acetone.
in another embodiment, hydrogenation occurs in presence of acetone.

In another embodiment, this invention provides a method for preparing compound
24 which method comprises:

a) contacting compound 25:



(o

25

\ 2
(2)

0

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,
cthyl acetate, N, N-dimethytformamide, and tetrahydrofuran in an autoclave maintained at

5 elevated pressure io provide compound 26:

>

b) dehydration of compound 26 in the presence of sulfuric acid under conditions

wherein water is eliminated to provide compound 27:

O
N
i;;:o

7
H

.

19 ¢ contacting compound 27 with an excess of lithium tri-s-butoxyaluminum hydride
under selective reducing conditions 1ncluding a teraperature of from -40°C to -45°C to

provide compound 28:

HOY

I
N é
0

o
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d} contacting compound 28 with an excess of ethyltriarylphosphonium halide under

Wittig reaction conditions to provide compound 2%:

C&g
HO i 29 :

)] protecting the 3-g-hydroxy group of compound 29 under acetylation conditions

wmechading an excess of anhydrous acetic anhydride to provide compound 3&:

Ctgﬂ
AcO H 30 :

) contacting compound 36 with an excess of methyl acrvlate in presence of an

excess of C1-Co abkyl aluminum dichloride under alkylating conditions to form compound

3t
ﬂcoome
v
A0 H 31 :
2} contacting compound 31 with hydrogen and a hydrogenation catalyst sclected

from the group consisting of: platinum and dry palladium on carbon; in an inert solvent
under hydrogenation conditions inchuding an autoclave maintained at an clevated pressure
to provide compound 32;

P

’l

ﬂcwm
AcO H 32

46



10

h} contacting compound 32 dissolved in an mert solvent under co-oxidizing
conditions including an excess of Cs-C¢ r-alkyl hydroperoxide as a first oxidant and an
excess of NaO(l as a co-oxidant under oxidizing conditions optionally followed by
further oxidation with a slight excess of pyridiniumchlorochromate to provide compound

24

O

O

COOMe

AcO™
H 24 ; and

1) optionally, washing compound 24 with methanol,

in a further embodiment,

step a) comprises acctone as a solvent;

step by comprises dichloromethane as a solvent;

step ¢} comprises anhydrous tetrahiydrofuran as a solvent 1n an mert atmosphere;

Wittig reaction conditious of step d) comprise potassium ferr-butoxide in anhydrous

tetrahydrofuran as a solvent in an inert atmosphere;
step e} comprises iriethylamine and 4-dimethylaminopyridine;

C-Cy alkyl aluminum dichlonde of step f) comprises ethylaluminum dichioride in

anhydrous dichloromethane as a solvent in an inert atmosphere at -5 °C;

the hydrogenation catalyst of step g} comprises dry palladium on carbon in cthyl acetate

as a solvent; and

the Cy4-Cs r~alkyl hydroperoxide of step b comprises #~butyl hydroperoxide n water as a

solvent at a temperature below 5 °C.
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In another embodiment, this invention provides a method for preparing deoxycholic acid

or a salt thercof which method comprising:

a) contacting compound 24

COOMe

AcO™
c H 24

5 with hydrogen and Pd/C under hydrogenation condifions comprising hydrogen and Pd on
carbon optionaily followed by oxidizing any of the 12-hydroxyl groups formed during
hydrogenation with pyridintumchlorochromate under oxidizing conditions to provide

compound 33;

COOMe

10 b reacting compound 33 with hthiom tri-~alkoxyalummmuam hydride under reducing

conditions to provide compound 34:

COOMe

;and

) exposing compound 34 to deprotection and hydrolysis conditions to form

deoxycholic acid or the salt thereof.
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Compounds

In another aspect, this invention is directed to a compound of formuia 1 or 5:

e

Rz

wherein

Pgis a hydroxyl protecting group;

R is hydrogen, hydroxyl, or -OPg;

R is the 17-side chain of a bile acid selected from the group consisting of cholic
acid, deoxycholic acid, taurocholic acid, wherein the carboxyl functionality of said side
chain is optionally esterified with a -Gy 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

each of R, R* and R’ is independently C:-Cs alkyl.

In some embodiments, R’ is selected from the group consisting of

2 %, P , ?
,/\/COQH ,/\/( ,/\/(
SN s N VA N
H/>/COZH H CO,R®
o]

O
y
7, Z, O 2, o]
I" l' I,‘
’/\/ C 02 R 6 ’/\/< M
N VW) CAAh V¥,

;
)]
O
)
T

NN\ 50R°

wherein R® is lower alkyl and the wavy line vwv represents the point of connection to
the 17-position of steroidal scaffold.

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 carboxy! functionality of said side chain is optionally esterified

with a C-Cy alkyl group, such as a methyl, ethyl, or tert-butyl,

49



In some embodiments, R' and R together with the carbon atom attached thereto

form a keto group.

In some embodiments, R' and R? together with the carbon atom attached thereto

form a keto protecting group, such as:

L
o

5
wherein n s 1, 2, or 3 and the wavy line vw» represents the point of connection to the
rest of the molecule.
In some embodiments, the compound of formuia 1 ts compound 41:
COOR®
10 In some embodiments, the compound of formula 1 1 selected from the group

consisting of compound 42, 43, 44, 43 or 46:

ON “,
o

AcO"

AcO™

44 45 , and

(¥
]



In some embodiments, the compound of formula 3 is compound 47:

COOR®

in some embodiments, the compound of formula 5 is selected from the group

consisting of compound 48, 49, 34, 51 or 32

ON “,
%o

H
50 . 51 and 52

in some embodiments, the compound of formula & is selected from the group consisting

of compound 48a, 492, 56a, S1a or 52a;

(4]
[y



a ,and
B, Syathesis of BCA from compeund 33

In another embodiment, provided s a method for preparing deoxycholic acid

5  {DCA) or a pharmaceutically acceptable salt thereof, said method comprises:
{1} reacting a compound of formula 83
with a reducing agent to form a compound of formula 84 wherein Pg is a protecting group
and R is alkyl
10 ;and

(2} exposing the compound of formula 34 to deprotection and hydrolysis

conditions to forra deoxycholic acid or the pharmaceutically acceptable salt thereof.

2

(4]
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In some embodiments, Pg is -C((MR', wherein R' is lower alkyl. In some
embodiments, Pg is -C{(O}CH;. In some embodiments, the hydrolysis conditions
comprise an alkal metal hydroxide, alkali metal alkoxide or a muixture thereof, In some

embodiments, the alkali metal hydroxide 1s LiOH or NaOH.

5 In some embodiments, the compound of formula 53 1s a compound of formula 33,

which s methyl 3e-acetoxy-3p-cholan-12-one-24-cate:

AcO™

and the compound of formula 34 is a compound of formula 34, which s methyl 3o~

acetoxy-12ea-hydroxy-5p-cholan-24-0ate:

AcO™
10
In some embodiments, this invention provides a method for preparing a compound
of formula 26, which is 9g-hydroxy-5p-androstan-3,17-dione:
O
o} | i 26
H
which method comprises reacting So-hydroxvandrost-4-en-3,17-dione 128
O
Jecs

with Hz under hydrogenation conditions to torm So-hydroxy-3B-androstan-3,17-dione.

(9
42



In some embodiments, the hydrogenation conditions comprise a solvent which

solvent is DMF, acetone, ethyl acetate, and the like,

In some embodimentis, this invention provides a method for preparing a compound

of formula 27, which is 5P-androst-9(1 1 }-en-3,17-dione:

O
O::lf 7
H 2 \

which method comprises reacting a compound of formula 26

P

with an acid to form the compound of formula 27.

@

In some embodiments, this invention provides a method for preparing a compound

10 of formwla 29, which is (Z)-3a-hydroxy-583-pregna-9(11),17(20)-dienc:

HO o 29

and the method comprises reacting a compound of formula 28

o)
HOY : I E
b 28

with a two-carbon olefination reagent under olefin forming conditions to form (Z)-3a-

15 hydroxy-5B-pregna-9(11),17{20)-diene.

(4]
o



In some embodiments, the compound of formula 28 is prepared by reacting a

compound of formula 27

7
O H 2

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

5 In some embodimentis, this invention provides a method for preparing a compound

of foroula 18;

PgO‘\'

H 43

comprising converting a compound of formula 29

Afa \‘ '
HO Y 20

19 tothe compound of formula 18 wherein Pyg is a protecting group.
In some embodimenis, Pg s -C( O)Rl, wherein B! is lower allkyl, In some
embodiments, Pg is -C{O)TH;.
In some embodiments, the compound of formula 18 1s a compound of fornula 38,

which 18 (Z)}-3a-acetoxy-38-pregna-9(1 1),17(20})-diene:

AcO 30

i
(4]
)

(9]
L
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wherein the method comprises exposing the compound of formula 35 to acylation
conditions to form (Z}-3g-acetoxy-58-pregna-9113,17(20)-diene.

In some embodimentis, this invention provides a method for preparing a compound
of formula 19

CO,R

Pgo"
H' 49

wherein R is alkyl, Pg 1s a protecting group, and the dashed hine ---- 18 a single or double

bond, which method comprises reacting a compound of formula 18

PgO"

with an alkylpropiolate CH=CC{OYOR or an alkyl acrylate CH,=CHC(O)OR 1n the

presence of a Lewis acid to form the compound of formula 18

In some embodiments, Pg is -C((MR', wherein R' is lower alkyl. In some

embodiments, Pg is -C{(O}CH;. In some embodiments, Pg is CH3C(O) and R is CHa.

In some embodiments, the compound of formula 191 a compound of tormula 31
which is methyl 3o-acctoxy-53-chol-9(11}, 16-dien-24-cate:

’,
,l

COOMe

\
AcO 31

K

and wheretun the method coraprises reacting a compound of forraula 38



AcO 30

with CH,CHC(O)YOCH;; in the prosence of the Lewis acid to form methyl 3a-acetoxy-Sp-
chol-9(11), 16-dien-24-0ate.

in some cmbodiments, this invention provides a method for preparing a compound

5 of formula 21

CO,R

Pgo"
H 2

wherein Pg is a protecting group and R is alkyl, which method comprises reacting the

compound of formula 28

CO,R

Pgo™
H 29

10 with an oxidizing agent to form the compound of formula 21,

In some embodiments, the compound of formula 28 is prepared by reacting a

compound of formula 19

CO,R

57



with H; under hydrogenation conditions to form the compound of formula 26, wherein the

dashed line ---- is a single or double bond.

In some embodiments, the compound of formula 21 18 a compound of formula 24,
which is methyl 3a-acetoxy-5f-chol-9(11-en-12-one-24-oate:

’,
’l

Q COOMe

AcO™
5 c H 24

and the method comprises reacting a compound of formula 56

’,
v,
‘.

COOMe

AcO™
H 56

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

in some cmbodiments, this invention provides a method for preparing a compound

10 of formula 53:

PgO‘\‘

7

wherein Pg is a protecting group and R 1s alkyl, which method comprises reacting a

compound of formula 87

Pgo"




with H; under hydrogenation conditions to form the compound of formula 53.

In some embodiments, Pg is -C((MR', wherein R' is lower alkyl. In some
embodiments, Pg 1s -C{(O}CH;.
In some embodiments, the compound of formula 53 16 a compound of tormula 33,
5 which is methyl 3g-acetoxy-53-cholan-12-one-24-oate:

‘%,

Q" COOMe

AcO 33

and the method comprises reacting a compound of formula 58

AcO"

with H; under hydrogenation conditions to forny methyl 3a-acetoxy-5fi-cholan-12-one-24-

19 oate.
In some embodimentis, the method comprises
{a} reacting a corupound of formula 21

CO,R

with H; under hydrogenation conditions to form a mixture of the compound of fornmla 53

15  and a compound of formula 3%:

[
O
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and

{b} contacting the mixture of the compound of formula 83 and the compound of
tormula 59 with an oxidizing reagent under conditions to form a mixture of the compound
of fornula 57 and the compound formula 53, and

{c} contacting the mixture of the compound of formula 57 and the compound of

formula 33 with H; under hydrogenation conditions to forra the compound of formula 83,
In some embodiment, the oxidizing agent is pyridinium chiorochromate.

The compounds of preferred embodiments can be prepared from readily available
starting materials using the following general methods and procedures. B will be
appreciated that where typical or preferred process conditions (1.e., reaction temperatures,
times, mole ratios of reactants, solvents, pressures, efc.} are given, other process
conditions can also be used unless otherwise stated. Optimum reaction conditions may

vary with the particular reactants or solvent used, but such conditions can be determined

by one skilled in the art by routine optirmization procedures,
3 3

Additionally, as will be apparent to those skilled in the art, conventional protecting
groups may be necessary to prevent certain functional groups from undergoing undesired
reactions. Suitable protecting groups for vartous functional groups as well as suitable
conditions for protecting and deprotecting particular functional groups are well known in
the art. For example, nuruerous protecting groups are described in T. W, Greene and G.
M. Wuts, Prorecting Groups in Organic Synthesis, Third Edition, Wiley, New York,

1999, and references cited therein.

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, Wisconsin, USA),

Bachem (Torrance, California, USA), Emka-Chem or Sigma (St. Louis, Missouri, USA}.
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Others may be prepared by procedures, or obvious modifications thereof, described in
standard reference texts such as Fieser and Fieser's Reagents for Organic Synthesis,
Vohlumes 1-15 (John Wiley and Sons, 1991}, Rodd's Chemistry of Carbon Compounds,
Volumes 1-5 and Supplementals (Elsevier Science Publishers, 1989), Organic Reactions,
Volumes 1-40 {(John Wiley and Souns, 1991}, March's Advanced Organic Chemistry, (John
Wiley and Sons, 4™ Edition), and Larock's Comprehensive Organic Transformations
{(VCH Publishers Inc., 1989). For example, hydrocortisone can be prepared from

cortisone using conventional reduction techuniques.

The various starting materials, intermediates, and compounds of the preferred
erubodiruents may be 1solated and purified where appropriate using conventional
techniques such as precipitation, filtration, crystallization, evaporation, 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 analyses.
Methedology

The purification methods of this invention enploy deoxycholic acid {(BCA)
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

{east 9G%.

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

{(a) contacting DCA having a purity of about 95% or less with a solvent
comprising dichloromethane under conditions to form a DCA solution;

{b} crystallizing the DCA from the DCA solution obtained from step (a) to
provide a solution containing crystalline DCA;

{c) recovering the crystalline DCA and removing sufficient amounts of the
dichloromethaue to provide a purity of greater than 96% for the recovered crystaliine

DCA.
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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 ermabodivuent, the wethod coraprises:

{a) contacting DCA having a purity of about 95% or less with a solvent
comprising dichloromethane and methanol under conditions to forra a BCA solution;

(b} crystallizing the DCA from the DCA solution obtained {rom step (a) to
provide a solution containing crystalline DCA;

{c) recovering the erystaliine DCA and removing sufficient amounts of the
dichloromethane to provide a purity of greater than 96% for the recovered crystalline

DCA.
In some embodiments, cither of the above process is repeated.

in one embodiment, DCA having a purity of about 95% or less is dissolved in a
mixtare of dichloromethane and methanol. H necessary, dissolation can be facilitated by
heating the solvent to reflux. Furthermore, as necessary, any insoluble impurities can be
removed by {iltration typically {iltering the solution at an elevated temperature, for

example, using a filter having a pore size of about 5 um or less.

The amount of dichloromethane and methanol mitially employed in the solvent
systems of the raethods of this juvention 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 1o 10: 1.

The arnount of DCA employed relative to the total amount of solvent initially
cmployed 1s 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.

In another embodiment, additional dichloromethane is added at the reflux
temperature. The amount of additional dichloromethane ranges from about 20 to 100
volume percent of the initial amount of dichloromethane incorporated into the solvent
systen. In some embodiments, the amount of additional dichloromethane is from about
30-70 volume percent or about 50 volume percent of the itial amount of

dichloromethane used.

Upon dissolution and optional filtration, substantially all of the methanol is then
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removed by azeotropic distitlation at atmospheric pressure leaving a solution comprising
primarily dichloromethane. Crystallization of the DCA from the dichloromethane

;

provides for DCA having a purity of at least 96% or at least 99%.

In one embodiment, the DCA is derived from mammalian sources, which is

generally commercially available.

In another embodiment, the DCA 1s derived synthetically, Methods for preparing
synthetic DCA are described herein and tn U.S. Patent Application No. 12/035,339,
published as US 2008-0318870 Al, and U.S. Patent Application No. 12/153,446,
published as US 2009-0270642 A1, which are hereby incorporated by reference in its

entirety.

Compaositions
In one of its composition aspects, this invention provides a compound that is
synthetic deoxycholic acid (DCA) or a pharmaceutically acceptable salt thereof, wheremn
the synthetic DCA or the pharmacentically acceptable salt thereof has a purity of at least

99 %.

In another of s composttion aspects, this invention provides for a solution
comprising DCA and a solvent which comprises dichloromethane and methanol wherein
the concentration of solvent to DCA is frorn 40:1 to about 10:1 and further wherein the

ratio of dichloromethane to methanol is from about 100:1 to about 3: 1,

The wnvention also provides a composition comprising a DCA having a purity of
at least 99% or a pharmaceutically 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 pharmaceutically acceptable salt thereof wherein DCA s

essentially the sole fat removal componeut of said composition.

The compositions can be comprised of the DCA of this invention in combination
with at lcast one acceptable excipient or pharmaceutically acceptable excipient. Such
excipient may be any solid, liguid, semi-solid or, 1u the case of an aerosol composition,

gaseous excipient that is generally available to one of skill in the art.

