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STEROID 6.7.BETA.-EPOXIDES AS CHEMICAL INTERMEDIATES

Field of the invention

The present invention relates to methods of preparing compounds which are intermediates
in the synthesis of bile acid derivatives with pharmacological activity. In particular, the
invention relates to methods of preparing intermediates in the synthesis of obeticholic acid

and its analogues. The invention further relates to novel intermediates per se.

Background of the invention

Bile acids are steroid acids which are found in the bile of mammals and include compounds
such as cholic acid, chenodeoxycholic acid, lithocholic acid and deoxycholic acid, all of
which are found in humans. Many bile acids are natural ligands of the farnesoid X receptor

(FXR) which is expressed in the liver and intestine of mammals, including humans.

Bile acids are derivatives of steroids and are numbered in the same way. The following
shows the general numbering system for steroids and the numbering of the carbon atoms

in chenodeoxycholic acid.

General steroid numbering CDCA numbering

Agonists of FXR have been found to be of use in the treatment of cholestatic liver disorders
including primary biliary cholangitis and non-alcoholic steatohepatitis (see review by
Jonker et al., in Journal of Steroid Biochemistry & Molecular Biology, 2012, 130, 147-158,

incorporated herein by reference).
Ursodeoxycholic acid (UDCA), a bile acid originally isolated from the gall bladder of bears,
is currently used in the treatment of cholestatic liver disorders, although it appears to be

inactive at the FXR.

As well as their action at the FXR, bile acids and their derivatives are also modulators of
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the G protein-coupled receptor TGRS5. This is a member of the rhodopsin-like superfamily

of G-protein coupled receptors and has an important role in the bile acid signalling network,

which complements the role of the FXR.

Because of the importance of FXR and TGRS agonists in the treatment of cholestatic liver
disorders, efforts have been made to develop new compounds which have agonist activity
at these receptors. One particularly active compound is obeticholic acid, which is a potent
agonist of both FXR and TGR5. Obeticholic acid is described in W002/072598 and
EP1568706 (both incorporated herein by reference), both of which describe a process for
the preparation of obeticholic acid from 7-keto lithocholic acid, which is derived from cholic
acid. Further processes for the production of obeticholic acid and its derivatives are
described in W02006/122977, US2009/0062256 and W02013/192097 (all incorporated

herein by reference) and all of these processes also start from 7-keto lithocholic acid.

It is clear from the number of patent publications directed to processes for the production
of obeticholic acid that it is by no means simple to synthesise this compound and indeed
the process which is currently used starts from cholic acid, has 12 steps and a low overall

yield.

In addition to the inefficiency and high cost of this process, there are also problems with
the cost and availability of the starting materials. Cholic acid, the current starting material
for the production of obeticholic acid, is a natural bile acid which is usually obtained from
the slaughter of cows and other animals. This means that the availability of cholic acid and
other bile acids is limited by the number of cattle available for slaughter. Since the
incidence of cholestatic liver disease is increasing worldwide, the demand for synthetic
bile acids such as obeticholic acid is also likely to increase and it is doubtful whether the

supply of naturally derived bile acids will continue to be sufficient to meet demand.

Furthermore, the use of a starting material derived from animals means that there is the
possibility of the contamination of the material with infectious agents such as viruses or
prions, which can not only be hazardous to workers but could potentially contaminate the

end products if steps are not taken to prevent this.

Although some patients with cholestatic liver disease can be treated with ursodeoxycholic
acid, this is also a natural bile acid and faces the same problems of limited availability and

high cost.
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In an attempt to solve the problems associated with the use of bile acids as starting
materials, the present inventors have devised a process for the synthesis of synthetic bile
acid derivatives, such as obeticholic acid (OCA, referred to herein as compound (XA)),

which uses plant sterols as starting materials.

obeticholic acid (XA)

The inventors have developed a process for the production of synthetic bile acids which

proceeds via novel intermediates and which provides the final product in significantly
higher yield than current processes. The process is flexible and can use a variety of

different starting materials including animal, fungal and plant sterols.

Suitable animal sterols which can be used as starting materials include deoxycholic acid,

cholic acid, while fungal sterols include ergosterol.

Plant sterols are widely available at significantly lower cost than bile acids and, indeed,
are often waste products of other processes. Suitable plant sterol and plant sterol
derivatives which can be used as starting materials include bis-norcholenol (also known
as  20-hydroxymethylpregn-4-en-3-one), androstenedione, androstadienedione,

dehydroepiandrosterone, stigmasterol, brassicasterol, campesterol and 3-sitosterol.

Our patent applications Nos. PCT/GB2015/053516 (W0O2016/079517),
PCT/GB2015/053517 (W02016/079518), PCT/GB2015/053518 (W02016/079519) and
PCT/GB2015/053519 (W02016/079520) (all incorporated herein by reference) relate to
intermediates in the process of synthesizing obeticholic acid (and analogues) as well as to
processes for preparing the intermediates and processes for converting them to the

desired products.

The present application relates to further compounds which are intermediates in the

synthesis of obeticholic acid and analogues thereof.
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Summary of the invention

In one aspect of the invention is provided a compound of general formula (la):

5 ”
R . Y_R4

wherein:
R2is H, halo, OH or a protected OH group;
Y is a bond, or a Ci.20 alkylene, C.20 alkenylene or C..2 alkynylene linker group any of
which is optionally substituted with one or more R?;
wherein each R? is independently H, halo, OH, a protected OH group or NR8R?;
wherein each of R® and R® is independently H, C+.s alkyl, C(O)Ph, benzyl,
phthalimide, tert-butyloxycarbonyl or carboxybenzyl,
R* is C(O)OR", OC(O)R'™, C(O)NR'R"" OR'", OSi(R");, S(O)R', SOR'", OSO.R™,
SO;3R™, OSO3R™, halo, CN, C(O)R"®, NR'"R"" BR'R"!, C(O)CH:zN,, -CH=CH,, -C=CH,
CHI[C(O)OR'™,, CH(BR™R™),, azide, NO,, NR'®C(O)NR'*SO.R", NR'®C(O)NR"°SO,N
RR™ NR'"SO.R'"", C(O)NR'SO,R"", CH(XR')(XR"), CH(R'")(XR"), phthalimide or a
carboxylic acid mimetic group such as tetrazole;
wherein each X is independently O, S or NR?,
wherein each R'"® and R"" is independently:
a. hydrogen;
or
b. Ci-20 alkyl, Ca7 cycloalkyl, Cz.20 alkenyl or Cz20 alkynyl, any of which is
optionally substituted with one or more substituents selected from:
C1.4 alkyl, Ci1.4 haloalkyl, halo, NO,, CN, OR'™, SR, C(O)OR,
C(O)N(R™),, SO2R™, OSO2R"®, SOsR™®, OSO:R'®, N(R'®), and a 6-
to 14- membered aryl or 5- to 14-membered heteroaryl group, either
of which is optionally substituted with one or more substituents
selected from C1. alkyl, C1.6 haloalkyl, halo, NO,, CN, OR'®, SR'®,
C(O)OR'™, C(O)N(R™®),, SO2R"®, SOsR™ and N(R'®);
or
C. a 6- to 14- membered aryl, 5- to 14-membered heteroaryl group or 3- to 10-
membered heterocyclic ring, any of which is optionally substituted with one
or more substituents selected from:
C1.6 alkyl, Ca.7cycloalkyl, C1.¢ haloalkyl, halo, NO2, CN, OR'®, C=0,
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C(O)C1.4 alkyl, SR'®, C(O)OR'™, C(O)N(R'),, SO.R'®, SOsR',
N(R'®)2, phenyl, 5- to 14-membered heteroaryl, 3- to 10-membered
heterocyclic ring, methylenedioxy and ethylenedioxy;
or
a polyethylene glycol residue;

or
when R* is C(O)NR™R™", CH(XR™)(XR'), CH(R")(XR'"), NR™R'",
BR™R™", CH[C(O)OR"], or CH(BR'™R""), an R and an R"" group, together
with the atom or atoms to which they are attached, may combine to form a
3- to 10-membered heterocyclic ring;
wherein each R'® is independently:
H, C1.6 alkyl, C1.6 haloalkyl, or a 6- to 14- membered aryl or 5- to 14-
membered heteroaryl group either of which is optionally substituted
with one or more substituents selected from halo, C1.s alkyl and C+.6

haloalkyl;

and wherein each R is independently:

a.

Ci20 alkyl, Ca0 alkenyl or C..o alkynyl, any of which is optionally

substituted with one or more substituents selected from:
halo, NO,, CN, OR'™, SR C(O)OR'™, C(O)N(R'™),, SO:R'™,
SO;3R™, OSO:R™, N(R'™), and a 6- to 14- membered aryl or 5- to
14-membered heteroaryl group, either of which is optionally
substituted with one or more substituents selected from C1.¢ alkyl,
C1.6 haloalkyl, halo, NO2, CN, OR"®, SO2R'®, SO3;R" and N(R'®)z;

or

a 6- to 14- membered aryl or 5- to 14-membered heteroaryl group either of

which is optionally substituted with one or more substituents selected from:
Cis alkyl, C1.s haloalkyl, halo, NO,, CN, OR'™, SR, C(O)OR",
C(O)N(R™),, SO2R™, SO3R" and N(R™);

wherein each R'® is independently:

H, Ci.s alkyl or C1.6 haloalkyl; or

Y and R* together form a =CH, group; and

R%is H, OH or

a protected OH group;

or a salt or isotopic variant thereof.

In another aspect of the invention is provided a compound of general formula (l):
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R2

wherein:
R2is H, halo, OH or a protected OH group;
Y is a bond, or a Ci.20 alkylene, C.20 alkenylene or C..20 alkynylene linker group any of
which is optionally substituted with one or more R?;
wherein each R? is independently halo, OR® or NR®R®;
wherein each of R® and R® is independently H or C1.4 alkyl;
R* is C(O)OR", OC(O)R'™, C(O)NR'R"" OR'", OSi(R");, S(O)R', SO.R'", OSO.R™,
SO;R™, OSO:R™, halo, CN, C(O)R'™, CH(OR')(OR"), CH(R®)(OR"), CH(SR'®)(SR™),
NR'"R" BR'R'" C(O)CH2N,, -CH=CH,, -C=CH, CH[C(O)OR'%;, CH(BR'®R""),, azide or
a carboxylic acid mimetic group such as tetrazole;
wherein each R'"® and R"" is independently:
a. hydrogen;
or
b. Ci20 alkyl, Ca0 alkenyl or Cz.0 alkynyl, any of which is optionally
substituted with one or more substituents selected from:
halo, NO,, CN, OR'™, SR C(O)OR'™, C(O)N(R'™),, SO:R™,
SO;3R™, OSO:R™, N(R'™), and a 6- to 14- membered aryl or 5- to
14-membered heteroaryl group, either of which is optionally
substituted with one or more substituents selected from Ci.¢ alkyl,
C+.6 haloalkyl, halo, NO,, CN, OR'®, SR, C(O)OR'®, C(O)N(R"),,
SOzR™, SO3R™ and N(R'®);;
or
C. a 6- to 14- membered aryl or 5- to 14-membered heteroaryl group either of
which is optionally substituted with one or more substituents selected from:
Ci6 alkyl, C1.s haloalkyl, halo, NO,, CN, OR', SR, C(O)OR',
C(O)N(R™),, SO2R™®, SO3R" and N(R™);
or
d. a polyethylene glycol residue;
or
e. when R* is C(O)NR™R"  CH(OR')(OR'), CH(R'")(OR"),
CH(SR™)(SR"), NR'°R"" BR'°R"!", CH[C(O)OR"], or CH(BR'"R""); an R"®
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and an R" group, together with the atom or atoms to which they are
attached, may combine to form a 3- to 10-membered heterocyclic ring;
wherein each R'® is independently:
H, Ci.s alkyl, C1.6 haloalkyl, or a 6- to 14- membered aryl or 5- to 14-
membered heteroaryl group either of which is optionally substituted
with one or more substituents selected from halo, C1.s alkyl and C+.6

haloalkyl;

and wherein each R is independently:

a.

Ci20 alkyl, Ca0 alkenyl or Cz.0 alkynyl, any of which is optionally

substituted with one or more substituents selected from:
halo, NO,, CN, OR'™, SR, C(O)OR'™, C(O)N(R'™),, SO:R™,
SO;3R™, OSO:R™, N(R'™), and a 6- to 14- membered aryl or 5- to
14-membered heteroaryl group, either of which is optionally
substituted with one or more substituents selected from C1.¢ alkyl,
C1.6 haloalkyl, halo, NO2, CN, OR"®, SO2R'®, SO3;R" and N(R'®)2;

or

a 6- to 14- membered aryl or 5- to 14-membered heteroaryl group either of

which is optionally substituted with one or more substituents selected from:
Ci6 alkyl, C1.s haloalkyl, halo, NO,, CN, OR', SR, C(O)OR',
C(O)N(R™),, SO2R™, SO3R" and N(R™);

wherein each R'® is independently:

H, Ci.s alkyl or C1.¢ haloalkyl; or

Y and R* together form a =CH, group; and

R%is H, OH or a protected OH group;

or a salt or isotopic variant thereof.

Compounds of general formula (la) and (I) are of use as intermediates in the synthesis of

obeticholic acid and analogues thereof.

In another aspect of the invention is provided a process for preparing a compound of

general formula (la) comprising:

reacting a compound of general formula (lla) with a halogenating agent followed by

reaction with base to give a compound of general formula (la):
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(lla) (Ia)

wherein Y, R? R* and R°® are as above defined for a compound of general formula (la).

In another aspect of the invention is provided a process for preparing a compound of
general formula () comprising:

reacting a compound of general formula (ll) with trichloroisocyanuric acid (TCCA),
tribromoisocyanuric acid (TBCA), triiodoisocyanuric acid (TICA), 1,3-dichloro-5,5-
dimethylhydantoin (DCDMH), 1,3-dibromo-5,5-dimethylhydantoin (DBDMH), or 1,3-
diiodo-5,5-dimethylhydantoin (DIDMH) followed by reaction with base to give a compound
of general formula (l):

RS ™y _Ré

R2

e} O

(1 (0

wherein Y, R? R* and R°® are as above defined for a compound of general formula (1).

In another aspect of the invention is provided a process for preparing a compound of
general formula (la) comprising the steps of:
(A) reacting a compound of general formula (Ila) with a halogenating agent to give a

compound of general formula (llIxa) and/or a compound of general formula (lllya)
R5 /,"' Y_R4 F\’5 - Y_R4
R2

R — = and/or

o) Y "OH

X
(lla) (llixa) (lllya)

wherein X is Cl, Br or I; and

wherein Y, R? R* and R°® are as above defined for a compound of general formula (Ia)
and
(B) reacting a compound of general formula (llixa) and/or a compound of general

formula (lllya) with a base to form a compound of general formula (la):
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5 4 5 %
R Y-R RS ™ y_RS

R2 R2
and/or —

o ~"~OH o
X 0

(Illxa) (Illya) (la)
wherein X is Cl, Br or I; and

wherein Y, R? R* and R°® are as above defined for a compound of general formula (la).

