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Preparation of Ertapenem Intermediates
The present invention relates to the preparation of compounds, in particular to the prepara-
tion of compounds which may be used as intermediates for the preparation of antibiotics,

preferably carbapenem antibiotics, more preferably ertapenem, and salts thereof.

Background prior art

Ertapenem (CAS Registry Number 153832-46-3; IUPAC Name: (4R,5S,6S)-3-[(3S,5S)-5-[(3-
carboxyphenyl)carbamoyl] pyrrolidin-3-ylJsulfanyl-6-(1-hydroxyethyl)-4-methyl-7-

oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid) is a carbapenem antibiotic by the

structure:
OH
] HH =
PN HN /
N_) Sa N\
° \>< E\/AQO ©
o NH HO

TAVZAY
-~ \ v I},
Ertapenem is used to treat infectious bacteria, including gram positive and gram negative,

aerobic and anaerobic bacteria.

WO 9857973 A1 discloses a process wherein ertapenem is obtained after the preparation of
a monoprotected intermediate and subsequent deprotection via hydrogenation. In WO
9802439 A1 the preparation of a multiple protected intermediate of a carbapenem compound
in an aprotic, polar solvent in the presence of a base is described. WO 2008062279 A2
discloses a process for the preparation of a diprotected, amorphous intermediate of
ertapenem followed by deprotection and isolation of amorphous ertapenem. In WO
03026572 A2 a crystalline form A of the monosodium salt of ertapenem and its preparation
by means of crystallization starting from a aqueous ertapenem solution and addition of or-
ganic solvents, pH value adjustment and addition of anti-solvents. IN 01890CH2007 disclos-
es the preparation of amorphous ertapenem starting from an aqueous ertapenem solution by

pH value adjustment, addition of a precipitating agent and anti-solvents.

However, said prior art provides only processes having major drawbacks. For example, the
diprotected intermediate obtained in WO 2008062279 A2 is not stable and requires a com-

plicated isolation procedure, which leads to lower yields and the formation of byproducts.
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Therefore, there is a constant search for new key intermediates, in particular for new inter-
mediate suitable for the production of ertapenem or its salts, which are obtained, purified and
optionally crystallized in a convenient way. Moreover, there is a constant search for new

processes for the preparation of ertapenem or its salts.

Therefore, it was an object of the present invention to provide new key intermediates, in
particular new intermediate suitable for the production of ertapenem or its salts, which may
be obtained, purified and optionally crystallized in a convenient way.

It was a further object of the present invention to provide new key intermediates in crystalline
form, in particular new intermediate suitable for the production of ertapenem or its salts,
which may be obtained, purified and crystallized in a convenient way.

It was another object of the present invention to provide a process for the preparation of
such key intermediates, in particular such intermediates suitable for the production of
ertapenem or its salts.

It was another object of the present invention to provide a process for the preparation of
such key intermediates in crystalline form, in particular such intermediates in crystalline form
suitable for the production of ertapenem or its salts.

it was a further object of the present invention to provide a process for the preparation of
such key intermediates, in particular such intermediates suitable for the production of
ertapenem or its salts from known starting materials, e.g. the starting materials used in WO
2008062279 A2.

It was a further object of the present invention to provide a process for the preparation of
such key intermediates in crystalline form, in particular such intermediates in crystalline form
suitable for the production of ertapenem or its salts from known starting materials, e.g. the
starting materials used in WO 2008062279 A2.

It was a further object of the present invention to provide an improved process for the prepa-
ration of ertapenem or its salts starting from known starting materials, e.g. the starting mate-
rials used in WO 2008062279 A2.

It was another object of the present invention to provide an improved process for the prepa-
ration of ertapenem or its salts starting from the new key intermediates.

It was a further object of the present invention to provide an improved process for the prepa-

ration of ertapenem or its salts starting from the new key intermediates in crystalline form.
Summary of the Invention

According to one aspect the present invention relates to a compound of formula (I) or a

solvate thereof
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wherein the PG residues are each and independently a protective group, which is capable of
protecting a carboxylic acid function, wherein the PG residues are preferably selected from
benzyl protective groups. The compound of formula (I) may be in crystalline or in amorphous
form.
According to another aspect of the present invention there is provided a crystalline com-
pound of formula (la)

OH

I

/\’H l—l/
T HN
&S\ <

(la).

According to yet another aspect of the present invention there is provided a crystalline com-

pound of formula (la) obtained or obtainable by a process as defined herein.

According to a further aspect of the present invention there is provided the use of a com-
pound of formula (I) or a solvate thereof as defined herein in a process for the preparation of
(4R,58,6S)-3-[(3S,5S)-5-[(3-carboxyphenyl)carbamoyl]-pyrrolidin-3-yllsulfanyl-6-(1-
hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid or a salt

thereof.

According to another aspect of the present invention there is provided the use of a com-
pound of formula (l) or a solvate thereof as defined herein in a process for the preparation of
(4R,58,6S)-3-[(3S,5S)-5-[(3-carboxyphenyl)carbamoyl]-pyrrolidin-3-yl]sulfanyl-6-(1-
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hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid or a salt

thereof starting from the following compounds of formula (Il) and (lIl) or a salt thereof

)\,b, OQ HS\
N
g

\

(1) and PG (I1).

In still another aspect, there is provided a process for the preparation of a compound of

5 formula (1) or a solvate as defined herein thereof comprising a step a) of reacting a com-

SVTIgr
//LN\/}O " -0

xo "’7@

with a compound of formula (Ill) or a salt thereof,

pound of formula (il),

PG (an

10

PG V),
and a step b) of converting the compound of formula (IV) or a salt thereof to the compound
of formula (1) or a solvate thereof, and optionally a step c) of crystallizing the compound of

formula (1) or a solvate thereof from a solution of the compound of formula (1).
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According to a further aspect of the present invention there is provided a process for the
preparation of a compound of formula (VI) or a salt thereof, preferably its monosodium salt
of formula (VII),

Vi),

5 0 Na* (Vi)

comprising a step a) of reacting a compound of formula (I1),
e o O
75@ o-4-0
O | PN
o 1

an,

with a compound of formula (1) or a salt thereof,

Q«‘*Z@
‘o MO

O

\

PG ()

10 to obtain a compound of formula (1V) or a salt thereof

PG (v),
and a step b) of converting the compound of formula (1V) or a salt thereof to a compound of

formula (1) or a solvate thereof as defined herein;
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and a step d) of converting the compound of formula (l) or a solvate thereof to the compound
of formula (VI) or a salt thereof, preferably its monosodium salt (VII), optionally after a step
¢) of crystallizing the compound of formula () or a solvate thereof from a solution of the

compound of formula (1).

In yet another aspect of the present invention there is provided a process for the preparation
of a compound of formula () or a solvate thereof as defined herein; comprising a step b) of
converting a compound of formula (IV) or a salt thereof

OH

Y HH —
wi HN—L /
O}NJ/— S\m \ o
bo =N O HO
Q /=0
PG 0O
PG (Iv),
to the compound of formula (1) or a solvate thereof, and optionally a step c) of crystallizing

the compound of formula (I) or a solvate thereof from a solution of the compound of formula

(0.

According to a further aspect of the present invention there is provided a process for the
preparation of a compound of formula (VI) or a salt thereof, preferably its monosodium salt
of formula (VIl),

VHH Y _
O N\>LO Emo » O

HO (VI),

Nat O

comprising a step b) of converting a compound of formula (1V) or a salt thereof
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(IV),

to a compound of formula (1) or a solvate thereof as defined herein;

and a step d) of converting the compound of formula (1) or a solvate thereof

to the compound of formula (V1) or a salt thereof, preferably its monosodium salt, optionally
after a step c) of crystallizing the compound of formula (1) or a solvate thereof from a solution

of the compound of formula (I).

In still another aspect, there is provided a process for the preparation of a compound of

formula (V1) or a salt thereof, preferably its monosodium salt of formuia (VII)

OH
| HH) —
PN A
H N HN—Y 7
O 0]
T =0 TNH O
HO 1O (VI),
OH
I \,H H -
- ] S HN—N\ /)
N—/ \L o
° o “NH'O .
O Na (VII),

comprising a step d) of converting a compound of formula (1) or a solvate thereof as defined
herein; to the compound of formula (VI) or a salt thereof; optionally after a step c) of crystal-
lizing the compound of formula (1) or a solvate thereof from a solution of the compound of

formula (1).

In yet another aspect of the present invention there is provided a process for the preparation
of a compound of formula (1) as defined herein, in crystalline form, comprising a step c) of

crystallizing the compound of formula (I) from a solution of the compound of formula (I).