Solid excipients include starch, cellulose, tale, glucose, lactose, sucrose, gelatin,

malt, rice, flour, chalk, silica gel, magnesium stearate, sodium stearate, glycerol

[
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monostearate, sodium chloride, dried skim milk and the like. Liguid and semisolid
cxcipients may be selected from glycerol, propylene glycol, water, cthanol and various
otls, including those of petroleurnn, vegetable or synthetic onigin, e.g., peanut oil, sovbean
oil, mineral oil, sesame oil, etc. Examples of liguid carriers, particularly for mjectable

solutions, include water, saline, agueous dextrose, aud glycols.

The DCA in the compositions can be at 4 concentration of about 8,001 to 16, 0.01
105, or 0.1 10 2% w/w, w/v, or v/v. In some embodiments, the DCA canbe at a
concentration of about 8.1-3 % w/w or about 19 w/w. In some embodiments, the {at
dissolving solution comprises up to 100, 50, 20, 10, 5,2, 1, 0.5, 0.2, .05, .02, or 0.01
grams of the one or more detergents, bile acids and/or bile salts, deoxycholic acid or salts

thereof or sodium deoxycholate.

in some embodiments, the compositions herein include no lipids, phospholipids,
ot phosphatidyicholine. lu some emabodimeuts, the compostiions herein include up to 5%

wiw, wiv, or v/v lipids, phospholipids, or phosphatidylcholine.

i some embodiments, the compositions can further comprise a second therapeutic
ageut selected from the group consisting of: anti-microbial agents, vasoconsirictors, anti-
thrombotic agents, anti-coagulation agents, suds-depressants, anti-inflammatory agents,
analgesics, dispersion agents, anti~dispersion agents, penetration enhancers, steroids,
tranquilizers, muscle relaxants, and anti-diarrhea agents. In some embodiments, a
solution is 1n a container that contains up to 500 mU of solution, Such container can be a
syringe or syringe-loadable container.

Methods of Use

The DCA of this invention preferably with at least 99 % purity ora
pharmaceutically acceptable salt or composttions thereof are useful in various
pharmaceutical or cosmetic applications, form example as described tn U8, Patent No.
7,622,130, and UK. Patent Application Nos, 2005-0267080 A1 and 2006-0127468 A1,
which are incorporated herein by reference in their entirety.

in one embodiment, the present invention relates to methods for reducing a
subcutancous fat deposit i a subject. Such rmethods comprise the step of administering

locally to a subcutancous fat deposit in the subject a composition comprising: (i} a fat-
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dissolving effective amount of deoxycholic acid preferably having a purity of at least 99
% or a salt thereof, for example, sodium deoxycholate; (it} a pharmaceutical, 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 remaoval of'it 1s to imaprove the appearance of the
subject. In some embodiments, the fat deposit is associated with a condition selected
tfrom the group consisting of obesity, fat redistribution syndrome, oychid tat hermation,
fipomas, Dercum's disease, lipodystrophy, buffalo bump lipodystrophy, dorsocervical fat,
visceral adiposity, breast enlargement, hyperadiposity, diffused body fat around trunk and
arms, and fat deposits associated with celiulite. In some embodiments, the above method

does not include performing surgery on said subject.
The foregoing and other aspecis of the embodiments disclosed herein may be
better understood tn connection with the following examples.
Examples
i the examples below and elsewhere in the specification, the following
abbreviations have the jndicated meandngs. If an abbreviation is not defined, it has its

generally accepted meaning.

Acy (O Acetic anhydride

ACN Acetonitrile

AcOH Acetic acid

CAD Charged acrosol detector
CONC Concentrated

Cr(n Chromium trioxide

DCA Deoxycholic acid

DUM (CHLChy) Dichloromethane

DMAP 4-Dhimethylaminopynidine
DME N, N-Dimethylformamide
EtAICH Ethyl aluminum dichloride
EtOAc Ethyl acetate

Horh Hour

HySOy Sulphuric acid

[
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HCL

Hydrochloric acid

HCIO,

Perchloric acid

HPLC

High pressure liquid chromatography

HPLC-RI

High pressure liquid chromatography with
refractive index detection

He Hertz

KBr Potassium bromide

K-O'Bu Potassium fert-butoxide
LIAOBu)H Lithiurn tri-ferf-butoxyaluminum hydride
LiOH Lithium hydroxide

LOD Loss on drying

MeOH Methanol

MHz Megahertz

Min Minutes

mL Milliliter

Mmol Millimole

Mol Mole

MTBE Methyl rert-butyl ether
MarSOs Sodium sulfate

Na(OH Sodium hydroxide

NMT Not more than

Obs Observed

PCC Pyridinium chlorochromate
pd/C Palladium on carbon

Pt(3, Platinum oxide

Rep Reported

TEA Tricthylamioe

TFA Triffuorcacetic acid

THF Tetrahydrofuran

TLC Thin layer chromatography
UV Ultraviolent

Wit Weight

66
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General:  All manipulations of oxygen- and moisture-sensitive 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 Fasy
(0.25 wam) plates. Visualization of spots was either by UV light (254 nm} or by charring

with a solution of sulfuric acid (5%} and p-anisaldehyde (3% in ethanol.

Apparatus: Proton and carbon-13 nuclear magnetic resonance spectra { H NMR
and PC NMR) were recorded on a Vartan Mercary-Germint 200 ( 'y NMR, 200 MHz; Be
NMR, 50 MHz) or a Varian Mercury-Inova 500 ("H NMR, 500 MHz; PC NMR, 125
MHz) spectrometer with solvent resonances as the internal standards ('H NMR, CHCl; at
7.26 ppm or DMSO at 2.5 ppm and DMSO-H,0 at 3.33 ppm; BENMR, CDCL at 77.0
pp or DMSO at 39.5 ppm). 'H NMR dats are roported as follows: chemical shift (8,

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 determined using a LAB-INDIA
melfing point measuring apparatus and are uncorrected. HPLC chromatograrus were
recorded using a SHIMADZU-2010 model with a PDA detector. Specific optical rotations
were deternmuned employing a JASCO-1020 at 589 nm and are uncorrected.

Chemicals: Unless otherwise noted, commercially available reagents were used
without purification. Dicthyl cther and THF were distilled from sodium/benzophenone.
Laboratory grade anhydrous DMF, commercially available DOM, ethyl acetate and

hexane were used.

Example |

Synthesis of 3g-Acetoxy-5B-androstane-9, 1 1-ene-17-one (36} from Hydrocortisone

Step 1

OH  10% PAIC

a""OH DMF, H,
—_—
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To a solution of hydrocortisone (25.0 g) in DMF (150 mL) was added 10% of
PA/C (1.5 g, 6-wt Y%} and the resulting shurry was hydrogenated in an autoclave {60 psi}
for 6 h at 25-35 °C. Upon complete disappearance of starting material, as evidenced by
TLC (30 % EtOAc in DCM), the crude reaction raxture was filtered through a Celite® (8
g) bed and washed with DMF (100 mL). The solvent was completely removed by
distillation under vacuum at below 65 °C, which afforded compound 15 as a white solid

{(23.0 2,915 %)
Step 2

NaBH4/EtOH

To a solution of compound 15 (23.0 ¢} i 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 pericdate (33.7 g) was added. The resulting solution was stirred
for 16 h at 25-35 °C.  TLC showed complete disappearance of the intermediate (40%
EiQAc in DOUM}. Water (400 m L) was added to the reaction mixture, The phases were
separated and the aqueous 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 wml) to afford compound 16 as a white solid (19.0 g, 98 %),

Step 3
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To a solution of compound 16 (19.3 g) in DOM (340 mL) was added triethvlannne
(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)
followed by a second wash with brine solution (100 mL}. The organic layer was dried
over Nax8QO; (50 g) and filtered. The filtrate was concentrated by vacuum distillation to

afford compound 35 as an oft-white solid (18.0 g, 82 %).

Step 4

SOClI,/pyridine
—_—

AcO™

H

36
To a solution of compound 38 (18.0 g} in pyridine (100 mL} was added thionyl

chloride (6.0 mL) at 25-35 °C and the resulting solution was stirred for [ hr at 25-35 °C.
At this point the reaction was determuned by TLC (30 % EtOAc 1n hexanes) to be
complete. Pyridine was removed by evaporation under vacuum at below 60 °C. The
crude material was dissolved 1u a mmxture of water (100 L) and ethyl acetate (IR0 mL)
and the phases were separated. The aqueous phase was extracted with ethyl acetate (180
mk} and the organic phases were corabined,  The combined organic phase was washed
with 2N HCI (100 ml} and saturated brine solution (100 mlL). After drving over
anhydrous Na,S80, (40 g), the mixture was filtered and the filtrate was concentrated to

dryness by vacuum distillation to provide compound 36 as a white solid (15.0 g, 88 %).

Example 2

{(£)-3a-Acetoxy-SP-pregua~-9(11},17(20)-diene (38

AcO"

Compound 3¢ can be prepared by procedures similar to that described in Example

8, converting compound 28 to compound 36,
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Methods and examples for preparing and purifying DCA from compound 66 are
described in GB2452358 and U.S. Provisional Application 61/288,132, titled
“METHODS FOR THE PURIFICATION OF DEOXYCHOLIC ACIDY, filed on
December 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

The following compounds were recovered as impuritics during the synthesis described

herein;

70

OH ™
COOCH;

72

HOW 73 H 74
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OH
COCH

A 76
H
-

The compounds set forth above have utility as intermediates 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-cne compound which can be

rehydrogenated to provide the proper stereochemistry at S-position.

The 17-keto group of compound 63 and 65 can be protected by conventional
means such as ketal formation. The 3-hydroxyl group of both compounds 63 and 65 can
then be oxidized to forn the 3-keto group. For compound 63, dehydrogenation at the 4,5
position followed by hydrogenation will provide proper stercochemistry 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 corapound 18,

compound &4 can be sclectively protected at the 3-hydroxyl group and the 17-
hydroxyl group can then be oxidized followed by deprotection at the 3-hydroxyl to
provide compound 18,

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
compound such as compound 64.

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

Similarly, the remaining compounds can likewise be modified to generate one or

more intermediates used in the methods of this invention,

-3
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Example 4

CO,Me ] CO,Me

AcO™ AcO™
¢ H

79 80

Synthesis of compoand 80 from compound 79 by a method of this invention

compound 79 (120.0 g) was oxidized using 70% fert-butyl hydroperoxide
({CH3»C-0-0OH) in water (35 equiv) and 10 % sodium hypochlorite (NaOCH (7.0 equiv;
added in 7 hours duration) in cthyl 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 residuc. The residue on slurry purification in 20% aq., methanol (2 vol) provided 75.2

g (60.6% vield) pure compound 88,
Comparison procedure of synthesis of compoand 88 from compound 79 asing Cr(;

Cr5 (65 g, 599 mmol) was added in two lots (40 g and 25 g) to a solution of
compound 79 (65 g, 139mmol} 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 mL) and MTBE (650 mL}, The two phases were
separated aund the aqueous layer was extracted with MTBE (2 X 650 ml). The combined
organic layer was washed with water (750 mL) and brine solution (332 mL). The solvent
was completely removed under vacuurn below 50 °C, To the residue was added methanol
{195 mL} and the solvent was completely removed via vacuum distillation below 30 °C.
Methano! (130 mL) was added again and the mixture was cooled to 10-15 °C, stirred for 1
hat 10-15 °C, filtered and the cake was washed with chilled (0-3 °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 88 (36 g, 53.7 % vield).
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HONMR (500 MHz, CDCLY: 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, 7= 6.5 He, 3H), 0.90 (s, 3H).

BCONMR (500 MHz, CDClL) ¢ = 2049, 1745, 1704, 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, 30.5,29.6,27.6,27.3,264,26.1,24.1,
21.2,194, 10.6.

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

[R = 3437, 3045, 2946, 2870, 1729, 1680, 1252, 1168, 1020, cra™.

m.p. =137-139 °C (from EtOAc/hexanes mixture).

[]n = +93 (¢ = 1% in CHCLy),

[

Example §
The following table shows the results of the preparation of compound 80 from

compound 79 using either Cr(; or (CH; )3 C-0-0H and NaOCH as the oxidizing agent.

HPLC-RI HPLC-RI
Reagent INPUT  OUTPUT | YIELD
(PURITY)* | (ASSAYY™*
CrOs 25 Kg LOKg | 38.70% 82.75% 73.90%
o 12.2 ,
0 62Kg | 4920% 83.29% 75.30%
Kg
(CH;33C-0-OH and NaQOCl | 200 ¢ 138¢g 3% 896.62% 90.20%
(CH3»C-O0-OH and NaQOC1 | 280 ¢ 128g 62% 97.06% 89.60%
(CH;3»C-0-0H and NaOCl | 500 ¢ 320¢g 62% 95.35% 87.30%
(CH;3»C-0-0H and NaOCl | 500 ¢ 315¢g 61% 93.50% 86.00%
(CH3RC-O-0OH and NaO(Cl | 1200g ) 752¢g 61% 96.00% 86.20%

* purity based on ratio of compound peak area to total peak arca
** purity based on ratio of compound peak area to the peak arca of a known reference
standard
Example 6
Identification of Peroxide Compound 81
After filtration of pure compound 88, the filter mother hiquor (enriched with
impurity ~ 30% at with a retention time of 3.14 munutes) was collected. The 3.14 minute

impurity was isolated by column chromatography, which provided 100 mg of a pure

73
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product as an oil. NMR & Mass data revealed that the impurity is 12-ferr-butylperoxy

compound 81, which are provided i Figures 1-3.

Example 7

0
CO,CH;, COCH,

AcO™
81 AOT R 80 AOT R 82
The 12-tert-butyiperoxycompound 81 (30 mg) was treated with PA/C (12 wt %),
tert-butyl hydroperoxide (5 equiv) and potassium carbonate (0.025 equiv) in
dichloromethave (10 parts) at room temperature for 24 hours, HPLC analysis reveale

still presence of 89% of un-reacted compound 12-reri-butylperoxy 81 and observed only

11% of compound 86,

Compound 8¢ (10.0 g) was hydrogenated using commercial dey 10 % PA/C (35 wit
%) in ethyl acetate (25 parts) at 45-50 °C under hydrogen pressure for 18 hours provided
~25 % of allylicalcohol which was treated with PCC (1.2 equav) at room temperature for
2 hours, then washed with water & brine solution. A half of the organic layer was
distilled under vacuum and then re-subjected for hydrogenation using trosh PA/C (25
wi%)} at 45-30 °C under 50 psi hydrogen pressure for 1€ hours, which provided 9.5 g of

compound 82 { 95% vyield with 87% HPLC-RI purity),



Example 8
in Scheme 2 below, there is provided a scheme for the total synthesis of

deoxychohie acid.

Seheme 2

10% Pd/C LIAO'Bu)sH

o) o)
" Acetone, H, DCM, sto4 THF, -40°C
_— _ =
‘@ 85% Tos%
o 25

o
26 [ 27
Y Ph3Ft’CHZCH3.Br / Ac,0, DMAP
. KO'Bu, THF, rt TEA. DCM
-, _TEA DCM
62% - 3 steps
O K
HO™ 28 HO H 83 HO' ) 29
H 7,
Methylacrylate, CO;Me  10%-Pd/iC
EtAICI, DCM, rt H2 EtOAc
= CO,Me
| 85% in
. 84
ACO' 2 steps
H
AcO™ ™1 30 Methy propiclate N\ co,Me H,, PtO2,
EtAICI, DCM, rt EtOAc
—_— _—
65% in
AO™ 85 2 steps
H
o) ",' o %,
70%TBHP COMe  10%-Pd/c COMe | a1(0'Bu)sH
NaOCl H,, EtOAc THF, 0°C
e 2 HUAC _THF.0°C
62%
AcO" ACO™
H 24 H 33
CO,Me
NaGH COOH
THF/MeOH Purification
[E—— —_—
HOY
5 H Crude DCA H  Deorychaicacd

Conversion of Compound 25 to Compound 26:

Selection of Solvent

Several solvents were studied in the modification of this step: The following

10 experiments were conducted using the above solvents and the results are tabulated below.

2
L




) Input Output
8.No., Solvent Remarks

® ®

5B-product: 85.8% by HPLC-
I 1.0 DMF 8.9 R1

Su~-product: B.6%

SB-product: §8.5%

2 8.5 Acetone (.45
Se-product: 7.8%
B ) 5B-product: 81.5%
3 0.3 PA 0.25 ,
Su-product; 11.8%
SP-product: 68.6%
4 0.3 Ethanol 0.25 4
Sa~product: 14.3%
3%Aq SB-product: 86.9%
5 0.3 8.25
acetone Sg-product: 8.5%
) B S5B-product: 47.2%
6 8.3 DOCM 0.25

Se-product: 32.7%

SB-product: 78.7%

7 0.3 EtOAc 0.2

]
N

Se-product: 13.2%

Observed 3-methoxy 3,9-

8 0.3 MeOH 0.25 ‘
single bond

B 5B-product: 50.5%
9 0.3 Hexane 0.25 ,
Sua~-product: 12.9%
fi- SB-product; 58.1%
10 03 0.25 bp ’
Butanol Se~product: 34.9%

7 SB-product: 77.7%
It 0.3 THF

&
N2
(o]

Se~product: 13.9%

SB-product: 57.5%
12 0.3 MTRBE 0.2

]
N

So-product: 34.0%

y SB-product: 43.8%
13 50 - a 4.5 So-product: 1.1%, rxn not
Dioxane
completed.