In another aspect of the invention is provided a process for preparing a compound of
general formula (l) comprising the steps of:

(A) reacting a compound of general formula (1) with trichloroisocyanuric acid (TCCA),
tribromoisocyanuric acid (TBCA), triiodoisocyanuric acid (TICA), 1,3-dichloro-5,5-
dimethylhydantoin (DCDMH), 1,3-dibromo-5,5-dimethylhydantoin (DBDMH), or 1,3-
diiodo-5,5-dimethylhydantoin (DIDMH) to give a compound of general formula (llIx) and/or

a compound of general formula (llly)

., RS ™ _oa
5 %,
R - V_R? Y-R

2 R?
RS — = and/or

) : OH

(I (Il1x) (llly)

wherein X is Cl, Br or |; and

wherein Y, R? R* and R°® are as above defined for a compound of general formula (1)

and

(B) reacting a compound of general formula (lllx) and/or a compound of general

formula (llly) with a base to form a compound of general formula (I):

and/or Lig?l:g LI?E;

(111x) (Iy) (0

wherein X is Cl, Br or |; and

wherein Y, R? R* and R°® are as above defined for a compound of general formula (1).

In a further aspect of the invention is provided compounds of general formula (llixa) and
general formula (lllya), and compounds of general formula (Il1x) and general formula (llly)

per se, such compounds being useful as intermediates in the synthesis of a compound of
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general formula (la) or a compound of general formula (1), respectively.

Thus, in one aspect of the invention is provided a compound of general formula (ll1xa):

R5 ‘., v- R4

R2

OH (Ilxa)
or a salt an isotopic variant thereof,
wherein X is Cl, Br or |; and

wherein Y, R? R* and R°® are as above defined for a compound of general formula (la).

In one aspect of the invention is provided a compound of general formula (ll1x):

(111x)
or a salt an isotopic variant thereof,
wherein X is Cl, Br or |; and

wherein Y, R? R* and R°® are as above defined for a compound of general formula (1).

In another aspect of the invention is provided a compound of general formula (lllya):

X (Ilya)
or a salt or an isotopic variant thereof,
wherein X is Cl, Br or |; and

wherein Y, R? R* and R°® are as above defined for a compound of general formula (la).

In another aspect of the invention is provided a compound of general formula (llly):

RS . Y_R4

R2

X (Hly)
or a salt or an isotopic variant thereof,
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wherein X is Cl, Br or |; and

wherein Y, R? R* and R°® are as above defined for a compound of general formula (1).

In one embodiment is provided a mixture of a compound of formula (llIxa) and a compound
of general formula (lllya). In one embodiment is provided a mixture of a compound of

formula (Il1x) and a compound of general formula (llly).

In one embodiment is provided a mixture comprising a compound of formula (llIxa) and a
compound of general formula (lllya). In one embodiment is provided a mixture comprising

a compound of formula (llIx) and a compound of general formula (llly).

In another aspect of the invention is provided a process for preparing a compound of
general formula (la) comprising the steps of:

(A) reacting a compound of general formula (Ila) with a halogenating agent to give a
compound of general formula (llIxa) and/or a compound of general formula (lllya) and/or

a compound of general formula (ll1xz) and/or a compound of general formula (lllyz):

5
R . Y_R4
R2
and/or and/or
R® o] v~ “OH
X
(lllya)
5
Y-R* R Y-R*
(@)
2 2
R
(Ila) and/or
o) v “OR“0
OR*0 X
(lixz) (lyz)

wherein X is Cl, Bror I;

R is C(O)H, C(O)C+.4 alkyl, C(O)phenyl, C(O)benzyl, phenyl, benzyl, C,.4 alkenyl or
SO.CF3; wherein C(O)phenyl, C(O)benzyl, phenyl and benzyl are optionally substituted
with one or more substituents selected from C1.4 alkyl, OC1.4 alkyl, halo, nitro, Cy.4 haloalkyl
and OC..4 haloalkyl; and

wherein Y, R? R* and R°® are as above defined for a compound of general formula (la)
and

(B) reacting a compound of general formula (llixa) and/or a compound of general
formula (IlIxa) and/or a compound of general formula (ll1xz) and/or a compound of general

formula (lllyz) with a base to form a compound of general formula (la):
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12
5
R Y-R4
R2
and/or 5 %,
R . Y_R4
Y~ “OH R?
X (ilya)
5 .,
R —VY-R4 o
o (la)
d/ R?
and/or
¢ v~ YOR40
OR*0 X
(Ilxz) (Ilyz)

wherein X is Cl, Bror I;

R* is C(O)H, C(O)C+.4 alkyl, C(O)phenyl, C(O)benzyl, phenyl, benzyl, C,.4 alkenyl or
SO.CF3; wherein C(O)phenyl, C(O)benzyl, phenyl and benzyl are optionally substituted
with one or more substituents selected from C1.4 alkyl, OC1.4 alkyl, halo, nitro, Cy.4 haloalkyl
and OC..4 haloalkyl; and

wherein Y, R? R* and R°® are as above defined for a compound of general formula (Ia).

In this embodiment, suitably step (A) is carried out in the presence of HOC(O)R*, HORY,
or HSOsR? wherein R*is H, Ci.4alkyl (e.g. methyl or ethyl), phenyl or benzyl; RY is phenyl,
benzyl or C..4 alkene (e.g. allyl); and R? is CF3, wherein phenyl and benzyl are optionally
substituted with one or more substituents selected from Ci.4 alkyl, OC1.4 alkyl, halo, nitro,
C1.4 haloalkyl and OC.4 haloalkyl. HOR*, HORY or HSO3R?* may be present as an additive
in the reaction (suitably in the absence of water and in the presence of an aprotic solvent)

or as the reaction solvent itself.

In this aspect of the invention, mixtures of compounds of general formula (llIxa) and/or,
compounds of general formula (lllya) and/or compounds of general formula (llIxz) and/or

compounds of general formula (lllyz) are formed in step A and then reacted in step B.
In one embodiment, the process further includes the step of removal of group R*® before
treatment with base. In one embodiment, the process further includes the step of removal

of group R* before step (B) is carried out.

In one aspect of the invention is provided a compound of general formula (I11xz):
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(lxz)

or a salt an isotopic variant thereof,

wherein X is Cl, Bror I;

R is C(O)H, C(O)C+.4 alkyl, C(O)phenyl, C(O)benzyl, phenyl, benzyl, C,.4 alkenyl or
SO.CF3; wherein C(O)phenyl, C(O)benzyl, phenyl and benzyl are optionally substituted
with one or more substituents selected from C1.4 alkyl, OC1.4 alkyl, halo, nitro, Cy.4 haloalkyl
and OC..4 haloalkyl; and

wherein Y, R? R* and R°® are as above defined for a compound of general formula (la).

In another aspect of the invention is provided a compound of general formula (lllyz):
RS

R2

0 =~ YOR%
X (Hlyz)

or a salt or an isotopic variant thereof,
wherein X is Cl, Bror |;
R* is C(O)H, C(O)C+.4 alkyl, C(O)phenyl, C(O)benzyl, phenyl, benzyl, C..4 alkenyl, or
SO.CF3; wherein C(O)phenyl, C(O)benzyl, phenyl and benzyl are optionally substituted
with one or more substituents selected from C1.4 alkyl, OC1.4 alkyl, halo, nitro, Cy.4 haloalkyl
and OC..4 haloalkyl; and

wherein Y, R? R* and R°® are as above defined for a compound of general formula (la).

In one embodiment is provided a mixture comprising a compound of formula (llIxz) and a

compound of general formula (lllyz).

Compounds of general formulae (la) and (l) are of use in the synthesis of obeticholic acid

and analogues thereof.

Compounds of general formula (la) are of use in the preparation of compounds of general

formula (Xa):
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14
R5a ., Y1-R4
R2
HOY ™>T"""oH
R’ (Xa)

or a salt or an isotopic variant thereof,
wherein,
R' is Ci4 alkyl, C..4 alkenyl or C,.4 alkynyl optionally substituted with one or more
substituents selected from halo, OR® and NR®R”;
wherein each of R® and R’ is independently H or C1.4 alkyl;
R?is H, halo or OH; and
Y'is a bond, or a Ci.20 alkylene linker group which is optionally substituted with one or
more R3; or
Y'" and R* together form a =CH. group; and
R5is H or OH;

wherein R® and R* are as described above for a compound of general formula (la).

Compounds of general formula (I) are of use in the preparation of compounds of general

formula (X):

or a salt or an isotopic variant thereof,
wherein,
R'is C1.4 alkyl optionally substituted with one or more substituents selected from halo, OR®
and NR®R7;
wherein each of R® and R’ is independently H or C1.4 alkyl;
R?is H, halo or OH; and
Y'is a bond, or a Ci.20 alkylene linker group which is optionally substituted with one or
more R3; or
Y'" and R* together form a =CH. group; and
R5is H or OH;

wherein R® and R* are as described above for a compound of general formula (1).

In one aspect of the invention is provided a process for preparing a compound of general
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formula (Xa) from a compound of formula (la):

RS ™ v R RS " yigs
Rz steps (a)(d) R?
B
HO" ~"""OH
o) -
(@] H R1
(la) (Xa)

the process comprising the steps of:

(@) selective alkylation of a compound of general formula (la) with an organometallic
regent to give a compound of general formula (IVa):

R’ (IVa)
wherein R is as defined for a compound of formula (Xa);

10 andY, R? R*and R°® are as defined for a compound of general formula (la);

(b) reducing the compound of general formula (IVa) using a suitable reducing agent to
give a compound of general formula (Va):

’,

RS ™ yiR4

R2

R! (Va)
15
wherein R" and Y' are as defined for a compound of formula (Xa);

and R?, R* and R°® are as defined for a compound of general formula (la);

(©) oxidising the compound of general formula (Va) using a suitable oxidising agent to
20 give a compound of general formula (Vla):

/,

RS . 1R4

R2

O - O
TR (Via)

wherein R" and Y' are as defined for a compound of formula (Xa);
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and R?, R* and R°® are as defined for a compound of general formula (la);

(d) reduction of the compound of general formula (Vla) using a suitable reducing agent
and, where R? and/or R°® is a protected OH, removal of the protecting group(s), to give a
compound of general formula (Xa) as defined above, wherein removal of the protecting

group can take place before or after the reduction;

and wherein the process further includes one or more optional steps of converting
compounds of general formulae (la), (IVa), (Va), (Vla), and (Xa) to other compounds of

general formulae (la), (IVa), (Va), (Vla), and (Xa).

The optional steps consist of reacting the side chains of the compounds of general
formulae (la), (IVa), (Va), (Vla), and (Xa) as described below to arrive at compounds with

alternative Y and/or R* moieties.

In one aspect of the invention is provided a process for preparing a compound of general
formula (X) from a compound of formula (I):

5 “,
R —Y-R*
Rz steps (a-(d) R?

—_—

o HO™ =" ""OH

(1) (X)

the process comprising the steps of:

(@) selective alkylation of a compound of general formula (l) with an organometallic
regent to give a compound of general formula (I1V):
R ™ v gé
R2
0 OH
R' (IV)
wherein R is as defined for a compound of formula (X);

and Y, R?, R* and R°® are as defined for a compound of general formula (1);

(b) reducing the compound of general formula (IV) using a suitable reducing agent to

give a compound of general formula (V):
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wherein R" and Y' are as defined for a compound of formula (X);

and R?, R* and R°® are as defined for a compound of general formula (1);

(©) oxidising the compound of general formula (V) using a suitable oxidising agent to
give a compound of general formula (VI):

RS Y1-R

R2

o "0
H -
R (V1)

wherein R" and Y' are as defined for a compound of formula (X);

and R?, R* and R°® are as defined for a compound of general formula (1);

(d) reduction of the compound of general formula (VI) using a suitable reducing agent
and, where R? and/or R°® is a protected OH, removal of the protecting group(s), to give a
compound of general formula (X) as defined above, wherein removal of the protecting

group can take place before or after the reduction;

and wherein the process further includes one or more optional steps of converting
compounds of general formulae (1), (1V), (V), (VI), and (X) to other compounds of general
formulae (1), (IV), (V), (VI), and (X).

The optional steps consist of reacting the side chains of the compounds of general
formulae (1), (IV), (V), (VI), and (X) as described below to arrive at compounds with

alternative Y and/or R* moieties.

In a further aspect of the invention is provided a compound of general formula (IVa) and a
compound of general formula (Va) per se, and a compound of general formula (IV) and a
compound of general formula (V) per se such compounds being useful as intermediates
in the synthesis of a compound of general formula (Xa) and a compound of general formula

(X), respectively.
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Thus, in one aspect of the invention is provided a compound of general formula (IVa):

5
R . Y_R4
R2
(@) OH
R! (

or a salt an isotopic variant thereof,

IVa)

wherein R is as defined for a compound of general formula (Xa); and

wherein Y, R? R* and R°® are as defined for a compound of general formula (la).

In one aspect of the invention is provided a compound of general formula (IV):

R5 /1,” Y_RA
R2
o} OH
R (IV)

or a salt an isotopic variant thereof,
wherein R is as defined for a compound of general formula (X); and

wherein Y, R? R* and R°® are as defined for a compound of general formula (1).

In another aspect of the invention is provided a compound of general formula (Va):

’,

R5

. Y1_R4
R2
o o
R (Va)

or a salt an isotopic variant thereof,
wherein R" and Y' are as defined for a compound of formula (Xa);

and R? R*and R°® are as defined for compounds of general formula (la).

In another aspect of the invention is provided a compound of general formula (V):

or a salt an isotopic variant thereof,

wherein R" and Y' are as defined for a compound of formula (X);
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and R? R*and R°® are as defined for compounds of general formula (1).

Figures

Figure 1: shows respresentative conversions of a compound of general formula (lla) or
general formula (Il) in which the side chain is -CH>OH to other compounds of general

formula (I1a) or general formula (I1), respectively, with different side chains.

Figure 2: shows the 'H NMR spectrum of (6B, 7a, 22E)-6-acetoxy-7-chloro-3-oxo-4,22-

choladien-24-oic acid ethyl ester (see Example 2).

Figure 3: shows the "*C NMR spectrum of (6, 7a, 22E)-6-acetoxy-7-chloro-3-oxo-4,22-

choladien-24-oic acid ethyl ester (see Example 2).

Figure 4: shows the characteristic C4 protons in the '"H NMR of a 2:1 mixture of (63,7B)
and (6a,7a) isomers of (22E)-6,7-epoxy-3-ox0-4,22-choladien-24-oic acid ethyl ester (See
Example 4).

Figure 5: shows an 'H NMR comparison of (58, 6a)-3,7-dioxo-6-ethyl-cholan-24-oic acid
prepared from (6a, 7a, 22E)-6,7-epoxy-3-o0x0-4,22-choladien-24-oic acid ethyl ester
(alpha) and (6B, 7B, 22E)-6,7-epoxy-3-0x0-4,22-choladien-24-oic acid ethyl ester (beta).

Figure 6: shows a "*C NMR comparison of (5, 6a)-3,7-dioxo-6-ethyl-cholan-24-oic acid
prepared from (6a, 7a, 22E)-6,7-epoxy-3-o0x0-4,22-choladien-24-oic acid ethyl ester

(alpha) and (6B, 7B, 22E)-6,7-epoxy-3-0x0-4,22-choladien-24-oic acid ethyl ester (beta).