The present invention represents an improvement over the known key intermediates for the
production of ertapenem or its salts, as the compounds of formula (1) as defined herein may

be obtained and purified in a convenient way. In particular, the compounds of formula (l) are
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isolable, which results in lower amounts of side products being present during the later pro-
duction of ertapenem or its salts. Some of the compounds of formula (l), e.g. the compound

of formula (1a), may have the advantage that they can be crystallized.
Definitions

The term "protective group" as used herein shall be understood as known in the art. In par-
ticular, it shall be understood as a group which has been introduced into a molecule by
chemical modification of a functional group of the molecule to avoid a reaction of said func-
tional group in a subsequent reaction. The "protective group" is introduced in to the molecule
by a reaction of a functional group of the molecule and an "agent suitable for introducing a
protective group"”. An "agent suitable for removing the protective group or the PG residue” as
used herein shall be understood as known in the art. In particular, it shall be understood as
an agent, which cleaves the "protective group” from the said functional group and allows the
functional group to react in a subsequent reaction. A "protective group" that is "capable of
protecting a carboxylic acid function" as used herein shall be understood as a protective
group which avoids a reaction of said carboxylic acid function under the conditions of a step
a) and/or a step b) as defined herein, especially as exemplified in the examples. In particular,
a "protective group" that is "capable of protecting a carboxylic acid function" avoids between
95 to 100 %, particularly between 98 to 100 %, more particularly 100 %, of a reaction of said
carboxylic acid function under basic conditions, in an aprotic solvent, particularly DMAc (2M),
at a temperature between -20°C to 35°C, for 2 to 5 hours, in the absence of an "agent suita-
ble for removing the protective group or the PG residue”, e.g. hydrogen when the "protective
group" is a benzylic group. A "protective group” that is "capable of protecting a carboxylic
acid function" may thus also be understood as a protective group” that "protects a carboxylic
acid function”, especially under the conditions of a step a) and/or a step b) as defined herein,
especially as exemplified in the examples, particularly as a group that "protects a carboxylic
acid function" by avoiding between 95 to 100 %, particularly between 98 to 100 %, more
particularly 100 %, of a reaction of said carboxylic acid function under basic conditions, in an
aprotic solvent, particularly DMAc (2M), at a temperature between -20°C to 35°C, for 2 to 5
hours, in the absence of an "agent suitable for removing the protective group or the PG
residue”, e.g. hydrogen when the "protective group” is a benzylic group.

The term “seeding crystal” as used herein shall be understood as known in the art. In par-
ticular, it shall be understood as a small amount of crystalline material from which a large
amount of same crystalline material is grown.

The term “halide” or “halogen” as used herein shall be understood as including at least chlo-

rine, iodine, and bromine.
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The term "leaving group” as used herein shall be understood as known in the art. Suitable
leaving groups are listed for example in standard text books such as March's Advanced
Organic Chemistry: Reactions, Mechanisms, and Structure, 6th Edition; Wiley & Sons. Pre-
ferred leaving groups are halides, particularly bromide, alkyl sulfonates and aryl sulfonates,
and is preferably bromide.

The term “without purification and/or isolation” as used herein shall be understood as de-
scribing a process or step in which a compound is obtained in a first step and converted in a
second step, wherein the compound is not purified and/or isolated between the first and the
second step.

The terms “ambient temperature” and "room temperature" used herein will be understood by
the person skilled in the art as referring to a temperature between about 20 °C and about 25
°C, particularly between 20 °C and 25 °C.

Detailed Description of the Invention

Compounds of formula (1)

According to one aspect the present invention relates to a compound of formula (1) or a

solvate thereof

wherein the PG residues are each and independently a protective group, which is capable of
protecting a carboxylic acid function, wherein the PG residues are preferably selected from
benzyl protective groups. The PG residues may be identical or may be different. It is also
possible that only two of the PG residues are identical, e.g. the PG residue attached to the
carbapeneme moiety and PG residues attached to the benzoic acid moiety, or the PG resi-
due attached to the carbapeneme moiety and PG residues attached to the pyrrolidine moie-
ty, or the PG residue attached to the benzoic acid moiety and PG residues attached to the

pyrrolidine moiety. Preferably, the PG residues are identical.

Each PG residue may be selected from benzyl, methylene substituted benzyl, p-substituted
benzyl, o-substituted benzyl, or m-substituted benzyl groups, wherein the substituent is

preferably selected from nitro, methoxy residues or halides; wherein the PG residue is more
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preferably selected from p-nitrobenzyl, o-nitrobenzyl, m-nitrobenzyl, p-methoxybenzyl, o-
methoxybenzyl, or m-methoxybenzyl; p-chlorobenzyl, o-chlorobenzyl and is most preferably

p-nitrobenzyl.

The compound of formula (I) may be in crystalline or in amorphous form. The compound of
formula (l) as defined herein may also be present in form of its solvate. In a particularly

preferred embodiment, the compound of formula (1) is the compound of formula (la)

| HHY/
- i S HN—
a0
O
o) N O
O >:O >
0
oo~ )
O2N \/ OoN
O2N (1a).

In another particularly preferred embodiment, the compound of formula (1) is the crystalline
compound of formula (la). In a particularly preferred embodiment, the crystalline compound
of formula (la) is characterized by an X-ray powder diffraction pattern with peaks at 2-theta
angels of about 3.4°, 6.5°, 14.4°, 17.7°, 21.1°, 22.1° when using Cu-Ka radiation (see also

figure 1). The crystalline compound of formula (la) is typically obtained or obtainable by a

process as defined herein.

The compounds of formula (1) or a solvate thereof may be used in a process for the prepara-
tion of (4R,55,6S)-3-[(3S,5S)-5-[(3-carboxyphenyl)carbamoyl]-pyrrolidin-3-yl]sulfanyl-6-(1-
hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid (formula (VI1})

or a salt thereof, preferably the monosodium salt of formula (VII).

The compounds of formula (I) or a solvate thereof may also be used in a process for the
preparation of (4R,5S,6S)-3-[(3S,5S)-5-[(3-carboxyphenyl)carbamoyl]-pyrrolidin-3-yl]sulfanyl-
6-(1-hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid (formula
(V1)) or a salt thereof, preferably the monosodium salt of formula (VII), starting from the

following compounds of formula (ll) and (lll) or a salt thereof
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PG (1) and PG (1.

Process for the preparation of a compound of formuia (VI)

According to a further aspect, there is provided a process for the preparation of a compound

5 of formula (1) or a solvate thereof

(1.
wherein the PG residues are as defined herein; comprising a step a) of reacting a compound

of formula (l1),

10 with a compound of formula (1) or a salt thereof,

HN
A
'\i:o HO

)

Ay

PG ()

to obtain a compound of formula (1V) or a salt thereof
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OH

! Hl
PN A HN/ /
O

0]
PG )
PG (),

and a step b) of converting the compound of formula (IV) or a salt thereof to the compound
of formula (1) or a solvate thereof, and optionally a step ¢) of crystallizing the compound of

formula (1) or a solvate thereof from a solution of the compound of formula (1).

5 Process for the preparation of a compound of formula (V1)

According to another aspect, there is provided a process for the preparation of a compound

of formula (VI) or a salt thereof, preferably its monosodium salt of formula (VI1),

pas—

;f }s\ N\
O
HO (VI),

comprising a step a) of reacting a compound of formula (I1),

}

]

10 PG (1),

OH

'P
O

with a compound of formula (11l) or a salt thereof,

HSL HN@
Q‘% o

o HO
Q
PG (1

to obtain a compound of formula (1V) or a salt thereof
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G (IV),
and a step b) of converting the compound of formula (IV) or a salt thereof to a compound of

formula (1) or a solvate thereof

OH
| —
/\L_i‘ HN )
}N S\[H \
0]
O N 0
0] © O
v )=0 PG
PG o
PG (1),
5 wherein the PG residues are as defined herein; and a step d) of converting the compound of

formula (1) or a solvate thereof; to the compound of formula (V1) or a salt thereof, preferably
its monosodium salt of formula (VII), optionally after a step c) of crystallizing the compound

of formula (1) or a solvate thereof from a solution of the compound of formula (I) .

