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Method for the Preparation of Substituted Oxazolidinones

Field of the inventkion

The present invention relates to methods for the preparation of a compound having the
formula (X). Individual reaction steps as well as intermediates are additionally claimed.

Background of the invention

The compound having the formula (X-1) has been disclosed in WO 01/47919.

N\
/’"\@_\/\j\) B
(%1)

it is also known as rivaroxaban and is marketed in a number of couniries under the trade

designation Xarelto®.

The compound havihg the formula (X-1) acts as an inhibitor of clotting factor Xa and may be
used as an agent for the ptophytaxis and/or treatment of thromboembolic disorders,
especially myocardial infarction, angina pectoris (including unstable angina), reocclusions
and restenoses after angioplasty or aortocoronary bypass, stroke, transient ischemic
attacks, peripheral arterial occlusive diseases, pulmonary embolisms or deep venous

thromboses.
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One method for preparing the compound having the formula (X-1) is disclosed in
WO 2004/060887,

A further known compound has the formula (X-2)

| o |
N
O
o CHy
=) R
*2)

which is referred to as linezolid and is commerically available under the trade designation
zyvoxid®. It is useful as an antibiotic for treating infections caused by Gram-positive bacteria

because it functions as a protein synthesis inhibitor.
EP-A-515 272 describes chiral sulfates and their use in the preparation of pharmaoeuticéis.

WO 01/047919 discloses substituted oxazolidinones and their use in the field of blood

coagulation,

it was an object of the present invention to provide a simple and cost-effective method of
preparing a compound having the formula (X). The present method is advantageous
because it can use less expensive starting materials, such as (8)-3-chloro-1,2-propanediol.
Furthermore, it has the option of performing several steps of the synthesis as a one-pot
process which reduces the number of isolation sieps. The synthesis of the compound
having the formuia (IV) can be performed as a one-pot reaction starting, e.g., from (8)-3-
chioro-1,2-propanediol. Also the synthesis of the compound having the formuta (Vi) can be
performed as a one-pot reaction starting from the compound having the formula (IV).
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Summary of the invention

The following compounds are referred to in the present invention:
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The following definitions apply throughout the application unless defined otherwise.

X' is a leaving group which is preferably selected from the group consisting of halogen such
as F, Cl, Bror |. Preferably X' is a halogen, more preferably X' is Clor |,
3
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X% is a leaving group which is preferably selected from the group consisting of halogen such
as F, Cl, Bror |, Preferably X% is a halogen, more preferably X? is Cl.

The moiety C(R")(R?) is either C=0 or CH,. In one prefarred embodiment the moisty
C(R'}(R? is C=0. In an alternative preferred embodiment, the moiety C(R")(R?) is CHa.

R® Is selected from the group consisting of an alkyl group having 1 to 6 carbon atoms, an
aryl group having 6 to 10 carbon atoms and a heterocyclic group having 5 to 10 atoms
which includes one or more hetercatoms selected from N, O and 3. The alkyl group can be
optionally substituted, e.g., by one or more (e.g. 1 to 3) substituents which are
independently selected from the group consisting of halogen (such as F, Cl, Br, 1}, hydroxy,
Ci.4 alkoxy, CN, and isocyanate (OCN). The aryl group and the heterocyclic group can be
optionally substituted, e.g.,, by one or more (e.g., 1 to 3) substituents which are
independently selected from the group consisting of Cy.s alkyl, halogen (such as F, Cl, Br,

1), hydroxy, Ci.. alkoxy, CN, and OCN. In one preferred embodiment R® is preferably an

optionally substituted heterocyclic group, more preferably

| D—a

S

in a second preferred embodiment, R% is preferably C+¢ alkyl, more preferably methyl.

R* is H or halogen (such as F, Cl, Br or ). In one preferred embodiment R* is H. In an
alternative preferred embodiment, R* is halogen, in particular Cl or F, more particularly F.

All of the above compounds can be provided in racemic or enantiomerically enriched or
pure form. The compound having the formula (I) can be a racemic mixture or an optically
enriched or pure enantiomer. The optical purity of the compound having the formula (1)
directly influences the optical purity of the. produced compounds having the fomulae (1il),
VY, (V), {VI), (VII), (V) (X), (X1), (XIl) and (XIV). Compounds having a high optical purity
result in products having a high optical purity. Starting synthesis with the pure S-isomer of
the compound having the fomula () by the designated routes A, B and C produces the
compounds having the formulae (X-1) and (X-2) with high optical purity. If a racemic mixture

of the compound having the formula (1} is used as a starting material, racemic products are
4
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obtained that can be separated by usual methods like crystallization and chromatography.
The preferred starting material (compound of formula (1)) is the S-isomer of the compound

of fomula (1).