Detailed description of the invention

In the present specification, except where the context requires otherwise due to express
language or necessary implication, the word “comprises”, or variations such as
“‘comprises” or “comprising” is used in an inclusive sense i.e. to specify the presence of
the stated features but not to preclude the presence or addition of further features in

various embodiments of the invention.

All publications, including but not limited to patents and patent applications, cited in this

specification are herein incorporated by reference as if each individual publication were



10

15

20

25

30

35

WO 2017/199039 20 PCT/GB2017/051393

specifically and individually indicated to be incorporated by reference herein as though

fully set forth.

In the present application the term “Ci.o0” alkyl refers to a straight or branched fully
saturated hydrocarbon group having from 1 to 20 carbon atoms. The term encompasses
methyl, ethyl, n-propyl, isopropyl, n-butyl, isobutyl, s-butyl and t-butyl. Other alkyl groups,
for example Ci.12 alkyl, C1.10 alkyl, C1.s alkyl, Ci.6 alkyl, C1.5s alkyl, C+.4 alkyl, C1.5 alkyl, or

Ci.2 alkyl are as defined above but contain different numbers of carbon atoms.

The terms “heterocyclic” and “heterocyclyl” refer to a non-aromatic cyclic group having 3
to 10 ring atoms and at least one heteroatom selected from N, O, S and B and optionally
substituted with one or more =O moieties. Examples of heterocyclic groups include
pyrrolidine, piperidine, morpholine, piperazine, tetrahydrofuran, dioxolane (e.g. 1,3-
dioxolane), dioxane (e.g. 1,3-dioxane) and cyclic thioethers. The term also includes

bicyclic and bridged groups such as 9-borabicyclo(3.3.1)nonane (9-BBN).

The term “halogen” refers to fluorine, chlorine, bromine or iodine and the term “halo” to

fluoro, chloro, bromo or iodo groups.

The term “Cy6 haloalkyl” refers to a straight or branched alkyl group as defined above
having from 1 to 6 carbon atoms and substituted with one or more halo atoms, up to
perhalo substitution. Examples include trifluoromethyl, chloroethyl and 1,1-difluoroethyl.
Other haloalkyl groups, for example Ci.s haloalkyl, C+.4 haloalkyl, C+.3 haloalkyl or Ci..

haloalkyl are as defined above but contain different numbers of carbon atoms.

The term “Ca.2 alkenyl” refers to a straight or branched hydrocarbon group having from 2
to 20 carbon atoms and at least one carbon-carbon double bond. Examples include
ethenyl (vinyl), prop-1-enyl, prop-2-enyl (allyl), hex-2-enyl etc. Other alkenyl groups, for
example Cz.12 alkenyl, Cz.10 alkenyl, C..s alkenyl, C2¢ alkenyl, C.s alkenyl, C..4 alkenyl or

C..3 alkenyl are as defined above but contain different numbers of carbon atoms.

The term “Cz.20 alkynyl” refers to a straight or branched hydrocarbon group having from 2
to 20 carbon atoms and at least one carbon-carbon triple bond. Examples include ethynyl,
prop-1-ynyl, hex-2-ynyl etc. Other alkynyl groups, for example Caz.12 alkynyl, Cz.10 alkynyl,
C2.s alkynyl, C26 alkynyl, Cz.s alkynyl, Cz.4 alkynyl or C..3 alkynyl are as defined above but

contain different numbers of carbon atoms.
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The term “alkylene” refers to a straight or branched fully saturated hydrocarbon chain.
Suitably alkylene is Ci.20 alkylene, Ci.12 alkylene, Ci.10 alkylene, Cis alkylene, Cis
alkylene, C1.s alkylene, Ci.4 alkylene, Ci.3 alkylene, or C+.; alkylene. Examples of alkylene
groups include -CH»-, -CH2CHz-, -CH(CH3)-CHz-, -CH2CH(CH3)-, -CH>CH>CHo-,
-CH>CH(CH2CHa)- and -CH>CH(CH2CH3)CHo-.

The term “alkenylene” refers to a straight or branched hydrocarbon chain containing at
least one carbon-carbon double bond. Suitably alkenylene is Cx2 alkenylene, C:.12
alkenylene, C..1o alkenylene, C..s alkenylene, C..s alkenylene, C..s alkenylene, C.4
alkenylene, or C.s alkenylene. Examples of alkenylene groups include
-CH=CH-, -CH=C(CHj3)-, -CH>.CH=CH-, -CH=CHCH>-, -CH>.CH>CH=CH-,
-CH2CH=C(CHa)- and -CH>,CH=C(CH.CH3)-.

The term “Cz.20 alkynyl” refers to a straight or branched hydrocarbon group having from 2
to 20 carbon atoms and at least one carbon-carbon triple bond. Examples include ethynyl,
prop-1-ynyl, hex-2-ynyl etc. Other alkynyl groups, for example Cz.12 alkynyl, Cz.10 alkynyl,
C2.s alkynyl, C26 alkynyl, Cz.s alkynyl, Cz.4 alkynyl or C..3 alkynyl are as defined above but

contain different numbers of carbon atoms.

The term “alkyl” refers to a straight or branched fully saturated hydrocarbon chain. Suitably
alkylene is Ci.20 alkyl, Ci.12 alkyl, Ci.10 alkyl, C+.s alkyl, Cy.6 alkyl, Ci.5 alkyl, Ci.salkyl, C1.3
alkyl, or Ci1.2 alkyl. Examples of alkyl groups include -CHs;, -CH.CHs;, -CH(CH3)-CHa, -
CH2CH2CHa, -C(CH3)3 and -CH2CH2CH2CHa.

The term “alkenyl” refers to a straight or branched hydrocarbon chain containing at least
one carbon-carbon double bond. Suitably alkenyl is Cz.20 alkenyl, C..12 alkenyl, Caz.10
alkenyl, C..s alkenyl, C..s alkenyl, C..5 alkenyl, C..4 alkenyl, or C..5 alkenyl. Examples of
alkenyl groups include -CH=CH,, -CH=CH(CHs), -CH.CH=CH,, -CH=CHCHs, -
CH2CH2CH=CHz, -CH,CH=CH(CHa)- and -CH.CH=CH(CH.CH3).

The term “alkynylene” refers to a straight or branched hydrocarbon chain containing at
least one carbon-carbon triple bond. Suitably alkynylene is C..0 alkynylene, Co:.12
alkynylene, C.1o alkynylene, C.s alkynylene, C..s alkynylene, C.s alkynylene, Ca.4
alkynylene, or C.s alkynylene. Examples of alkynylene groups include
-C=C-, -CH2C=C-, -C=C-CH2-, -CH2CH2C=C-, -CH2C=CCH>- and -CH2C=C-CH2CH>-.

The terms “aryl” and “aromatic” refer to a cyclic group with aromatic character having from
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6 to 14 ring carbon atoms (unless otherwise specified, for example 6 to 10 ring carbon
atoms) and containing up to three rings. Where an aryl group contains more than one ring,
not all rings must be aromatic in character. Examples include phenyl, naphthyl and
anthracenyl as well as partially saturated systems such as tetrahydronaphthyl, indanyl and

indenyl. A further example of an aryl group is 1,2,3,4-tetrahydronaphthalene.

The terms “heteroaryl” and “heteroaromatic” refer to a cyclic group with aromatic character
having from 5 to 14 ring atoms (unless otherwise specified, for example 5 to 10 ring atoms),
at least one of which is a heteroatom selected from N, O and S, and containing up to three
rings. Where a heteroaryl group contains more than one ring, not all rings must be aromatic
in character. Examples of heteroaryl groups include pyridine, pyrimidine, indole,
benzofuran, benzimidazole and indolene. Further examples of heteroaryl groups include

quinoline and isoquinoline.

The term “isotopic variant” refers to isotopically-labelled compounds which are identical to
those recited in formula (la) or formula () but for the fact that one or more atoms are
replaced by an atom having an atomic mass or mass number different from the atomic
mass or mass number most commonly found in nature, or in which the proportion of an
atom having an atomic mass or mass number found less commonly in nature has been
increased (the latter concept being referred to as “isotopic enrichment”). Examples of
isotopes that can be incorporated into compounds of the invention include isotopes of
hydrogen, carbon, nitrogen, oxygen, fluorine, iodine and chlorine such as ?H (deuterium),
3H, "'C, 3C, "C, "®F, 2% or '¥| (e.g. 3H, "'C, "*C, "®F, '] or 2°|), which may be naturally

occurring or non-naturally occurring isotopes.

Polyethylene glycol (PEG) is a polyether compound, which in linear form has general
formula H-[O-CH>-CH],-OH. A polyethylene glycol residue is a PEG in which the terminal

H is replaced by a bond linking it to the remainder of the molecule.

Branched versions, including hyperbranched and dendritic versions are also contemplated
and are generally known in the art. Typically, a branched polymer has a central branch
core moiety and a plurality of linear polymer chains linked to the central branch core. PEG
is commonly used in branched forms that can be prepared by addition of ethylene oxide
to various polyols, such as glycerol, glycerol oligomers, pentaerythritol and sorbitol. The
central branch moiety can also be derived from several amino acids, such as lysine. The
branched poly (ethylene glycol) can be represented in general form as R(-PEG-OH)n in

which R is derived from a core moiety, such as glycerol, glycerol oligomers, or
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pentaerythritol, and m represents the number of arms. Multi-armed PEG molecules, such
as those described in US5,932,462;, US5,643,575, US5,229,490; US4,289,872;
US2003/0143596; W096/21469; and W(093/21259 (all incorporated herein by reference)

may also be used.

The PEG polymers may have an average molecular weight of, for example, 600-2,000,000
Da, 60,000-2,000,000 Da, 40,000-2,000,000 Da, 400,000-1,600,000 Da, 800-1,200,000
Da, 600-40,000 Da, 600-20,000 Da, 4,000-16,000 Da, or 8,000-12,000 Da.

The term “protected OH” relates to an OH group protected with any suitable protecting

group. For example, the protected OH may be a group R* as defined above.

Suitable protecting groups include esters such that, for example when R? and/or R® and/or
R3 is a protected OH group, R? and/or R® and/or R® may independently be a group
OC(O)R™, where R' is a group R' as defined above. Silyl ethers are also suitable, and
in this case, R? and/or R® and/or R®* may independently be a group OSi(R'®);, where each

R'® is independently a group R'® as defined above.

Other suitable protecting groups for OH are well known to those of skill in the art (see
Wuts, PGM and Greene, TW (2006) “Greene’s Protective Groups in Organic Synthesis”,
4" Edition, John Wiley & Sons, Inc., Hoboken, NJ, USA, incorporated herein by reference).

Salts of the compounds of general formula (XVllla) and (XVIIl) are suitably
pharmaceutically or veterinarily acceptable salts. Salts which are not pharmaceutically or

veterinarily acceptable may still be valuable as intermediates.

References to a protecting group which is stable in basic conditions mean that the

protecting group cannot be removed by treatment with a base.

Appropriate salts of the compounds described herein include basic addition salts such as
sodium, potassium, calcium, aluminium, zinc, magnesium and other metal salts as well as
choline, diethanolamine, ethanolamine, ethyl diamine, meglumine and other well-known
basic addition salts as summarised in Paulekuhn et al., J. Med. Chem. 2007, 50, 6665-

6672 (incorporated herein by reference) and/or known to those skilled in the art.

The term “carboxylic acid mimetic group” relates to known carboxylic acid isosteres
including tetrazole, substituted tetrazole, -SO>-NHR'®, C(O)NH-SO,R'® and NHC(O)NH-
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wherein R' is as above defined for a compound of general formulae (la) or (l) and is

suitably H, Cy.6 alkyl, Cs.7 cycloalkyl or 6- to 14- membered aryl (e.g. phenyl).

Tetrazole groups include tetrazole-5-yl and tetrazole-1-yl. Substituted tetrazole includes
tetrazole substituted with C+.4 alkyl, halo, OH, O(C1.4 alkyl) or SO2R™ (e.g. SO2(C1.4 alkyl),

SO2-phenyl or SO»-tolyl).

Such carboxylic acid mimetic groups are well known in the art and are discussed, for
example in “On Medicinal Chemistry”; M Stocks, L Alcaraz, E Griffen; Pub: Sci-ink Ltd

(April 2007).

Particularly suitable carboxylic acid mimetic groups include tetrazole, C(O)NH-SO,R"® and

NHC(O)NH-SO.R, with tetrazole being particularly suitable.

In one aspect of the invention is provided a compound of general formula (la):

,/

R5 ‘. Y_R4

R2

© 0 (la)

wherein Y, R%, R* and R® are as above defined.

Suitably, the compound of general formula (la) is:
RS "o v ge
R2
@)
o (la)

wherein Y, R?, R* and R® are as above defined.

In one embodiment, the compound of formula (la) is:

\

CO,Et

In one embodiment, the compound of formula (la) is:
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CO,Et

O
|

In one embodiment, the compound of formula (la) is not:

CO,Et

O
(e}
z
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5
In one embodiment, the compound of formula (la) is not:
o) 2 .
In one aspect of the invention is provided a compound of general formula (1):
R5 ”’,’ Y_R4
R2
0% : :Ei
10 O )]

wherein Y, R?, R* and R® are as above defined.

Suitably, the compound of general formula (1) is:
F\’5 . Y_R4

R2

O II

)

(1)

15 wherein Y, R?, R* and R® are as above defined.

In one embodiment, the compound of formula () is not:

CO,Et

(@)
O
=z
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In one embodiment, the compound of formula () is not:

CO,Et

In another aspect of the invention is provided a compound of general formula (llIxa):

(Illxa)
or a salt an isotopic variant thereof,
wherein X is Cl, Br or |; and

wherein Y, R? R* and R°® are as above defined for a compound of general formula (la).

Suitably, the compound of general formula (llIxa) is:

5 "
R Y_R4

R2

OH (Illxa)
or a salt an isotopic variant thereof,
wherein X is Cl, Br or |; and

wherein Y, R? R* and R°® are as above defined for a compound of general formula (la).

In another aspect of the invention is provided a compound of general formula (ll1x):

(111x)
or a salt an isotopic variant thereof,
wherein X is Cl, Br or |; and

wherein Y, R? R* and R°® are as above defined for a compound of general formula (1).

Suitably, the compound of general formula (l111x) is:
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(111x)
or a salt an isotopic variant thereof,
wherein X is Cl, Br or |; and

wherein Y, R? R* and R°® are as above defined for a compound of general formula (1).

In another aspect of the invention is provided a compound of general formula (lllya):

R5 Y- R4

R2

X (Illya)
or a salt or an isotopic variant thereof,
wherein X is Cl, Br or |; and

wherein Y, R? R* and R°® are as above defined for a compound of general formula (la).

Suitably, the compound of general formula (lllya) is:
RS /,"' Y_R4

R2

X (Illya)
or a salt or an isotopic variant thereof,
wherein X is Cl, Br or |; and

wherein Y, R? R* and R°® are as above defined for a compound of general formula (la).