Process for the preparation of a compound of formula (1)

10 According to another aspect, there is provided a process for the preparation of a compound

of formula (1) or a solvate thereof

wherein the PG residues are as defined herein; comprising a step b) of converting a com-

pound of formula (IV) or a salt thereof
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i N s HN—\ /
N/ =N
o} 4 Eﬁo o
O
Q <o
PG o)
PG (IV),

to the compound of formula () or a solvate thereof, and optionally a step c) of crystallizing

the compound of formula (1) or a solvate thereof from a solution of the compound of formula
().
5 Process for the preparation of a compound of formula (VI) starting from a compound of

formula (1V)

According to yet another aspect, these is provided a process for the preparation of a com-

pound of formula (VI) or a salt thereof, preferably its monosodium salt of formula (VII),

HO
HO (VI),

10 comprising a step b) of converting a compound of formula (1V) or a salt thereof

PG (v),
to a compound of formula (1) or a solvate thereof
OH

(),
wherein the PG residues are as defined herein; and a step d) of converting the compound of

15 formula (1) or a solvate thereof; to the compound of formula (VI) or a salt thereof, preferably
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its monosodium salt (VII), optionally after a step ¢) of crystallizing the compound of formula

(1) or a solvate thereof from a solution of the compound of formula (I).

Process for the preparation of a compound of formula (VI) starting from a compound of

formula (1)

According to a further aspect, these is provided a process for the preparation of a compound

of formula (V1) or a salt thereof, preferably its monosodium salt (VIl),

Wpny -
| \—s HN’QF
RN
o)'N¥O E:/ﬁo b o

HO V),

comprising a step d) of converting a compound of formula (1) or a solvate thereof

(1),

wherein the PG residues are as defined herein; to the compound of formula (VI) or a salt
thereof; optionally after a step c¢) of crystallizing the compound of formula (l) or a solvate
thereof from a solution of the compound of formula (l). According to a preferred embodi-
ment, the compound of formula (1) is the compound of formula (la) as defined herein. Op-
tionally, the compound of formula (IV) is used after step a) without purification and/or
isolation of the compound of formula (IV) after step a). In addition, the compound of formula
(1) is optionally used after step b) without purification and/or isolation of the compound of
formula (1) after step b).

Step a)

Typically, step a) is carried out at a temperature of -40 °C to 0 °C, particularly from -30 °C to
-10 °C, and more particularly -20 °C to -15 °C. When step a) is carried out in a solvent, the
solvent is particularly an aprotic solvent, selected from dimethylacetamide (DMAc), tetrahy-
drofuran (THF), dimethyiformamide (DMF), 2-methyltetrahydrofuran, N-methyl-2-pyrrolidone
(NMP), and any combination thereof, and is particularly DMAc. The compound of formula

(lll) or a salt thereof is typically present in an amount of 1.0 to 1.3 equivalents, particularly of
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1.0 to 1.2 equivalents, and more particularly 1.09 equivalents, with respect to the compound
of formula (l1). Step a) is typically carried out in the presence of a base, which is typically
selected from secondary and tertiary amines, particularly isopropylmethylamine, butylme-
thylamine, diisopropylethylamine and triethylamine; cyclic tertiary amines, particularly cis-2,6-
dimethylpiperidine, 1,4-diazabicyclo[2.2.2]octane, N-methylpiperidine and N-
methylmorpholine; and any combination thereof, and is preferably diisopropylethylamine.
The base is then present in an amount of 2 to 6 equivalents, particularly of 4 to 5 equiva-

lents, and more particularly 4.4 equivalents, with respect to the compound of formula (I1).

According to a preferred embodiment, when the compound of formula (1) is the compound of

formula (la)

(la),

step a) comprises reacting a compound of formula (lla),

OH
H H
Fony O

1
8
i
5

O2N (Ila),

with a compound of formula (Il1a),
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O2N (llia)

HN

/\[HO 0

/\! |:
P
o O HO
H 9
i)
O-N \ YV,
and step a) is carried out with 1.09 equivalents of the compound of formula (1lla) in the pres-

ence 4.4 equivalents of diisopropylethylamine, each with respect to the compound of formula
(lla); at a temperature of - 20 °C in DMAc.

Step b)

According to one embodiment the compound of formula (1V) or a salt thereof is converted in
step b) to the compound of formula (1) without purification and/or isolation of the compound
of formula (IV) or a salt thereof after step a). Step b) is then typically carried out at a temper-
ature of 10 °C to 45 °C, particularly from 30 °C to 40 °C, and more particularly at 35 °C.
Converting the compound of formula (1V) or a salt thereof to the compound of formula (I) or
a solvate thereof is then typically carried out by adding an agent suitable for introducing a
protective group. The agent suitable for introducing a protective group may be a compound

of formula (V)
PG-L (V)

wherein the PG residues are as defined herein and wherein L is a leaving group, wherein the

compound is preferably added in the same solvent as used for step a). L is typically selected
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from halides, particularly bromide, alkyl sulfonates and aryl sulfonates, and is preferably

bromide. When the PG residue is p-nitrobenzyl the compound of formula (V) is selected from

p-nitrobenzylbromide and p-nitrobenzylchioride, and is preferably p-nitrobenzylbromide. The

compound of formula (V) is then typically present in an amount of 1 to 3 equivalents, particu-
5 larly of 1.2 to 1.4 equivalents, and more particularly 1.3 equivalents, with respect to the

compound of formula (I1).

According to one particularly preferred embodiment, when the compound of formula (l) is the

compound of formula (Ia)

02N

10 step b) comprises converting a compound of formula (IVa)
OH

%N\/ S*m 0

HO
(IvVa)

to the compound of formula (la), wherein step b) with 1.3 equivalents of p-

nitrobenzylbromide with respect to the compound of formula (ii); at a temperature of 35°C.

According to another embodiment, the compound of formula (IV) or a salt thereof is convert-
15 ed in step b) to the compound of formula (1) after purification and/or isolation of the com-
pound of formula (IV) or a salt thereof after step a). In step b) the compound of formula (1V)
or a salt thereof is present in an amount of 1 equivalent. Step b) is then typically carried out
at a temperature of 10 °C to 40 °C, particularly from 20 °C to 30 °C, and more particularly
room temperature. Converting the compound of formula (IV) or a salt thereof to the com-
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pound of formula (1) or a solvate thereof is then typically carried out by adding an agent
suitable for introducing a protective group. The agent suitable for introducing a protective

group may be a compound of formula (V)

PG-L (V)

wherein the PG residues are as defined herein and wherein L is a leaving group, wherein the
compound is preferably added in the same solvent as used for step a). L is typically selected
from halides, particularly bromide, alkyl sulfonates and aryl sulfonates, and is preferably
bromide. When the PG residue is p-nitrobenzyl the compound of formula (V) is selected from
p-nitrobenzylbromide and p-nitrobenzylchloride, and is preferably p-nitrobenzylbromide. The
compound of formula (V) is then typically present in an amount of 1.0 to 3.0 equivalents,
particularly of 1.2 to 1.4 equivalents, and more particularly 1.3 equivalents, with respect to
the compound of formula (V) or a salt thereof. Step b) is then typically carried out in the
presence of a base, wherein the base is then present in an amount of 1.0 to 4.0 equivalents,
particularly of 1.5 to 3 equivalents, and more particularly 2 equivalents, with respect to the
compound of formula (1) or a solvate thereof. The base is then typically selected from sec-
ondary and tertiary amines, particularly isopropylmethylamine, butyimethylamine, diisopro-
pylethylamine and triethylamine; cyclic tertiary amines, particularly cis-2,6-aimethylpiperidine,
1,4-diazabicyclo[2.2.2]octane, N-methylpiperidine and N-methylmorpholine; and any combi-
nation thereof, and is preferably triethylamine. When step b) is carried out in a solvent, par-
ticularly an aprotic solvent, then the solvent is particularly selected from dimethylformamide
(DMF), dimethylacetamide (DMACc), tetrahydrofuran (THF), 2-methyltetrahydrofuran, N-

methyl-2-pyrrolidone (NMP), and any combination thereof, and is more particularly DMAc.

According to one particularly preferred embodiment, when the compound of formula (1) is the

compound of formula (la)

T HHY
PN
] HN—
O}r& S\[ﬁo o

@
N
pd
AN
=
X
O
N
pd

O2N (Ia),
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the step b) comprises converting a compound of formula (IVa)

§H H _
i\ S HN—\ /
}N\/ \m 0
o N O g
O /\':O
o
5~
O,N N\ /
O,N

(IVa)

to the compound of formula (la), wherein step b) is carried is out with 1.3 equivalents p-
nitrobenzylbromide and 1.0 equivalent of a compound of formula (IVa) in the presence of 2
equivalents of triethylamine or diisopropylethylamine, each with respect to the compound of

formula (IVa); at room temperature in DMAC.

Process for the preparation of a compound of formula (1) in crystalline form

According to a further aspect, it is provided a process for the preparation of a compound of
formula (1) as defined herein, particularly a compound of formula (la), in crystalline form,
comprising a step c) of crystallizing the compound of formula (l) from a solution of the com-

pound of formula (1).