5 In a preferred embodiment the compounds are provided in enantiomeric form, e.g., having
an e.e. of at least about 99, preferably at least about 99.9. tn one preferred embodiment,
the compounds are provided in an enantiomeric form, so that the preparation method

results in the following compound (X):

10 Rz R ©

in one preferred embodiment, CR'R? is C=0, R* is H and R® is a substituted heterocyclic

 D—al

8
group having the formula , i.e. the compound having the formula (X} has

the formula (X=1). In an alternative embodiment CR'R? is CH,, R* is F and R® is CH;, L.e.
15  the compound having the formula (X) has the formula (X-2).

in one embodiment, the invention provides a method comprising the steps of:

Step i: reacting a compound having the formula (1) with a compound having the
20 formula (1) to provide a compound having the formula (I}

O
Oxd’ - 0s0P

=80 (Ei

/
O\/K/ X \ i N\)\/X‘
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Step ii: converting the sulfate moiety of the compound having the formula (lll) into
a hydroxy group in the presence of water t¢ provide a compound having

the formula {(IV)
osof ., OH
TN H /N H
' o] N N\)\/X‘ e Q ; N\/[\/%
step i \__;4
R | R’
Step iii.  replacing the leaving group X' of the compound having the formula (IV) by

NH; to provide a compound having the formuila (V)

OH : OH

& :\/K/X‘ — o/__\ M/NHQ
\‘WS—Q won

O [
R'l
10 RV v ' R RY(V)

Stepiv:  reacting the compound having the formula (V) with methylisobutylketone
to provide a compound having the formula (V1)

OH i OH
/ \ H / \ H
o} WNHQ — o] - N\/J\/N
‘ \_,__é step iv \__4 YY
R TR \
5 RZRY (V) Reore MO

1

Step v cyclizing the compound having the formula (Vi) to provide a compound
having the formuta (VI

— o, Of =N '

. \ N\)\/N\ - Y T3

\___[/\ \r\( — g ¥ N\)\/N

I step v _—y S
20 v )

Step vi: removing the methylisobutylketone group from the compound having the
formula (V1) to provide a compound having the formula (Vill}
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Step vii:  reacting the compound having the formula (VHI) with a compound having

the formula (IX) to provide a compound having the formula (X)

5
° 2 3
O X R
— i —
g P Too g
. N

/\R‘ step i /\ R o

R R v R

wherein

X' is a leaving group;
10 X2 is a leaving group which can be the same or different than X';

the moiety C(R')(R?) is C=0 or CHy;

R® is selected from the group consisting of an alky! group having 1 to 6 carbon atoms,

an aryl group having 6 to 10 carbon atoms and a heterocyclic group having 5 to 10

atoms which includes one or more heteroatoms selected from N, O and S, wherein
15 the alkyl group, the aryl group and the heterocyclic group can be optionally

substituted; and

R* is H or halogen.

A further embodiment of the present invention is a method comprising the steps of:

20

Step i: reacting a compound having the formula (I) with a compound having the

formula (1) to provide a compound having the formula (lll)

Z T
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Step it converting the sulfate moiety of the compound having the formula (11} into
a hydroxy group in the presence of water {o provide a compound having
the formula (IV) '

5
© OH
0S03
/N H /N H
o N U U 0 N N X
stepii \_..]4
‘ \ 1 R
Step viii:  cyclizing the compound having the formula (1V) to provide a compound
having the formula (X1}
10
‘ 0
OH O
/N H S\ %
o] N N\/K/X' — 0 N N\/K'/K
\.___ﬁ , step viii \_’4
1 1
R Rl v LA 0
Step ix;  optionally replacing the leaving group X' in the compound (X!) by a
different leaving group X' to provide a compound having the formula (Xi)
15 '
0 : 0
~ T aVely
Q N U\/X’ > ° N n\/j\/)@
step ix \ L
. “R! | "R
RZORY () g2 R ()
Step x reacting the compound having the formula (XI) or {(XiI) with
hexamethylenstetramine {c provide a compound having the formula (X
20

(o)

O
/N - >\? | >\O %@ N\\N

R2 RY YA R? RRfi oy
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Step xi: removing the hexamethylenetetramine moiety of the compound having the
formula (XII1) to provide a compound having the formula (VI

O
< z\/b ( \
step Xi
R1
2 R A R4 )
Step vii:  reacting the compound having the formula (VIII) with a compound having

the formula (IX) to provide a compound having the formula X)

O 0O
}\O ) X2 ) R3 >\O
/ \ / \ H
Q N\)\/NH2 -——>\ror 2 < N—_Q\)\/ R
— g
R step vii \—AW o
R R i R R
*

wherein

X' is a leaving group;

X2 is a leaving group which can be the same or different than X';

the moiety C(R")(R?) is C=0 or CH;

R3 is selected from the group consisting of an alkyl group having 1 to 6 carbon atoms,
an aryl group having 6 to 10 carbon atoms and a heterocyclic group having 5 to 10
atoms which includes one or more heteroatoms selected from N, O and S, wherein
the alkyl group, the aryl group and the heterocyclié group can be optionally
substituted; and

R*is H or halogen.