-

When dichloromethane, methanol or ethyl acetate was used as a solveunt as solvent

76
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in the hydrogenation of compound 28, complete consumption of the starting material was
observed (by TLC). After isolation of the product and analysis by HPLC-RY, both Sg- and
SP-1somers of compound 26 were formed 1o an about 1:1 ratio. When acctone 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, 58-isomer of compound 26 was almost exclusively formed and [ess than 10%
tormation of So-isomer. Thus, acctone provided more than 90% selectivity and more than

85% yield in this step.

To a solution of Su-Hydroxyandrost-4-ene-3,17-dione (150.0 g} in acetone (3600
mkb} was added 10% of Pd/C (12 g, 8 wit %, 50% wet) and the resulting shurry was
hydrogenated in autoclave (50 psi) for 5 h at 25-25 °C. Upon complete disappearance of
the starting material, as evidenced by TLC (30% EtOAc mn DCM), the crude reaction
mixtare 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) acctone (300
ml.) at § °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.

TLC: p-Anisaldehyde charring. Ry for compound 26 = 0.48 and R¢ for compound 28 =
(.3. Eluent was 30% EtOAc in DCM.

"H NMR (500 MHz, CDCL): 8 = 2.40-2.37 (m, 1H), 2.11-2.02 {m, 25), 1.91-1.31 (m,
19H), 0.96 (s, 3H), 0.84 (s, 3H).

PO NMR (125 MHz, CDCLY: § = 221.0, 95.7, 80.1, 47.0, 43.6, 38.6, 38.5, 37.1, 35.9,
33.41,32.9,32.0,27.9,269,21.5,20.2, 208, 12.6.

Mass (m/z) = 305 0[M" + 1], 322.0 [M" + 18].

IR (KBr) = 3443, 2938, 1722, 1449, 1331, 1138 em™,

m.p = 213-216 °C {from acetone).

[olp = +116 {¢ = 1% in CHCl3).

HPLC/RI Purity: 99.0%.

Conversion of Compound 26 to Compound 27:

To a solution of compound 26 (121 ¢} im BCM (1815 mL) was added sulfuric acid

(19.1 mL) over 15 minutes under an inert atmosphere at 5-10 °C. The temperature was
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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% EtQAc in DCM). The mixture was washed with
water (600 roll) and then washed with 10% aqueous NaHCO; solution (604 mi). 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 off-white solid. The crude product was used in the next step without further
purification,

TLC: p-Anisaldehyde charring, Ry for compound 27 = .76 and Ry for compound 28 =
(.44, Eluent was 30% EtOAc in DCM,

"H NMR (500MHz , CDClL ) 8 =561 (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},
140-1.37¢d, J=13.5 He, 1H) 1.28-1.25(dd, J = 4.0, 13.5 Hz, 1H), 1.17 (s, 3H) 8.85 (s,
3H).

PCNMR (125 MHz, CDChLY: 8 = 221.3, 212.8, 140.1, 118.5, 48,5, 45,9, 44.3, 43.5, 39.0,
38.8,37.3,36.1,358,33.3,288,26.0,255,22.5,13.9.

Mass (m/z) =287 M +11, 304 M +181.

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

m.p. = 143.4-145.9 °C {from DCM).

[olp = +142 (¢ = 1% in CHCL).

HPLC/ RI Purity: 96.7%.

Conversion of Compound 27 to Compound 30:

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 incrt atmosphere. The
resulting reaction mixture was stirred for 2 h at -40 to -45 °C. Upon completion of the
reaction, as evidenced by TLC (30% EtOAc m DCM), the reaction mixture was guenched
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 mlL), followed by saturated brine solution (540
mb}. The organic layer was evaporated under vacuum which afforded compound 28,
dissolved 1 THF (540 mlL).

To a solution of ethyltriphenyiphosphonium bromide (417 gy in THF (216 mL}

was added potassium ferr-butoxide {1086 mL, 1 M solution in THF) drop wise over 20
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min under nitrogen at 25-35 °C. The resulting dark red reaction mixture was stirred for an
additional 1h 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 TLC; 30% EtOAc in DCM). The reaction mixiure was quenched with
into ice water (1.080L). The agueous layer was extracted with MTBE (2 # 540 mL) and
the combmed organic exiracts were washed with saturated brine solution (540 mL)
organic iayer 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 stirring
for 2 hr at 25-35 °C, the reaction was determined (o be complete by TLC (10% EtQAc in
hexanes). The reaction mixture was washed with water (1080 mL} followed by brine
solution {324 wl.). The organic layer was concentrated under vacuum to atford Crude
compound 38 (225 g}, the residue was re-crystallized in 2% ag methano] provided 85 g of
pure compound 38 {63.5% yicld with 96% HPLC-RI purity).

TLC: p-Anisaldehyde charring, Ry for compound 38 = 0.5 and Ry for compound 29 =
0.15. Elsent = 10% EtOAc 1 hexanes.

"H NMR (500 MHz, CDCL): 6 = 538 (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), 2.69-2.03 (m, 3H), 2.01 (s, 3H), 1.98-1.49
{(ra, 10H), 1.41-1.31 (m, 2H), 1.27-1.16 (m, 3H), 1.07 (s, 3H), .79 (s, 3H).

PCONMR (125 MHz, CDCLY: 8 = 170.5, 150.0, 1404, 119.6, 114.3, 74.7, 53.5, 42.0,
41.7,39.6,38.6,356,353,33.8,31.9, 295 278,26.7,26.6,255,21.3,169,13.2

Mass (m/z) = 342.9 [M™ + 1], 360 [M + 18].
IR (CHCly) = 3440, 3035, 1730, 1451, 1367, 1258, 1028,
Mp = 83.9-97.8 °C.

{alp = +109 {c = 1% i CHCL).
HPLC/ R Punity: 96.0%.
Conversion of Compound 3{ to Compound 32 via compound 84:
To a solution of compound 38 (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 0-57C, ethylaluminum dichloride (272.9 mL; 1.8 M in toluene), was added over
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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 ioto ice cold water (1120 ml). The
phases were separated and the aqueous layer was extracted with DCM (2 X 255 mL).

The organic layers were corabined and washed sequentially 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.

To a solution of compound 84 in ethyl acetate (550 mL), Pd/C (6.7 g) slurry in
ethyl acctate {110 mL) was added at 25-35 °C. The resulting shurry was stirred under ~70
pst hydrogen pressure for ~16 b The progress of the reaction was raounitored 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 provided compound
32 (59 g, 85%) as a solid.

TLC: p-Anisaldehyde charring, Re for compound 32 = 0.32 and Ry for compound 84 =
0.30 Eloent = 10% EiOAc in hexanes.

"H NMR (500 MHz, CDChLY: & = 5.31 (s, 1H), 4.73(m, 1H), 3.66 (s, 3H), 2.37-2.03 (m,
7H), 2.01 (s, 3H), 1.98-1.08(m, 18H), 1.06 (s, 3H), 8.92-091 {(d, /= 6.0 Hz, 3H), .59 (s,
3H).

PCNMR (125 MHz, CDCh): 8= 174.6, 170.5, 139.8, 119.5, 74.8, 56.0, 53.3, 51.4, 41.9,
41.7, 404.9, 38.5, 36.4, 354, 35.2, 33.8, 31.0,30.9, 295, 282, 27.8, 26.8, 26.7, 25.2,
214,179, 11.5

Mass (m/z) = 448.2 [M™ + 18].

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

mp. =122.1-123.9 °C,

[olp =156 (¢ = 1% in CHCLy).

HPLC/ RI Purity: 93.0%.

Conversion of Compound 30 to Compound 32 via compound 85:

Ethyl aluminum dichloride (104.5 mL, 192 munol, 1.8 M in toluene) was added to
a solution of methyl propiolate (13.58 mL, 1533 mmol} in DCM (100 mL) at 0°C under
inert atmosphere, The resulting solution was stirred for 15 mun and then compound 30
(22 g, 64.3 mmol) was added. After stirring for an additional 20 min at 8°C, the

temperature was raised to 25 °C and held there for a further 18 h. At this point the
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reaction was determined to be complete by TLC, and the mixture was poured into cold (¢

“C) water {200 mL), The phases were separated and the aqueous layer was extracted with

BCM (150 mL). The organic layers were combined and washed sequentially with water

{200 mL) and saturated brine solution (100mL). It was then dried over anhydrous

Na;SO4 (40 g} and filtered. The filirate 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.

TLC: pramsaldehyde charving, Ry for 88 = 0.32 and Ry for 36 = 0.5,

TLC mobile phase: 10 % EtOAc in hexanes.

"H NMR (500 MHz, CDCL): 8 = 6.92-6.926 (q, /= 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 (1, /= 6.5
Hez, TH}, 2.15-2.23 (m, 3H), 2.05-2.08 (m, 3H), 2.01 (s, 3H), 1.48-1.99 (m, 8H}, 1.24-
134 (m, 2H), 1.20-1.21 (d, /= S Hz, 3H), L11-117 (m, 1H), 1.07 (s, 3H), 0.67 (s,
3H).

PCONMR (125 MHz, CDCLY: § =170.5, 1672, 155.0, 1537, 141.6, 124.0, 118.8, 1187,
74.6, 539,513,457, 41.7, 388, 37.1, 35.5, 353, 34.6, 337, 318, 29.5, 27.7, 26.5,
26.5,21.3,19.7,15.7.

Mass {m/z) = 444.0 [M™ + 18].

IR (KBr) = 3443, 3030, 2930,1719,1650,1247, 1359, 1032, 1170 em™.

m.p. = 114-116 °C (from methanol)

[op = +102 (¢ = 1% in CHCL).

ELSD Purity: 99.7%, Retention time = 19.57, (Inertsil ODS 3V 250 x 4.6 mm, Sum},
ACN: 0.1% TFA in water (50:10).

To a solution of compound 85 (17.5 g, 41 mmol) in EtOAc (350 mL) was added

Pt(3, (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 TLC, The mixiure

was fillered through a small plug of Celite® and the solvent was removed under vacaum,

affording compound 32 (17.0 g, 96.0%) as a white solid. The above product was used in

the next step without further purification.
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TLC: p-anisaldehyde charring, Refor 32 = 0.32 and Ry for 85 = 0.30.
TLC mobile phase: 10% - EtOAc¢ in hexanes.

"H NMR (500 MHz, CDCL): 8 = 5.31 (s, 1H), 4.73 (m, 1H), 3.66 (s, 3H), 2.03-2.37 (m,
TH), 2.01 (s, 3H), 1.09-1.98 (m, 1RH), 1.06 (s, 3H), 0.91-0.92 (d, J = 6.0 Hz, 3H),
0.59 (s, 3H).

PCNMR (125 MHz, CDChy: 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, 354, 35.2, 33.8, 31.0,30.9,295, 282,278,268, 267, 25.2,
214,179,115

Mass (m/z) = 448.2 [M" + 18]

IR (KBry= 3433, 3039, 2941, 1729, 1448, 1435, 1252, 1022 em™
mup, =122,1-123.9 °C (from FtOA¢).

[als = +56 (¢ = 1% in CHOCly)

ELSD Purity: 97.7%: Retention time = 14.57 (ZORBAX SB C-18 150 x 4.6 mum, Sum,
ACN: 0.1% TFA in water (90:10})

Conversion of Compound 32 to Compound 24:

To a solution of compound 32 (20 g) in cthyl acetate (200 mL} was added
70% TBHP in water (200 mL) reaction solution was cool to0°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 1 hexanes), separaie the
organic layer and the aqueous layer extracted with ethyl acetate {60 mL}. the combined
organic layer was washed with water { 2X 400 mL)} followed by treated with 20% sodium
sulfite sol {220 mL) at 50-55 °C for 2h, 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 {cluent = 20% E1OAc in hexanes), the organic layers were
washed with hot water (4X 500 mL) followed by saturated brine solution (100 mL).
Organic layer was evaporated under vacuam at 45-50 °C. The resulting crude material
was purified by stirring it with 20% agueous methano! (40 mL) at 5-10°C for 1h 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 yelow solid.
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TLC: p-Anisaldehyde charring, Ry for compound 24 = 0.28 and Ry for compound 32 =
0.52. Eluent = 20% EtOAc in hexanes.

'HONMR (500 MHz, CDCly: 6 = 5.71 (s, 1H), 4.75-4.71 {m, 1H), 3.66 (s, 3H), 2.42-
237(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 He, 3H), 0.90 (s, 3H).

BCONMR (500 MHz, CDCL)Y: § = 204.9, 174.5, 1704, 163.8, 123.6, 73.7, 53.4, 53.0,
51.3,47.2,41.7,398,37.7,35.2,35.0,33.9,31.4, 30.5,296,27.6,1273,264,26.1, 24.1,
21.2,19.4,10.6.

Mass (m/z) = 4450 [M" + 1], 462.0 [M™ + 18],

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

m.p. =141-142 °C.

[olp = +102 {¢ = 1% in CHCl3).

HPLC/ R Purity: 96.2%.

Conversion of Compound 24 to Compound 33:

The hydrogenation of compound 24 on 10.0 g scale using dry 10 % P/C (15 wt %) in
cthyl acetate (20 parts) was added and applied about 50 pst hydrogen pressure and
temperature 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. Afier 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 8.05% of compound 24). After
work-up, the reaction provided 9.5g of residue.

Anther hydrogenation reaction on 25 g of compound 24 with above conditions for 76 h
provided 24.5 g of residue.

Method A

10% P&/C (900 mg) was added to a sohution of comipound 24 (2.0 g, 4.5 mmol) in F1OAc
(150 mL} and the resulting slurry was hydrogenated in a Parr apparatus (50 psi) at 30°C
for 16 h. At this point the reaction was determined to be complete by TLC. The mixtare
was filtered through a small plug of Celite® and the solvent was removed under vacuum,
providing corapound 33 (1.6 g, 80% yield) as a white solid.

TLC: p-anisaldehyde charring, Refor 33 = 0.36 and Refor 25 = 0.32.

TLC mobile phase: 20% - EtOAc¢ in hexanes.
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HONMR (500 MHz, CDCL): 6 = 4.67-4.71 (m, 1H), 3.66 (s, 3H}, 2.45-250 (1, /= 15
Hz, 2H), 2.22-2.40 {(m, 1H), 2.01 (s, 3H), 1.66-1.96 {m, 9H), 1.55 (s, 4H), 1.25-1.50
(m, 8H}, 1.07-1.19 (m, 2H}, 1.01 (5, 6H), 0.84-0.85(d, J=7.0 He, 3H).

PCNMR (125 MHz, CDCL): § = 214.4, 174.5, 170.4, 73.6, 58.5, 57.4, 51.3, 46.4, 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,
21.2,18.5,116,

IR (KBrj= 3445, 2953, 2868, 1731, 1698, 1257, 1029 em™.
m.p. =142.2-144.4 °C (from FEtOAc/hexanes mixture).
o] = 192 ¢ = 1% in CHCL),

ELSD Purity: 96.6%: Retention time = 9.93 (Inertsi! OIS 3V, 250 x 4.6 mm, Sum, ACN:
0.1% TFA in water (30:10)

Method B
A slurry of 10% P/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

used). At this point the reaction was determined to be complete by HPLC (NMT 1% of
compound 24). The muxture 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 pyridinium

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 1s NMT 19%).

The following process can be conducted if compound 24 content 1s more than 5%.
Filter the reaction mass through Celite® (10 g} and wash with ethyl acetate (360 mL).
Wash the filtrate with water (3 x 460 mL) and then with saturated brine (360 l), Dy
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 autoclave.  Add slurry of 10% palladium on carbon (9 g n
180 mL of cthyl acetate}. Pressurize to 50 psi with hydrogen and stir the reaction mixture

at 45-50 °C for 16 h.
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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 wl). The solvent was concentrated to dryuess via
vacuum distillation below 56 °C. Methano! (150 mL) was added and concentrated to
dryness via vacuurn 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 for8 h to

LOD being NMT 1% to provide compound 33 (30 g, 83.1 % yield}.
Conversion of Compound 33 to Compound 34:

Method A

A THF solution of hithium tri-fer-butoxyaluminum hydride (1 M, 22.4 ml, 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 sturing for an additional 4-5 b, the reaction was
determined to be complete by TLC. The reaction was quenched by adding aqueous HCl
(1 M, 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
NapStly (3 g) and filtered. The filtrate was concentrated under vacuum and the resulting
solid was purified by colummn chromatography {29 mm (W} x 500 mm (L}, 60-120 mesh
silica, 30 g}, eluting with EtOAc/hexane (2:8) [5 mL fractions, monitored by TLC with p-
anisaldehyde charring]. The fractions contamming the product were combined and

concentrated under vacuurn to provide compound 34 (2.3 g, 91%) as a while sohd.
TLC: pramsaldehyde charving, Ry for 34 = 0.45 and Ry for 33 = .55,

TLC mobile phase: 30% - EtOAc¢ in hexanes.

"H NMR (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}, 1.75-1.8% (m, 6H), 1.39-1.68 (m, 16H),
1.00-1.38 {m, 3H}, 0.96-0.97 (d, J = 5.5 Hz, 3H), 8.93 (s, 3H), 0.68 (s, 3H).