According to one embodiment, step ¢) comprises a step h) of adding seeding crystals to a
solution of a compound of formula (I). The solution typically comprises the compound of
formula (1) in a concentration of 0.05 to 0.20 mol/L, particularly of 0.10 to 0.14 mol/L, and
more particularly 0.11 mol/L. The solvent used for the solution is typically an aprotic solvent,
particularly selected from ethyl acetate and heptane, and any combination thereof, and is
more particularly ethyl acetate. Typically, step c) is then carried out at a temperature of -10
°C to 35 °C, particularly from 10 °C to 25 °C, and more particularly 25 °C.

According to one particularly preferred embodiment, when the compound of formula (1) is the

compound of formula (la)
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\ O,N
OyN (la),

O,N

the process comprises a step h) of adding seeding crystals to a solution of a compound of
formula (1a), wherein step c) is carried out at 25 °C in ethyl acetate comprising the com-

pound of formula (la) in a concentration of 0.11 mol/L.

According to another embodiment, step ¢) is carried out without purification and/or isolation
of the compound of formula (1) after a step b) as defined above. According to a further em-
bodiment step c) is carried out without purification and/or isolation of the compound of for-
mula (1) or a solvate thereof after step b) has been carried out as defined above and wherein
step b) is carried out without purification and/or isolation after a step a) as defined above. In
these embodiments the solvent used for the solution is particularly the solvent as used in
step b). Further, step c) may comprise a step e), wherein in step e) the concentration of the
compound of formula (I) or a solvate thereof in the solution is adjusted to be in the range of
0.14 to 0.3M, particularly of 0.15 to 0.2 M, and more particularly 0.16 M, preferably by adding
further solvent used for the solution, preferably DMAc. Even further, step ¢) may comprises a
step f), preferably after a step e) as defined above, wherein in step f) acid is added to
quench excess base, wherein the acid is preferably AcOH or HCI, more preferably AcOH.
Further, step ¢) comprises a step g), preferably after a step f) as defined above, wherein in
step g) an anti-solvent is added wherein the anti-solvent is preferably selected from isopropyl!
alcohol, ethyl acetate, n-propanol, ethanol, methanol and water, and any combination there-
of, and is preferably isopropyl alcohol and water. Further, step ¢) may comprise a step h),
preferably after a step g) as defined above, of adding seeding crystals o a solution of a
compound of formula (1). Step c) is typically carried out at a temperature of 20 °C to 40 °C,

particularly from 32°C to 38 °C, and more particularly 35 °C.

According to one particularly preferred embodiment, when the compound of formula (1) is the

compound of formula (la)
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O,N

(1a),

the process comprises a step a) of reacting a compound of formula (l1a),

N\
L
\
T

@

(lla),

d

with a compound of formula (llla),

m@o

(Illa)
to obtain a compound of formula (IVa)
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I s\ \/

(IVa),
wherein step a) is carried out with 1 equivalent of the compound of formula (lla) and 1.09
equivalents of the compound of formula (llla) in the presence 4.4 equivalents of diisopro-
pylethylamine, each with respect to the compound of formula (lla), at a temperature of - 20
°C in DMAc;
a step b) of converting the compound of formula (1Va) to the compound of formula (la),
wherein step b) is carried out with 1.3 equivalents of p-nitrobenzylbromide with respect to the
compound of formula (lla); at 35 °C, and wherein the compound of formula (IVa) has been
obtained after the step a) and is used without purification and/or isolation of the compound of
formula (1Va) after step a); and
a step c) of crystallizing the compound of formula (la), wherein step ¢) comprises
a step e), wherein in step e) the concentration of the compound of formula (la) in the solution
is adjusted to be 0.16 M by adding further DMAc;
a step f), wherein in step f) AcOH is added;
a step g), wherein in step g) isopropyl alcohol and water are added; and

a step h), wherein in step h) seeding crystals are added at a temperature of 35 °C.

Step d

According to all aspects and embodiments provided herein, the compound of formula (VI)
may be produced in form of a salt, preferably in form of its sodium, potassium, or lithium salt,
more preferably in form of its monosodium salt (formula (VI1)).

In step d) typically an agent suitable for removing the PG residues is added. Typically, step
d) is carried out in the presence of a catalyst. The agent is particularly hydrogen. The cata-
lyst is then particularly selected from the group of solid-supported metal catalysts, preferably
from palladium-on-carbon, platinum-on-carbon, platinum-vanadium-on-carbon, and palladi-
um hydroxid, and is more preferably palladium-on-carbon. Typically, step d) is then carried
out in the presence of a base, wherein the base is particularly selected from basic inorganic
salts, particularly from sodium hydrogen carbonate, sodium carbonate, potassium carbonate,
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or calcium acetate, particularly sodium hydrogen carbonate and sodium carbonate; and any
combination thereof, and is preferably sodium hydrogen carbonate.

According to one embodiment of step d), the compound of formula (1) is used in crystalline
form, particularly as defined herein. Step d) is then carried out in the presence of a base and
the base is present in an amount of 3.5 to 7 equivalents, particularly 4.5 to 6.5 equivalents,
and more particularly 5.5 equivalents, with respect to the compound of formula (1). Typically,
step d) is then carried out at a temperature of 15 °C to 40 °C, particularly from 20 °C to 30
°C, and more particularly room temperature. When step d) is carried out in a solvent, the
solvent is particularly selected from water, tetrahydrofuran, isopropyl alcohol, n-propanol,
ethanol, methanol, NMP, NEP, DMF, or DMAc, and any combination thereof, and is more
preferably a mixture of water, isopropyl alcohol and DMAc.

According to one particularly preferred embodiment of the preparation of a compound of
formula (V1) or a salt thereof, preferably its monosodium salt (VII),

/ O,N

(Ia) in crystalline form,
to the compound of formula (VI) or a salt thereof, preferably its monosodium salt (VI1),
wherein in step d) hydrogen is added and wherein step d) is carried out in the presence of
palladium-on-carbon and sodium hydrogen carbonate present in an amount of 5.5 equiva-
lents with respect to the compound of formula (la), in a mixture of water, isopropyl alcohol

and DMAc, at room temperature.
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According to a further embodiment of step d), the used compound of formula (1) is in amor-
phous form. Step d) is then either carried out as described for the crystalline material or as
follows: step d) is then typically carried out in the presence of a base and the base is present
in an amount of 3.5 to 4.5 equivalents, particularly 3.7 to 4.2 equivalents, and more particu-
larly 4.0 equivalents, with respect to the compound of formula (1) or a solvate thereof.
Particularly, step d) is then carried out at a temperature of 0 °C to 20 °C, particularly from 5
°C to 15 °C, and more particularly 10 °C. When step d) is carried out in a solvent, it is pref-
erably selected from water, tetrahydrofuran, isopropyl alcohol, or DMAc, and any combina-

tion thereof, and is more preferably a mixture of water and isopropyl alcohol.

According to one particularly preferred embodiment of the preparation of a compound of
formula (VI) or a salt thereof, preferably its monosodium salt (VII),

| HH]) —
dr}s\ HN Q

step d) comprises converting a compound of formula
OH

OH

V),

OaN (la),
to the compound of formula (V1) or a salt thereof, preferably its monosodium salt (VII),
wherein in step d) hydrogen is added and wherein step d) is carried out in the presence of
palladium-on-carbon and sodium hydrogen carbonate present in an amount of 4.0 equiva-
lents with respect to the compound of formula (la), in a mixture of water and isopropy! alco-
hol at 10 °C.
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The invention will be more fully understood by references to the following examples. They
should not, however, be construed as limiting the scope of the invention. The disclosure of

all literature and patent citations mentioned herein are expressly incorporated by reference.

Examples

1. (l1a) from (IVa)

A solution of (IVa) (1 g, 1.27 mmol) in DMF (5 mL) was cooled to 0°C and p-
nitrobenzylbromide (0.41 g, 1.90 mmol) was added, followed by triethylamine (0.263 mL) and
the mixture was stirred at 0°C for 5h. The reaction was warmed to room temperature and p-
nitrobenzylbromide (0.14 g, 0.64 mmol) was added. After 20.5h at room temperature an
additional amount of triethylamine (0.10 mL, 0.72 mmol) was added and stirring continued
for 7h. The mixture was diluted with ethylacetate and water and layers were separated, the
aqueous layer was extracted with ethyl acetate. The combined organic layers were washed

with water and concentrated to give 1 g residue.