In yet another embodiment, the present invention provides a method comprising the steps

of

Step i: reacting a compound having the formula (I) with a compound having the

formula (il) to provide a compound having the formula (i)
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\——f |
0 0 N-—-—-{: :}-—-—~NH2 »
D : i \/(‘)i}i

= /S‘*O ror WM /TN H
O\)VX‘ — o N N X
step i \__#
R1
0 R2ORY ()
Step ii: converting the sulfate moiety of the compound having the formula (11} into

3 hydrcxy group in the presence of water to provide a compound having

5 the formula {IV)
I\ 5 geoR /N it
o N N X O N X
\—{ step i \__]<
R1
R2 R R4 iy RZ R (V)
Step iii: replacing the leaving group X' of the compound ’having the formula (IV) by
10 NH; to provide a compound having the formula (V)
OH OH

/ \ H / Y H
< N\)\/ Xl 2 N\)\/NH2
\ [ step il A ’
R1 R'W

ROR v R RYv)

Step xii:  reacting the compound having the formula (V) with a compound having
15 the formuia (IX) to provide a compound having the formula (XIV)

Step xiii:  cyclizing the compound having the formula (XIV) to provide a compound
20 having the formula (X)

10
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Q= QR

) ReURE 00

wherein

X" is & leaving group;

X? is & leaving group which can be the same or different than X';

the moiety C(R')(R?) is C=0 or CHy; |

R® is selected from the group consisting of an alkyl group having 1 to 6 carbon atoms,
an éryi group having 6 to 10 carbon atoms and a heterocyclic group having 5 to 10
atoms which includes one or more heteroatoms selected from N, O and S, wherein
the alkyl group, the aryl group and the heterocyclic group can be optionally
substituted; and |

R*is H or halogen.

A method comprising the step of
/N v ]
° N N\)\/NHZ - N\)\/
\_ﬁ step iv W
RORC ) :z Vi

wherein R', R?, and R* are as defined above, is also disclosed.

The present invention furthermore provides a method comprising the step of:

: PN b
Q N W ey \_{“Q‘N\/J\/ YY

[\

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

11



WO 2012/140061 PCT/EP2012/056551

A further embodiment of the present invention refers to a method comprising the step of:

N
O/——\M_Q_J:/L/N r\)\/
\-ﬁRjR‘* (i \\\I/\r e \_‘Ri (Vi
Vi ‘

5 wherein R', R%, and R* are as defined above.

Ancther embodiment of the present invention provides a method comprising the step of:

o) . ' : O _
e N
o] o X
“>\\/£\/ >\\)\/@Nr T/\N
e
| ROROOON | R o
10

wherein X', R*, R%, and R* are as defined above.

in another embodiment, the present invention relates to a method comprising the step of:

N

- ISR P = OO
Y1) —= @ A
\_ﬁ \/N step xi \_ﬁw

15 (N R RY (VI

wherein X' R'. R%, and R* are as defined above.
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Preferred compounds are selected from the group consisting of.

: 080 OH
[ H
Ol Gt
R’l . R1 /
g2 R (W) RORY
/N i /N it
o N \\/\\/NHZ o) N\/E\/ NYY
R2 R R4 o) RZ R R"r"f Vi

Yo
Ly QR

rR2 R (%)

and are preferably selected from the group consisting of:

- osof 7\ T
o! NO S \)\/ X o N N\)\/)@
\—_‘< 4 ‘RT
Re R ) | RORY
« OH O
VAN H /T N\ H
O\ :N‘Q N\/K/ NHz O\ :N@ z\1\)\/ N\YY
R? R ) ‘ | R Rigd o)
O _ 0,
e O e
— i — o
o) N N\)\/I\E >\ @KN\/N
= Q Neee ___l
‘——‘4 " i \_4 N
R2 R (VD R
o 2R DGl

wherain X', R', R?, and R* are as dafined above.

BRIEF DESCRIPTION OF THE FIGURES

Figure 1 summarizes a first reaction scheme according to the invention (route A).
Figure 2 summarizes a preferred embodiment of route A.

- Figure 3 summarizes a second reaction scheme according to the invention (route B).

13
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Figure 4 summarizes a preferred embodiment of route B.
Figure 5 summarizes a third reaction scheme according to the invention (route C).
Figure 6 summarizes a preferred embodiment of route C.

Detailed description of the invention

The compound having the formula (X) can be prepared by three interretated routes, which
are designated as routes A, B and C. The steps of the various routes will be explained in
the following. It is understood that any of the reaction steps shown below can be claimed
individually or in combination with one or more of the other sie;ﬁs.

Step i
o D N—Q—NHZ
oo’ “‘ﬂRﬂ 0s0¥
/

0 R2 re (D

In step i, the compouﬁd having the formula (ill) is prepared by reacting a compound having
the formula (1) with a compound having the formula (Il}. The compound having the formula
{1} can be prepared according o any known method such as that discicsed in example 1 of
EP-A-515 272. ’

The compound having the formula (I1) is commerically available from VUOS (CZ) or can be
prepared according to known methods (cf., e.g., WO 2005/026135).