BeONMR (125 MHz, CDClyy 6 = 174.5, 1705, 74.1, 72.9, 51.3, 48.1, 47.2, 46.4, 41.7,

35.8,34.9, 347, 34.0, 33,5, 32.0, 30.9, 30.8, 28.6, 27.3, 26.8, 26,3, 259, 23.4, 22.9,
213,172,126

o0
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Mass (m/z) = 449.0 [M™ + 1], 466.0 [M™ + 18]
IR (KBry= 3621, 2938, 2866, 1742, 1730, 1262, 1162, 1041, em’™
m.p = 104.2-107.7 °C (from EtOAc).

[o]p = +56 (¢ = 1% in CHCLy),

LA

ELSD Parity: 97.0%: Retention time = 12.7

ACN: Water (60:40)

(Inertsil QDS 3V, 250 x 4.6 mm, Sum,

Method B

A THF solution of hthium tri-fert-butoxyaluminum hydride (1 M, 107.6 wil,,
107.6 mmol) was added over 1 h to a solution of compound 33 (30.0 g 67 mmol} in dry
THF (300 mL) at 0-3°C. Afier stirring for an additional 4 h at 3-10°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 HC1 {473 mL). The phases were separated.
The aqueous layer was extracted with DOM (2 x 225 mb} 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

A solution of LIOH (187 mg, 4.4 marool) in H: O (2.0 rol.) was added to a sohution
of compound 34 (500 mg, 1.11 mmol} in THF (8 mL) and MeOH (§ mL). The resulting
mixiure was stitred for 3-4 h at 50 °C. Upon complete disappearance of the starting
material by TLC, the reaction mixture was concentrated under vacuum. A muixture of
water (10 mL} and 3 N HCL {1 mL) were cormbined and cooled to 8°C and then added to
the crude product. After stirring for 1 b at 0°C, the precipitated solids were filtered and
then washed with water (10 mL) and hexane (20 mL). Drying under vacuura at room

temperature provided deoxycholic acid (DCA, 400 mg, 91% yield} as a white solid.
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TLC: p-anisaldehyde charring, Re for DCA = (.32 and Refor 2.1a = 0.82.

TLC mobile phase: 10% - Methanol in DCM.

"H NMR (500 MHz, DMSO): 8 = 11.92 (s, 1H), 4.44 (s, 1H), 4.19 (s, 1H), 3.77 (s, 1H),
3.35-3.36 (m, TH), 2.19-2.210 {m, 1H), 2.08-2.10 {m, 1H), 1.73-1.80 {(m, 4H), 1.43-

5 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),

(.83 (s, 3H), 0.58 (s, 3H}.

P NMR (125 MHz, DMSO): § =174.8, 71.0, 69.9, 474, 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, 169, 12.4.

Mass (m/z) = 393 [M", + 11.

10 IR = 3363, 2033, 2863, 1694, 1453, 1372, 1042, cm™.
m.p. = 171.4-173.6 °C (from ethanol); 174-176 °C (Alfa Aesar) and 171-174 °C (Aldrich)
[alp = +47 {c = 1% in EtOH ), +54° (¢ = 2% in cthanol) [Alfa Acsar]

ELSD Purity: 99.7%: Retention time = 5.25 {Inertsil ODS 3V, 250 x 4.6 mm, Sum, ACN:
(0.1% TFA in water (90:10).

15 Method B
A 20% solution of NaOH (40 g, 270 mmol) in HoO (54 mL) was added to a

sohution of compound 34 (30 g, 67 mmol) m THF (120 ml) and MeOH (120 mL) at 0-3
°C. The resulting mixture was stirved 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

20 vacuum distillation below 50 °C. The residue was dissolve in water (300 mL) and washed
with DCM (2 x 150 mL). The pH of aqueous layer was adjusted to 1-2 with 2N HCl {~
173 mL}. 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 sohd.
25 EXAMPLE ¢
Deaxycholic acid (BCA) Purification
1. Solvent Selection

Two solvent systems were explored for further purification of DCA:
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s 109% Hexanes in EtQAc
« DCM

The foliowing experiments have been conducted and the experimental results are

tabulated below.

Batch Size Cutput
Mo, ' Solvent Purity by HPLC
() (g
) 10% Hexanes 5% HPLC purity by RI
{ 136 ) 100 »
m EtOAc detoction
) » >89% HPLC purity by Rl
2 9.3 DCM* 6.8 »
detoction
>99% HPLC purity by Rl
3 4.0 DCM* 3.0 »
detoction

* 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 wethanol
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 at reflux using 0%
methanol-DCA (by volume} using ~20 mL per gram. With purer DCA, the

percentage of maethanol had to be increased to 15%.

Effective purification was achieved by crystallization of the product frova DCM
following dissolution in a mixture of methanol and DUM and azeotropic removal of the

methanol via atmospheric distillation,
2. Solvent (Juantity

Experiments have been conducted using different solvent volumes and the

experimental resulis arc tabulated below.

38




Batch Size Sojvent Ouiput ‘
Nag. Parity by HPLC
(& quantity (g)
99.3 % HPLC purity by R
I 4.0 25 vol 3.0 ¢
detection
, 99.3 % HPLC purity by RI
2 5.0 15 vol 3.56 Q
detection
99.3 % HPLC purity by RI
3 5.0 20 vol 3.4 ~
detection
99.3% HPLC purity by R1
4 100 15 vol 78 ~
detection
99.5% HPLC purity by Rl
5 47 15 vol 44 »
detection

3. Iselation Temperature

Excellent recoveries and product guality were obtained at all solvent levels.

The following cxperiments have been conducted by varying the isolation

temperature and the results are tabulated below:

Batch Size Temp Cutput
XNg. ' A Remarks
{g} °Cy {g)
99.0 % HPLC purity by RI
i 5.0 10-15 3.0 ‘
detection.
) ) 99.3% HPLC purity by R
2 180 25-30 70 )
detection.
99.5% HPLC purity by R
3 47 25-30 44 ‘
detection.

compared to 10-15 °C,

Higher quality product was obtained when isclation is done at 25-30 °C as
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Purification of DCA in 106 ¢ Scale

The final purification procedure for this step is given below:

Ng, Raw Material Qty | Unit | M. Wt. | Mele | Moele ratio

i Crude DCA 1006 1 ¢ 392 0.255 1.0
2 Dichloromethane 54 1L - - 50V
3 Methanol 258 | mb - - 25V
4 NaOH 1223 | g 40 0.3058 1.2

5 2N HCE 204 | mL - - 204V

» Demineralised
6 0 L - - 100V
{(D.M.yWater

Crude DCA (110 g) was dissolved in 10% methanol in DCM (2.5 L) at reflux
temperature. To this clear solution 2.5 L of dichloromethane was added at reflux
temperature and theun about 3.0 L of solvent was distilled at atmospheric pressure (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.

The above dried DCA was added to water (1.0 L) and then 10% sodnuirn hydroxide
solution {122 mL} was added resulting in a clear solution.  This solution was filtered
through Su filter paper. The filtrate was dituted with water (2.0 1}, and the pH was
adjusted to 1 —~ 2 with 2N HCI solution (204 mL). The precipitated solids were stirred for
1 h, filtered and the solids were washed with additional water (7.0 L), Afterdryingina
hot air oven at 70-75 °C for 16-20 b, purified DCA {~ 66 g with more than 99% purity by

HPLC Rl detection) was obtained as a white solid,

TLC: p-Anisaldehyde charring, Re for DCA = 0.32 and Ry for comapound 34 = (.82,

Fluent = 10% methanol in DCM,
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"HONMR (500 MHz, DMSO): 8 = 11.92(s, 1H),4.44(s, 1H), 4.19(s, TH), 3.77 (s, 1H),
3.36-335 (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, 61), 1.35-1.15(m, 12H), 1.05-0.98(r, 2H), 0.90-0.89 (d, J = 6.0 Hz, 3H), 0.83 (s,
3H), 0.58 (s, 3H).

BCONMR (125 MHz, DMSO): 8 =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,

Mass (m/z) = 393 [M", + 1],
IR = 3363, 2933, 2863, 1694, 1453, 1372, 1042, em™".

m.p. = 171.4-173.6 °C {from ethanol}; 174-176 °C (Alfa Aesar) and 171-174 °C (Aldrich).

Recrystallization of Deoxychelic acid (DCA}

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 untid 780 mL of solvent was collected. The mixture
was assayed by GC to deterruine the solvent composition. If the methanol content is more
than 2%, add DCM (200 mi) and disttll atmospherically until 200 mL of distillate have
been collected. {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 determiped by HPLO, It single max tmpurity 1s more than (,1%, the above

process is repeated.

The dried matenial from the above was charged in to a clean flask, Water (190
mk} was added and followed by 10% aqueous NaOH (3,18 gwn 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 HCH (53 mL). The resulting sohds
was filtered, washed thoroughly with water (1.9 L), and dried in a hot air drier at 70-75 °C
until the water content 1s below 1% to give DCA as a white sohid (17 g, % of recovery:

63).
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EXAMPLE 106
Alternate methed of Synthesis and purification of DUA from compound 33
Step g ~ Hydrogenation of methvl 3o~acetoxy-12-oxo--3f-chol-9(1 | j-en-24-oate {24}

COzMe
Pd/C, H, (50 psi),

oy

EtOAc, 45-50 °C

AcO™

CO,Me

AcO"

86 87 -

Dry Pd/C (75.0 g, 25 wt %) was added to 24 (300.0 g, 0.7 moly mn EtOAc (7.5 L,
25 vol). The reaction mixture was heated to 45° — 50°C and pressurized to 50 psi of Hs.
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
10 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 of 24 to methvl

15 3oracetoxy-i2-oxo-5f-cholan-24-cate (33)
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LA

CO,Me

CO,Me
1b) PCC, EtOAc, 25 °C

1¢) PA/C, Ha, EtOAc, 45-50 °C
AcO™

Step 1b — PCC oxidation of allylic alcohol 86 and 87

A shurry of PCC (149.1 g, 1.03 equiv.) m 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 HPLC analysis showed that < 1% AUC of the allylic alcohol 86 and < 1% AUC of
87 remained. The reaction mixture was filtered over Hytlo® (300 gj and washed with
EiOAc (3.0 L), The EtOAc filtrate was washed with deionized (D) water (2 x 3.6 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 1¢ — Rehydrogenation of 24 to 33

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

caction 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 impunty 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 ~3 volumes and azeotroped with MeOH (2 x 4.5 L) back down to ~5
volumes, The resulting slurry was diluted with DI water (2.4 L) and maintained at 20-25

"C. The shurry was filtered, washed with I water (2 x 600 mL} and dried under vacuum
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at 40° - 50°C to yield 266 g (88%) of 33 (66.2% AUC by HPLC).
Step 2 — Syunthesis of 34

Asolutionof 33 (245 ¢, 0.5 moly m THF (2.5 L)y was cooled t0 0° - 5°Cand 1 M
sohution of Li{r-BuOpAIH (822.9 mi, 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. HPLC analysis indicated that the reaction was
complete with < 1% of 33 remaining. The reaction was quenched with 4 M HCI (3.7 L)
while maintaining the temperature below 20°C. The reaction mixture was extracted with
CHRCEL (2 x 2.5 L) and the combined organic phases were washed with D water (2 x
2.5 L}. The CH,Cl, phase was concentrated to afford 300 g (122%) of 34 (73.5% AUC
by HPLC). " NMR analysis indicated that 9.7 wt % of THF and 0.8 wi % of CHyClL,

cmained.
Step 3 — Synthesis of BCA

A NaOH solution (7.6 g, 4 equiv.) n 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 remaining, The reaction was diluted with DI water (2.5 L) and
concentrated to ~10 volumes. The agueous solation was washed with CHCh (2 x 1.3 1)
and adjusted to pH 1.7 - 2.0 using 2 M HCI (1.6 L}. A white slurry formed and was
stivred at 20° — 25°C for | bour. The slarry was filtered, washed with DI water (7 x T L)

and dried under vacuum to yield 195 g (91%) of DCA (82.2% AUC by HPLC).
Step 4 — Purification of BLCA

A solution of DCA obtained above (190 g, 0.48 mol) in MeOH (475 mL) and
CHLCL (4275 mL} was heated to 35° - 40°C. The MeOH/CH,Cl, was distitled out of the
mixture while CHyCly (4740 mL) was added matching the rate of distillation, Analysis of
the solvent coraposition by 'H NMR indicated 4.5 mol % of MeOH remained relative to
CH;,Cly. The shurry was allowed to cool to 20° — 25°C and held for 16 hours. The solids
were isolated by filtration, washed with CH,Cly (600 ml) and dried under vacoum to

vield 104 g (55%) of DCA (> 99% AUC by HPLC-RID and 98.7% AUC by HPLC-
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CAD).

The recrystallization was repeated by heating a mixture of DCA (103 g, 0.3 mol}
i MeOH (359 mL) and CH,CL (1751 mi) to 35° — 40°C, The MeOH/CH,Cl, was
distitled 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
Me(H remained relative to CHoCl. The slurry was allowed to cool 1o 20° - 25°C. After
1 hour, the solids were 1solated 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).

To assess the effect of additional purification and reprocessing, the product was
recrystallized a third time prior to the normal final water tsolation step. The above sample
of DCA {80 g, 0.2 mol) in McOH (240 mL) and CH,Cl, (1400 ml) was heated to 35°% —
40°C. The MeOH/CH,CL; was distilled out of the muxture while CHLClL (2000 mL) was
added matching the rate of distillation. Analysis of the solvent composition by 'H NMR
mdicated 6.7 mol % of MeOH remained relative to CHoCh. The slurry was allowed to
cool to 20° — 25°C. After | hour, the solids were isolated by filtration, washed with
{CH,Cl (240 L) and dried ander vacuurm to afford 72 g (89%) of DCA (99.7% AUC by
HPLC-CAD).

The sample was sharried 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 HCI
{(~300 mL) resulting 1n 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,).

EXAMPLE 11
A manufacturing process for deoxycholic acid key starting material compound 24 has
been modified and made suitable for large scale production. The manufacturing process is

safe, economical, environruentally-friendly and produces high quality final product that

consistently meets specifications.



The manufacturing process mvolves:
e Preparation of the Key Starting Material (i.e. Methyl 3u-acetoxy-12-oxa-5f-chol-9(11)-
en-24-pate) compound 24,

The Key Startimg Matenal s prepared n eight chemical steps from 9-a-hydroxyandrost-4-

(4]

en-3,17-dione (3-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
for the final process along with the spectral data of the product from cach step are

provided in the Process section.

10 A schedule of impuritics along with their status (isolated, identified, not observed, etc.), a
tist of raw matenials, and a description of eritical 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.

15 Scheme 1 ~ synthetic scheme starting from 9¢-Hydroxyandrostenedione

o
R
7 % paic g LIAHD BuigH

" DMF, H, " DOM, H,S0, THF, 46 °C
3 92
—_— _
o —
Q@ 85% ‘@ 46% ] )
o 25 o1 2 1 ,

B OH
2 PhyPCH,CH, Br I pcso ouar
KO'Bu, THF, 5t TEA, DCM
+ _— _ =
78% - two steps
N Ho' .
HO ) 98 H 83 HO H 29
)/ / COLMe | 10%-Paic COMe
Methylacrylate, H,, MeOH
EtAiCl, DO, 1t EtOAC
—_— ———
O 30 A 84 Seteps  AcO" a2
H 8 P H
g
CO,Me
Crd,
AcOH
—
48%
Fo 24
“ H
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Modification of the Final Process

¢  Drawbacks of the Initial Runs of the Proposed Process Steps
The process for the preparation of DCA was worked reasonably well on the initial run
through the proposed route and we were able to prepare multi-gram quantities of synthetic
DBCA with pretty high purity, but disadvantages they are key starting matenal purity, yield
and Wittig stage column chromatography not feasible for plant scale these things are
successtully avoided by using crystallization methods in aqueous methanol, allylic
oxidation reaction also tmproved good vield and purity of compound 24, the initial

experimental procedure and results for cach step are given below.

Modification of each step of the new process modifications was undertaken. These
modification studies are described in this section. Attemipts were made to combine steps
to minimize work-ups and isolations, resulting o an increase 1n efficiency. The resulting
process has a total of cight stages. — five steps are involved to prepare the regulatory
starting material (key starting material, compound 24) and three for its conversion to

DBCA. There is also one additional stage for the final purification.

Modification Study for Step

Chemical name of product: Sa-Hydroxy-58-androstane-3, 17-dione
Synthetic scheme:

O
2 10% Pd/C

" Acetone, H, "
_—
o) ! @ 25 0 ' @ 26

Modification Plan for Step 1

#  Seclection of solvent
s Solvent quantity

e Reaction time

s Catalyst quantity

Selection of Solvent

The following solvents were studied in the modification of this step:
s N,N-Dimethylformamide (DMFE)

&  Acetone
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¢ Aqueous Acetone
s Dichloromethane (DCM)
s Methanol (MeOH)
e Ethanol { EtOH]
= Isopropyi alcohol (1PA)
s n-Butanol
e Tetrahvdroturan ( THE)
s Methyl terr-butylether (MTBE)}
s 1.4-Dioxane
s Fthyl acetate (EtOAc)
The following experiments have been conducted using the above solvents and the

results are tabulated below,

o Input Output )
S.MNa. Solvent Hemarks
® ®
S5P-product: 85.8% by HPLC-RI
i 1.0 DMEF .9
So-product: 8.6%
SB-product: 88.5%
2 8.5 Acetone 0.45
Sa-product: 7.8%
SB-product: 81.5%
3 (.3 PA 8.25 '
Sg-product: 11.8%
B Sf-product: 68.6%
4 0.3 £thanol 0.25
Sg-product: 14.3%
3%Aq SB-product: 86.9%
5 0.3 0.25
acetone Se-product: 8.5%
) SB-product: 47.2%
) 0.3 DCM 0.25 )
Sg-product: 32.7%
3 SB-product: 78.7%
0.3 EtQAC 0.25
So~product; 13.2%
‘ ‘ Observed 3-methoxy 3,9- single
& 0.3 MeOH $.25
bond
] SB-product: 50.5%
9 0.3 Hexane 0.25
So-product: 12.9%
SB-product: 58.1%
10 0.3 n-Butanol 0.25
So~product; 34.9%
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‘ SB-product: 77.7%

11 0.3 THF (.25
Su-product: 13.9%
SB-product: 57.5%

12 0.3 MTBE (.25
Sa-product: 34.0%
) SB-product: 43.8%

4 ,
i3 5.0 o 4.5 Sa-product: 1.1%, rx not
Poxane
completed.