2. Hydrogenation of (la)

To Pd/C (1.1g, 10%Pd, 50%wet) in water (3 mL) and isopropyl alcohol (1 mL) in a hydro-
genation vessel was added NaHCO; (370 mg, 4.4 mmol) and cooled to 10°C. To a solution
of (la) (1g, 1.1 mmol) in ethyl acetate (15 mL) was added isopropyl alcohol (2.5 mL) and an
aqueous 5%NaHCO; solution (1.25 mL). The substrate solution was added to the catalyst
solution in the autoclave and H; pressure (4 bar) was applied for 3h under heavy stirring.
The catalyst was filtered of and washed with isopropyl alcohol and water. The aqueous layer
was washed with ethyl acetate and concentrated to 12 mL. Methanol and n-propanol was

added and pH adjusted to 6.5 with acetic acid to give (VII).

3. Crystallization of compound (la)

(la) (15.8 g, 17 mmol) was dissolved in ethyl acetate (150 mL) at room temperature and
seeding crystals were added. After 17h a thick suspension was formed and heptane (50 mL)
was added. The mixture was cooled to 0°C for 2h and the crystals were filtered off, washed

with heptane and dried under vacuo to give 13.42 g of crystalline material.
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4. Hydrogenation of crystalline (la)

NaHCO; (5.5 eq) was dissolved in water (170 g) and Pd/C (15 g; 10% Pd) and isopropy!
alcohol (100 g) are added followed by a solution of 15 g (la) in DMAc (73 g). H, pressure (4
bar) was applied at 25°C for 3 h under heavy stirring. The catalyst was filtered off and
washed with isopropyl alcohol and water. The aqueous layer was extracted with ethyl ace-
tate and the pH was adjusted to pH=5.5 with glacial acetic acid to give (VII). (VII) is then
crystallized by addition of MeOH and isopropyl alcohol followed by seed crystals and cooling

of the suspension to -20°C.

5. Crystalline (la) in situ from (lla) and (llla) and p-nitrobenzylbromide

A solution of (llla) (1.09 eq) and (lla) (1eq) in DMAc (0.4M) was cooled to -20°C and DIPEA
(4.4eq) is added. After 2h a solution of p-nitrobenzylbromide (1.3eq) in DMAc (2M) was
added. The reaction was warmed to 35°C and stirred for 3h. DMAc was added to reach
0.16M. Excess base was quenched by the addition of AcOH (2.5eq). Isopropyl alcohol and
water were added, followed by seeding crystals. The mixture was stirred for another 20h at
35°C. The suspension was cooled to room temperature, filtered and washed with isopropy!

alcohol. The crystalline product was dried in vacuo.

"H-NMR (500 MHz, d°-DMSO): & = 10.32 (s, 1H), 8.30 (bs, 0.4H), 8.24 (d, J = 8.51Hz, 2H),
8.26 (bs, 0.6H), 8.19 (bd, J = 8.51Hz, 3H), 7.91 (bt, J = 6.94Hz, 1H), 7.87 (d, J = 8.51Hz,
1H), 7.72 (bd, J = 8.51Hz, 3H), 7.69 (d, J = 8.51 Hz, 2H), 7.66 (d, J = 8.51Hz, 1H), 7.47 (d, J
= 7.88Hz, 1H), 7.46 (d, J = 8.51Hz, 1H), 5.50 (s, 2H), 5.41 (d, J = 14.19Hz, 1H), 5.30 (d, J =
13.87Hz, 0.6H), 5.29 (d, J = 14.02Hz, 1H), 5.24 (s, 0.8H), 5.08 (d, J = 5.04Hz, 1H), 5.04 (d,
J= 13.87Hz, 0.6H), 4.50 (t, J = 7.72Hz, 0.6H), 4.43 (t, J = 7.72Hz, 0.4H), 4.27 (dt, J = 9.65,
0.70Hz, 1H), 4.22 (dd, J = 9.95, 7.39 Hz, 0.4H), 4.15 (dd, J = 10.40, 7.25Hz, 0.6H), 3.99 (m,
2H), 3.61 (m, 1H), 3.39 (t, J = 9.30HZ, 0.4H), 3.34 (t, J = 9.30Hz, 0.6H), 3.30 (dd, J = 6.30,
2.52Hz, 1H), 2.81 (m, 1H), 1.93 (m, 1H), 1.19 (d, J = 7.25Hz, 3H), 1.16 (d, J = 6.30Hz, 3H)

The X-ray powder diffractogram was obtained with a PANalytical X'Pert PRO diffractometer
equipped with a theta/theta coupled goniometer in transmission geometry, Cu-Ka1,2 radia-
tion (wavelength 0,15419 nm) with a focusing mirror and a solid state PIXcel detector. The
diffractogram was recorded at a tube voltage of 45 kV and a tube current of 40 mA, applying
a stepsize of 0.013° 2-Theta with 40s per step (255 channels) in the angular range of 2° to
40° 2-Theta at ambient conditions (see figure 1 and table 1).
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Table 1:
Pos. [°2Th.] Rel. Int. [%]
3.4 41
6.5 100
14.4 56
17.7 99
21.1 52
22 1 69

List of references
WO 9857973 A1
WO 9802439 A1
WO 2008062279 A2
WO 03026572 A2
IN 01890CH2007

The following pages of the description refer to the embodiments of the invention listed as

separate items:

1. A compound of formula (I) or a solvate thereof

(0
wherein the PG residues are each and independently a protective group, which is ca-
pable of protecting a carboxylic acid function.

2. The compound of item 1, wherein all PG residues are identical or wherein at least two
of the PG residues are identical.

3.  The compound of item 1, wherein the three PG residues are different.
The compound of any of items 1 to 3, wherein each PG residue is selected from ben-
zyl, methylene substituted benzyl, p-substituted benzyl, o-substituted benzyl, or m-
substituted benzyl groups, wherein the substituent is preferably selected from nitro,

methoxy residues or halides; wherein the PG residue is more preferably selected from
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p-nitrobenzyl, o-nitrobenzyl, m-nitrobenzyl, p-methoxybenzyl, o-methoxybenzyl, or m-
methoxybenzyl; p-chlorobenzyl, o-chlorobenzyl and is most preferably p-nitrobenzyl.
5. The compound of any of items 1 to 4, wherein the compound of formula (1) is in crystal-

line or in amorphous form.

5 6.  The compound of item 1, wherein the compound of formula (I) is the compound of
formula (la)
OH
1 H
PN j
o

(1a).
7. A crystalline compound of formula (la)

OH
H

/\7

I/I

\

HN/( /

E\“% 2;0
/

1:

o) =0

0]
g\/ - @
O,N \_/ O,N
OoN (Ia).
10 8. A crystalline compound of formula (la) obtained or obtainable by a process as defined

in any of claims 12, 14, and 19 to 61.

9. The compound of items 7 or 8, wherein the compound of formula (la) is in crystalline
form and is characterized by an X-ray powder diffraction pattern with peaks at 2-theta
angels of about 3.4°, 6.5°, 14.4°, 17.7°, 21.1°, 22.1° when using Cu-Ka radiation.

15 10. Use of a compound of any of the preceding items in a process for the preparation of
(4R,58,6S)-3-[(3S,5S8)-5-[(3-carboxyphenyl)carbamoyl]-pyrrolidin-3-yl]sulfanyl-6-(1-
hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid or a salt

thereof.



WO 2014/057079 -30 - PCT/EP2013/071252

11.  Use of a compound of any of items 1 to 9 in a process for the preparation of
(4R,5S,6S)-3-[(3S,5S)-5-[(3-carboxyphenyl)carbamoyl]-pyrrolidin-3-yl]sulfanyl-6-(1-
hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid or a salt

thereof starting from the following compounds of formula (I1) and (Ill) or a salt thereof

ﬁ 0 - w
=0 ) o

5 (1) and PG (1.