The molar ratio of the compound having the formula (1) and the compound having the formula
(1) is preferably in the range of about 2 {c about 1, more preferably about 1.4 to about 1.

The solvent used in the reaction step is typically a polar aprotic solvent, which can be, eg.,
selected from nifrile solvents (such as acetonitrile), halogenated organic solvents (such as
methylene chioride), esters such as (ethyl acetate), ethers (such as THF) as well as mixiures

14
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thereof. The solvent is preferably a nitrile solvent such as acetonitrile or a halogenated organic
solvent such as methyiene chioride.

The reaction can be conducted at any suitable temperature. Typical reaction temperatures
range from about ~20 °C to about 80 °C, preferably from about 0 °C to about 40 °C. More
preferably the reaction is conducted at about room temperature (e.g., about 20 °C to about
25°C).

The duration of the reaction will depend on the other reaction conditions chosen and can
range from about 1 h to about 48 h, more typically from about 10 h to about 24 h.

The pH value is not critical, but best results will be achieved if pH >7 is used.

The cation of the compound having the formula (I} is not specifically restriéted and will

depend on the compounds and solvent used, It can, for example, be tristhylammonium.

in order to achieve quantitative conversion of the compound having the formula (1) it is
preferable to use of at least 1 equivaient of an organic or inorganic base. The preferred
organic bases are trialkylamines {e.g., those having a C.s alkyl group, such as
triethylamine, ethyldiisopropylamine and ftributylaming). The preferred inorganic bases
include alkali carbonates (such as sodium and potassium carbonate) and alkali hydrogen
carbonates (such as potassium and sodium hydrogen carbonate).

After the reaction has been completed, the compound having the formula () can be
isolated from the reaction mixture and/or be purified or be used in the subsequent reaction

without being isclated or purified. One method of isolating the compound having the formula
(i1} is filtration.

Step ii

15
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The sulfate moiety of the compound having the formula (lll) is converied into a hydroxy
group in the presence of water in step ii. This reaction can be conducted under any suitable
conditions. Typically, the conversion will be conducted by acidic hydrolysis.

in one embodiment, the compound having the formula (1) will be contacted with an acid,
e.g., selected from the group consisting of alkyl sulfonic acids (e.g., those having a Cys
alkyl group, such as methane sulfonic acid), aryl sulfonic acids (such as toluene sulfonic
acid). The acid will be typically employed in @ molar excess.

Step ii can be conducted in a polar organic solvent. Examples of typical solvents include

nitrile soivents {(such as acefonitrile), ethers {such as THF and dioxane), halogenated

~ organic solvents (such as methylene chioride) and mixiures thereof.

The reaction temperature of step i will be usually in the range of about -20 °C {fo about 80
°C, preferably about 0 °C to about 40 °C. Typically, the reaction will be conducted at about

room temperature.

The duration of the reaction is not particularly limited. It will be typically completed within
about 1 h to about 24 h, more typically about 2 h to about 12 h.

If desired, the compound (IV) can be isclated and/or purified before it is submitted to a
subsequent reaction. However, this is not necessary, as it can also be reacted further
without isolation or purification.

Step iii
_ OH OH
/ N - H / \ - H
S r N\/k/x‘ e g N’—‘<—>‘N\)\/NH2
N \ 7 step ii \ (\ N\ /
R wt_J
RZ R v RE R V)

The leaving group X' of compound (IV) is replaced by NH; in step iii. The replacement can

be conducted under any suftabie conditions. According to one option, the compound having

the formula (V) can be contacted with aqueous ammonia. The am‘monia_is preferably

employed in a molar excess, e.g., in an excess of al ieast about 40, preferably at least
16
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about 200. Although there is no particular limitation the concentration of the aqueous
ammonia is preferably at least about 20 %, maore preferably at least about 25 %.

The reaction temperature is not particularly limited and can be chosen appropriately. it is
usually in the range of about 1 h to about 10 h, more usually about 2 h to about 5 h.

The reaction temperature is not restricted and can, e.g., bein the range of about -20 °C to
about 40 °C, such as in the range of about 0 °C to sbout 30 °C. Step iii can, for example, be
conducted at room femperature.

While it is possible to isolate and purify the compound having the formula (V), this is not
necessary as it can be reacted further without isolation and/or purification.

Step iv

S\ W7 7\ w7
g N N\)\/NHQ — = g N N\)\/N
\-——f ) step iv AN ‘ W
1 1
N b Red v |

In step iv, the compound having the formula (V) is reacted with methyliscbutylketone to
provide a compound having the formula (VI). A skilled person will be able to chose suitable
reaction conditions. It was éurprisingiy found that methylisobutylketone gave superior
results compared io methylethylketone, dilsopropylketone, methylamylketone and
diisobutylketone. For example, the reaction yield using diisopropylketone was only 20 %.

in one embodiment, the reaction can be conducted under basic conditions. For example, a
base such as an alkali or alkaline earth carbonate, alkali or alkaline earth hydroxide or
alkaline earth oxide can be added to the reaction mixture.