Remarks:

When dichloromethane, methanol or ethyl acetate was used as a solvent in the
hydrogenation of 28, complete consumption of the starting material was observed (by
TLC). After isolation of the product and analysis by HPLC-R], both Sa- and 5B-isomers

of compound 26 were formed in an about 1:1 ratioc.

When acetone was used as a solvent in the hydrogenation of 28, 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 S8-isomer of compound 26 and less than

10% formation of Sg-isomer was observed.,

Conclusion: Based ou the above experimental resulis, acetone was chosen as the
preferred solvent, providing more than 90% selectivity and more than 85% yield in this

challenging step.

Solvent Ouandity

The reaction has been carried out with different volumes of Acetone to determine the
preferced solvent quantity. The following experiments have been conducted and the

results are tabulated below:

Solvent
) Input | Volume | Outpuwd ‘
S.Me. o o Hemarks
(¢} {(mL per (&)
8
i 5.0 20 4.0 Level of 5a = 8.0%
2 0.5 22 0.4 Level of Sa=7.4%
3 10.0 24 8.5 fevelof 50 = 8.5%
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4 150.0 24 i29 Level of Sa = 8.5%
Remarks:
® Yields and quoality of the product are similar at all concentrations.
s The quality of the product was monitored by HPLC {R1 detection), NMR and MASS.

Conclusion: Since the yield and product quality were essentially the same at all
concentrations, 24 mL/g was chosen as this would be the most productive, less volume
also starting maternial not soluble.

Reaction Time

The foliowing experiments have been conducted to deternine the most suitable reaction

time and the results are tabulated below.

S.No. | Eeput | Time Output Remarks
i i0g 5hr 863 ¢g 25 was completely consumed
2 i0g 12 hr §32¢g 25 was completely consume
3 03g 3hr - 25 was not completely consumed
4 S6g Shr 433¢g 25 was completely consumed

Conclusion: Based ou the experimental results, the reaction time was set at 4-5 h (at 25 -

35 °Q).

Catalyvst Quantity

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 5% Wet

palladiurs-on-carbon.

Batch
S.No Catalyst | Outpul
Exp. No. Size Remarks
Qty (8 8
(g)

‘ 28 was not completely
1 BDA-09-004-1-024 0.3 0.021 (79%)
consurned

[N

BDA-(19-004-1-025 1.0 0.1 {10%;) 0.9 28 was completely consumed
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N

0.036
3 BDA-(9-004-1-026 0.3 (12% 0.9 25 was completely consumed
1 /?))
0.024
4 BDA-09-005-1-03 0.3 4 (.25 25 was completely consumed
(8%)
Remarks:

When the experiments are conducted with 7 wi% of catalyst, the reaction was mcomplete
even after 5 h of reaction time.

Conclusion: At least 8% by weight of catalyst should be used to reliably obtain complete
consumption of the starting material.

Final modified process for Step 1:

The final modified process for this step is given below,

Raw material input details:

5.Na. Raw materials Oty. Unit | M. Wi | Moles | Mole ratio

Sa-Hydroxyandrost-4-ene-3,17- i

i _ 150.0 g 302 0.496 1.0
dione

2 10% Pd/C (50% wet) 12.0 g - - 8 wi%s

3 Acetone 4050 mL ~ ~ 270V

4 Dichloromethane 1500 mil, - - 15V

5 Celite 20 g

Experimental procedure: To a sohution of Qu-Hydroxyandrost-4-¢ne-3,17-dione (150.0
g} in Acetone (3600 mi) was added 10% of PA/C (12 g, 8 wi %, 50% wet) and the
esulting slurry was hydrogenated 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 vacuurm 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.y at 6 °C, stirred for 1 h, then filtered and washed with chilled
acetone {150 mL) and dried under vacuum at 30 °C . This provided compound 26 (129 g,

85%) as a white solid.




TLC: p-Anisaldehyde charring. By for compound 26 = 0.48 and R, for compound 25 = 0.3
Eluent was 30% EtOAc in DUM.
"H NMR (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 (5, 3H}.

5 PCNMR (125 MHz, CDCLY: §=221.0, 95.7, 80.1, 47.0, 43.6, 38.6, 38.5, 37.1, 35.9, 33.41, 32.9,
320,279,269, 21.5,20.2,20.0, 12.6.
Mass (m/z) = 305.0[M "+ 1], 322.0 [M" + 18].
IR (KBr) = 3443, 2038, 1722, 1449, 1331, 1138 em™.
oup = 213-216 °C {from acetone).

10 {olp=+116 {c= 1% in CHCL).

HPLC/RI Parnity: 99.0%.

Modification Studies for Sten 2

Chemical name of Product: 5f-Androst-9(1 1}-ene-3,17-dione
Synthetic Scheme:

O O

‘ DCM, H,S0,
’ _———
0 ' ﬁ 26

H

Moeodification plan for Step 2

O 27

s Selection of reagent

Selection of reagent

23 The following experiments have been conducted and the results are tabulated below.

Batch
. ‘ Output ‘
S.No. Size Heagent ( Remarks
£}
(8}
o1 Resin compound 26 was not
1 . - '
{H+} completed
Resin compound 26 was not
2 0.1 ‘ -
{H+} completed
Resin compound 26 was not
3 0.2 o -
{(H+) completed
4 108 H,50, - compound 26 was completed
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compound 26 was not
3 6.2 HaPO,
completed
25%Ag
6 6.2 - compound 26 was completed
H,S50;

Conclusion: sulfuric acid was chosen as the preferred reagent for elimination, in acidic

resin reaction was not completed.

Final modified process for Step 2:

The final modified process for this step is given below:

Ref. Exp. No: BDA-§9-008-11-02

S.No. | Raw materials (ty. Upit | ML WL Mole Mole ratio
i corpound 26 121 4 304 1.3979 1.0
2 Sulfuric acid 191 i 08 {(.3579 8.9
3 Dichloromethane 1815 mb - - 5V
4 Water 800 mi. - - 5.6V
5 Sodium bicarbonate 600 mi - - 50V
6 Brine sohution 200 ml - - 165V

Experimental procedare: To a sohution of corapound 26 (121 g) in DCM (1815 mL)
was added sulfuric acid (19.1 mL) over 15 minutes under an inert atmosphere at 3-10 °C.
The temperature was raised to 25-35 °C, and the mixture was stirred for 2 b, At this point
the reaction was determined to be complete {TLC, 30% EtOAc in BCM). The mixture
was washed with water (600 mL) and then washed with 10% agueous NaHCO; solution
(600 mL). The organic layer was again washed with water (200 L) followed by
saturated brine solution (200 mL}). The solvent was then distilled under vacuum,
providing corapound 27 (108.2 g, 95%} as an off-white solid. The crude product was used
in the next step without further purification,

TLC: p-Anisaldehyde charring, Ry for compound 27 = 0.76 and R, for compound 23 = .44,
Eluent was 30% EtOAc in DUM.



THONMR (S00MHz , CDCL )y 8= 5.61 (s, 1H ), 2.57-2.47(m, 2H), 2.42-2.24 (m, 4H), 2.20-2.05
(m, 3H3, 1.99-1.86 (m, 2H}, 1.85-1.84 (d, J = 6 Hz 11}, 1.63-1.57 {m, 3H), 1.40-1.37(d, /=135
Hz, 1H) 1.28-1.25(dd, J=4.0,13.5 Hz, 11, 1.17 (5, 3H) 0.85 (s, 3H).

BCONMR (125 MHz, CDCL): §=221.3,212.8, 140.1, 118.5,48.5, 45.9, 44.3, 43.5, 39.0, 38.0,
37.3,36.1,35.8,33.3,28.8, 260,255,225, 139,

Mass (m/z) =287 [M + 11,304 [ M + 18]

IR (KBr} = 3450, 2913, 1737, 1707,1413, 1403,1207 cm™

mp. = 143.4-145.9°C (from DCM).

[alp = +142 (¢ = 1% 0 CHCL).

HPLC/ RI Purity: 96.7%.

Modification Studies for Stepn 3

Chenical naroe of product: (£)-3a-Acctoxy-5-preg-9(11), 17(20)-diene {cornpound 364)
Synthetic Scheme:

0 o)
PhIPCHICHS Br ]
KOtBu, THE, 1t

—_—

LAKOBUBH
THE, -40 o
—_—

. - o
o [ 27 HO ) Ho™

AcZO, DMAF
TEA, DCM

62% - 3 steps

Aco™

Final modified process for Step 32
The final modified procedure for this step is given below:
Modification plan for Step 3

s Solvent quantity

Solvent Ouantity

in order to evalnate the MTBE solvent quantity, the following experiments have been

conducted and the results are tabulated below.

N Batch Solvent Cutput
SMNe. o Remarks
Size{gy | Quantity {g}

, 10 volurne reaction was
I 14 104 mL 6.3
completed




15 volume reaction was

2 104 156 mbL 6.7
completed
2 volume reaction was
3 43.5 528 mb 20

completed

Conclusion: This reaction works cqually well at 12 mL of solvent per gram of substrate.
Because of the greater throughput at 12 mL per gram, this was selected as the preferred

amount.

Puarification Selvent Selections

10

Several solvent systers were explored for this final purification. They are:

s Methanol
e Agueous Methanol
¢ Hthanol
s Isopropyl alcohol
e Acetone
The following experiments have been conducted and the experimental results are tabulated below.
Batch ) Ouiput o
S.Meo. . , Sotvent Purity by HPLC
Sire (g) (&)
85.8% HPLC purity
I 10.4 Methanol 6.8 ‘
by Ri detection
, 94% HPLC purity
2 2.8 1% Aq methanol 1.3 ‘
by Ri detection
v 96% HPLC purity
3 2.6 2% Ag methanol 1.39 ‘ _
by Ri detection
‘ 80.3% HPLC purity
4 2.6 IPA 0.81 ‘ _
by Ri detection
97% HPLC purity
5 2.6 Ethanol 0.9 ‘ _
by Ri detection
) 97% HPLC purity
] 2.6 Acetone .36
by Rl detection
v ‘ , 84.3% HPLC purity
7 5.0 2% Ag methanol 3.68
by Rl detection
_ Q5% HPLC purity
8 11.0 2% Aq methanol 8.2 _
by Rl detection
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Conclusion: Extremely effective punification, purity and vield were achieved by crystalhzation of
the product from 2% Ag methanol.

Solvent Ouantity

Experiments have been conducted using different solvent volumes and the experimental

results are tabulated below.

Batch Solvent Output ; )
5.No. ] Purity by HPLC
Size (g} quantity {g}
94% HPLC purity b
] 2.0 2 vol 13 v P
RI detection
97.4% HPLC purity
2 5.0 4 vol 3.45
by RI detection
95.1% HPLC purity
3 11.0 4 vol 8.2
by RI detection

Ceonciusion: Excellent recoveries and product quality were seen at all solvent levels, so 4

volumes were selected as this 1s the most productive,

Isolation Temperature

The following experiments have been conducted by varying the isolation temperature and

the results are tabulated below

Batch
) Temp Output
S.Me. Nize Remarks
. ¢} (g}
(g
G5% HPLC purity by RI
1 5.0 25-30 3.68
detection
95.1% HPLC purity b
2 0 1o | 1520 ) ” U BY
RI detection
84% HPLC purity by Rl
3 11.0 10-15 8.3 )
detection
85% HPLC purity by Rl
4 11.0 1520 8.2 )
detection
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Conclasion: Isolation of the product at 15-20°C, provided good quality and vield.
f 5 ¥ g q Y

Final modified process for Step 32

The final modified procedure for this step is given below:

S.MNe. Raw material Uty | Unit | M. Wi | Mole | Mole ratio

1 compound 27 108 g 286 0.377 1.0
Lithium tri-fers-butoxyaiuminmum

2 700 ol .489 1.3
hydride

3 THF 1080 | mhb - - 10V

4 Dichloromethane 648 mi - - 10V

5 Water 648 mb A0V

o 2N HCY 6548 119 - - 6.0V

7 | Brine solution 540 ol - - 5.0V

& | THF 756 mk - - 7.0V
Potassium sert-butoxide

9 1086 | mL - 1.085 3.0
(1.0 M in THF)

0 Ethyltriphenylphosphonium "7 . 171 26 13 55
bromide

11 | MTBE 4104 | mb - - 38V

12 | Water 1680 | mL j1Y

13 | Brine solution 540 mi. - - SV

i4 | Acetic anhyvdride 535 + mb 102 0.566 1.5

15 | MTBE 216 mb - - 2V

16 | Triethylamine 1052 | mb 101 0.755 2.0

V7 44N N-Dimethyl-aminopyridine 4.6 g 122 0.037 0.1

18 | Water 1680 | mL - - 10V

19 | Brine sclution 324 mi - - 3V
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Experimental procedure: To a solution of compound 27 (108.0 g} in THF (1080 mL)
was added lithium tri-fers-butoxyaluminum hydride (700 mL) at -40 to -45 °C under an
inert atmosphere, The resulting reaction mixture was stirred for 2 h at -40 1o -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 HCl solation. 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 vacuam which afforded

compound 28, dissolved m THF (340 mL),

To a solution of ethylttiphenylphosphonium bromide (417 g) in THF (216 mL) was added
potassium fere-butoxide (1086 mL, T 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
1h 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 b, leading to complete consumption of the starting walerial (as evidenced
by TLC: 30% EtQAc in DCM). The reaction mixture was quenched with into ice water
(1.080L). The agucous layer was extracted with MTBE (2 x 340 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 distilied off solvent 25% under vacuum. To a solution of
compound 2% was cool to 25°C added tricthylamine (105.2 mL), DMAP (4.5 g) and acetic
anhydride (53.5 mib) 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 1o 2% ag methanol provided 83 g of pure compound 38
{(63.5% vyield with 96% HPLC-RI purity).

TLC: p-Anisaldehyde charring, Ry for compound 38 = 0.5 and R; for compound 29 = (.15
Eluent = 10% EtOAc in hexanes.

HONMR (500 MHz, CDChL): 3 = 538 (s, 1H), 5.20-5.18 (d, J = 6.5 Hz, 1H), 4.76-4.72 (m, 1H),
2.40-2.35 (3o, 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, 28D, 1.27-1.16 (. 310), 1.07 (s, 3H), 0.79 (s, 310).
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POONMR (125 MHz CDChLY: 8 = 170.5, 150.0, 1404, 119.6, 114.3, 74.7, 53.5, 42.0, 41.7, 39.6,
38.6,35.6,35.3,33.8,31.9,29.5,278,26.7,26.6,255,21.3,16.9,13.2
Mass (nv/z) = 342.9 [M" + 1], 360 [M" + 18]
IR (CHCL) = 3440, 3035, 1730, 1451, 1367, 1258, 1028cm’™".
5 Mp=93.9978°C.
[ofn = +109 (¢ = 1% in CHCL).
HPLC/ RI Purity: 96.0%.
Modification Studies for Step 4

Chemical name of product: Methyl 3a-acetoxy-5p-chola-9(11)}, 16-dien-24-0ate (compound 84)

10 Synthetic scheme:

/ / CO,Me
Methylacrylate,
EtAICI, DCM, rt
- -
AcO™ 30 AcO™ 84
H
10%-Pd/C CO,Me
H,, EtOAC
— =
A 32
A
cO ot

Modification plan for Step 6
s Selection of Lewis Acid

e Lewis Acid Quantity

15 e Catalyst selection
s (atalyst Quantity
Selection of Lewis Acid
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:
o Bateh | (uiput
5.No. . Reagent ‘ Remarks
Size(g) {g)
i 0.1 SnCly - No reaction - only is starting material.
2 0.1 £uChs - WNo reaction - only is starting roaterial.
3 0.3 SaCly - Ne reaction - only is starting material.
20
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Lewis Actd OQuantity:

Ethyl aluminum dichloride was found to be cffective for this step. We studied mole ratios

of ethyl aluminurn dichloride and the results are tabulated below:

§.No. ?atch Lewisr facid ORﬁpm Remmarks
Size(w) | (Equiv) ()
1 02 10 ) Obseryed 10% of starting
material,
3 0.2 5 ) Obseryed 10% of starting
) material,
. - - Observed absence of starting
’ 2 3.0 30.0 material, ;

5  Conclusion: Reaction worked well with 3.0equiv of Ethyl aluminum dichloride,
Catalyst Selection
Platinum oxide had been used mitially as a catalyst in this step. Palladium-on-carbon is
less expensive and is also a typical hydrogenation catalyst, so this was also explored. The
following experiments have been conducted and the results are tabulated below:
_ Bateh Output
S.No. . Catalyst Remarks
Size(g} {8)
Pd/C i
i 2.0 , - Reaction was compieted.
{50%wet)
Pd/C Reaction was not
2 5.0 ) -
(50%wet) completed.
, Pd/C ‘ _
3 43.0 . 45.0 Reaction was completed.
{dry)
10
Conclusion: 50% wet palladium/carbon worked on small scale in cthyl acctate media,
using commercial dry palladium catalyst.
Final modification process for Step 4
The final medication procedure for this step is given below:
5
5.No. Raw Material Oty Unit M. Wi Mole Mole ratio
1 compound 38 56 g 342 0.163 1.0
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2 Dhchloromethane 1120 mi - ~ 20V
3 Methyt acryl ate 35.13 mi 86 3.389 2.38

Ethyl aluminum dichloride
4 , ) 2729 mb - 0.491 3.0
(1.8 M in toluene)

5 Water 1631 mb - - 0V
6 Brine solution 560 bl - - (LAY
7 Methanol 336 mb - - 6.0V
B Ethyl acctate 1656 mi - - 295V
9 10 % Palladium on carbon 6.7 g - - 12 wi%

10 Cehite

[N
i
ie]

Experimental procedure: To a solution of compound 38 (56 g) in DCM (560 mL) was
added methyl acrvlate (35,13 mL) at 0-5 °C under an inert atmosphere stirring for 60 min,
solution was cool to §-5°C, ethylaluminum dichloride (272.9 mL; 1.8 M in toluene), was
added over period of 60 ruin, 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 separated and the aqueous layer was extracted with DCM (2 X
255 mbL}. The organic layers were combined and washed sequentially with water (560
ml.} and brine solution (560 mL), the organic layer was evaporated under vacuum, which

provided compound 84 (66 g) as an o1l

To a solution of compound 84 in cthyl acetate (550 mL), PA/C (6.7 g) shurry in ethyt
acetate (110 mL) was added at 25-35 °C. The resulting sturry was stirred under ~70 psi
hydrogen pressure for ~16 h. The progress of the recaction 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 provided compound 32 (59
2, 83%) as a sohid,

TLC: p-Ansaldehyde charring, Ry for compound 32 = 0.32 and Ry for compound 84 = (.30
Eluent = 10% EtQAc in hexanes.