12. The process for the preparation of a compound of formula (l) or a solvate thereof

(0.
wherein the PG residues are as defined in any of items 1 to 4;

comprising a step a) of reacting a compound of formula (ll),

PULI
el e

10 PG (I,

with a compound of formula (111} or a salt thereof,

—

HS. HN—\_/
Eﬁo by
>:O HO

0
PG ()

to obtain a compound of formula (IV) or a salt thereof
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PG (Iv),
and a step b) of converting the compound of formula (V) or a salt thereof to the com-
pound of formula (1) or a solvate thereof,
and optionally a step c) of crystallizing the compound of formula (I) or a solvate thereof
5 from a solution of the compound of formula (1).
13. A process for the preparation of a compound of formula (VI) or a salt thereof, prefera-

bly its monosodium salt of formula (VIl),

(Vh),
O
(vin),
10 comprising a step a) of reacting a compound of formula (11),
OH
PUTT®,
1 —p-

with a compound of formula (1) or a salt thereof,

HS HN \\//
A

PG (1
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to obtain a compound of formula (IV) or a salt thereof

OH

HHJ =
s )
o/l;Ni \Eﬁo =0
QPG ° O\FO "
PG V),

and a step b) of converting the compound of formula (IV) or a salt thereof to a com-

pound of formula (I) or a solvate thereof

wherein the PG residues are defined in any of items 1 to 4;
and a step d) of converting the compound of formula (1) or a solvate thereof
to the compound of formula (VI), optionally after a step c) of crystallizing the compound
of formula (I) or a solvate thereof from a solution of the compound of formula (1).
10 14.  The process for the preparation of a compound of formula (1) or a solvate thereof
OH

H

Sa HN Q
G { mo’\wo
O N 0]
Q )=0 PG
PG o

\

PG ().
wherein the PG residues are defined in any of items 1 to 4;

comprising a step b) of converting a compound of formula (IV) or a salt thereof

T HY _
/j/i_\* s HN"\\//
N/ ™™ l
0]
G . Eﬁo »
) )=0
PG o)

PG (IV),
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to the compound of formula (I} or a solvate thereof,
and optionally a step c) of crystallizing the compound of formula () or a solvate thereof
from a solution of the compound of formula (I).

15. A process for the preparation of a compound of formula (VI) or a salt thereof, prefera-

5 bly its monosodium salt of formula (VIl),

(V1.
comprising a step b) of converting a compound of formula (V) or a salt thereof

BUEY -
BENN. Y
ﬁ Eﬁo o

0] HO
Q =0
PG 0
PG (Iv),
10 to a compound of formula (l) or a solvate thereof

(0.
wherein the PG residues are as defined in any of items 1 to 4;
and a step d) of converting the compound of formula (I) or a solvate thereof
to the compound of formula (VI), optionally after a step c) of crystallizing the compound
15 of formula (l) or a solvate thereof from a solution of the compound of formula (1).
16. A process for the preparation of a compound of formula (V1) or a salt thereof, prefera-

bly its monosodium salt of formula (VII),
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18.

19.

20.

21.
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OH
| HH

PV
V1),

OH

| H H
/\I
o NH * . G
Na (vin,

comprising a step d) of converting a compound of formula (1) or a solvate thereof

S HN-—Y\ //
0] N o}
O PG

PG 0}

wherein the PG residues are as defined in any of items 1 to 4;

to the compound of formula (VI);

optionally after a step c) of crystallizing the compound of formula (1) or a solvate there-
of from a solution of the compound of formula (1).

The process of items 12 or 13, wherein the compound of formula (IV) is used after step
a) without purification and/or isolation of the compound of formula (1V) after step a).
The process of any of items 12 to 17, wherein the compound of formula (l) is the com-
pound of formula (la) as defined in any of items 6 to 9.

The process of items any of items 12, 13, 17 and 18, wherein step a) is carried out at a
temperature of -40 °C to 0 °C, particularly from -30 °C to -10 °C, and more particularly
-20 °C to -15 °C.

The process any of items 12, 13, and 17 to 19, wherein step a) is carried out in a
solvent, particularly an aprotic solvent.

The process of any of items 12, 13, and 17 to 20, wherein step a) is carried out in a
solvent selected from dimethylacetamide (DMAc), tetrahydrofuran (THF), dimethylfor-
mamide (DMF), 2-methyltetrahydrofuran, N-methyl-2-pyrrolidone (NMP), and any

combination thereof, and is particularly DMAc.
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22. The process of any of items 12, 13, and 17 to 21, wherein in step a) the compound of
formula (lIl) or a salt thereof is present in an amount of 1.0 to 1.2 equivalents, particu-
larly of 1.08 to 1.1 equivalents, and more particularly 1.09 equivalents, with respect to
the compound of formula (lI).

5 23. The process of any of items 12, 13, and 17 to 22, wherein step a) is carried out in the
presence of a base.

24. The process of any of items 12, 13, and 17 to 23, wherein the base is present in an
amount of 3.5 to 5.5 equivalents, particularly of 4.3 to 4.5 equivalents, and more par-
ticularly 4.4 equivalents, with respect to the compound of formula (ll).

10 25. The process of items 23 or 24, wherein the base is selected from secondary and ter-
tiary amines, particularly isopropylmethylamine, butylmethylamine, diisopropylethyla-
mine and triethylamine; cyclic tertiary amines, particularly cis-2,6-dimethylpiperidine,
1,4-diazabicyclo[2.2.2]octane, N-methylpiperidine and N-methylmorpholine; and any
combination thereof, and is preferably diisopropylethylamine.

15 26. The process of items 12 or 13, wherein the compound of formula (l) is the compound
of formula (la)

OH

N

(1a),

wherein the step a) comprises reacting a compound of formula (lla),

OH
/'\//%‘H/< Q Q

O2N (Ila),

20 with a compound of formula (llla),
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O
HO

HS. HN
L%
=0

O

§ )
O2N (llla)

to obtain a compound of formula (IVa)

OH

/'\VH 5 /
g
0 5;0
o N ©
o HO
/=0
0]
\ ==
O,N \_/
O2N (IVa),
wherein step a) is carried out with 1.09 equivalents of the compound of formula (llla) in
the presence 4.4 equivalents of diisopropylethylamine, each with respect to the com-
pound of formula (lla); at a temperature of - 20 °C in DMAc.
The process of any of items 12, 13, and 17 to 26, wherein the compound of formula
(IV) or a salt thereof is converted in step b) to the compound of formula (I) without pu-
rification and/or isolation of the compound of formula (IV) or a salt thereof after step a).
The process item 27, wherein step b) is carried out at a temperature of 25 °C to 45 °C,
particularly from 30 °C to 40 °C, and more particularly at 35 °C.
The process of item 27 or 28, wherein converting the compound of formula (IV) or a
salt thereof to the compound of formula (1) or a solvate thereof is carried out by adding
an agent suitable for introducing a protective group.
The process of any of items 27 to 29, wherein converting the compound of formula (1V)
or a salt thereof to the compound of formula (1) or a solvate thereof is carried by adding

a compound of formula (V)
PG-L (V)
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wherein the PG residues are as defined in any of items 1 to 4 and wherein L is a leav-
ing group, wherein the compound is preferably added in the same solvent as used for
step a).
31. The process of item 30, wherein L is selected from halides, particularly bromide and
5 alkyl sulfonates and aryl sulfonates, and is preferably bromide.

32. The process of item 30 or 31, wherein PG residue is p-nitrobenzyl and the compound
of formula (V) is selected from p-nitrobenzylbromide and p-nitrobenzylchloride, and is
preferably p-nitrobenzylbromide.

33. The process of any of items 30 to 32, wherein the compound of formula (V) is present

10 in an amount of 1 to 3 equivalents, particularly of 1.2 to 1.4 equivalents, and more par-
ticularly 1.3 equivalents, with respect to the compound of formula (I1).

34. The process of any of items 12 to 15, and 17 to 26, wherein the compound of formula

(1) is the compound of formula (la)

OH
f HH —
/\,_|-‘ HN /
s —
PR \
0] / O
o N © 0
0 PN
/\U
0]
L)~
O,N \_/ O,N
O2N (la),
15 wherein step b) comprises converting a compound of formula (1Va)

(IvVa)

to the compound of formula (la), wherein step b) is carried out with 1.3 equivalents of
p-nitrobenzylbromide with respect to the compound of formula (ll); at a temperature of
35°C.
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37.

38.

39.

40.

41.

42.

43.