The reaction will be typically conducted at elevated temperature such as reflux iemperature

in order to facilitate the removal of water which is formed as a by-product. If other methods

of removing water are used, the reaction conditions can be modified accordingly.

17
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The reaction time can be chosen by a person skilied in the art. Typical reaction times are,
for example, about 1 h to about 24 h, more typically about 3 h to about 5 h.

As a rule, no purification and/or isolation are required. However, the compound having the
formula (V1) can be isolated and/or purified, if desired. '

Step v

. Q HJH\/ | | °7\.\O

o] W N /—\ ‘

\—ﬁm 4 W ey O \@WNYV
ROR , " \_—#R‘ i

2 rR* Vi

in step v, the compound having the formula (V1) is cyclized to provide a compound having
the formula (VI). Any suitable cyclization reaction can be employed. In one embodiment,
the cyclization is conducted using a cyclization agent selected from the group consisting of
carbonyidiimidazol (such as N,N'-carbonyldiimidazol}.

The cyclization agent is typically employed in an amout of about 1.2 mol {0 about 1.0 mol
per 1 mol of the compound having the formuia (VI).

Any suitable solvent can be used in siep v. Typical solvents include nitriles (such as

.acetonitrile), aromatic hydrocarbons (such as toluene), and esters (such as butyl acetate). If

the reaction of step v is conducted after the reaction of step iv, then the ketone which was
used as a reactant in step iv will advantageously be used as a solvent in step v fo avoid

unnecessary isolation and purification steps.

The reaction can be conducted at any suitable temperature. Preferably the reaction

temperature is in the range of about ~20 °C fo about 120 °C, more preferably about 0 °C to

about 50 °C, e.g., at about room temperature.

The duration of the reaction will depend, e.g., on the other conditions chasen. It can vary,

for exampie, in the range of about 1 h to about 24 k, more typically about 4 h 1o about 16 h.
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The compound having the formula (Vi) can be isolated and/or purified, if desired. However,

this is not necessary for the subsequent reaction steps.

Step vi
o : o
. N\ N
T ~ i
o N‘Q‘U\/N\\/\( 0 N——@»N\/—\\)\/NHQ
L\Rq i step v ﬁ !
R RS vy ‘ O ROR

The methylisobutylketone group is removed from the compound having the formula (Vil) in
step vi {o provide a compound‘having the formuia (\/‘Hf). The conditions of this step are not
particularly limifted and treatment with an acid, such as an aqueous acid, can be employed.
Typical acids include incrganic acids and organic acids. Examples of suitable inorganic
acids include hydrochloric acid, sulfuric acid and phosphoric acid. Methane suifonic acid,

toluene sulfonic acid and oxalic acid are suitable as organic acids.
The cleavage can be conducted, for instance, at a temperature in the range of about 0.5 °C
to about 3 °C, such as about 1 °C to about 2 °C. For example, approximately room

temperature is suitable.

The duration of the reaction can be chosen accordingly by a skilled person. Suitable
reaction times include about 0.25 h to about 10 h, and are preferably about 1 h.

Purification and/or isolation of the compound having the formula (VIll) is not required but

can be conducted, if desired.
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Step vii

0
N
0 M AR . 0
/N >\ g (% /N 7’\ H
0 N N NH, 0 o N- N R
| rong g
\—{/\R‘ step vl \‘—‘éw 0
4 .

RZORY R2

The compound having the formula (Vi) is reacted with a compound having the formula (IX)
to provide a compound having the formula (X) in step vil.

The reaction can be conducted in an organic sclvent such as a nitrile solvent (such as
acetonitrile), an ether solvent (such as THF), an sster solvent (such as ethy! acetate), an
amide solvent (such as DMF), a ketone solvent (such as acetone) or a halogenated
hydrocarbon solvent (such as methyiene chloride). ' '

The reaction temperature is not particularly limited and can be, for example, in the range of
about -20 °C to about 40 °C, preferably about 10 °C to about 20 °C.

Typical reaction times include about 0.5 h to about 3 h, more typically about 1 h to about
2 h.

If desired, organic or inorganic bases can be added to the reaction mixture. Examples of
suitable organic bases include tri(Ci alkyljamines, pyridine, and coliidine. Suitable

inorganic bases include alkali carbonates such as sodium or potassium carbonate.

The desired final product, the compound having the formula (X), can be isolated from the
reaction mixture and/or be purified according to known methods.

20
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Step viii

o N
\__ﬂ step vl
RQ 4 (FV

5 In step viil, the compound having the formula (V) is cyclized to render a compound having

R2RY 00

N —~ = %O
~</ >‘N\/’\/X1 — S N\)\/m
R1R v)' LI/\R‘

the formula (X1). The same reaction conditions as discussed above with respéct to step v

apply for this reaction.