Fit




HNMR (500 MHz, CDCLY: 8= 5.31 (s, 1), 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, /= 6.0 Hz, 3H}, 0.58 (s, 3H).
B NMR (125 MHz, CDCly)y 8 = 174.6, 170.5, 1398, 119.5, 748, 56.0, 53.3, 51.4, 416, 41.7,
40.9,38.5,36.4,354,352,33.8, 31.0,309,295,282,27.8,268,26.7,252,21.4, 179, 11.5
5 Mass (m/z) =448.2 (M + 181
IR (KBr) = 3435, 3039, 2941, 1729, 1448, 1435, 1252, 1022 em™.
mp. =122.1-123.9 °C.
[l = +56 (¢ = 1% in CHCL).
HPLC/ Ri Purity: 93.0%,
10 Modification Study for Step 3

Chemical name of product: Methyl 3a-acetoxy-12-0x0-58-chol-9(11}-en-24-cate

{compound 24)

Synthetic scheme:

‘s O ,”.‘
COQMe COzMe
TBHP
NaOCl
A 32 ' 24
15 Medification plan for Step 8

s Selection of reagent
e Reagent stoichiometry
= Solvent selection
s Solvent quantity
24 e  Reaction feraperature
= Reaction time
s Product isolation solvent
e Product recrystalisation

Reavent Selection

25  The reaction was tried with a large number of alternative oxidizing agents. The following

experiments were conducted and the results are tabulated below.

‘ Batch {utput
S.Ne.o | Reagent Remarks
Size{g) ®
1 0.5 NBS - Reaction was not completed.




2 0.2 Br; Reaction was not completed.
3 0.2 DoyT - Reaction was not completed.
4 0.2 HBr - Reaction was not completed.
5 1.0 DRHT/AIBN Reaction was not completed.
NBS/ ]
6 0.1 ] - Reaction was not completed.
Benzoylperoxide
DDHT/ ]
7 0.1 ) - Reaction was not completed.
Benzoylperoxide
8 0.2 SeQ; / NMO - Reaction was not completed,
9 0.2 Se(d; / TBHP - Reaction was not completed,
10 0.1 Se(d, Reaction was not completed,
11 0.1 vy / AcOH - Reaction was not completed,
12 0.1 Bry / AcOH - Reaction was not completed.
13 0.2 CrQ; / Pyndine Reaction was not completed.
14 4.1 6% Ag Cr(Qy - Reaction was completed.
15 0.2 Cr(dy / DMP - Reaction was not completed,
THHP,Cul / ‘
16 6.5 - Reaction was not completed.
NaQCh
17 2.0 TBHP / NaQCl Reaction was completed.
i8 5.0 TBHP / NaGCl 2.0 Reaction was completed.
19 6.2 (05 / Styrene - Reaction was not completed.
20 0.2 CrO; / DMB Reaction was not completed.
21 1.0 TBHP / Na((C} .4 Reaction was completed.
22 2.0 TBHP / NaOCl 0.8 Reaction was completed.
113
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23 10.0 TBHP / NaOCl 4.5 Reaction was corapicted.
TBHP / )
24 5.0 4.5 Reaction was completed.
Ca(OC])
25 200 TBHP / NaG(l 13.0 Reaction was completed.
26 20.0 TBHP / NaOC| 12.8 Reaction was completed.

e Note: DDHT:Dibrome dimethyihydantoin, DMP: Dimethyipyrazole, DMB: 3,3-

Bimethyl §-butene

=  TBHP - ferr-Butyl hydro peroxide

Several other reagents such as CrO3/TBHP, NaClIO2/TBHP, and the like were also tried.

Conclusion: As to TBHP, NaQOCl, i is noted that the alternative oxidants other than
chromium trioxide did not work well. Accordingly, TBHP/NaOC! were selected as the

oxidizing reagent.

Salvent Selection

During the rons of this step, acetic acid was used as solvent. The following solvents were

sclected as alternatives and the results were compared.

¢ [nichloromethane

s  Ethyl acetate

e Water

&  Numerous other solvents have been tried with the different oxidation conditions. Some of

the other solvents are ACN, acetone, and AcOH but others could be incorporated.

The fellowing experiments were conducted and the results are tabulated below.

) Batch Output ]
S.Me. Solvent Remarks
Size (g) (g
- Starting material was not
1 1.0 DCM -
consumed
) ) Starting material was not
2 0.5 Water -
consumed
3 1.0 EtDAc 0.4 Reaction was completed.
4 2.0 EtOAc 0.8 Reaction was completed.

Conclusion: The results were better when EtOAc was used as the solvent as compared to

1i4




PCM. Therefore, ethyl acetate was chosen as the preferred solvent.

Solvent Ouandity

20 volumes of Ethyl acetate were used in the initial runs of this step. The following

experiments were conducted to see i less solvent could be used. The results are tabulated

below.
Baitch Solvent Solvent Cuiput
S.Mo, Remarks
Size {g) | Quantity Ratio {2}
) Reaction was
1 20 10 mk 5V (.8
completed
) , . Reaction was
2 (0.0 200 mL 20V 4.5
completed
) , ) Reaction was
20.0 200 mL HY 13.0
completed
7 Reaction was
4 20.0 200 mhb 10V 12.8
completed

Conclusion: 10 volumes of solvent were chosen as the preferred amount,

Reavent Stoichiometry

The initial runs of this step were carried out with less equivalents of TBHP. The
following experimients have been conducted to modity this amount of this reagent and

csults are tabulated below,

Baich Maole Cuiput

S.Na. Remarks
Size(g) Ratio (&)
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 26.0 34 13.0 Reaction was completed
6 20.0 34 12.8 Reaction was completed




Conclusion: The reaction 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.

Reagent Stoichiometry

The initial runs of this step were carried out with less equivalents of NaOCL The
following experimients have been conducted to modity this amount of this reagent and

results are tabulated below,

Batch Mole Cutput
SN, Hemarks

Size(g} Ratio {23
1 1.0 3.6 - Reaction was not completed
2 0.2 5.0 - Reaction was not completed
3 5.0 5.0 - Reaction was not completed
4 1.9 10.0 0.4 Reaction was completed
5 5.0 7.0 2.6 Reaction was not completed
) 5.0 7.0 22 Reaction was not completed

Conclusion: The reaction went to completion with 7.0 equivalents of reagent, but was
incomplete in the two experiments where less was used. Thercfore, 7.0 equivalents were

selected as the preferred amount,

Reaction Temperature

In order to modify the reaction temperature, the following experiments have been

conducted and the results are tabulated below.

Batch
Cutput
S.No. Kize Temperature © Remarks
g
®
i 5.0 25-30 °C 2.0 Reaction was completed
2 5.0 10-15 °C 2.2 Reaction was corapleted




3 20.0 -5 °C 13.0 Reaction was completed

4 20.0 -5 °C 12.8 Reaction was completed

Conclusion: The reaction worked at all temperatures between 0 and S °C, so a range of 0-
10 °C was chosen as the reaction 18 expected to be more selective at lower temperature

and the yields were observed to be higher.

N

Reaction Time
Puring the initial runs, the reaction was carried out at (-53°C (for 24 hr). In order to
ascertain whether to modify the reaction time, the following experiments were conducted

and the resulis are tabulated below.

Batch Output
S.No. | 1 Time, Remarks
Size {g) ®
1 1.0 24 0.4 Reaction was completed
2 24.0 3.0 13.0 Reaction was completed
3 20.0 8.0 12.8 Reaction was corapleted

180 Ceonclusion: The reaction appears to complete at 0-5 °C in 8 h, so this was chosen as the

preferred reaction time.

Product isolation Solvent Selection:

Two solvent systems were explored for this final purification. They are:
s Methanol
15 ¢  Agueous Methanol
The following experiments have been conducted and the experimental results are

tabulated below.

) o Batch Output o
S.Na. Experiment Number . ] Solvent Purity by HPLC
Size (g) (g}
95.6% HPLC purity
1 BDA-09-009-V-05 20.0 Methanol 10.0 _
by RI detection
2 BDA-09-009-V-017 50.0 20% Ag 319 95.2% HPLC purity

17
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methanol by RI detection
20% Ag 91.2% HPLC purity
3 BDA-10-003-V-01 60.0 38.0
methanol by Rl detection
] 3% Ag 81.8% HPLC purity
4 BDA-10-003-V-06A 13.0 10.5
methanol by Rl detection
) 4% Ag 80.3% HPLC purity
5 BDA-10-003-V-06B 13.0 11.0
methanol by Rl detection
5% Ag 80.4% HPLC purity
6 BDA-10-003-V-06C 13.0 11.0 _
methanol by Rl detection

Conclusion: Extremely etfective purification, purity& yield were achieved by isolation of

the product from 20% Ag methanol. Alternatively, column purification with silica gel and a

gradient solvent system (EtOAc/hexanes) 1s used.

Purification Solvent Selection:

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

L]

8

Methanol

Agueous Methanol

The foliowing experiments have been conducted and the experimental results are

tabulated below.

e Batch Output , ,
S.Neo o Sofvent o Purity by HPLC
Size (g} (g}
93.6% HPLC punty
i 10.0 Methanol 8.0 ]
by RI detection
13% Ag 93.8% HPLC punty
2 i8.0 15.5 ]
methanol by Rl detection
] 91.9% HPLC punty
3 250 Methanol 10.0 ]
by RI detection
13% Ag 93.8% HPLC punty
4 20.0 17.6 ]
methanol by Rl detection
13% Ag 93.3% HPLC punty
5 20.0 17.6 ] )
methanol by Rl detection

Conclusion: Extremely effective purification, punity& yield were achieved by

Fig
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recrystallization of the product from 13% Ag methanol. Altematively, columm purification

with silica gel and a gradient solvent system {EtOAc/hexanes} is used.
Final modified process for Step 8

The final modified procedure for this step is given below.

S.MNe, Raw Material Oty Unit | M. WL Moie Maie ratio

i compound 32 240 g 430 0.04¢6 1.0

2 10%Sodiurnhypochlorite 220 mb 74.5 0.322 7.0

3 70% TBHP in water 200 mk. S0 1.36 340

4 Ethyl acetate 300 k. - - IR

5 Pyridiniumchlorochromate 10.9 g 2155 0.656 id

6 Methans 140 mk. - - 7.0V

7 Water 2000 ol - - 100V

b Brine solution 106 mi - - 5.0V

Experimental procedure: To a solution of compound 32 (20 g) in ethyl acetate {200 mL}
was added 70% TBHP in water (200 mL) reaction solution was ¢ool to0°C, was slowly
added 10% Sodium hypochlerite for about 6-7 b at 0-3 °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
mkb}. the combined organic layer was washed with water { 2X 400 mL) followed by
treated with 20% sodiom sulfite sol (220 mL) at 50-33 °C for 2h, 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 (cluent = 20% EtQAc in
hexanes}, the organic layers were washed with hot water (4X 500 m1L} followed by
saturated brine solution (100 rml). Organic layer was evaporated under vacuum at 45-50
°C. The resulting crude material was purified by stirring it with 20% agueous methanot

(40 mL) at 5-10°C for th filtered; the cake was washed with 20% aqueous methanol (20

Pig
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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) colurnn was prepared with 7
cquiv. of silica and the resulting product containing mixture was loaded onto the column. The
product was then eluted with a hexane/BEtOAc gradient mixture to vickd coluran fractions
containing corpound 24, Each fraction was sampled and tested for purity. Al 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 compound

24 (13 g) as a pale yellow sohid.

TLC: p-Anisaldehyde charring, Ry for compound 24 = 0.28 and R, for compound 32 = 0.52.
Eluent = 20% EtQAc in hexanes.

"H NMR (500 MHz, CDCL): & = 5.71 (s, 1H), 4.75-4.71 (m, 1H), 3.66 (s, 3H), 2.42-2.37(m, 3H),
2.31-2.02(m0, 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 (5, 3H}.

PO NMR (500 MHz, CDCL): 8 = 204.9, 174.5, 170.4, 163.8, 123.6, 73.7, 53.4, 53.0, 51.3, 47.2,
41.7,398,37.7,35.2,35.0,33.9,31.4, 30.5,296,27.6,27.3,264,26.1,24.1,21.2,194, 10.6.
Mass {m/z) =4450 [M" + 1], 462.0 [M™ + 18],

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

mp. =141-142 °C.

[alp = +102 {¢ = 1% in CHCL).

HPLC/ RY Purity: 96.2%.



Scheme 3 - The Final Svnthesis from 28
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0% B0 LIAKOBu)H
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Stage-I: 9o-Hydroxy-58-androstane-3, 17-dione
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P 10% Pac
DMF, H, ’
9C
BOC .
H
25 26

Stage-1k: 55-Androst-9¢(11}-ene 3,17-dione
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Stage-1H: (Z3-3o-Acetoxy-SB-pregna-9(11},17(20)-diene

O o)
i PhsPCH,CH;.Br /
M ogeeH Kot
_—— - .
%) 27 HOW «
H HO
T8 Hoo29
Ac,0, DMAP /
TEA, MTBE

62% - 3 steps

Ac()“\“
30

Stage-1V: Methyl 3o-acctoxy-5p-chol-9{11}-en-24-0ate

[ Wethylacrylate, COMe 109, pyrc COMe
EtAICl, DCM, rt H,, EtOAC
A0 T1 30 O 84 AcO™ 32

Stage-V: Methyl 3a-acetoxy-12-ox0-35-chol-9(1 1 )-en-24-oate

=

’,

CO,Me
2 TBHP CO,Me
NaOCl
—_—
AcO" A 32 AcO™ D 33

Stage-1: Yg-Hydroxy 5f-androstane-3,17-dione

0
P 10% Pac
DMF, H, ’
9C
BOC .
H
25 6

g

Raw materials;

5.Na. Raw Material Oty Unit | Mol. Wt | Mole HMole Ratio

9a-Hydroxyandrostenedione
i 100.0 g 302.4 $.336 1.6
(9-HAD)

2 10% PA/C (wet) 8.0 g - - 8.0 wt¥%
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3 Acetone 3000 mb - - 300V

4 Jichlioromethane 1200 mi - - 20V
5 Celite 20 g - - -

Experimental procedure:

(1. Charge Acetone (2200 mL} into a clean and dry autoclave.

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

03. Stir reaction mixture at 25°C (RT) and add shurry of PA/C (8.0 g} n acetone (200 mi).

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

0S. Stir the reaction mixture at 25-35°C (RT} and 60 psi for 4-5h.

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

Q7. Dilute the reaction roixture with dichloromethane (300 mb).

08. Filter through a Celite® bed (20 g) and wash the Celite® with dichloromethane (300 mL).
(9. 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 miL} and cool to (-5 °C.

12, Maintain the resulting slarry for 2 b at 8-5 °C, and then filter.

13. Wash the wet cake with chilled {0-10 °C) acetone (180 mb).

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%

Melting range: 218-219.7 °C
SOR: +126.4 (¢ = 1% in CHCL).
HPLC/ RI Puarity: 99.0%.

MOTE: Alternative process for Hydrogenation.