In another aspect of the invention is provided a compound of general formula (llly):
RS " e

R2

X (Iy)
or a salt or an isotopic variant thereof,
wherein X is Cl, Br or |; and

wherein Y, R? R* and R°® are as above defined for a compound of general formula (1).
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Suitably, the compound of general formula (llly) is:

R5 ‘. Y _R4

R2

O
) L%

H
X (Iy)
or a salt or an isotopic variant thereof,
wherein X is Cl, Br or |; and

wherein Y, R? R* and R°® are as above defined for a compound of general formula (1).

In a further aspect of the invention is provided a compound of general formula (1Va):

R (IVa)
or a salt an isotopic variant thereof,
wherein R is as defined for a compound of formula (Xa); and

Y, R?, R*and R°® are as defined for compounds of general formula (la).

Suitably the compound of general formula (1Va) is:

R (IVa)
or a salt an isotopic variant thereof,
wherein R is as defined for a compound of formula (Xa); and

Y, R?, R*and R°® are as defined for compounds of general formula (la).

Suitably the compound of general formula (1Va) is:

or a salt an isotopic variant thereof,
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wherein R is as defined for a compound of formula (Xa); and

Y, R?, R*and R°® are as defined for compounds of general formula (la).

Suitably the compound of general formula (1Va) is:

R5 ‘. Y_R4

R2

R (IVa)
or a salt an isotopic variant thereof,
wherein R is as defined for a compound of formula (Xa); and

Y, R?, R*and R°® are as defined for compounds of general formula (la).

In a further aspect of the invention is provided a compound of general formula (I1V):

R’ (IV)
or a salt an isotopic variant thereof,
wherein R is as defined for a compound of formula (X); and

Y, R?, R* and R°® are as defined for compounds of general formula (1).

Suitably the compound of general formula (IV) is:

RS o Y_R4

R2

RY (IV)
or a salt an isotopic variant thereof,
wherein R is as defined for a compound of formula (X); and

Y, R?, R* and R°® are as defined for compounds of general formula (1).

Suitably the compound of general formula (1V) is:
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30
R5 /I,” Y_R4
R2
O OH
R’ (IV)

or a salt an isotopic variant thereof,
wherein R is as defined for a compound of formula (X); and

Y, R?, R* and R® are as defined for compounds of general formula (1).

Suitably the compound of general formula (1V) is:

R' (IV)
or a salt an isotopic variant thereof,
wherein R is as defined for a compound of formula (Xa); and

Y, R?, R* and R® are as defined for compounds of general formula (1).

In a further aspect of the invention is provided a compound of general formula (Va):

’,

RS ™ V1R4

R2

;s

OH
H
R’ (Va)
or a salt an isotopic variant thereof,
wherein Y' and R" are as above defined for compounds of general formula (Xa);

and R? R*and R°® are as defined for compounds of general formula (la).

In a further aspect of the invention is provided a compound of general formula (V):

’,

RS " V1R4

R2

%

- OH
"R V)

or a salt an isotopic variant thereof,
wherein Y' and R" are as above defined for compounds of general formula (X);

and R? R*and R°® are as defined for compounds of general formula (1).
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In one aspect of the invention is provided a compound of general formula (I11xz):

(lxz)

or a salt an isotopic variant thereof,

wherein X is Cl, Bror I;

wherein R* is C(O)H, C(O)C1.salkyl, C(O)phenyl, C(O)benzyl, phenyl, benzyl, C..4 alkenyl
or SO,CF3; wherein C(O)phenyl, C(O)benzyl, phenyl and benzyl are optionally substituted
with one or more substituents selected from C1.4 alkyl, OC1.4 alkyl, halo, nitro, Cy.4 haloalkyl
and OC1.4 haloalkyl; and wherein Y, R?, R* and R® are as above defined for a compound

of general formula (la).

Suitably, the compound of general formula (lllIxz) is:

(lxz)

or a salt an isotopic variant thereof,

wherein X is Cl, Br or I;

wherein R* is C(O)H, C(O)C1.salkyl, C(O)phenyl, C(O)benzyl, phenyl, benzyl, C..4 alkenyl
or SO,CF3; wherein C(O)phenyl, C(O)benzyl, phenyl and benzyl are optionally substituted
with one or more substituents selected from C1.4 alkyl, OC1.4 alkyl, halo, nitro, Cy.4 haloalkyl
and OC1.4 haloalkyl; and wherein Y, R?, R* and R® are as above defined for a compound

of general formula (la).

In another aspect of the invention is provided a compound of general formula (lllyz):

%,

5 2
R . Y_R4

RZ

0 v~ YOR%
X (Hlyz)
or a salt or an isotopic variant thereof,

wherein X is Cl, Bror |;
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wherein R* is C(O)H, C(O)C1.salkyl, C(O)phenyl, C(O)benzyl, phenyl, benzyl, C..4 alkenyl
or SO,CF3; wherein C(O)phenyl, C(O)benzyl, phenyl and benzyl are optionally substituted
with one or more substituents selected from C1.4 alkyl, OC1.4 alkyl, halo, nitro, Cy.4 haloalkyl
and OC1.4 haloalkyl; and wherein Y, R?, R* and R® are as above defined for a compound

of general formula (la).

Suitably, the compound of general formula (lllyz) is:

,/

R5 - Y_R4

R2

o) =~ SOR%
X (Illyz)

or a salt or an isotopic variant thereof,

wherein X is Cl, Bror I;

wherein R* is C(O)H, C(O)C1.salkyl, C(O)phenyl, C(O)benzyl, phenyl, benzyl, C..4 alkenyl
or SO,CF3; wherein C(O)phenyl, C(O)benzyl, phenyl and benzyl are optionally substituted
with one or more substituents selected from C1.4 alkyl, OC1.4 alkyl, halo, nitro, Cy.4 haloalkyl
and OC1.4 haloalkyl; and wherein Y, R?, R* and R® are as above defined for a compound

of general formula (la).

In one embodiment is provided a mixture of a compound of general formula (llixz) and a
compound of general formula (lllyz). In one embodiment is provided a mixture comprising

a compound of general formula (llIxz) and a compound of general formula (lllyz).

The following embodiments relate to compounds of general formulae (l1a), (1), (lla), (I1),
(Ixa), (Hx), (Hya), (lly), (Ixz), (lyz), (IVa), (IV), (Va), (V), (VIa), (VI), (Xa) and (X) where
applicable, and to methods and intermediates for their preparation as described herein,

unless otherwise stated.

Embodiments relating to individual R groups, Y groups and X groups are envisaged as
being fully combinable with one or more other R groups to form further embodiments of

the invention.

In one embodiment, R? is H. In one embodiment, R? is halo. In one embodiment, R? is OH.
In one embodiment, R? is a protected OH group. In one embodiment, R? is a protected OH
group which is not stable in a basic environment such that treatment with a base converts

the protected OH group to OH. Examples of such groups are well known in the art and
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include a group OC(O)R', wherein R' is a group R as defined above for general formula
(1), and is suitably Ci.s alkyl or benzyl, or C+.¢ alkyl or phenyl. In another embodiment, R?
is a protected OH group which is stable in a basic environment. Examples of such groups
include OSi(R'®)s, where each R'® is independently a group R'® as defined above for
general formula () and general formula (la), and is suitably C+.s alkyl or phenyl. In one
embodiment, Si(R'®); is selected from the group consisting of trimethylsilyl (TMS),
triethylsilyl (TES), triphenylsilyl (TPS), tri-isopropylsilyl (TIPS), thexyldimethylsilyl (TDS),
tert-butyldiphenylsilyl (TBDPS), tert-butyldimethylsilyl (TBDMS or TBS), di-tert-
butylmethylsilyl (DTBMS), diethylisopropylsilyl (DEIPS) and dimethylisopropylsilyl
(DMIPS), in particular TMS, TES, TIPS, TBDMS and TBDPS.

In one embodiment, R? is in the “up” position i.e. is in the beta-configuration.

In one embodiment, Y is a bond.

In one embodiment, for compounds of general formulae (la), (), (lla), (II), (llixa), (I1Ix),
(Ilya), (Ily), (llixz), (lllyz), (IVa) and (IV) Y is a C1.20, C1.12, C1-10, Ci-8, C1.6, Ci-5, C1.4, C13
or Ci.2alkylene or a Caz.12, C2.10, C2.8, C26, C2.5, C2.4, C2.3 or C2 alkenylene linker group either

of which is optionally substituted with one or more groups R® as defined above.

In one embodiment, for compounds of general formulae (Va), (V), (Vla), (VI), (Xa) and (X)
Y is @ Ci.20, C1.12, Ci-10, Cr, Ci6, Cis, Cis, Cr3 Or Co2 alkylene linker group which is

optionally substituted with one or more groups R® as defined above.

In one embodiment, for compounds of general formulae (l1a), (), (lla), (II), (llixa), (I1Ix),
(Iya), (lly), (llixz), (lllyz), (IVa) and (IV) Y is bond, or a Ci.3 alkylene or C..; alkenylene
linker group either of which is optionally substituted with one or more groups R® as defined
above. Suitably Y is a C.3 alkylene or C..3 alkenylene linker group either of which is

optionally substituted with one or more groups R® as defined above.

In one embodiment, for compounds of general formulae (Va), (V), (Vla), (VI), (Xa) and (X)
Y is bond, or a Ci.3 alkylene linker group which is optionally substituted with one or more
groups R? as defined above. Suitably Y is a C1.3 alkylene linker group which is optionally

substituted with one or more groups R® as defined above.

In one embodiment, for compounds of general formulae (la), (), (lla), (II), (llixa), (I1Ix),
(Ilya), (Illy), (lixz), (lllyz), (IVa) and (IV) Y is a bond, -CHz-, -CH>CH>-, -CH=CH- or -
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CH=C(CHj>)-; suitably -CH>-, -CH2,CH>-, -CH=CH- or -CH=C(CH3)-, in particular -CH,CH.-
or -CH=CH-.

In one embodiment, for compounds of general formulae (Va), (V), (Vla), (VI), (Xa) and (X)
Y is a bond, -CHz- or -CH>CH3-; suitably -CHz- or -CH2CH-, in particular -CH>CH..

In one embodiment, for compounds of general formulae (la), (), (lla), (II), (llixa), (I1Ix),
(Iya), (Illy), (llixz), (lllyz), (IVa) and (IV) Y is a bond, an unsubstituted C1.; alkylene group,
a C1.3 alkylene group substituted with OH, or a C1.3 alkenylene group. For example, Y may
be a bond, -CHz-, -CH>CH2-, -CH(OH)-CH>-, -CH=CH- or —CH=C(CHa)-, in particular a
bond, -CHz-, -CH-»-CH»-, —CH=CH- or -CH=C(CHaj)-, especially -CHz-, -CH>-CH>-, —
CH=CH- or -CH=C(CH>)-.

In one embodiment, for compounds of general formulae (Va), (V), (Vla), (VI), (Xa) and (X)
Y is a bond, an unsubstituted C4.3 alkylene group or a C+.3 alkylene group substituted with
OH. For example, Y may be a bond, -CH»-, -CH>CHa-or -CH(OH)-CH>-.

In one embodiment, Y is an Ci.15 alkylene linker, more suitably C1.12, C1.10 or C1.s alkylene
linker and is substituted with an OH group. In this case, the OH group may be separated
from the R* moiety by a single CH. group such that the linker Y is a group Y*-CH(QOH)-CH,
where Y*# is as defined for Y, but is shorter by two carbon atoms. For example, Y may be
-CH(OH)-CHa-.

This Y linker is particularly suitable when R* is CN or R* is CH(XR'")(XR') e.g.
CH(OR™)(OR™) wherein R and R'" are as defined above, but particularly wherein the
XR'" and XR" e.g. OR'® and OR"" groups together with the carbon atom to which they are
attached form a cyclic group, e.g. a cyclic acetal group such as a 1,3-dioxane or 1,3-

dioxolane ring.

In one embodiment, R®is H. In one embodiment, R® is halo. In one embodiment, R® is OH.
In one embodiment, R® is NR®R®, wherein each of R® and R® are suitably independently
selected from H, methyl, ethyl, benzyl and tert-butyoxycarbonyl. In one embodiment, R® is
a protected OH group. In one embodiment, R is a protected OH group which is not stable
in a basic environment such that treatment with a base converts the protected OH group
to OH. Examples of such groups are well known in the art and include a group OC(O)R™",
wherein R' is a group R' as defined above for general formula (la) or (l), and is suitably

C1.6 alkyl or benzyl, or C+.¢ alkyl or phenyl. In another embodiment, R® is a protected OH
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group which is stable in a basic environment. Examples of such groups include OSi(R®)s,
where each R'® is independently a group R as defined above for general formula (la) or
(1), and is suitably C1.s alkyl or phenyl. In one embodiment, Si(R'®); is selected from the
group consisting of trimethylsilyl (TMS), triethylsilyl (TES), triphenylsilyl (TPS), tri-
isopropylsilyl (TIPS), thexyldimethylsilyl (TDS), tert-butyldiphenylsilyl (TBDPS), tert-
butyldimethylsilyl (TBDMS or TBS), di-tert-butylmethylsilyl (DTBMS), diethylisopropylsilyl
(DEIPS) and dimethylisopropylsilyl (DMIPS), in particular TMS, TES, TIPS, TBDMS and
TBDPS.

In one embodiment R® is H, halo, OH, OC(O)R", OSi(R"®)s, or NRER®:
wherein R is C1.s alkyl or phenyl;

each R'® is independently C.¢ alkyl or phenyl; and

each R® and R® is independently H, methyl, ethyl or tert-butoxycarbonyl.

In one embodiment, each R® is independently halo, OR® or NR®R®; wherein each of R® and

R® is independently H or C1.4 alkyl.

In one embodiment, each R® is independently halo, OR® or NR®R®; wherein each of R® and

R® is independently selected from H, methyl or ethyl, especially H or methyl.

In one embodiment, Y and R* together form a =CH, group.

In one embodiment, when present in the R4 moiety, each R'® and R""is independently:

a. hydrogen; or

b. Ci-10 alkyl, Cax.10 alkenyl or Caz.10 alkynyl, any of which is optionally substituted with
one or more substituents as described above; or

C. a 6- to 10- membered aryl or 5- to 10-membered heteroaryl group either of which
is optionally substituted with one or more substituents as described above; or

d. a polyethylene glycol residue; or

e. when R*is CH(XR')(XR™), CH(R')(XR"), NR'"°R" BR'"R" CH[C(O)OR™"), or
CH(BR'™R"),, an R' and an R"" group, together with the atom or atoms to which they are
attached, may combine to form a 3- to 10-membered heterocylic ring, more suitably a 5-

to 6- membered heterocyclic ring.

In one embodiment, each R'® and R'" is independently:
a. hydrogen; or

b. Ci-10 alkyl, Cax.10 alkenyl or Caz.10 alkynyl, any of which is optionally substituted with
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one or more substituents as described above; or

C. a 6- to 10- membered aryl or 5- to 10-membered heteroaryl group either of which
is optionally substituted with one or more substituents as described above; or

d. a polyethylene glycol residue; or

e. when R* is CH(OR'")(OR"), CH(R')(OR""), CH(SR'")(SR""), NR"R"" BR'R,
CH[C(O)OR"™], or CH(BR'R™"),, an R'® and an R"" group, together with the atom or atoms

to which they are attached, may combine to form a 3- to 10-membered heterocylic ring.