The compound having the formula (XI) can be isolated and/or purified or can be used as

10 such in a subsequent reaction.

Step ix
A\ AN
N
0 o]
- = - =
0 N X 0 N N X
‘ \_4 siep ix \___A
l R1 RT ) '
15 RROR () REORE LW
Step ix is an optional reaction step. In some cases it may be desirable to replace the leaving
group X' by a different ieaving group X' to adapt the reactivity for a subsequent reaction
step. In one embodiment of the invention, for example, X' = C can be replaced by X' = 1.
20
Step x
o) 0
v ] N
— O o X
/ \ ..__.. >\ / A\ >\ @( \\\N
_ ; N
\__.Aw step x \___1< 1 o
RZ R OO g2 RADA
25
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" In this reaction step, the compound having the formula {XI) or (Xll) is reacted with

hexamethylenetetramine to provide a compound having the formula (Xii}).
The reaction conditions are not particularly limited and can be chosen appropriately by a
skilled person. For example, the reaction temperature can be from about 20 °C to about

100 °C, preferably about 50 °C to about 70 °C.

The reaction time can, e.g., be in the range of about 1 h to about 96 h, such as about 20 h
to about 80 h.

Typical soivents which can be used in this reaction include sulfolane, N-methyipyrrolidone
(NMP), dimethylformamide (DMF), dimethylsulfoxide (DMSQ), tetramethylurethane (TMU)
or mixtures thereof, with sulfolane being preferred.

The reaction can be conducted under an inert atmosphere such as a nitrogen atmosphere.

No purification and/or isolation of the product are required. However, they can be
conducted, if desired.

step xi \.__]4
R

The hexamethylenetetramine moisty of the compound having the formula (X1} is removed

Steb xi
Yo 2 p
— o X NN 0 |
/N | /1
R pa e Rl

RZ R

in order to provide a compound having the formula (VIII).

The hexamethylenetetramine moiety can be removed by any suitable method. In one
embodiment, the hexamethylenstetramine moiety is removed by acid treatment. In this
embodiment, the compound having the formula (XliI) is contacted with an acid in the
presence of waler. Typical acids include inorganic acids and organic acids. Examples of
suitable inorganic acids include hydrochioric acid.
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Typical reaction temperatures include about 0 °C to about 80 °C, preferably about 40 °C fo
about 60 °C.

The reaction will be typically completed within about 1 h to about 3 h but the exact duration
will, of course, depend on the reaction conditions and can be chosen by a skilled person.

An inert atmosphere such as a nitrogen atmosphere can be used, if desired.

Purification and/or isolation of the product are not necessary but can be conducted, if

desired.
Step xii
X ,
o IX)
: —Q—'\)\/NF& - \)\/ R
step xii N\ﬂ/
R“ (V)

The compound having the formula (V) is reacted with the compound having the formuta (iX)
to provide a compound having the formula (XIV) in step xii, The conditions for this reaction
step are analogous {o those described above with respect to step vii,

Step xiii

O
7*\0
M
; step xif N d N\H/
av) 2R ©

In step Xiii, the compound having the formula (XIV) is cyclized fo provide a compound
having the formula (X). The same reaction conditions as discussed above with respect to

step v apply for this reaction.
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In route A, the compound having the formuia (X) is prepared via a novel
methylisobutylketone derivative. This reaction route has the advantage that the synthesis of
the compound having the formuia (Vi) can be performed as a one-pot reaction,

In route B, the preparation of the compound having the formufa (X) is conducted via a
hexamethylenetetramine derivative. An improvement of this route can be achieved by
replacing the leaving group X', such as Cl, by a more active leaving group X', such as |,
because replacing the first leaving group by the more active second leaving group reduces
the reaction time and increases the quality and yields of the product.

if desired or necessary, any of the above mentioned reactions can be conducted under an inert

atmosphere such as a nitrogen atmosphere or a nobile gas atmosphere (e.g., argon).

All of the reactions mentioned above can be conducted at ambient p_ressu’re or other
pressures such as a pressure in the range of about 50 kPa to about 500 kPa. Typically, they

will be conducted at ambient pressure.

The present invention is illustrated by the following non-limiting examples.

EXAMPLES

Example 1: (R)-4-Chioromethyl-[1,3,2]dioxathiolane- 2-oxide

Under an atmosphere of nitrogen to a solution of 28.12 g of (8}-3-chloro-1,2-propanediol
(MW = 110.54; 1 eq.) in 800 mL of methylenechioride were added dropwise 30.26 g of
thionylchioride (MW = 118.97; 1 eq.). After stirring for one hour at room temperature, the
reaction mixture was concentrated in vacuo to a mass of 39.93 g. The resulting cyclic sulfite

was used in the following step without further purification,
o)

A\

St

\
s N s

"H-NMR (CDCls, 300MHz) § (ppm) = 3.52-3.99 (m, CH.Cl, 2H), 4.46-4.54 (m, CHO,
0.55H), 4.66-4.88 (m, CH,O GHO, 1.90H), 5.12-5.21 (m, CHO, 0.55H).
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BC-NMR (CDCl;, 300MHz) & (ppm) = 42.80, 43.92, 69.53, 71.02, 79.31, 81.23.