44,

45.
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The process of any of items 12 to 15, and 18 to 26, wherein in step b) the compound
of formula (V) or a salt thereof is present in an amount of 1 equivalent.
The process of any of items 12 to 15, 18 to 26 and 35, wherein step b) is carried out at
a temperature of 15 °C to 40 °C, particularly from 20 °C to 30 °C, and more particularly
room temperature.
The process of any of items 12 to 15, 18 to 26, 35 and 36, wherein converting the
compound of formula (1V) or a salt thereof to the compound of formula (1) is carried by
adding an agent suitable for introducing a protective group.
The process of any of items 12 to 15, 18 to 26, and 35 to 37, wherein converting the
compound of formula (V) or a salt thereof to the compound of formula (1) or a solvate
thereof is carried by adding a compound of formula (V)

PG-L (V)
wherein the PG residues are as defined in any of items 1 to 4 and wherein L is a leav-
ing group as defined in item 31.
The process of item 38, wherein the compound of formula (V) is present in an amount
of 1.0 to 2.0 equivalents, particularly of 1.2 to 1.4 equivalents, and more particularly 1.3
equivalents, with respect to the compound of formula (V) or a salt thereof.
The process of any of items 12 to 15, 18 to 26, and 35 to 39, wherein step b) is carried
out in the presence of a base.
The process of item 40, wherein the base is present in an amount of 1.0 to 4.0 equiva-
lents, particularly of 1.5 to 3 equivalents, and more particularly 2 equivalents, with re-
spect to the compound of formula (I) or a solvate thereof.
The process of item 40 or 41, wherein the base is selected from secondary and tertiary
amines, particularly isopropylmethylamine, butylmethylamine, diisopropylethylamine
and triethylamine; cyclic tertiary amines, particularly cis-2,6-dimethylpiperidine, 1,4~
diazabicyclo[2.2.2]octane, N-methylpiperidine and N-methylmorpholine; and any com-
bination thereof, and is preferably triethylamine and diisopropylamine.
The process of any of items 12 to 15, 18 to 26, and 35 to 42, wherein step b) is car-
ried out in a solvent, particularly an aprotic solvent.
The process of any of items 12 to 15, 18 to 26, and 38 to 46, wherein step b) is carried
out in a solvent selected from dimethylformamide (DMF), dimethylacetamide (DMAc),
tetrahydrofuran (THF), 2-methyltetrahydrofuran, N-Methyl-2-pyrrolidone (NMP), and
any combination thereof, and is particularly DMAc.
The process of any of items 12 to 15 and 18 to 26, wherein the compound of formula

(1) is the compound of formula (la)
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47.

48.

49.
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S\
. EN\/A\% ;/‘;O

O2N \ O,N
OoN (Ia),

wherein step b) comprises converting a compound of formula (IVa)

(IVa),

to the compound of formula (la), wherein step b) is carried is out with 1.3 equivalents
p-nitrobenzylbromide and 1.0 equivalent of a compound of formula (IVa) in the pres-
ence of 2 equivalents of triethylamine or diisopropylethylamine, each with respect to
the compound of formula (IVa); at room temperature in DMAc.

A process for the preparation of a compound of formula (l) or a solvate thereof as
defined in any of items 1 to 9, particularly a compound of formula (la) or a solvate
thereof, in crystalline form, preferably as defined in any of items 6 to 9, comprising a
step c) of crystallizing the compound of formula (1) from a solution of the compound of
formula (1).

The process of any of items 12 to 46, wherein step ¢) comprises a step h) of adding
seeding crystals to a solution of a compound of formula () or a solvate thereof.

The process of item 47, wherein the solution comprises the compound of formula (1) in
a concentration of 0.05 to 0.20 mol/L, particularly of 0.10 to 0.14 mol/L, and more par-
ticularly 0.11 mol/L.

The process of item 47 or 48, wherein the solvent used for the solution is an aprotic

solvent.
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The process of any of items 47 to 49, wherein the solvent used for the solution is
selected from ethyl acetate and heptane, and any combination thereof, and is particu-
larly ethyl acetate.
The process of any of items 47 to 50, wherein step c) is carried out at a temperature of
-10 °C to 35 °C, particularly from 10 °C to 25 °C, and more particularly 25 °C.
The process of item 46, wherein the compound of formula (1) is the compound of for-
mula (la)
OH
PN

.

HN—\ /

S\
m 0

N 0]
O >:O o>
O
Y
\ O,N

O2N (Ia),

O,N

wherein the process comprises a step h) of adding seeding crystals to a solution of a
compound of formula (la), wherein step c) is carried out at 25 °C in ethyl acetate com-
prising the compound of formula (la) in a concentration of 0.11 mol/L.

The process of any of items 12 to 34, 46 and 47 comprising a step c¢) of crystallizing
the compound of formula () or a solvate thereof, wherein step c) is carried out without
purification and/or isolation of the compound of formula (1) or a solvate thereof after a
step b) has been carried out preferably as defined in any of items 27 to 34.

The process of any of items 12, 13, 17 to 34, 46 and 47 comprising a step c) of crystal-
lizing the compound of formula (1) or a solvate thereof, wherein step c) is carried out
without purification and/or isolation of the compound of formula (1) or a solvate thereof
after step b) has been carried out preferably as defined in any of items 27 to 34 and
wherein step b) is carried out without purification and/or isolation of after a step a) has
been carried out preferably as defined in any of items 18 to 26.

The process of items 53 or 54, wherein the solvent used for the solution is the solvent
as used in step b).

The process of any of items 53 to 55, wherein step ¢) comprises a step e), wherein in
step e) the concentration of the compound of formula (1) or a solvate thereof in the so-
lution is adjusted to be in the range of 0.14 to 0.18 M, particularly of 0.15 to 0.17 M,
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60.

61.
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and more particularly 0.16 M, preferably by adding further solvent used for the solution,
preferably DMAc.

The process of any of items 53 to 56, wherein step c) comprises a step f), preferably
after a step e) as defined in item 56, wherein step f) acid is added to quench excess
base, wherein the acid is preferably AcOH, HCI, and is more preferably AcOH.

The process of any of items 50 to 54, wherein step ¢) comprises a step g), preferably
after a step f) as defined in item 57, wherein in step g) an anti-solvent is added wherein
the anti-solvent is preferably selected from isopropy! alcohol, n-propanol, ethanol,
methanol and water, and any combination thereof, and is preferably isopropyl alcohol
and water.

The process of any of items 53 to 58, wherein step ¢) comprises a step h), preferably
after a step g) as defined in item 58, of adding seeding crystals to a solution of a com-
pound of formula (I) or a solvate thereof.

The process of any of items 53 to 59, wherein step c) is carried out at a temperature of
10 °C to 40 °C, particularly from 32°C to 38 °C, and more particularly 35 °C.

The process of item 46 wherein the compound of formula (1) is the compound of for-

mula (la)

Y O,N
OaN (Ia),

comprising step a) of reacting a compound of formula (lia),

OH
/'\)%\H//\ Q Q

0-P-0
S N\ﬁij 5
o)
s T

==

\
O2N (Ila),
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with a compound of formula (llla),

HS. HN
[NSAQO D
=0
0]
o
OsN

to obtain a compound of formula (1Va)

(Illa)

HE
] s HN
e AR S
° \PO N O
o >:O HO
O
\ \)
o,N \
O2N (IVa),
wherein step a) carried out with 1 equivalent of the compound of formula (lla) and 1.09
equivalents of the compound of formula (llla) in the presence 4.4 equivalents of diiso-
propylethylamine, each with respect to the compound of formula (1la), at a temperature
of - 20 °C in DMAc;
a step b) of converting the compound of formula (IVa) to the compound of formula (la),
wherein step b) is carried out with 1.3 equivalents of p-nitrobenzylbromide with respect
to the compound of formula (lla); at 35 °C, and wherein the compound of formula (I1Va)
has been obtained after the step a) and is used without purification and/or isolation of
the compound of formula (1Va) after step a); and
a step ¢) of crystallizing the compound of formula (la), wherein step ¢) comprises
a step e), wherein in step e) the concentration of the compound of formula (la) in the
solution is adjusted to be 0.16 M by adding further DMAc;
a step f), wherein in step f) AcOH is added;
a step g), wherein in step g) isopropy! alcohol and water are added; and

a step h), wherein in step h) seeding crystals are added at a temperature of 35 °C.
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The process of item 13, 15 or 16, wherein the compound of formula (VI) is produced in
form of a salt, preferably in form of its sodium, potassium, or lithium salt, more prefer-
ably in form of its monosodium salt (VII).

The process of item 13, 15, 16 or 62, wherein in step d) an agent suitable for removing
the PG residues is added.

The process of item 13, 15, 16, 62 or 63, wherein step d) is carried out in the presence
of a catalyst.

The process of any of items 13, 15, 16, and 62 to 64, wherein when the PG residues
are as defined in any of items 1 to 4, the agent suitable for removing the PG residue is
hydrogen.

The process of any of items 13, 15, 16, and 62 to 65, wherein when the PG residue is
as defined in any of items 1 to 4, the catalyst is selected from the group consisting of
solid-supported metal catalysts, preferably palladium-on-carbon, platinum-on-carbon,
platinum-vanadium-on-carbon, and palladium hydroxid, and is more preferably palladi-
um-on-carbon.

The process of any of items 13, 15, 16, and 62 to 66, wherein step d) is carried out in
the presence of a base.

The process of item 67, wherein the base is selected from basic inorganic salts, partic-
ularly from sodium hydrogen carbonate, sodium carbonate, potassium carbonate, or
calcium acetate, particularly sodium hydrogen carbonate and sodium carbonate; and
any combination thereof, and is preferably sodium hydrogen carbonate.