Suitably, each R'® and R"" is independently

a. hydrogen; or

b. Ci-10 alkyl, Cz.10 alkenyl or C..10 alkynyl optionally substituted with one or more
substituents as described above; or

C. a 6- to 10-membered aryl group or a 5- to 6-membered heteroaryl group optionally
substituted with one or more substituents as described above; or

e. when R* is C(O)NR'R" or NR'R"" an R'® and an R'' group, together with the
nitrogen to which they are attached, combine to form a pyrrolidine or piperidine ring or
when R* is CH(XR')(XR™), for example CH(OR'")(OR"), the XR™ and XR" group,
together with the carbon atom to which they are attached, combine to form a ring; suitably
X is O and the ring is a 1,3-dioxane or 1,3-dioxolane ring; or when R* is BR'°R", the R
and R groups, together with the boron atom to which they are attached combine to form

a bridged boron-containing ring such as 9-BBN.

Suitably, each R'® and R is independently:

a. hydrogen; or

b. Ci-10 alkyl, Cz.10 alkenyl or C..10 alkynyl optionally substituted with one or more
substituents as described above; or

C. a 6- to 10-membered aryl group optionally substituted with one or more
substituents as described above; or

e. when R* is C(O)NR'R" or NR'R"" an R'® and an R'' group, together with the
nitrogen to which they are attached, combine to form a pyrrolidine or piperidine ring or
when R* is CH(OR')(OR™), the OR' and OR"" group, together with the carbon atom to
which they are attached, combine to form a 1,3-dioxane or 1,3-dioxolane ring; or when R*
is BR'™R'" the R'® and R'! groups, together with the boron atom to which they are attached

combine to form a bridged boron-containing ring such as 9-BBN.

In one embodiment, when R*is NR'°R"" R"%is H or C+.4 alkyl and R is a 5-10 membered
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heteroaryl group such as tetrazole.

Other examples of R* groups include azide and tetrazole.

When R*is OSi(R"®), suitably each R" is independently selected from:

a. Ci-10 alkyl, Cz.10 alkenyl or C..10 alkynyl optionally substituted with one or more
substituents as described above; or

b. a 6- to 10- membered aryl or 5- to 10-membered heteroaryl group optionally

substituted with one or more substituents as described above.

More suitably, each R'® is independently selected from:

a. Ci-10 alkyl, Cz.10 alkenyl or C..10 alkynyl optionally substituted with one or more
substituents as described above; or

b. a 6- to 10- membered aryl group optionally substituted with one or more

substituents as described above.

Still more suitably, each R is independently selected from C+.10 alkyl or phenyl, either of

which is optionally substituted as described above.

In one embodiment, each R is independently selected from C1.¢ alkyl (in particular methyl,

ethyl, isopropyl, tert-butyl, hexyl) and phenyl.

In one embodiment, Si(R"); is selected from the group consisting of trimethylsilyl (TMS),
triethylsilyl (TES), triphenylsilyl (TPS), tri-isopropylsilyl (TIPS), thexyldimethylsilyl (TDS),
tert-butyldiphenylsilyl (TBDPS), tert-butyldimethylsilyl (TBDMS or TBS), di-tert-
butylmethylsilyl (DTBMS), diethylisopropylsilyl (DEIPS) and dimethylisopropylsilyl
(DMIPS), in particular TMS, TES, TIPS, TBDMS and TBDPS.

Suitable substituents for alkyl, alkenyl and alkynyl R'® and R'" groups include halo, NO,
CN, OR'™, SR C(O)OR'®, SO,R'®, SO3R'"®, OSO:R'®, N(R"®),, and a 6- to 10- membered
aryl or 5- to 14-membered heteroaryl group, either of which is optionally substituted with
C1.6 alkyl, C1.6 haloalkyl, halo, NO2, CN, OR'®, SO,R'" SO;R" or N(R'®)2; where R'® is as

defined above.

Similarly, suitable substituents for alkyl, alkenyl and alkynyl R'® groups include halo, NO>,
CN, OR'™, SR C(O)OR'®, SO,R'®, SO3R'"®, OSO:R'®, N(R"®),, and a 6- to 10- membered

aryl or 5- to 14-membered heteroaryl group, either of which is optionally substituted with
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C1.6 alkyl, C1.6 haloalkyl, halo, NO2, CN, OR'®, SO,R'", SO;R" or N(R'®),; where R'® is as

defined above.

More suitable substituents for these R'® and R groups include halo, OR'", C(O)OR'®,
N(R'™),, SO3;R", OSO3;R™ or a 6- to 10-membered aryl group optionally substituted as
described above, and more suitable substituents for these R' groups include halo, OR'®,
C(O)OR™, N(R'™),, SO3R"™, OSO;R' or a 6- to 10-membered aryl group optionally

substituted as described above.

More suitable substituents for these R, R" and R"® groups include halo, C+.4 alkyl, C1.4
haloalkyl, -O-C1.4 alkyl, -O-C+.4 haloalkyl, C(O)OH, SO-OH, -NH(C+.4 alkyl) or -N(C+.4
alkyl)2; for example fluoro, chloro, methyl, ethyl, trifluoromethyl, methoxy, ethoxy,

trifluoromethoxy, C(O)OH, SO-OH, amino, methyl amino and dimethylamino.

More suitable substituents for these R, R" and R"® groups include halo, C+.4 alkyl, C1.4
haloalkyl, -O-C1.4 alkyl, -O-C+.4 haloalkyl, C(O)OH, SO,0OH, -NH>, -NH(C1.4 alkyl) or -N(C:.
4 alkyl)z; for example fluoro, chloro, methyl, ethyl, trifluoromethyl, methoxy, ethoxy,

trifluoromethoxy, C(O)OH, SO-OH, amino, methyl amino and dimethylamino.

Suitable substituents for aryl and heteroaryl R and R'' groups include Ci.s alkyl, Ci.6
haloalkyl, halo, NO2, CN, OR'®, SR'® or N(R"9),.

Similarly, suitable subsitutents for aryl and heteroaryl R'® groups include Ci.s alkyl, Ci.6
haloalkyl, halo, NO2, CN, OR'®, SR'® or N(R"9),.

More suitable substituents for aryl and heteoraryl R'®and R"" groups include C+.4 alkyl, C1.4
haloalkyl, halo, OR" or N(R'),; and similarly, more suitable substituents for aryl and

heteroaryl R'® groups include Ci.4 alkyl, C+1.4 haloalkyl, halo, OR"' or N(R®)..

Particularly suitable substituents for aryl and heteroaryl R'®, R" and R'® groups include
halo, Ci.4 alkyl, C+.4 haloalkyl, -O-Cy.4 alkyl, -O-Ci.4 haloalkyl, -NH(C+.4 alkyl) or -N(C1.4
alkyl)z.

Specific examples of substituents for aryl and heteroaryl R'®, R" and R groups include
fluoro, chloro, methyl, ethyl, trifluoromethyl, methoxy, ethoxy, trifluoromethoxy, amino,

methyl amino and dimethylamino.
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As set out above, with respect to groups R'® and R"', each R'® is independently selected
H, C1.s alkyl, C1.6 haloalkyl, or a 6- to 14- membered aryl or 5- to 14-membered heteroaryl
group either of which is optionally substituted with one or more substituents selected from

halo, C1.6 alkyl and C1.s haloalkyl.

Suitably, R is H, C+.s alkyl, C1.s haloalkyl, or a 6- to 10- membered aryl or 5 to 10-
membered heteroaryl group optionally substituted with one or more substituents selected

from halo, C+.4 alkyl and C+.4 haloalkyl.

More suitably, R'® is hydrogen, C1.s alkyl, C1.s haloalkyl or phenyl optionally substituted

with one or more halo, C+.4 alkyl or C1.4 haloalkyl substituents.

Specific examples of R' include H, methyl, ethyl, trifluoromethyl or phenyl optionally
substituted with one or more substituents selected from fluoro, chloro, methyl, ethyl and

trifluoromethyl.

As set out above, with respect to group R'3, each R'® is independently H, C+.¢ alkyl or C1.6
haloalkyl. In one embodiment, R' is H or C1.¢ alkyl such as Ci.4 alkyl, for example, methyl

or ethyl. Specific examples of R'® include H, methyl, ethyl or trifluoromethy!.

In some particularly suitable compounds of general formula (la)), R* is C(O)OR'®, OR™,
SO3R™, OSO3;R™ halo, CN, azide, OSi(R™); C(O)R"™ NR'®C(O)NR'®SO,R",
NR™C(O)NR'°SO;N R™R'", NR'°SO,R'", CH(XR!)(XR'"), CH[C(O)OR™],, BR'°R'" or
phthalimide.

In some particularly suitable compounds of general formula (la), (l1a), (Ilixa), (lllya), (lllxz),
(Illyz), (IVa), (Va), (Vla) and (Xa) R* is C(O)OR'™, OR™, SO3;R™, OSO;R'" halo, CN,
C(O)R™, CH(XR')(XR'"), CH[C(O)OR™), or BR™R".and each R"™ and R" s
independently H, C+.6 alkyl or benzyl; or,

when R* is CH(XR')(XR") or BR'°R'!, R'® and R'' together with the atom or atoms to
which they are attached, may combine to form a 3- to 10-membered heterocyclic ring; or
R*is C(O)NR'R" wherein each R and R"" is independently substituted with C(O)OR"®,
OR'®, SO;R"®, or OSOzR"® and R is H.

In some particularly suitable compounds of general formula (1), (1), (llIx), (llly), (IV), (V),
(V1) and (X) R*is C(O)OR'?, OR', SO3;R'™, OSO3R" halo, CN, C(O)R', CH(OR"%)(OR"),
CHI[C(O)OR"™], or BR'R"".and each R'® and R"" is independently H, C1.s alkyl or benzyl;
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or,

when R*is CH(OR')(OR™) or BR'’R"", R'"® and R"' together with the atom or atoms to
which they are attached, may combine to form a 3- to 10-membered heterocyclic ring; or
R*is C(O)NR'R" wherein each R and R"" is independently substituted with C(O)OR"®,
OR'®, SO;R'®, or OSO:R"® and R is H.

When R*is CH(XR'")(XR"") and R'® and R"' together with the atom or atoms to which they
are attached combine to form a 3- to 10-membered heterocyclic ring, suitably R* is a 3-5
membered heterocyclic ring, in particular a 5-membered heterocyclic ring e.g. R* is

selected from:

OIS OIS OIS RN RIS &

% ) , , H, H and H , andin particular is
7

o~

When R*is CH(R')(XR'") and R'® and R'" together with the atom or atoms to which they
are attached combine to form a 3- to 10-membered heterocyclic ring, suitably R® is a 3-

membered heterocyclic ring e.g. R* is selected from:

N N P
, and and in particular is .

Alternatively, the compound may be in the form of a salt such that:

R*is C(O)O~, O, SO;7, or OSOs”; or

R* is C(O)NR™R" wherein R and R" are independently substituted with C(O)O~, O",
SO;7, or OSOs7;

and a counter ion is present as described above for basic addition salts.

In one embodiment, R* is C(O)OR'™, OR'®, C(O)NR'®R"", SO;R"°, or OSO;R"°.

In one embodiment, R* is OSi(R")s.

In one embodiment, R* is halo, CN, C(O)R"™ CH(XR'™)(XR'), NR'"R",
BR™R", -CH=CH,, -C=CH, CH[C(O)OR'%), or CH(BR'R™); or Y and R* together form a

=CH: group.

In one embodiment, R* is halo, CN, C(O)R' CH(OR')(OR'), NR'"R",



10

15

20

25

30

35

WO 2017/199039 41 PCT/GB2017/051393

BR™R", -CH=CH,, -C=CH, CH[C(O)OR'), or CH(BR'R™); or Y and R* together form a
=CH: group.

In one embodiment, R* is halo, CN, C(O)R'®, NR'"R"" BR"R™", C(O)CH2N,, -CH=CHz, -
C=CH, CH[C(O)OR™,, CH(BR'R'),  azide, NO. NR'C(O)NR'°SO,R'"
C(O)NR™SO.R", CH(XR™)(XR™"), CH(R'")(XR"") wherein each X is independently O, S
or NR&.

When R* is CH(XR'®)(XR"), X is suitably O or S, e.g. O. In such compounds, when R
and R combine to form a ring, it is suitably a 5- or 6-membered ring. More suitably, both

X moieties are O and R'® and R"" form a 1,3-dioxane or 1,3-dioxolane ring.

When R*is CH(R')(XR™), X is suitably O or S, e.g. O.

In one embodiment, R* is a carboxylic acid mimetic group.

In one embodiment, R* is a carboxylic acid mimetic group selected from tetrazole,
substituted tetrazole, -SO.-NHR'®, C(O)NH-SO,R"® and NHC(O)NH-SO.R';

wherein R' is as above defined for a compound of general formulae (la) or (l) and is
suitably H, Ci.s alkyl, Cs7 cycloalkyl or 6- to 14- membered aryl (e.g. phenyl). Suitably,
substituted tetrazole is tetrazole substituted with Cq.4 alkyl, halo, OH, O(C+.4 alkyl) or
SO:R" (e.g. SO2(C1.4 alkyl), SOz-phenyl or SO-tolyl).

When R* is a carboxylic acid mimetic group, it is suitably a tetrazolyl group, for example

tetrazol-1-yl or tetrazol-5-yl.

In one embodiment, R* is halo, CN, C(O)R'™, CH(XR')(XR"), CH=CH,,
-C=CH, CHI[C(O)OR"],, BR™R" or Y and R* together form a =CH_ group.

In one embodiment, R* is halo, CN, C(O)R' CH(OR')(OR'), CH=CHo,,
-C=CH, CHI[C(O)OR"],, BR™R" or Y and R* together form a =CH_ group.

Suitably, R* is C(O)OR'®, C(O)NR'°R'", SOsR°, or OSO3R°.

More suitably, R* is C(O)OR', SO;R™, or OSO3R" and R'® is H; or
R*is C(O)NR'"R" substituted with C(O)OR'®, SO;R'®, or OSO;R'® and R'® is H.
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In other particularly suitable compounds R* is halo, CN, C(O)R', CH(OR')(OR™),
NR'™R'", CH[C(O)OR°], or azide;

where R'® and R"" are as described above but are suitably each independently H or C1.10
alkyl, Cz.10 alkenyl or C..1o alkynyl optionally substituted as described above or, when R* is
NR'™R™" R'™ may also suitably be a heteroaryl group such as tetrazole; or when R* is
CH(OR™)(OR™), the OR'" and OR"" groups together with the carbon atom to which they
are attached may form a cyclic acetal group, particularly a 1,3-dioxane or 1,3-dioxolane

group.

In still other particularly suitable compounds R* is NR'™C(O)NR'SO.R'"" or
C(O)NR'™SO.R", where R and R'" are as described above but are suitably each
independently H or Ci.10 alkyl, Cz.10 alkenyl or C..1o alkynyl optionally substituted as

described above.