Raw matenals:

Meo. Raw Material Oty Unit | Mol. Wt. | Mole | Mole Ratio
Sg-Hydroxyandrostenedione . . .
~ 3 i3 (2
1 (9-TTAD) 100.0 g 362 0.331 1.9

123
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20

2 10% P/C (dry) 7.0 g - - 7.0 wit%
3 N, N-Dhimoethyiformamide 700 mk. - - 70V

4 Dichloromethane 1200 mi. - - 120V
5 Acetone 600 mi - - 60V

5 Celite 20 g - - -

Experimental procedure:

15,

Charge DMF (500 mb.) into a clean and dry autoclave,

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

. Stir reaction mixture at 25°C (RT} and add shwry of PA/C (7.0 g} mn DMF (200 mL).

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

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

. Check for completion by TLC (30% EtOAc jn DOM; NMT 2% of 25).

. Dilute the reaction mixture with dichloromethane (300 mL).

. Filter through a Celite® bed (20 g} and wash the Cehite® with dichloromethane (300 mbL).
. Concentrate the filtrate via vacuum distiliation of all the solvent at below 65 °C.

. Charge acetone (300 mi} and completely remove the solvent under vacuoum at below 635 °C,
. Charge acetone (200 mL} and cool to 0-5 °C.

. Maintain the resulting sturry for 2 hat 0-5 "C, and then fikter.

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

. Dry the resulting white solid in a bot ajr oven at 45-50 °C unti] the LOD s NMT 1%.

Wet weight: 105 g

Dry weight: 88 g

Yicld: §7.4%

LOD < 1.6%

Melting range: 218-219.7 °C

SOR: +126.4 (¢ = 1% in CHCL)

Stage-ik: 58-Androst-9{11}-ene-3, 17-dione
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" DCM, H,SO;

"2 £
Raw materials:
SN, Raw Material Oty Unit | Mol WL Maole Mele Ratio

1 Stage — | Product 85.G g 304 G279 1.0

2 Sulfuric acid 13.5 ol 98 0.251 6.9

3 Dnchloromethane 1530 mL - - 180V

4 Hexanes 340 mi. - - 4V

5 Water 1700 ol - - 200V

& Sodium bicarbonate 425 mL - - 50V

7 Saturated Brine solution 425 mi. - - RRUAY

Expenimental procedure;

01.
02,

(3.
04.
gs.
06.

10.

Charge dichloromethane (1275 mL) and the Stage-1 product into a clean and dry flask.

Cool the mixture to 10 °C and then add sulfuric acid {13.5 mL) slowly over 15 min at 10-13
°C.

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

Check for completion by TLC (30% FtOAc in DCM; NMT 1% of Stage-f product).

Wash the reaction mixture with water (300 mb.).

Back extract the agueous layer with DCM (2 X212 mL), and then combine the organic layvers.

. Wash the organic layer with saturated sodivm bicarbonate solution (425 mL)

8. Wash the organic layer with water (550 mb) followed by brine solwtion (425 mL}.

. Dristil] out the solvent completely under vacuum at less than 45 °C.

{. Add hexanes (340 mL} and distill out the solvent completely under vacuoum at less than 50 °C.

. Add water (616 mL), stir for 15 mun at RT, then filter and wash the cake with water (255 mbL}.

Dry the white solid in a hot air drier at 55-60 °C until the moisture content is NMT 0.5%.

Wet weight: ~190 g,




Dry weight: 76 g

Yield: 95%

Moisture < 0.5%

Melting range: 148.5 - 150.1°C
3 SOR: +144.4 {c = 1% in CHCL),

HPLC/ BRI Purity: 96.0%.

Stage-EE: (Z)-3o-Acetoxy-38-preg-9(11}, 17(20)-diene {compound 38}

Al Ph3PCH2CH3.Br /
%}g}ﬁg%l{ KOtBu, THF, 1t
o 1 27 no™ i o™ i
28 29
]
Ac20, DMAP
TEA, MTBE
62% - 3 steps
AcO™
10 Ho35
Raw matenials;
S.Ne. Raw material Qty | Unit | M. Wt | Msole | Moele ratio
i compound 27 76 g 286.2 0.265 1.0
Lithium tri-sert-
2 _ ) 319 ml 254.2 (489 1.2
butoxyaluminom hydride
3 THF 760 mk - - 10V
4 Pachloromethane 380 mi - - 6v
5 Water 456 k. - - 6.0V
& 2N HCI 456 ml - - 6.0V
7 | Brine solution 380 mkb - - 5.0V
§ | THF 532 mh - - 8.0V
Potassium fert-butoxide B )
9 , o 768 mi - 0.797 29
(1.0 M i THF)
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Ethyltriphenyiphosphonium

10§ 2954 g 37126 ¢ 0.795 3.6
bromide
it | MTBE 2280 | mhb - - 30V
12 | Water 760 mb - - 10V
13 | Brine solution 380 mb - - 3V
14 | Acetic anhydride 37.6 | mkL 102 0.368 1.5
15 | MTRBE 216 mi, - - 5V
16 | Tricthylamine 739 1 mbL 101 0.530 20

4-{ N N-Diethyl-
17 S o 3.23 4 122 0.026 0.1
amingpyridine (DMAP)

18 | Water 796 ml. ~ - 10V
1¢ | Brine solution 380 mki. - - SV
20 | Methanol 380 mL - - 5V
21 1 2% Aqgueous methanol 380 mk - ~ 5V

Experimental procedure:

01. Charge dry THF (760 ml) and Stage-lI Product {76 g} under nifrogen into a clean and dry
flask.
02, Cool to -35 to —45 °C and then add a solution of lithium tri-rere-butoxyalununum hydride at -
3s

to ~45 "C over 1 h.
03. Stir the reaction mixture for 2-3 hat -35 to 43 °C.
04. Monitor the reaction by HPLC (30% EtQAc in DOM; NMT 3% of Stage-H Product).
035, Add 2N HCI solution (474 mL) to the reaction mixture, maintaining the teyoperature at <Q°C.,
(6. Separate the lavers and back extract the aqueous layer twice with dichloromethane (2 X 380
mb)
(7. Wash the combined organic layers with water (380 wl.) and then with brine solution (380
i
08. Completely remove the solvents by atmospheric distillation at less than 60 °C.

09. Check the residue for water content. If it is >{.5%, add DCM (156 mL) and distill

)
~d
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20

30

10

atmospherically again at less than 60 °C.

. Dissolve the residue in dry THF (380 ml), and keep the sohution uvnder a nitrogen

atmosphere.

11

this is the Stage THA Product.

. Charge cthyliriphenylphosphonium bromide (295 g) and dry THF (250 mk} into a clean and

dry

12

18
9.
20

T
33
34
Q‘%

flask onder nitrogen.
Add a solution of potassivim fers-butoxide (1M in THF, 769 mL) over 10 min and then stir the

Resulting red-colored solution for 1 h at 25-35 °C.

. Add the THF solution from step 10 over ¥4 b and then stir for an additional 3 hoat 25-35 °C.

. Check for completion by TLC (30% EtOAc in DCM; NMT 1% of Stage-IHIA Product}.

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

. Separate the lavers and back extract the aqueous phase with MTBE (2 X 380 b))

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

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

Add MTBE (264 mL} and distill out completely under vacuum at below 50 °C,

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

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

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

. Add fresh MTBE (380 mL) and then distil] it out completely under vacuum,

. Add MTBE (380 ml.) again and stir for 2 hoat 25-35°C,

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

. Charge filtrate (760 mbL) Stage-IIB Product into a clean and dry flask.

. Charge DMAP (3.2 g).

. Add triethylamine (73.8 mL),

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

. Stir the reaction mixture for 2-3 hat 25-35 °C.

. Check for corapletion by TLC (10% FtOAc in hexane; NMT 1% of Stage-11B Product).

. Wash the reaction mixture with water (760 mb.) and then agqueous layer extract with MTBE

{380 mL) combined organic layer wash with saturated brine solution (380 mL).

3. Concentrate oreanic layer by completely atmospheric distillation below 50 °C.
o o o

™

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

. Charge 2% aqueous methano! (304 mi) and heat to 60-65 °C.
g q . ,
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36. Mamntain the resulting clear solation for 1 h at 60-65 °C,

maintain

for 2h at same temp and then filter,
P

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

then slowly cool to 15-20°C

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

Wet weight: ~70g.

Dry weight: 55 ¢

Yield: 63%

Moisture < 0.5%

HPLC/ RI Purity: 95.0%.

Stage-IV: Methyl 3o-acctoxy-50-chol-9(11)-en-24-0ate

| Methylacrylate, COMe  10%-paiC COMe
EtAICI, DCM, rt H,, FtOAC
AcO™ 30 AcO™ 84 AcO™ ) 32
Raw materials:
S.Me. Raw Material Oty Unit | Bol. Wi | Mele | Mole Ratio
i Stage —~HI Product 102 g 342 0.298 1.0
2 Methyl acrylate 61.0 kL 86 0.67 238
Ethyl alununum dichloride (1.8 )
3 496 mi 12698 0.893 3.0
M in toluene)
4 Dichloromethane 1560 mk 5V
S Saturated bicarbonate 8ol 1000 mb - - v
) Ethyl acetate 1804 mb 18V
7 Silica gel (# 60-120) 300 g - - 3.0
8 Hexane 1600 k. 0.0V
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10% Ethyl acetate in Hexane 3008 - - NV
10 10 % Pd/carbon (50% water wet) 12 g - - 12 wi%
11 Methanol 600 mb - - 6.0V
12 3% Agueous methanol 400 mi. - - 4.0V
i3 Water 3000 mb - - K1Y
14 Saturated brine solution 1000 mi. - - JLALAY
15 Celite 34 g - - -

Experimental procedure:

1.

02,

3
3

g%,

10.

i1
i2.

13.

14.

Charge dichloromethane (1600 mL} and stage-HI product (162 g) cool the reaction mass to §
Qr~
C.

Add methy! acrylate (61 mL) over %4 hat -5 °C.

3. Stir for 1 h at -5 °C and then add a solution of ethylaluroninum dichloride (1.8 M, in toluene,

496 mL) over 1 hat 0-5 °C. (Cautien: This reagent reacts violently with water}.

. Stir for ¥4 h at §-5 °C and raise the temperature to 25-35 °C and stir for 16 h
P

. Check for completion by TLC (10% EfOAc in hexane; NMT 5% of Stage-H1 Product).
. Pour the reaction mass slowly in 10-15 min into ice water (2000 mL) and separate the phases.
. Extract the aqueous layer with DCM (500 mL).

. Combine the organic phases and wash with water (1000 mbL) followed by saturated

bicarbonate solution (1000 mL} and then brine solution (1000 mL).

Concentrate the organic phase to dryness under vacuurg below 50 °C. This is Stage VA
Product.

Residue dissolved in hexane (1000 mL} passed through silica bed buchnor funnel, bed wash
with 10% cthyl acetate in hexane (3006 ol).

Collect total filtrate to dryness under vacuurn below 50 °C. This s Stage IVA Product.

After unloading the flask, rinse with 40% methanol m ethyl acetate (800 ml.) and save this
rinse for the next step.

Charge Stage IVA Product m4(0% methanol in ethyl acetate rinse (200 mb) from above to a
dry autoclave.

Charge sturry of 10% palladium on carbon (12 g in 200 mb of ethyl acetate).

. Pressurize with hydrogen (70 psi) and stir the mixture for 16 hat 25-35 °C.
Yarog P8
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§6. Check for completion by HPLC (NMT 1% Stage VA Product).

17. Filter the reaction mixture through Celite® {30 g) and wash the cake with ethyl acetate (1000
mi}.

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

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

20. Add 3% aqueous yoethanol (300 mb), stir for 15 min at 0-5 °C, filter and wash the cake with
3% aquecus methanol (100 mL},

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

Yicld: 85%

Moisture < 0.5%

Mehing range: 131.7 - 133.1 °C
SOR: + 57.4 (¢ = 1% in CHCL}.
HPLC/ Ri Purity: 93.0%.

Stage-¥: Methyl 3u-acetoxy-12-0x0-55-chola-9(11)-en-24-oaic

coMe . o * CO,Me
NaOCl_
Ao ) 32 AcO™ F 33
Raw materials:
S.Nao. Raw Material Qty Unit | Mol Wt | Mole | Mole Hatio
1 Stage — IV Product 60 g 430 0.139 1.0
2 70% TBHP in water 610 mL 99.99 5.06 340
3 10% Sodiurg hypochlorite 660 mi 74.5 1.036 7.0
4 Pyridintumchlorochromate 32.8 o 215 0.1636 1
5 Ethyl acetate 904 mi. - - 15V
‘ 20% agueous methanol 10 L ) ) .
Iotl& 2




7 20% Sodiom sulfite 6030 mL - - 10V

8 Methanol ot} 240 mi. - - 4.0V

g Water 6000 mi - - LAY
10 Saturated brine solution 300 ml - - 50V
11 Methanol o2 383 mL - - 64V
12 Water 57 ml - - 095 v
13 13% aqueous methanol 40 mi - - 066V

(o]

Experimental procedure:

(1. Charge ethyl acetate (600 ml) and Stage-IV Product (60 g) mnto a clean and dry flask.

02. Stir for 10 min at 25-35 °C.

03. Add 70% TBHP i water (610 mL) at 25-35 °C, and theo cool to at §-5 °C.

04. Add 10% sodiom hypochlorite (660 mb} over 7 hat 0-5 °C.

0S. Stir the reaction mixture for 3 hat 0-5 °C.

06. Check for completion by HPLC-RI (20% Et0OAc in hexane; NMT 1% of Stage ¥V Product).
Q7. Separate the organic layer, aqueous layer exiract with ethyl acetate (300 ml).

(8. Combined organic layer wash with water ( 2X600 mi.).

(9. Charge ethyl acetate layver and 20%5 aqueous sodivm sulfite { 600 mL) maimtain for 2h at 55

10. Scparate the organic layer wash with water (2 X 600 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% EtQAc in hexane; NMT 2 % of Allyhcalcohol).
14, Charge DM water {1200 mbL} and stir for 15 min, separate organic layer.

15. Organic layer wash with DM water (3X 600 mL), and brine solution (300 mk.}.

i6. Completely remove the solvent under vacuom distillation below 50 °C.

17. Add methanel (240 mL) and completely remove the solvent via vacgum distitlation below 50
.

18. Add 20% agueous methanol (180 mL) and then coolto 0-5 °C.

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

{30 mL}.
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20. Dry the solid in & hot air drier at 50-85 °C for 8 h, crude weight ~ 38g.

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

22. Charge methanol 383 mL.

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

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% Ag methavol (40 mL).

27. Dry the compound under hot air oven at 60-65 °C until LOD: < 0.5%,

Wet weight: 38g.

DPry weight: 32g.

Yield: 51.6%.

Mehing range: 142 — 143.1 °C.

SOR: + 102.4 {c = 1% in Acetone}.

HPLC/ Ri Purity: 94.0%.

85, List of Raw Materials and Solvents

The following list of raw materials and solvents are based on the details of the process described

above,

No. | Raw Materials

01 | So-Hydroxyandrostenedione {(Key starting material)

02 1 10% Pd/C

03 Sulfuric acid

04 | Lithivm tri-fers-butoxyalominum hydride

a5 Potassium ferd-butoxide

06 | Ethyltriphenvlphosphonium bromide

07 | Acetic anhvdride

08 | Tricthylamine

09 | 4(Dimethylaminoipyridine

10 | Methyl acrylate

11 | Ethylaluminum dichloride
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12 | 70% ters-Butylhydroperoxide

i3 10% Sodiom hypochlorite

14 | Sodium hydroxide

15 | Pyridintum chlorochromate

N, | Solvents

01 Acetone

g2 Dichloromethane

03 Methanol

04 | Methyltertbutylether

05 | Ethyl acctate

06 | Tetrahydrofuran

07 Hexane

86. Critical Parameters
Buring Process Madification, the following steps are wdentified as critical parameters,

which may show significant affect on quality or yield.

Stage [H

Operation: Addition of fthium tri-tert-butoxyaluminum hvdride solution under a nitrogen
atmosphere 1o the compound at - 40 10 - 45°C,

Explanation:

Comntrol of the stoichiometry of the reducing agent, lithium tri~sers-butoxyaluminum
hydride, 1s critical to a favorable outcome in this step. I too little reducing ageut 18 used,
the reaction will be incomplete. If too much is used, more of the by-product, compound

83, will be formed.

The control of the stoichiometry is made more challenging since the reducing agent is moisture
sensifive. Therefore, 1t is important to use anhydrous solvents and for the reaction to be carmed
out under a nitrogen atmosphere. I moisture is allowed to contaminate the reaction, some of the
fithivm tri-fers-butoxyalominum hydride will be quenched.

Operation: Addifion of potassium tert-butoxide solution under wnitrogen atmosphere o the
compound at 25 to 35°C.

Explanation:

A strong base is required for this reaction. Potasstum tert-butoxide is a sufficiently strong

base and works well. I it is exposed to water, the base is guenched and instead forrus
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potassium hydroxide, which is not a strong enough base to cause the desired reaction. For
this reason, it s important to use anhydrous sclvents and to carry this reaction out under a
nitrogen atmosphere.

Stage IV

{peration:

Addition of Ethylaluminum dichioride solution under nitrogen atmosphere at 0 fo 5°C.
Explanation:

Ethylalununum dichloride 15 a uniquely good catalyst 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 ability to catalyze this
reaction. For this reason, il 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

(iperation:

Addition of Sodium hypochiorite should be required 6-7h, the temperature must be conirolied io
below 5 °C.