Example 2: (R)}-4-Chloromethyl-[1,3,2]dioxathiolane 2,2-dioxide (CDHP-Sulfate)

To a solution of 1578 g of (R}-4-chlioromethyl-[1,3,2]dioxathiclane 2,2-dioxide (MW =
156.59; 1 eq.) in 64 mL of methylenachloride and 79.5 mbL of water were added 17.8 mg of
RuClz*3 H,O0 (MW=261.47; 0.0007 eq.) The mixture was cocled to 0 °C. At this
temperature, 85 mL of a solution of sodium'hypochlorite (1.7 M; 1.4 eq.) were added in 30
min. After addition of sodium hypochlorite was finished, the reaction mixture was stirred for
15 min at 0 °C. Then the layers were separated. The aqueous layer was exiracted iwo
times with 64 mlL of methylenachloride. To the combined methylenechloride layers weare
added 1.6 mL of isopropanol and 48 mL of water. After stirring for 5§ min, the layers were
separated. To the o'rgahic layer 1.6 g charcoal were added. After 5 min of stirring, the
suspension was filtered and the filtrate was concentrated in vacuo yieiding 14.28 g of cyclic
sulfate as a colorless oil (MW=172.59). Yield: 82.1%. The resulting cyclic sulfate was used
in the following step without further purification. '

'H-NMR (CDCls, 300MHz) § (ppm) = 3.76-3.97 (m, CH.Cl, 2H), 4.68 (dd, CH,0, 1H, J
9.2Hz, J 6.4Hz ), 4.87 (dd, CH,O, 1H, J 9.2Hz, J 5.9Hz), 5.07-5.20 (m, CHO, 1H).
BC.NMR (CDCls, 300MHz) 8 (ppm) = 49.77, 70.86, 80.85.

Example 3: Sulfuric acid mono-{{R}-1-chloromethyl-2-[4-{3-ox0o-morpholin-4-yi}-
phenylaminol-ethyi} ester potassium sait

Under an atmosphere of nitrogen to a sclution of a 7.11 g of (R)}-4-chloromethyi-
[1,3,2]dioxathiclane 2,2-dioxide (MW = 156.59; 1.38 eq.) in 85 mL of acetonitrile were
added 6.34 g of 4-(4-aminophenyl)-morpholin-3-one (APMO) (MW=192.22; 1 eq.) and 3.29
g (MW=138.21; 0.72 eq.) of potassium carbonate. The reaction mixture was stirred for 24 h
at room temperature. Then the resulting suspension was cooled to 0 °C. After stirring for at
least 2 h at this temperature, the product was isolated by filtrafion and the filter cake was
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washed with 50 mL of acetonitrile. After drying in vacuo at 30 °C, 12.09 g of the crystaliine
title compound (MW = 402.90) were isolated. Yield = 1.0 %.
m.p.. 147 °C

H-NMR (DMSO-d8, 300Mz) § (ppm) = 2.70 (m, CHy, 2H), 3.61 (dd, CH,, 2H, J 4.7, J
5.7Hz), 3.81 (dd, CHa, 2H, J 2.1Hz, J 4.3Hz), 3.92 (dd, CHy, 2H, J 4.7Hz, J 6.2Hz), 4.14 (s,
CHs, 2H), 4.44 (m, CHO, 1H), 5.78 (t, NH, 1H), 6.62 (d, CH, 2H, J 8.9Hz), and 7.04 (d, CH,
2H, J 8.9Hz). |

BC.NMR (DMSO-dB, 300Mz) & (ppm) = 44.81, 46.26, 50.43, 64.43, 68.59, 112.27, 127.37,
131.34, 148.02,166.68,