In one embodiment, R* is C(O)OR'™, OC(O)R'®, C(O)NR'"R" OR", OSi(R")3, S(O)R™,
SO2R™, OSO;R™ SO;R™, OSO;R™, halo, CN, C(O)R'™ NR'R" C(O)CHzN,
CH[C(O)OR'),, azide, NO2, NR™C(O)NR'"SO.R", C(O)NRSO,R"", CH(XR")(XR"),

CH(R')(XR") or a carboxylic acid mimetic group such as tetrazole.

In another embodiment, R* is C(O)OR'", OC(O)R', C(O)NR™R™", OR' OSi(R")s,
S(O)R™, SO,R™, OSO:R™, SO3;R™, OSO3;R'™, halo, CN, C(O)R', CH(OR'")(OR"),
CH(R'®)(OR™), CH(SR'®)(SR'), NR'R'" C(O)CH:N;, CH[C(O)OR'),, azide or a

carboxylic acid mimetic group such as tetrazole.

In one embodiment, R* is C(O)OR'®, CONR™R"", OSO,R'"’, OSO;R"°, CN, azide, OR',
OSi(R™)3, CH[C(O)OR"],, CH(OR™)(OR"), NR'™®CONR"SO,R" and NR'"’SO,R"" and

tetrazole.

In one embodiment, R* is C(O)OR'®, OC(O)R'®, OR'", OSi(R")s, OSO:R'", halo, CN,
C(O)R™, NR'™R', CH[(C(O)OR)],, azide, C(O)NR'°SO;R' CH(XR')(XR"):

phthalimide, tetrazole or substituted tetrazole.
Other examples of R* groups include azide and tetrazole.
In one embodiment, R® is H. In one embodiment, R® is OH. In one embodiment, R® is a

protected OH group. In one embodiment, R® is a protected OH group which is not stable

in a basic environment such that treatment with a base converts the protected OH group
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to OH. Examples of such groups are well known in the art and include a group OC(O)R™
as defined above in which R is a group R'® as defined above for general formula (Ia) or
formula (1). Particularly suitable R'* groups are as defined for R'® above and include Ci.¢
alkyl such as methyl, or benzyl, or Cis alkyl such as methyl, or phenyl. In another
embodiment, R® is a protected OH group which is stable in a basic environment. Examples
of such groups are well known in the art and include OSi(R'®)s;, where each R'® is
independently a group R'™ as defined above for general formulae (la) and (I), and is
suitably C+.¢ alkyl or phenyl. In one embodiment, Si(R'®); is selected from the group
consisting of trimethylsilyl (TMS), triethylsilyl (TES), triphenylsilyl (TPS), tri-isopropylsilyl
(TIPS), thexyldimethylsilyl (TDS), tert-butyldiphenylsilyl (TBDPS), tert-butyldimethylsilyl
(TBDMS or TBS), di-tert-butylmethylsilyl (DTBMS), diethylisopropylsilyl (DEIPS) and
dimethylisopropylsilyl (DMIPS), in particular TMS, TES, TIPS, TBDMS and TBDPS.

In one aspect of the invention is provided a compound of general formula (la) or (I) selected
from:

(6B, 7B, 22E)-6,7-epoxy-3-0x0-4,22-choladien-24-oic acid ethyl ester (Example 1);

(6B, 7B, 20S)-6,7-epoxy-3-0x0-4,22-choladien-24-oic acid ethyl ester (Example 5);

(6B, 7B, 20S)-6,7-epoxy-20-hydroxymethyl-pregna-4-en-3-one (Example 41);

(6B, 7B, 20S)-6,7-epoxy-20-bromomethyl-pregna-4-en-3-one (Example 42);
(20S)-methanesulfonyloxymethyl-6,7-B-epoxy-4-pregnen-3-one (Example 43);
(20R)-cyanomethyl-6,7-p-epoxy-4-pregnen-3-one (Example 44);
(20S)-20-acetoxymethyl-6,7-B-epoxy-pregna-4-en-3-one (Example 45);

(6B, 7B, 20S)-6,7-epoxy-20-tert-butyldiphenylsiloxymethyl-pregna-4-en-3-one (Example
46);

(6B, 7B, 20S)-6,7-epoxy-20-azidomethyl-pregna-4-en-3-one (Example 47);

(6B, 7B, 20S)-6,7-epoxy-20-(N-phthalimidomethyl)-pregna-4,6-dien-3-one (Example 48);
(6B, 7B, 20S)-6,7-epoxy-20-formyl-pregna-4-en-3-one (Example 49);

(6B, 7B, 20S)-6,7-epoxy-20-(ethylenedioxymethyl)-pregna-4-en-3-one (Example 50); and
(6B, 7B)-6,7-epoxy-3-0x0-4-cholen-23-carboxy-24-oic acid dimethyl ester (Example 51);

or a salt or isotopic variant thereof.
Preparation of compounds of general formula (la) and (l)

The epoxidation of dienone (lIA) using meta-chloroperoxybenzoic acid (mCPBA) or
magnesium monoperoxyphthalate (MMPP) is described by Uekawa et al. in Biosci.
Biotechnol. Biochem. 2004, 68, 1332-1337 (incorporated herein by reference) and is said

to yield the alpha-epoxide, as shown in Scheme 1.
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Scheme 1: Uekawa conditions

N\ CO,Et T\_CO,Et

epoxidation

(I1A) alpha-epoxide
Starting from this alpha-epoxide, the present inventors have developed processes and
intermediates for synthesizing obeticholic acid and analogues thereof as described in
patent applications Nos. PCT/GB2015/053516 (W02016/079517), PCT/GB2015/053517
(W02016/079518), PCT/GB2015/053518 (W0O2016/079519) and PCT/GB2015/053519

(W02016/079520) (all incorporated herein by reference).

The present inventors have now devised an alternative route to obeticholic acid and its

analogues utilising the corresponding beta-epoxide.

The inventors investigated further conditions for the epoxidation of compound (II1A) with a
view to forming the beta-epoxide, but found that peroxides (such as mCPBA or MMPP —
varying the conditions described in Uekawa et al.), dimethyldioxirane (DMDO) and other
substituted dioxiranes as well as reactions promoted by various catalysts such as MTO or
Mn(ll) salts, all produced the alpha-epoxide as a major diasterecisomer. The beta epoxide

was observed, but typically in only less than 15% yield.

It is known that epoxides may be formed via reaction of an alkene to form a halohydrin,
which then undergoes an intramolecular ring closing reaction upon treatment with a base
to form an epoxide. Such a reaction is described by Draper, R. W. in J. Chem. Soc. Perkin
Trans. I, 1983, 2781-2786 (incorporated herein by reference) wherein a 4,6-diene-3-one
steroid molecule was reacted with chromyl chloride to form (as a sole product) the 6§3-

chloro,7a-hydrin:

10AC

However, when treated with base this compound would form the alpha (down) epoxide.
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The present inventors were therefore surprised to find that by reacting a compound of
formula (Il) with inexpensive and readily available trichloroisocyanuric acid (TCCA)
(literature describing use of TCCA: J. Braz. Chem. Soc. 2002, 13 (5), 700-703; Org. Proc.
Res. Dev. 2002, 6 (4), 384-393 incorporated herein by reference) the beta-epoxide could
be accessed in 40% yield via forming the 6,7-halohydrin compound (l11xA) or (lllyA).

\ \ 7\

cot CO,Et CO,Et

o o) ‘el o ~"“OH
OH Cl

(I1A) (llxA) (lllyA)
This reaction is described in Example 1.

The halohydrin compound (llIxA) or (IllyA) was then cyclized to form the desired beta-
epoxide (lA) using a base, 1,8-diazabicycloundec-7-ene (DBU) in 50 % yield. This reaction

is described in Example 2.

It should be noted that for the cyclisation reaction to form compound (lA) it is not necessary
to identify whether (llIxA) or (lllyA) was formed, since both compounds will cyclise under

basic conditions to form the same compound (IA).

Thus, in one aspect of the invention is provided a process for preparing a compound of

general formula (la) comprising the steps of:

(A) reacting a compound of general formula (Ila) with a halogenating agent to give a

compound of general formula (llIxa) and/or a compound of general formula (lllya):

RS "y R® 0 y-R
R2
R — = and/or
0 <" OH
° X
(la) (Hlxa) (Hllya)

wherein X is Cl, Bror I;

and wherein Y, R? R* and R°® are as defined for a compound of general formula (la);

and

(B) reacting a compound of general formula (llixa) and/or a compound of general

formula (lllya) with a base to form a compound of general formula (la):
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46
F\’5 Y_R4 5
R Y_R4
R2 R2
and/or E—
o} : OH
x ° 0
(Il1xa) (Illya) (Ia)

wherein X is Cl, Br or I;

and wherein Y, R? R* and R°® are as defined for a compound of general formula (la).

In another aspect of the invention is provided a process for preparing a compound of

general formula () comprising the steps of:

(A) reacting a compound of general formula (1) with trichloroisocyanuric acid (TCCA),
tribromoisocyanuric acid (TBCA), triiodoisocyanuric acid (TICA), 1,3-dichloro-5,5-
dimethylhydantoin (DCDMH), 1,3-dibromo-5,5-dimethylhydantoin (DBDMH), or 1,3-
diiodo-5,5-dimethylhydantoin (DIDMH) to give a compound of general formula (llIx) and/or

a compound of general formula (llly):

5 %,
R —Y _R4

’,

R5 ‘. Y _R4

RZ

RZ — = and/or

o} ; OH

(I (Il1x) (lly)

wherein X is Cl, Br or I;

and wherein Y, R? R* and R°® are as defined for a compound of general formula (1);

and

(B) reacting a compound of general formula (lllx) and/or a compound of general

formula (llly) with a base to form a compound of general formula (1):

- Li;‘\‘:g JA/;'(S)Q:Q

(111x) (Iy) )

wherein X is Cl, Br or I;

and wherein Y, R? R* and R°® are as defined for a compound of general formula (1).

Suitably, step (B) is carried out using crude halohydrin intermediates obtained from step
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(A) without further purification.

Thus, in one aspect of the invention is provided a process for preparing a compound of
general formula (la) comprising:

reacting a compound of general formula (lla) with a halogenating agent followed by
reaction with base to give a compound of general formula (la):

R® " y_Ré R YR
R2

RZE =

0 0
(Ila) (Ia)
wherein Y, R? R* and R® are as defined for a compound of general formula (la) and

halogenating agent is as defined above.

In another aspect of the invention is provided a process for preparing a compound of
general formula () comprising:

reacting a compound of general formula (ll) with trichloroisocyanuric acid (TCCA),
tribromoisocyanuric acid (TBCA), triiodoisocyanuric acid (TICA), 1,3-dichloro-5,5-
dimethylhydantoin (DCDMH), 1,3-dibromo-5,5-dimethylhydantoin (DBDMH), or 1,3-
diiodo-5,5-dimethylhydantoin (DIDMH) followed by reaction with base to give a compound
of general formula (l):

,/

RS YR

R2

(I (1)

wherein Y, R? R* and R°® are as defined for a compound of general formula (1).

References to step (A) and step (B) below apply whether the halohydrin intermediates are

isolated and purified, or not.

Suitable halogenating agents are those capable of forming “positive halogen” and include,
but are not limited to: Br,, Cl, |2, N-bromosuccinimide (NBS), N-chlorosuccinimide (NCS),
N-iodosuccinimide (NIS), chloramine-T  (tosylchloramide), tert-butylhypochlorite,
trichloroisocyanuric acid (TCCA), tribromoisocyanuric acid (TBCA), triiodoisocyanuric acid
(TICA), 1,3-dichloro-5,5-dimethylhydantoin (DCDMH), 1,3-dibromo-5,5-dimethylhydantoin
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(DBDMH), or 1,3-diiodo-5,5-dimethylhydantoin (DIDMH).

Suitable halogenating agents also include reagents where Br,, Cl, or I, are generated in
situ, for example di-tert-butyl peroxide with TiCls; Ca(OCI). with NaCl in AcOH; or TMSCI
with HzOz.

Thus, in one embodiment, the halogenating agent is selected from Brz, Clz, I, NBS, NCS,
NIS, chloramine-T, tert-butylhypochlorite, TCCA, TBCA, TICA, DCDMH, DBDMH, DIDMH,
di-tert-butyl peroxide with TiCls, Ca(OCl), with NaCl in AcOH; or TMSCI with H2O5. In
particular, the halogenating agent is selected from NBS, NCS, NIS, chloramine-T, TCCA,
TBCA, TICA, DCDMH, DBDMH and DIDMH, for example, the halogenating agent is
selected from TCCA, TBCA, TICA, DCDMH, DBDMH and DIDMH e.q. is selected from
TCCA and tert-butylhypochlorite, in particular TCCA.

Tribromoisocyanuric acid (TBCA) and triiodoisocyanuric acid (TICA) are equivalents of

trichloroisocyanuric acid (TCCA), and have the following structure:

X

O N._O  X=CI(TCCA)

Y'Y Br (TBCA)

X,N\n/N\X | (TICA)
O

1,3-Dichloro-5,5-dimethylhydantoin (DCDMH), 1,3-dibromo-5,5-dimethylhydantoin
(DBDMH), and 1,3-diiodo-5,5-dimethylhydantoin (DIDMH) have the following structure:

X
© N>:O X=C| (DCDMH)
HiC—mpy Br ((DBDMH)

HC Y | (DIDMH)

In step (A), suitably the compound of general formula () is reacted with TCCA, TBCA or
TICA, especially TCCA.

In one embodiment, in step (A) the compound of general formula (ll) is reacted with TCCA,
TBCA, TICA or tert-butylhypochlorite, especially TCCA or tert-butylhypochlorite, in
particular TCCA.

Suitably, 0.1-2.2 equivalents of halogenating agent are used, for example 0.2-1.5, 0.2-0.9,

0.2-0.6 or about 0.4 equivalents. Thus, in one embodiment, in step (A), 0.1-2.2 equivalents
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of halogenating agent are used, for example 0.2-1.5, 0.2-0.9, 0.2-0.6 or about 0.4

equivalents

In step (A), typically 0.1-2.2 equivalents of halogenating agent e.g. TCCA, TBCA, TICA,
DCDMH, DBDMH or DIDMH, are used, for example 0.1-0.9, 0.2-0.6 or about 0.4

equivalents.

The reaction is suitably carried out in an organic solvent such as acetone, DMF, MeCN or
CH2Cl> which may optionally be mixed with a co-solvent such as water and/or an additive
such as MeSOzH or benzoic acid. Other suitable organic solvents include THF, t-butyl
alcohol, acetic acid, dioxane, DMSO and formic acid. In one embodiment, the reaction is
carried out in a solvent selected from acetone, DMF, MeCN or CHCl,, THF, t-butyl alcohol,
acetic acid, dioxane, DMSO, formic acid and water, and mixtures thereof. In one
embodiment, the reaction solvent is a mixture of acetone and water. In one embodiment,
the reaction solvent is neat formic acid. In one embodiment, the reaction solvent is neat

acetic acid. In one embodiment, the reaction solvent comprises formic acid or acetic acid.