Justification:

Temperatures above 5 °C give poorer results in this reaction, and it is possible for the
temperature to climb above this imit during the addition of sodium hypochlorite,
Theretore, it is important to add the sodinm hypochlorite at a rate that is slow enough that
it still allows for good teruperature and time control. This may prove to be an cven bigger

problem on large scale.

87. Cleaning Procedure
Study has been carried out on deoxycholic acid intermediates for establishing cleaning
procedure. It is concluded that, deoxycholic acid intermediates are freely soluble in

dichloromethane followed by water & methanol.

88. Impurities in DCA - intermediates:

During the course of process development, a number of impurities were isolated and
identified, or in some cases suspected mmpurtties were synthesized independently. A list
of such comapounds along with the data that s available for each compound is given in the

table below,



Stage

Impurity Common Name

Impurity structure

Data available

Number
’ TH NMR, Mass,
I 5 a-compound-26 ‘ ,
HPLC-RILMR,SOR
TH NMK, Mass,
i 5 a-compound-27
HPLC-RI
‘ 1H NMR, Mass,
1 compound-83 ,
HPLC-RY,
- TH-Wittig IH NMR, Mags,
compound HPLC-RI
Hi D1 Acetyl compound C}:?E& TH NMR, HPLC-RI
AcO™ &
IH NMR, Mags,
v 8,%-Ene 17-cthyl compound ‘
) HPLC-RI
AcO™
H
1H NMR, Mass,
v 8,9-Ene ,
HPLC-RI
AcO™ o
‘ IH NMR, Mags,
Y Allylicalcohol

AcO™

HPLC-RI
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12-ters- COOCH; IH NMR, Mass,
butylperoxycompound HPLC-R1

AcO™

EXAMPLE 12

A manufacturing process tor the synthesis of deoxycholic acid from compound 24 as
shown in Scheme 2 has been made suitable for large scale production. The manufacturing
process is safe, cconomical, environtmentally-friendly and produces high quality tinal

product that consistently meets specificatiouns.

CO,Me
Pd/C, H, (60 psi),

_—

EtOAc, 70 °C

CO,Me
CO,Me CO,Me
+ +
o AcO™
AcO
H
L Allylic Alcohol Impurity B
CO,Me CO,Me
PCC, EtOAc, 25 °C Li(z-BuO);AlH,
_—
THF, 0-10 °C
AcO"
CO,H CO.H
NaOH (aq), 1. CH,Cl,/MeOH Rx
—_—

THF, MeOH, 0-25 °C 2. Acid/base work up

DCA-crude

Preparation of compound 33

The formation of compound 33 was conducted on 40 gram scale. To 10.0 g (25 wt %) of

dry 18% palladium on carbon (Pd/C) was added compound 24 (40.0 g, 90.0 mumol, 98.2%

Lo
~~f




10

o
LA

30

AUC by HPLC) followed by 680 mL of ethyl acetate (EtOAc). The reaction mixture was
pressurized to 60 psi of hydrogen (Hj) and allowed to react at 70 °C. HPLC analysis after
13 howurs indicated <1% AUC by HPLC of compound 24 remaived, <1% AUC of the
allylic alcohol had formed and 14.5% AUC of the diastercomer of compound 24 34 had
formed. The reaction was deerned complete, cooled to 30-33 “C and filiered 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 manipulation.

The PCC oxidation was conducted using the sample of compound 33 1o EtOAc (25 vol)
from above. To a sample of compound 33 (90.0 mmol} in EtOAc (25 vol} was added
PCC (194 g, 1.0 equiv, Aldrich lot # S37874-058). The reaction mixture was mainiained
at 20-25 °C for 25 hours. HPLC analysis indicated 1.1% AUC of the diastereomer of
compound 34. The reaction nuxture was deemed complete, dituted with DI water (400
mlb.} and filtered over Celite. The filter cake was washed with EtOAc (2 # 200 mL}. The
resulting filtrate was washed with DI water (2 x 400 mL) and treated with DARCO KB-G
(8.0 g). The mmxture was heated to 45-50 °C for 4 hours and then cooled to 20-25 °C.
The shurry was filtered over Celite and the filter cake was washed with EtOAc (2 x 200
mlb). The EtOAc¢ filtrale was concentrated to ~5 volurnes and azeotroped with MeOH (2
x 600 mL) back down to ~5 volumes. The resulting slurry was assayed by 'H NMR to
indicate 6.4 mol % of EtOAc remained. The slurry was diluted with D water (320 mL)
and maintained at 20-25 °C for 1 hour. The shurry was filtered, washed with DI water (2
# 200 mL) and dried under vacuum at 35-45 °C to afford 27.4 g (68%) of compound 33
{97.9% AUC by HPLC containing 0.8% AUC of the diastereomer of compound 34}, KF
analysis indicated 0.02 wt % water. The lower than expected yield was most likely

attributed to the elevated level of EtOAc present during the precipitation
Preparation of compound 34

A 10 gram portion of the above sample of compound 33 was taken forward to the
formation of corapound 34 implementing the following isolation conditions. To a
solution of compound 33 (10.0 g, 22.4 mumol} in 60 mL of tetrahvdrofuran (THF) at 4-6
°C was added 33.6 mL (1.5 equiv, Aldrich lot # 004 19TH) of 1 M lithium tri-rers-
butoxyaluminum hydride (Li{(#BuO i AlHY in THF maintaining the temperature below 6

°C. HPLC analysis afier 18 hours indicated <1% AUC of compound 33 remained and
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5.5% AUC of the diastereomer of compound 34 had formed. The reaction was deemed
complete and quenched with 4 M HCI (150 mL} maintaining the temperature below 20
°C. The reaction mixture was extracted with heptave (2 x 100 mL). The combined
organic phases were washed with 1 M HCI (300 mL) and DY water (2 x 100 mL}. The
clear solution was distilled down to ~10 volumes and azeotroped with heptane (2 x 100
mb} down to ~10 volumes. Some scaling was observed and the sample was diluted with
heptane (100 mbL) 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 over a period of 1 hour when solids
precipitated, The thin slurry was held at 52 °C for 1 hour, 48 °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 206-25
°C overnight. The slurry was filtered, washed with heptane (2 x 25 mL} and dried under
vacuum at 35-45 °C o afford 6.8 g (68%) of compound 34 (96.0% AUC containing 2.8%
AUC of the diastercomer of compound 34) as white solids. Some scaling was observed in
the flask after the Gltration. The solids were dissclved in CHLCL 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,

Due to the lower than expected yield from the precipitation, the procedure was repeated
using 100% heptance 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 8085 °C. The solution was allowed to slowly cool down to ~65 °C over a
pertod 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 shurry was
filtered at 30 °C, washed with heptane (2 % 25 mL} and dried under vacuum at 35-45 °C
to afford 7.5 g (75% recovery) of compound 34 (95.7% AUC containing 0.1% AUC of
the diastercomer 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

Liquour
Preparation of BCA-crude
A saraple of aqueous BCA-crude (340 mb) was washed with 2-MeTHF (2 x 340 mL).

The agueous phase was assayed by HPLC to indicate 0.1% AUC of the unknown
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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 M HCI {68 mL). The phases were separated and the 2-
MeTHF phase was washed with DY water (2 x 400 val.). The 2-MeTHF phase was
concentrated to ~5 volumes and azeotroped back down to ~5 volumes with heptane (3 %
5 320ml). The 5 volume slurry was assayed by 'H NMR to indicate 2.0 mol % of 2-
MeTHF remained relative to heptane. The shurry was diluted with heptane (320 ml) and
held at 20-25 °C for 1 hour. The shurry was filtered, washed with heptane (2 x 150 mL)
and dried under vacunm at 35-43 °C to afford 24.2 g (96%) of BCA-erude (95.7% AUC
containing 6.4% AUC of' the diastercomer of DCA~erude, 1.8% AUC of the unknown

10 impurity with RRT = (.5 and .04% AUC of the unknown impurity with RRT = 1,12}
Preparation of BCA

A series of slurry purifications of BCA-crude were attempted on 2.0 g to assess the

purity and recovery., Samples of BCA-erude (2.0 g, 5.1 mumol) were diluted with 25

(4]

volumes of MeOH/ CH,Cl, {(See Table 1) and the resulting slusries were held at specific
temperatures (See Table 1) for 1 hour. The shurries were allowed cool to specific
temperatures {See Table 1) and filtered. The filter cakes were washed with CHChL (2 % 3
vol} and dried under vacuum at 3540 °C overnight to afford BCA (Sce Table 1), The

results are summarized in Table 1 below

=

} Table 1: Results for DCA

mol %% DA Results
MeOH | Slurry | . . HPLC resulis (% AUC)
Entry | relative | tem g‘; ¥ mmtiﬂfi ) Impurities
to °C) temp (°C) Axmnt, recovery DOA Dmst,’ of (RRT)
CHCLy DCA s iz
i 2 35-37 2830 1.3g,65% 89,00 ND 0.87 | ND
2 1 35-37 28-30 1.7 ¢, 85% 98.95 N 0.92 | ND
3 i 20-25 20-25 1.7g,85% 8915 ND 0.74 | ND
4 3.5 20-25 20-25 1.8 g, 90% 98.92 N .86 | ND
5 { 20-25 20-25 1.7g,85% 89,02 ND 0.70 | ND

The results from entrics 13 indicated that conducting the slurry purification at
20-25 °C with 1 mol % of MeQOH provided betier recovery and comparable

25 results 1o conducting the slurry at 35-37 °C with 2 mol % of McOH. The
samples of DCA were analyzed by "H NMR to indicate <1 wt % of CH,Cl, was
present atier drying.

o



Claims:

1. A process for preparing a 12-keto compound 3:

from the corresponding A-9,11-ene compound 4:

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 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;-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 by reaction with an
alkylhydroperoxide of the formula (R? )(RL')(R5 )C-O-OH in the presence of a co-oxidant,
wherein each of R, R*, and R® is independently C;-Cj alkyl, to first provide a mixture of

compounds 1, 2 and 3:
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PgO"

and optionally wherein compound 2 is then further oxidized to provide the A-9,1 1-ene-12-one

compound 3.

2. A process for converting an 11-B-hydroxysteroid to the corresponding 12-ketosteroid

wherein said process comprises:
a) selecting an appropriately protected 11-B-hydroxysteroid;

b) dehydrating the 11-B-hydroxysteroid to provide the A-9,11-ene functionality in said

steroid;

¢) effecting allylic oxidation at the 12-position by reacting the steroid product of b) above

with alkylhydroperoxide in the presence of a co-oxidant; and

d)hydrogenating the A-9,11-ene functionality to yield the 9-a-hydro-1 1-dihydro-12-

ketosteroid; and

e) optionally reducing the 12-keto functionality of the 9-a-hydro-1 1-dihydro-12-ketosteroid
produced in d) above with an effective amount of a reducing agent to provide the 9-a-hydro-

11-dihydro-12-0-hydroxysteroid.

3. The process of claim 2, wherein the 11-B-hydroxysteroid is prepared by reducing a
corresponding 11-ketosteroid with at least a stoichiometric amount of a reducing agent to

provide the 11-B-hydroxysteroid.

4. The process of claim 2, wherein the 11-B-hydroxysteroid is hydrocortisone or a

hydrocortisone derivative.

5. The process of any one of claims 1 and 2, wherein the allylic oxidation is effected by

a more than one equivalent of zert-butyl hydroperoxide and in the presence of Cul.

6. The process of any one of claims 1 and 2, wherein the co-oxidant is selected from the
group consisting of aqueous sodium hypochlorite, palladium on carbon, Pd(OCOCF3),,

Pd(OAc); and Cul.
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7. A compound of formula 1:

wherein
Pg is a hydroxyl protecting group,

R is hydrogen, hydroxyl, or —-OPg, 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,
wherein the carboxyl functionality of said side chain is optionally esterified with a C;-Cs
alkyl group, and R? is hydrogen, or R! and R? together with the carbon atom attached thereto

form a keto or a keto protecting group, and
each of R?, R* and R’ is independently C;-Cs alkyl.

8. The compound of claim 7, wherein the compound of formula 2 is selected from the

group consisting of compounds 42, 43, 44, 45 and 46:

O =
>( O COOCHS;

AcO"

42
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, and

wherein
Pg is a hydroxyl protecting group;

R is hydrogen, hydroxyl, or —OPg, 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,
wherein the carboxyl functionality of said side chain is optionally esterified with a C,-Cs
alkyl group, and R? is hydrogen, or R' and R? together with the carbon atom attached thereto

form a keto or a keto protecting group; and

each of R?, R* and R’ is independently C,-Cj alkyl.
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10.  The compound of claim 9, wherein the compound of formula S is selected from the

group consisting of compounds 48, 49, 50, 51 and 52:

AcO"

11.  The compound of any of claims 7 or 9, wherein R' is selected from the group

consisting of

2, “, P %, 0

NV 0 NV N wnwns N
HW/CO?_H H

0
2, 0 2, 0

’/\/COZRG ’/\/-/< ,/\//<

v " ﬁ/\/SOs,H Y N7 \_—sore

wherein R° is lower alkyl and the wavy line \~ represents the point of connection to the

CO,R®

.

17-position of steroidal scaffold.

12.  The compound of any of claims 7 or 9, wherein R! and R? together with the carbon

atom attached thereto form a keto group.
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13. The compound of any of claims 7 or 9, wherein R! and R? together with the carbon

o/\ﬁ )n
e

wherein n is 1, 2, or 3 and the wavy line v\~ represents the point of connection to the rest of

atom attached thereto form:

the molecule.

14. A method for preparing compound 12

H
12

comprising contacting compound 13 wherein Pg is a hydroxyl protecting group:

o

13

under dehydrating conditions to provide compound 12, wherein compound 13 is prepared by

a method comprising selectively protecting the 3-hydroxyl group of compound 17
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wherein compound 17 is prepared by a method comprising contacting compound 16

OH

.-u\\\\OH

16

with a vicinal alcohol oxidizing agent under oxidizing conditions.

15. The method of claim 14, wherein the vicinal alcohol oxidizing agent is NalOy.
16. The method of claim 15, wherein compound 16 is prepared by a method comprising

contacting compound 15

OH

_.m\\\oH

15

with at least 2 equivalents of a reducing agent under conditions wherein the carbonyl groups

are reduced to alcohol groups.

17. The method of claim 16, wherein the reducing agent comprises NaBHj.

18. The method of claim 17, wherein compound 15 is prepared by a method comprising

contacting hydrocortisone :
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with at least a molar equivalent of hydrogen under hydrogenation conditions.

19. The method of claim 18, wherein the hydrogenation conditions comprise Pd/C as a

catalyst and DMF as a solvent.

20. A method for preparing a compound of formula 14

O

-

HO®

14

a) contacting hydrocortisone:

with at least a molar equivalent of hydrogen under hydrogenation conditions to provide 4,5-

dihydro-hydrocortisone — compound 13:

15

contacting compound 15 with at least 2 equivalents of a reducing agent under
conditions wherein the carbonyl groups are reduced to alcohol groups to provide compound

16:
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OH

‘.m\\\OH

16

¢) contacting compound 16 with a vicinal alcohol oxidizing agent under oxidizing conditions

to provide compound 17:

17

d) selectively protecting the 3-hydroxyl group of compound 17 to provide a compound

of formula 13:

where Pg is a hydroxyl protecting group;

e) contacting the compound of formula 13 under dehydrating conditions to provide a

compound of formula 12; and

PQO\\““
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12
1) removing the hydroxyl protecting group to provide compound 14.

21. A method of preparing a compound of formula 18, said method comprising:

PQO\\“\“‘

18,

a) contacting hydrocortisone :

with at least a molar equivalent of hydrogen under hydrogenation conditions to provide 4,5-

dihydro-hydrocortisone — compound 15:

contacting compound 15 with at least 2 equivalents of a reducing agent under conditions

wherein the carbonyl groups are reduced to alcohol groups to provide compound 16:
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c) contacting compound 16 with a vicinal alcohol oxidizing agent under oxidizing

conditions to provide compound 17:

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

PgO"

where Pg is a hydroxyl protecting group;

e) contacting the compound of formula 13 under dehydrating conditions to provide

compound 12; and

PgO ; and

f) converting compound 12 under olefin forming conditions to form compound 18;

PgO"
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22. A method of preparing deoxycholic acid or a salt thereof, said method comprising:

a) contacting hydrocortisone :

hydrocotisone

with at least a molar equivalent of hydrogen under hydrogenation conditions to provide 4,58-

dihydro-hydrocortisone — compound 15:

contacting compound 15 with at least 2 equivalents of a reducing agent under conditions

wherein the carbonyl groups are reduced to alcohol groups to provide compound 16:

c) contacting compound 16 with a vicinal alcohol oxidizing agent under oxidizing

conditions to provide compound 17:

d) selectively protecting the 3-hydroxyl group of compound 17 to provide compound 13:
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Pgo™

where Pg is a hydroxyl protecting group;

e) contacting compound 13 under dehydrating conditions to provide compound 12:

Pgo™"

f) converting compound 12 under olefin forming conditions to form compound 18:

Pgo"

2) 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;

CO,R

Pgo™

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

compound 20:
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i)

k)

D

PgO" '
H 29 :

reacting compound 20 with an oxidizing agent to form compound 21:

CO,R

Pgo™

H

21

reacting compound 21 with H, under hydrogenation conditions to form compound 22:

, CO,R
o 2

PgO"
H 2

reacting compound 22 with a reducing agent to form compound 23:

CO,R

OH

Pgo""

H

23 ; and

exposing compound 23 to deprotection and hydrolysis conditions to form deoxycholic

acid or the salt thereof.
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