The process of any of items 62 to 68, wherein the compound of formula (1) is in crystal-
line form as defined in items 7 t0 9.

The process of items 68, wherein step d) is carried out in the presence of a base and
the base is present in an amount of 3.5 to 7 equivalents, particularly 4.5 to 6.5 equiva-
lents, and more particularly 5.5 equivalents, with respect to the compound of formula
.

The process of items 68 or 69, wherein step d) is carried out at a temperature of 15 °C
to 40 °C, particularly from 20 °C to 30 °C, and more particularly room temperature.
The process of any of items 68 to 70, wherein step d) is carried out in a solvent, pref-
erably selected from water, tetrahydrofuran, isopropyl alcohol, n-propanol, ethanol,
methanol, NMP, NEP, DMF, or DMAc, and any combination thereof, and is more pref-
erably a mixture of water, isopropyl alcohol and DMAc.

The process of any of items 13, 15, 16 or 62, for the preparation of a compound of

formula (V1)
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OH

Vi),

wherein step d) comprise converting a compound of formula

(1a) in crystalline form,

to the compound of formula (V1),

wherein in step d) hydrogen is added and wherein step d) is carried out in the pres-
ence of palladium-on-carbon and sodium hydrogen carbonate present in an amount of
5.5 equivalents with respect to the compound of formula (la), in a mixture of water,
isopropyl alcohol and DMAc, at room temperature.

The process of any of items 13, 15, 16, and 62 to 68, wherein step d) is carried out in
the presence of a base and the base is present in an amount of 3.5 to 4.5 equivalents,
particularly 3.7 to 4.2 equivalents, and more particularly 4.0 equivalents, with respect to
the compound of formula (1) or a solvate thereof.

The process of item 73, wherein step d) is carried out at a temperature of 0 °C to 20
°C, particularly from 5 °C to 15 °C, and more particularly 10 °C.

The process of items 73 or 74, wherein step d) is carried out in a solvent, preferably
selected from water, tetrahydrofuran, isopropyl alcohol, or DMAc, and any combination
thereof, and is more preferably a mixture of water and isopropyl! alcohol.

The process of any of items 13, 15, 16 or 62 for the preparation of a compound of

formula (VI) or a salt thereof, preferably its monosodium salt (VII),
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OH

V),

HN—\ /

\EN\/‘\<0 QZO

O,N

(1a).

to the compound of formuia (Vi) or a salt thereof, preferably its monosodium salt (Vii),
wherein in step d) hydrogen is added and wherein step d) is carried out in the pres-
ence of palladium-on-carbon and sodium hydrogen carbonate present in an amount of

4.0 equivalents with respect to the compound of formula (la), in a mixture of water and

isopropyl alcohol at 10 °C.
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Claims

A compound of formula (I) or a solvate thereof

wherein the PG residues are each and independently a protective group, which is ca-
pable of protecting a carboxylic acid function.
The compound of claim 1, wherein all PG residues are identical or wherein at least two
of the PG residues are identical.
The compound of claim 1 or 2, wherein each PG residue is selected from benzyl,
methylene substituted benzyl, p-substituted benzyl, o-substituted benzyl, or m-
substituted benzyl groups, wherein the substituent is preferably selected from nitro,
methoxy residues or halides; wherein the PG residue is more preferably selected from
p-hitrobenzyl, o-nitrobenzyl, m-nitrobenzyl, p-methoxybenzyl, o-methoxybenzyl, or m-
methoxybenzyl; p-chlorobenzyl, o-chlorobenzyl and is most preferably p-nitrobenzyl.
The compound of claim 1 to 3, wherein the compound of formula (l) or a solvate there-
of is in crystalline or in amorphous form.
The compound of claims 1 or 4, wherein the compound of formula (l) is the compound
of formula (l1a)
Wy,
P

ﬂme
>:o >
BN EY

Y N

Z

o

A crystalline compound of formula (la).
A crystalline compound of formula (la) obtained or obtainable by a process as defined

in claim 10 or 12.



WO 2014/057079 -47 - PCT/EP2013/071252

8.  Use of a compound of any of the preceding claims in a process for the preparation of
(4R,5S,6S)-3-[(3S,5S)-5-[(3-carboxyphenyl)carbamoyl]-pyrrolidin-3-yl]sulfanyl-6-(1-
hydroxyethyl)-4-methyl-7-oxo-1-azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid or a salt
thereof.

5 9.  The use of claim 8 in a process for the preparation of (4R,5S,6S)-3-[(3S,5S)-5-[(3-
carboxyphenyl)carbamoyl]-pyrrolidin-3-yl]sulfanyl-6-(1-hydroxyethyl)-4-methyl-7-oxo-1-
azabicyclo[3.2.0]hept-2-ene-2-carboxylic acid or a salt thereof starting from the follow-

ing compounds of formula (1) and (Ill) or a salt thereof

OH
HH
/'\y?, O

st Sl o
) O =0

HO
O
PG (1) and PG (n.
10 10.  The process for the preparation of a compound of formula (I) or a solvate thereof

OH
I H Hr, -

~ \—s\ HN—

P
o N o O

o o]
Q )=0 PG
PG Q
PG (1.

wherein the PG residues are as defined in any of claims 1 to 3; preferably wherein the
compound is the compound of formula (la) of claims 5 or 6,

comprising a step a) of reacting a compound of formula (11),

OH
/J:£1$L, Q §::>

0-P-G
N/ !

o} ‘>: o

o ° @

PG

with a compound of formula (Ill) or a salt thereof,

15

(1,



1.

10

WO 2014/057079 -48 - PCT/EP2013/071252

s )
wo O

Q
PG (I

to obtain a compound of formula (IV) or a salt thereof

OH

H

o ﬁo Eﬁo ©
g /=0
PG

HO

PG ),
and a step b) of converting the compound of formula (V) or a salt thereof to the com-
pound of formula (1) or a solvate thereof,
and optionally a step c) of crystallizing the compound of formula (1) or a solvate thereof
from a solution of the compound of formula ().

A process for the preparation of a compound of formula (VI) or a salt thereof, prefera-

bly its monosodium salt of formula (VII),
OH

(VI),

(v,

comprising a step a) of reacting a compound of formula (l1),

OH
/'\'H:H, O

PG (I,
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with a compound of formula (1) or a salt thereof,

PG )

(Iv),
5 and a step b) of converting the compound of formula (IV) or a salt thereof to a com-
pound of formula (1) or a solvate thereof

OH
H ——
S HN Q
o) E'\?ﬂo 0 0
0 =0 PG

PG 0

\

PG ().

wherein the PG residues are defined in any of claims 1 to 3;
and a step d) of converting the compound of formula (I) or a solvate thereof

10 to the compound of formula (VI), optionally after a step c) of crystallizing the compound
of formula () or a solvate thereof from a solution of the compound of formula ().

12.  The process for the preparation of a compound of formula () or a solvate thereof

(1).
wherein the PG residues are defined in any of claims 1 to 3; preferably wherein the
15 compound is the compound of formula (la) of claims 5 or 6;
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comprising a step b) of converting a compound of formula (IV) or a salt thereof

PG (IV),
to the compound of formula (1) or a solvate thereof,
and optionally a step c) of crystallizing the compound of formula () or a solvate thereof
from a solution of the compound of formula ().
A process for the preparation of a compound of formula (VI) or a salt thereof, prefera-

bly its monosodium salt of formula (VII),

?HHM
/ "4

HO (VI),

NH . d
0O Na (VIN)

comprising a step b) of converting a compound of formula (IV) or a salt thereof

T Q
S HN—
O//LN\/_ *m o
o) N>:o ° d
PG o

PG (IV),
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wherein the PG residues are as defined in any of claims 1 to 3;
and a step d) of converting the compound of formula (1) or a solvate thereof
to the compound of formula (VI1), optionally after a step c) of crystallizing the compound
of formula (I) or a solvate thereof from a solution of the compound of formula (1).
A process for the preparation of a compound of formula (VI) or a salt thereof, prefera-
bly its monosodium salt of formula (VII),

OH

%;;S\w QO

(vin,

comprising a step d) of converting a compound of formula (1) or a solvate thereof

wherein the PG residues are as defined in any of claims 1 to 3;

to the compound of formula (VI);

optionally after a step c) of crystallizing the compound of formula (1) or a solvate there-
of from a solution of the compound of formula (l).

A process for the preparation of a compound of formula () as defined in any of claims
1 to 6, comprising a step c¢) of crystallizing the compound of formula (1) from a solution

of the compound of formula (1).
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