In one embodiment, the reaction is carried out in the presence of HOC(O)R*, HORY, or
HSO:R? wherein R*is H, Ci.4 alkyl (e.g. methyl or ethyl), phenyl or benzyl; RY is phenyl,
benzyl or C».4 alkenyl (e.g. allyl); and R? is CF3 wherein phenyl and benzyl are optionally
substituted with one or more substituents selected from Ci.4 alkyl, OC1.4 alkyl, halo, nitro,
Ci.4 haloalkyl and OC1.4 haloalkyl. In one embodiment, HOR*, HORY or HSO3R* may be
present as an additive in the reaction (suitably in the absence of water and in the presence
of an aprotic solvent). In another embodiment, HOR*, HORY or HSO3R? is present as the

reaction solvent itself.

In embodiments where the reaction is carried out in the presence of HOC(O)R*, HORY, or
HSO;R?* as above defined, in the absence of water or a protic solvent, intermediate
compounds of formula (llixz) and/or intermediate compounds of formula (lllyz) (as
hereinabove defined) will be formed following treatment of the compound of formula (lla)
or (I) with halogenating agent. In circumstances where group R* is not base labile, the
process to form the compound of formula (1a) or (I) further includes an additional step of
removal of the R*° group prior to treatment with base. For example, where OR* is Oallyl
(formed by reaction of HORY wherein RY is allyl), the allyl group may be removed by
treatment with PdCl,. Such steps to remove group R*® are in effect deprotection steps and
are well to those of skill in the art (see Wuts, PGM and Greene, TW (2006) “Greene’s
Protective Groups in Organic Synthesis”, 4" Edition, John Wiley & Sons, Inc., Hoboken,
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NJ, USA, incorporated herein by reference). A further example of such a deprotection step
is where OR*® is OPMB (PMB = paramethoxybenzyl, formed by reaction of HORY wherein
RY is paramethoxybenzyl), and the PMB group may be removed using DDQ (2,3-dichloro-

5,6-dicyano-p-benzoquinone).

Suitably the reaction is carried out at a temperature of between —40 °C and 50 °C, e.g.
between 0 °C and room temperature (e.g. 18 °C), or at 0 °C, or at room temperature (e.g.
at 18 °C).

In one embodiment, step (A) is the reaction of a compound of general formula (lla) or a
compound of general formula (Il) with a halogenating agent e.g. TCCA, TBCA, TICA,
DCDMH, DBDMH or DIDMH to give a compound of general formula (llIxa) or a compound
of formula (ll1x), respectively. In one embodiment, step (A) is the reaction of a compound
of formula (I1a) or a compound of formula (Il) with a halogenating agent e.g. TCCA, TBCA,
TICA, DCDMH, DBDMH or DIDMH to give a compound of general formula (lllyx) or a
compound of formula (llly), respectively. In one embodiment, step (A) is the reaction of a
compound of formula (Ila) a compound of formula () with a halogenating agent e.g. TCCA,
TBCA, TICA, DCDMH, DBDMH or DIDMH to give a mixture of a compound of general
formula (llixa) and a compound of general formula (lllya), or a mixture of a compound of

general formula (llIx) and a compound of general formula (llly), respectively.

In step (B), suitable bases include but are not limited to KOH, NaOH, NaOMe, NaOEt,
NaCOs, K.COs and non-nucleophilic bases such as N,N-diisopropylethylamine (DIPEA),
1,8-diazabicycloundec-7-ene (DBU), and 2,6-di-tert-butylpyridine. Suitably, DBU is in
CH.Clz, NaOEt is in THF and K>COs is in EtOH or MeOH. Suitable bases would be well
known to the skilled person. In one embodiment, the base is DBU. Suitably 1-2 equivalents

such as about 1.5 equivalents of base are used in the reaction.

In one embodiment, step (B) is the reaction of a compound of general formula (llIxa) or a
compound of formula (llIx) with a base to give a compound of general formula (la) or a
compound of general formula (1), respectively. In one embodiment, step (B) is the reaction
of a compound of formula (lllya) or a compound of formula (llly) with a base to give a
compound of general formula (la) or a compound of formula (I), respectively. In one
embodiment, step (B) is the reaction of a mixture of a compound of formula (llIxa) and a
compound of formula (lllya), or a mixture of a compound of formula (ll1x) and a compound
of formula (llly), with a base to give a compound of general formula (la) or a compound of

formula (1), respectively.



10

15

20

25

30

WO 2017/199039 51 PCT/GB2017/051393

The reaction is suitably carried out in an organic solvent such as acetone, DMF, MeCN or
CH2Cl> which may optionally be mixed with a co-solvent such as water and/or an additive
such as MeSOzH or benzoic acid. Other suitable organic solvents include THF, t-butyl
alcohol, acetic acid, dioxane, DMSO, formic acid. In one embodiment, the reaction is
carried out in a solvent selected from acetone, DMF, MeCN or CHCl,, THF, t-butyl alcohol,
acetic acid, dioxane, DMSO, formic acid and water, and mixtures thereof. In one
embodiment the reaction solvent is a mixture of acetone and water. In one embodiment,
the reaction solvent is neat formic acid. In one embodiment, the reaction solvent is neat
acetic acid. Suitably the reaction is carried out at a temperature of between —40 °C and
50 °C, e.g. between 0 °C and room temperature (e.g. 18 °C), or at 0 °C, or at room

temperature (e.g. at 18 °C).

In one embodiment, is provided a process for preparing a compound of general formula
(1) comprising:

reacting a compound of general formula (Il) with trichloroisocyanuric acid (TCCA) or tert-
butylhypochlorite, or DBDMH (in particular trichloroisocyanuric acid (TCCA) or tert-

butylhypochlorite) followed by reaction with base to give a compound of general formula
(1):

//

R® " y-RS

RZ

(11 Q)
wherein Y, R?, R* and R°® are as defined for a compound of general formula (1),
wherein the reaction is carried out in a solvent selected from acetone, water, formic acid,
acetic acid and mixtures thereof, in particular a mixture of acetone and water, neat formic

acid or neat acetic acid.

In this embodiment, prior to reaction with base the halohydrin intermediate(s) is/are

isolated but are not purified.

This process for forming the beta-epoxide, in at least some embodiments, is expected to
have one or more advantages of:
e good regio- and stereo-selectivity;

e simplified procedure;
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e |ow cost.

Preparation of compounds of general formula (lla) and (ll)

Compounds of general formula (Ila) or compounds of general formula (II) may be prepared
from compounds of general formula (VIla) or from compounds of general formula (VII),
respectively:

,I

5 .
R . Y_R4

R2

o (Vhay/(vi)
wherein Y, R% R* and R® and are as defined above for general formula (la) (for formula
(Vlla)) or are as above defined for general formula (1) (for formula (VII));

by reaction with an oxidizing agent such as chloranil.

The reaction may be carried out under acidic conditions, for example in the presence of

acetic acid, and in an organic solvent such as toluene.

Some compounds of general formulae (l1a), (Il), (Vlla) and (VIIl) are known. For example
Uekawa et al. in Biosci. Biotechnol. Biochem., 2004, 68, 1332-1337 (incorporated herein
by reference) describe the synthesis of (22E)-3-0x0-4,22-choladien-24-oic acid ethyl ester
(compound (VIIA)) from stigmasterol followed by its conversion to (22E)-3-0x0-4,6,22-
cholatrien-24-oic acid ethyl ester (referred to herein as compound (llA)), which has the

formula:

N\ CO,Et

o (I1A)

Other compounds of general formulae (lla), (), (Vlla), and (VIl) may be prepared by
analogous methods from phytosterols similar to stigmasterol. Stigmasterol and other
phytosterols are plant sterols and are readily available or may be prepared by known

routes.

HO stigmasterol
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Compounds of general formula (Vlla) or compounds of general formula (VII) may also be
prepared from compounds of general formula (Vllla) or from compounds of general

formula (VIII), respectively:

,I

5 .
R . Y_R4

R2

Br " (Villa)/(VII)

wherein Y, R? R* and R® are as defined in general formula (la) (for formula (Vllla)) or are
as defined in general formula (l) (for formula (VIII));

by reaction with lithium bromide and a base such as lithium carbonate. The reaction may
be carried out in a solvent such as N,N-dimethylformamide (DMF) and at a temperature of
about 120 to 180 °C. Such a reaction is described in Example 10 of patent application No.
WO02016/079517 (incorporated herein by reference).

Compounds of general formula (Vllla) or compounds of general formula (VIIl) may be
obtained by bromination of a compound of general formula (IXa), or by bromination of a

compound of general formula (1X), respectively:

RS - Y_R4

R2

o (1Xa)/(1X)
wherein Y, R? R*and R® are as defined in general formula (1) (for formula (IXa)) or are as
defined in general formula (la) (for formula (1X));
using, for example bromine in acetic acid. Such a reaction is described in Example 9 of

patent application No. W0O2016/079517 (incorporated herein by reference).

Compounds of general formula (IXa) or compounds of general formula (IX) may be
prepared from compounds of general formula (Xla) or from compounds of general formula

(XI), respectively:

5 .
R —VY—-R*

R2

HO™ (Xla)/(XI)
wherein Y, R? R* and R® are as defined in general formula (la) (for formula (Xla)) or are

as defined in general formula (I) (for formula (XI));
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by oxidation, typically with a chromium-based oxidizing agent or with sodium hypochlorite.
Such a reaction is described in Example 8 of patent application No. W02016/079517

(incorporated herein by reference).

Compounds of general formula (IXa) and compounds of general formula (IX) in which R*
is C(O)OR'™, where R is C1.¢ alkyl or benzyl, or C1.s alkyl or phenyl, may be prepared
from compounds of general formula (IXa) and from compounds of general formula (1X),
respectively, in which R* is C(O)OH by esterification, typically by reaction with an

appropriate alcohol under acidic conditions.

Compounds of general formula (Xla) and compounds of general formula (XI) in which R*
is C(O)OH and R® is H may be prepared from compounds of general formula (Xlla) and

from compounds of general formula (XII), respectively:

O . Y_R4

RZ

12RO™ (Xlla)/(XIl)
wherein R? and Y are as defined in general formula (la) (for formula (XlIla)) and are as
defined in general formula (1) (for formula (XII));
R*is C(O)OR", where R’ is C+.¢ alkyl or benzyl; and
OR"2is a protected OH;
by reaction with a reducing agent, typically hydrazine, under basic conditions and in an

alcoholic or glycolic solvent, for example diethylene glycol.

Where OR'2 is a protected OH group which is stable under basic conditions, the reaction

may be followed by a reaction to remove the protecting group R'2 to leave an OH group.

Protecting groups for OH are discussed above and, for example, R'> may be a group
C(O)R™, where R is as defined above, in particular, Ci.s alkyl or benzyl; or C1. alkyl or
phenyl. Silyl ethers are also suitable, and in this case, R'?> may be a group Si(R'®)s, where
each R is independently a group R'™ as defined above but is especially C1.¢ alkyl or
phenyl. Other suitable protecting groups for OH are well known to those of skill in the art
(see Wuts, PGM and Greene, TW (2006) “Greene’s Protective Groups in Organic
Synthesis”, 4" Edition, John Wiley & Sons, Inc., Hoboken, NJ, USA, incorporated herein

by reference).



10

15

20

25

30

WO 2017/199039 55 PCT/GB2017/051393

Particularly suitable R'? groups include groups which are not stable in the presence of a
base since this removes the need for the additional step of removing the protecting group.
An example of a group R'? which is not stable in basic conditions is a group C(O)R",

where R'*is as defined above, and is particularly C+.s alkyl or benzyl, or C+.s alkyl or phenyl.

Alternatively, the reaction may be carried out in 2 steps such that the compound of general
formula (Xlla) or a compound of formula (XIl) is reacted with a compound of general
formula (XXXII):

R2°-NH-NH; (XXXII)
wherein R? is a leaving group such as toluene sulfonyl or methane sulfonyl;

to give a compound of general formula (XXXllla) or a compound of general formula

(XXXIII), respectively:

ZT

R2

2RO (XXXIIa)/(XXXIII)
wherein R? and Y are as defined in general formula (la);
R* and R'2 are as defined for general formula (Xlla); and
R0 is as defined for general formula (XXXI1); (all for formula (XXXllla)); or
wherein R? and Y are as defined in general formula (1);
R* and R'? are as defined for general formula (VI1); and
R?° is as defined for general formula (XXXII) (all for formula (XXXIII));
followed by reduction with a suitable reducing agent. Examples of reducing agents which
can be used in this reaction include hydrides such as sodium borohydride, sodium
cyanoborohydride, lithium aluminum hydride etc. In general formula (XXXllla) and in
general formula (XXXIII) R? is as defined above for compounds of general formula (XXXII)
and Y, R?, R* and R'? are as defined above for compounds of general formula (Xlla) and

for compounds of general formula (XII), respectively.

Compounds of general formula (Xlla) or compounds of general formula (XIl) may be
prepared from compounds of general formula (Xllla) or from compounds of general

formula (XIII), respectively:
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12RO (XH1a)/(XI1)
wherein R? and Y are as defined in general formula (Ia) (for formula (Xllla)) or are as
defined in general formula (1) (for formula (XII1));
R*is C(O)OR", where R’ is C+.¢ alkyl or benzyl; and
R'2 is as defined above for general formula (Xlla) (for formula (Xllla)) or is as defined
above for general formula (XXII) (for formula (XIlI); and is suitably -C(O)C.s alkyl;
by reaction with an oxidizing agent, for example sodium hypochlorite. Such a reaction is
described in Example 5 of patent application No. W0O2016/079517 (incorporated herein by

reference).

The reaction may be carried out under acidic conditions, for example in the presence of

acetic acid, and in an organic solvent such as ethyl acetate.

Compounds of general formula (Xllla) or compounds of general formula (XIIl) may be
prepared from compounds of general formula (XIVa) or from compounds of general

formula (XIV), respectively:

HO™ (XIVa)/(XIV)

wherein R? and Y are as defined in general formula (la) (for formula (XIVa)) or are as
defined in general formula (1) (for formula (XIV));

R*is C(O)OR'® where R'® is C1. alkyl or benzyl;

by reaction with an agent suitable to introduce the protecting group R'2. For example,
when R'? is C(O)R", the compound of general formula (XIXa) or the compound of general
formula (XIX) may be reacted with a carboxylic acid anhydride or an acid chloride in the
presence of a weak base such as pyridine, suitably catalysed by 4-dimethylaminopyridine
(DMAP). The reaction may be conducted in a solvent such as ethyl acetate. Such a
reaction is described in Example 5 of patent application No. WO02016/079517

(incorporated herein by reference).

Compounds of general formula (XIVa) or compounds of general formula (XIV) may be

prepared by the esterification of compounds of general formula (XVa) or of compounds of
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57
general formula (XV), respectively:
OH ™ Y—/<O
OH
R2
HO™ (XVa)/(XV)

wherein R? and Y are as defined in general formula (1a) and general formula (1).

The esterification reaction may be carried out by reacting the acid of general formula (XVa)
or of general formula (XV) with a suitable alcohol under acidic conditions. Such a reaction
is described in Example 5 of patent application No. PCT/GB2015/053516 (incorporated

herein by reference).

Compounds of general formula (XVa) and of general formula (XV) are known. For
example, the compound of general formula (XVa) or of general formula (XV) in which Y is
—CH,CH>- and R? is H is deoxycholic acid (referred to herein as compound (XVA)), which

is readily available from a number of sources.

deoxycholic acid (XVA)

An alternative route to compounds of general formula (Vlla) and to compounds of general
formula (VI1) in which the group at the R* position is an ester is as shown in Scheme 2 in
which 4-androstenedione is converted to a compound of general formula (Vlla) or of
general formula (VII) in which R? and R® are H; R*is -C(O)OCH; and Y is either -CH.CH-
or -CH=CH-.
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Scheme 2
2 2 EtPPh,Br )
TsOH tBUOK
—_— - _—
EtOH THF, A
o EtO EtO

4-androstenedione
Pelliccari et al, Steroids, 2012, 77, 250
HCI
THF

N\ CO,Me )
Me,AICI
Methyl propiolate
o o

Dauben and Brookhart
J. Am. Chem. Soc., 1981, 103, 237

Pd/BaSO, H,

N\_co,Me CO,Me
and/or
(0] (0]
Marker et al, J. Am. Chem. Soc., 1940, 62, 2537

Other compounds with different values for Y and R? can be used as alternative starting

5 materials.

An alternative route to compounds of general formula (lla) and to compounds of general
formula (I) in which Y is an alkenylene group is by use of an olefination reaction, for
example a Horner-Wadsworth-Emmons (HWE) olefination of a compound of general

10 formula (XVla) or of a compound of general formula (XVI), respectively:

(XVIa)/(XVI)
wherein R? and R® are as defined for general formula (la) and for general formula (1);

using a compound of general formula (XVII):

11
RO-P 10
1R3 OR™ (xviy
15  wherein R is as defined for general formula (1).
The reaction may be carried out under standard HWE conditions, for example using a base

such as sodium hydride.
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Alternatively, an HWE olefination may be used to convert a compound of formula (XI),
(IX), (VII), (VII) and (I1).in which R* is C(O)H to a compound in which Y is an alkenylene

group.

Compounds of general formula (XVII) are readily available or may be prepared by methods

known to those of skill in the art.

Other olefination reactions, such as Tebbe olefination, Wittig type olefination or a Julia-
Kocienski olefination, would also give rise to compounds of general formula (lla) and to
compounds of formula (I) in which Y is an alkenylene group. These olefination reactions

are familiar to a chemist of skill in the art.

Compounds of general formula (XVla) or compounds of general formuala (XVI) may be
prepared by reaction of a compound of general formula (XVIlla) or a compound of general
formula (XVIII), respectively, with ozone

R15

(XVIla)/(XVI)

wherein R? and R® are as defined for general formula (la) and for general formula (I) and
R'®is C1.6 alkyl.

An example of a reaction of this type is given in patent US2,624,748A (Levin et al.

incorporated herein by reference).

Compounds of general formula (XVllla) or compound of general formula (XVIIl) may be
prepared by reaction of a compound of general formula (XIXa) or a compound of general

formula (XIX), respectively:

15
/R

R2

(XIXa)/(XIX)
wherein R? and R°® are as defined for general formula (la) and general formula (1), and R"®
is C1.6 alkyl,

with an acid in a solvent such as methanol.

Compounds of general formula (XIXa) or compounds of general formula (XIX) may be
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prepared by oxidation of a compound of general formula (XXa) or a compound of general

formula (XX), respectively:

15
/R

R2

HO (XXa)/(XX)
wherein R? and R® are as defined for general formula (la) and for general formula (1), and

5 R"is Ci alkyl, using an Oppenauer oxidation.

Examples of the conversion of compounds of general formula (XXa) to compounds of
general formula (XVllla) and of the conversion of compounds of general formula (XX) to
compounds of general formula (XX) are taught by Shepherd et a/, J. Am. Chem. Soc. 1955,
10 77, 1212-1215 and Goldstein, J. Med. Chem. 1996, 39, 5092-5099 (both incorporated

herein by reference).

One example of a compound of general formula (XXa) and of general formula (XX) is
ergosterol (referred to herein as (XXA)), which is a fungal sterol and Scheme 3 below

15  shows the conversion of ergosterol to a compound of general formula (Il) in which both R?
and R® are H, Y is CH=CH; and R* is C(O)OR"®, where R is ethyl.

Scheme 3

_— >
Goldstein et al

Oppenauer
HO o’i(‘i)daﬁon o J. Med. Chem., 1996, 39, 5092
Ergosterol ( ) Shepherd et a/
conc. HCI J. Am. Chem. Soc., 1955, 77, 1212

@)

e Levin and Mcintosh, US 2,624,748
olefination

N\ CO.Et

o (I1A)
20

Compounds of general formula (la) and (lla) and compounds of general formula (I) and (ll)
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in which R*is C(O)R'?, C(O)NR'™R"", S(O)R'®, SO;R'°, or OSOzR'® may be prepared from
the corresponding compounds in which R* is C(O)OR" by reaction with an appropriate
reagents using methods well known to those of skill in the art. For example, the methods
described in W02008/002573 and W0O2010/014836 or methods similar to those described
by Classon et al, J. Org. Chem., 1988, 53, 6126-6130 and Festa et al, J. Med. Chem.,
2014, 57, 8477-8495 (all incorporated herein by reference).

Subsequent reactions of compounds of general formula (IA) and (I)

Process to form obeticholic acid and obeticholic acid analogues from a compound of

general formula (la) and general formula (/)

Compounds of general formula (la) and of general formula (I) are of use in the synthesis
of compounds of general formula (Xa) and of compounds of general formula (X),
respectively:

.,

R5a . Y1_R4

R2

3 (Xa)/(x)
or a salt or an isotopic variant thereof;
wherein,
R' is Ci4 alkyl, C..4 alkenyl or C,.4 alkynyl optionally substituted with one or more
substituents selected from halo, OR® and NR®R” (for formula (Xa); or
R'is C1.4 alkyl optionally substituted with one or more substituents selected from halo, OR®
and NR°®R’ (for formula (X));
wherein each of R® and R’ is independently H or C1.4 alkyl;
R?is H, halo or OH; and
Y'is a bond, or a Ci.20 alkylene linker group which is optionally substituted with one or
more R3; or
Y'" and R* together form a =CH. group;
R5is H or OH;
wherein R® and R* are as described above for a compound of general formula (la) (for

formula (Xa)) or are as described above for a compound of general formula (1) (for formula

(X))-

Compounds of general formula (Xa) and of formula (X) are potent agonists of FXR and
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TGRS and include obeticholic acid, which is a compound of formulae (Xa) and (X) in which
R'is ethyl, R? and R® are both H, Y' is -CH,CH>-, and R* is C(O)OH.

The compounds of general formula (la) or compounds of general formula (I) may be
converted to the compounds of general formula (Xa) or compounds of general formula (X),
respectively, in a 4 step process via intermediates of general formulae (IVa), (IV), (Va),
(V), (Vla) and (VI) as described below.

In one aspect of the invention is provided a process for preparing a compound of general

formula (Xa) from a compound of formula (la):

R5 ,",, Y-R4 RS ™. Y1-R4
R2  steps(a)-(d) R?
—_— =
HO" -~ "0H
(e} 0 H Ii1
(la) (Xa)

the process comprising the steps of:

(@) selective alkylation of a compound of general formula (la) with an organometallic
regent to give a compound of general formula (IVa):
RS ™. _y_p4
R2
o OH
R’ (IVa)
wherein R is as defined for a compound of formula (Xa);

and Y, R?, R*and R°® are as defined for a compound of general formula (la);

(b) reducing the compound of general formula (IVa) using a suitable reducing agent to

give a compound of general formula (Va):

’,

R5 . Y1_R4

R2

R (Va)

wherein R" and Y' are as defined for a compound of formula (Xa);

and R?, R*and R°® are as defined for a compound of general formula (la);
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(©) oxidising the compound of general formula (Va) using a suitable oxidising agent to
give a compound of general formula (Vla):

’,

R5 i Y1_R4

R2

(@) > (@)
"R (Vla)

wherein R" and Y' are as defined for a compound of formula (Xa);

and R?, R* and R°® are as defined for a compound of general formula (la);

(d) reduction of the compound of general formula (Vla) using a suitable reducing agent
and, where R? and/or R°® is a protected OH, removal of the protecting group(s), to give a
compound of general formula (Xa) as defined above, wherein removal of the protecting

group can take place before or after the reduction;

and wherein the process further includes one or more optional steps of converting
compounds of general formulae (la), (IVa), (Va), (Vla), and (Xa) to other compounds of

general formulae (la), (IVa), (Va), (Vla), and (Xa).

The optional steps consist of reacting the side chains of the compounds of general
formulae (la), (IVa), (Va), (Vla), and (Xa) as described below to arrive at compounds with

alternative Y and/or R* moieties.

In another aspect of the invention is provided a process for preparing a compound of

general formula (X) from a compound of formula (1):

RS "',, Y-R4 R . Y1-R4
R2  Steps(a)«(d) R2
—_— >
HOY ~"""OH
(@) 0 H Ii1

(0 (X)

the process comprising the steps of:

(@) selective alkylation of a compound of general formula (l) with an organometallic

regent to give a compound of general formula (I1V):
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R (IV)
wherein R is as defined for a compound of formula (X);

and Y, R?, R* and R°® are as defined for a compound of general formula (1);

(b) reducing the compound of general formula (IV) using a suitable reducing agent to

give a compound of general formula (V):

wherein R" and Y' are as defined for a compound of formula (X);

and R?, R* and R°® are as defined for a compound of general formula (1);

(©) oxidising the compound of general formula (V) using a suitable oxidising agent to

give a compound of general formula (VI):

’,

R5 . Y1_R4

R2

(@] . (@]
"R )

wherein R" and Y' are as defined for a compound of formula (X);

and R? R*and R°® are as defined for a compound of general formula (1);

(d) reduction of the compound of general formula (VI) using a suitable reducing agent
and, where R? and/or R°® is a protected OH, removal of the protecting group(s), to give a
compound of general formula (X) as defined above, wherein removal of the protecting

group can take place before or after the reduction;

and wherein the process further includes one or more optional steps of converting
compounds of general formulae (1), (1V), (V), (VI), and (X) to other compounds of general
formulae (1), (IV), (V), (VI), and (X).
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The optional steps consist of reacting the side chains of the compounds of general
formulae (1), (IV), (V), (VI), and (X) as described below to arrive at compounds with

alternative Y and/or R* moieties.

An example of step (a) is shown in Example 6, and example of step (b) in shown in

Example 7, and an example of step (c) is shown in Example 8.

In one embodiment is provided a compound of general formula (I1Va):
RS ™. _y_p4
R2
o OH
R (IVa)

wherein R is as defined for a compound of formula (Xa);
and Y, R? R* and R® are as defined for a compound of general formula (la). In the
compound of general formula (IVa) suitably R* is C(O)OR'", CONR'"R" OSO.R',
OSOs;R™, CN, azide, OR'"  OSi(R™); CH[C(O)OR™],, CH(OR™)(OR"),
NR'®CONR'°SO,R"", NR'SO,R"" or tetrazole.

In one embodiment is provided a compound of general formula (Va):

’,

R5 . Y1_R4

R2

R (Va)

wherein R" and Y' are as defined for a compound of formula (Xa);

and R? R*and R® are as defined for a compound of general formula (la). In the compound
of general formula (Va) suitably R* is C(O)OR'®, CONR™R" OSO.R'", OSO;R'?, CN,
azide, OR™ OSi(R™); CH[C(O)OR",, CH(OR'™)(OR'), NR'CONR'SO.R",
NR'SO.R'" or tetrazole.

(5B, 6a, 7p)-6-ethyl-7-hydroxy-3-oxo-cholan-24-oic acid ethyl ester (a compound of
formula (V)/(Va) prepared as described above (steps (a) and (b)) may be used in the
synthesis of (3a, 5B, 6a, 7B)-6-ethyl-3,7-dihydroxy-cholan-24-oic acid, the 7-beta-hydroxy

isomer of obeticholic acid (OCA). This is described in Example 21.

Compounds of general formula (Xa) and of general formula (X) are potent agonists of FXR
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and TGR5 and include, in particular, compounds in which R" is ethyl. Also included are the
following.
e Compounds in which R* is C(O)OH, for example:
* obeticholic acid, which is a compound of formula (Xa)/(X) in which R" is
ethyl, R? and R are both H, Y' is -CH>CH>-, and R* is C(O)OH; and
* the compound of formula (Xa)/(X) in which R is ethyl, R? and R are both
H, Y'is -CH.CH(CHs)-, and R* is C(O)OH; and
* the compound of formula (Xa)/(X) in which R' is ethyl, R? is H, R% is OH,
Y'is -CH.CH(CHzs)-, and R* is C(O)OH.
e Compounds in which R* is OSO3H or a salt thereof, for example:
* the compound of formula (Xa)/(X) in which R is ethyl, R? and R are both
H, Y'is -CH2.CH2-, and R* is OSO;H or a salt thereof; and
* the compound of formula (Xa)/(X) in which R' is ethyl, R? is H, R% is OH,
Y'is -CH2CH2CH>-, and R* is OSOsH or a salt thereof; and
* the compound of formula (Xa)/(X) in which R' is ethyl, R? is OH, R® is H,
Y'is -CH2CHa-, and R4 is OSO;H or a salt thereof.

In the compounds of general formulae (la), (Xa), (IVa), (Va) and (Vla) and of general
formula (1), (X), (IV), (V) and (VI), more suitable values for R* are as defined for general

formula (la) and general formula (1), respectively.

In some compounds of general formulae (Xa), (Va) and (Vla) or of general formulae (X),
(V) and (VI), Y'is a bond.

In other compounds of general formulae (Xa), (Va) and (Vla) or of general formulae (X),
(V) and (VI), Y' is a C+.15 alkylene linker group, more suitably C1.12, C1.10 or C1.5 alkylene
linker group and optionally substituted with one or more R® as defined above. Typically
each R? is independently halo, OR® or NR®R®: where each of R® and R?® is independently

selected from H, methyl or ethyl, especially H or methyl.

In some suitable compounds of general formulae (Xa), (Va) and (Vla) or of general
formulae (X), (V) and (VI), Y' is an unsubstituted C+.15 alkylene or C,.15 alkenylene linker,
more suitably C+.12 alkylene, Ci.10 alkylnene or Ci.s alkylene, or C..1> alkenylene, Ci.10

alkenylnene or C+.g alkenylene.

In suitable compounds of general formulae (la), (Xa), (IVa), (Va) and (Vla) or of general
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formulae (1), (X), (IV), (V) and (VI), R" may be Ci.4 alkyl optionally substituted with one or
more substituents selected from halo, OR® or NR®R’, where R® and R’ are each
independently H, methy! or ethyl, especially H or methyl. More suitably, R is unsubstituted
Ci.4 alkyl.

Step (a)

Compounds of general formula (IVa) may be prepared from compounds of general formula

(Ia):
RS "ty <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>