Example 4: 4-[4-{{R)-3-Chloro-2-hydroxy-propylamino}-phenyi]-morpholin-3-one

Under an atmosphere of nitfrogen to a solution of a 14.22 g of (R)-4-chloromethyl-
[1,3,2]dioxathiolane 2,2-dioxide (MW = 158.59; 1.37 eq.) in 190 mL of methylenechlioride
were added 12.68 g of 4-(4-amino-phenyl)-morphoiin-3-one (APMO} (MW = 182.22; 1 eq.)
and 9.2 g (MW = 101.12; 1.37 eq.) of triethylamine. The reaction mixture was stirred for
24 h at room temperature. Then the resuliing suspension was concentrated in vacuo and
the concentrate was dissolved in 400 mb of acetonitrile. 38 g of methane sulfonic acid (MW
= 06.11; 6.0 eq.). and 7.9 g of water (MW = 18.02; 9.0 eq.} were added and the solution
were stirred at ambient temperature. After stirring for 5 h, the reaction mixture wes
neutralized by addition of 50 g of sodium hydrogencarbonate (MW = 84.()»1; 8.0 eg.). The
resulting suspension was filtered and the cake washed with 200 ml of acetonitrile. The
combined acetonitrite layers were concentrated in vacuo, To the concentrate were added
260 mlL of 2-propanol and the mixture was stirred for 1 h at ambient temperature. The
resulting slurry was cooled to 0 °C. After stirring for at ieast 2 h at this temperature, the
product was isolated by filtration and the filter cake was washed with 50 mL of 2-propanol.
After-disping i1 vacuo at 30 °C, 11.75 g of the crystaliine fitle compound (MW = 284.75) were
isolated. Yield = 62.6%.
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m.p.. 146°C . ,
, H\'ﬁ‘/ﬂ
o c
~r
A

"H-NMR (DMSO-d6, 300Mz) & (ppm) = 2.99-3.09 (m, CH,, 1H), 3.18-3.23 (m, CH,, 1H),
3.56-3.64 (m, CHy, 2H), 3.69 (dd, CH,, 1H, J 4.7, J 5.7Hz), 3.84 (m, CH, 1H), 3.92 (dd, CHa,
2H, J 4.5Hz, J 11.2Hz), 4.14 (s, CH,CO, 2H), 5.36 (d, OH, 1H, J 5.2Hz), 5.73 {t, NH, 1H, J

' 5.8Hz), 8.60 (d, CH, 2H, J 8.8Hz), and 7.03 (d, CH, 2H, J 8.9Hz).

BC-NMR (DMSO-d6, 300Mz) 8 (ppm) = 44.81, 46.26, 50.43, 64.43, 68.59, 112.27, 127.37,
131.34, 148.02,166.68.

Example 5: 4-[4-[(5R)-5-(Chloromethyl)-2-oxo-3-0xazolidinyl]phenyi]- 3-morpholinone

Under an atmosphere of nitrogen to a solution of 10.53 g of 4-[4-((R}-3-chioro-2-hydroxy-
propylamino)-phenyll-morpholin-3-one (MW = 284.75; 1 eq.) in 150 mbL acetonitrile were
added 7.84 g of N N'-carbonyldiimidazole (MW = 162.15; 1.3). The resulting reaction
mixture was stirred for 3 h at room temperature. Then the resulting slurry was concentrated
in vacuo and to the concentrate 150 mL of 2-propanol were added. After stirring for 1 h at
ambient temperature, the crystal suspension was cooled to 0 °C. After stirring for at least 2
h at this temperature, the product was isolated by filtration and the filter cake was washed
with 50 mL of 2-propanol. Aftar drying in vacuo at 30 °C, 11.75 g of the crystalline title
compound were isolated. Yieid = 74.8%.

mp: 148°C .
Qb‘/m

TH-NMR (DMSO-d8, 300Mz) § (ppm) = 3.71 (t, CH, 1H, J 5.0Hz), 3.84 (dd, CH,, 1H, J 5.7, J
9.2Hz), 2.99-3.09 (m, CHy, 1H), 3.13-3.23 (m, CH,, 1H), 3.56-3.64 (m, CHy, 2H), 3.62 (dd,
CHy, 1H, J 4.7, J 5.7Hz), 3.92-4.07 (m, CH,, 3H), 3.92 (dd, CH,, 2H, J 4.5Hz, J 11.2Hz),
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4.14 (s, CH,CO, 2H), 4.22 (t, CH, 1H, J 9.2Hz), 5.36 (d, OH, 1H, J 5.2Hz), 5.73 (t, NH, 1H, J
5.8Hz), 7.42 (d, CH, 2H, J 8.9Hz), 7.59 (d, CH, 2H, J 8.9Hz),

C.NMR (DMSO-d6, 300Mz) § (ppm) = 44.81, 46.26, 50.43, 64.43, 68.59, 112.27, 127.37,
131.34, 148.02,166.68. |

Example 6: 4-[4-[(5R)-5-{lodomethyl}-2-ox0-3-oxazolidinyljphenyl]- 3-morpholinone

Under an atmosphere of nitrogen to a solution of 1.00 g of 4-{4-[(5R)-5-(chloromethyl)-2-
oxo-S—oxazoiidinyi]phenyl}—B-morphoiinone (MW = 310.74; 1 eq.) in 5.3 mL sulfolane were
added 0.97 g of sodium iodide (MW = 149.89; 2 eq.). The resulting reaction mixture was
stirred for 20 h at 110 °C. Then the resulting slurry was cooled to room temperature and
diluted with 30 mL of water. After stirring for 1 h at ambient temperature, the crystal
suspension was isolated by filtration and the filter cake was washed with 20 mL of water.
After drying in vacuo at 30 °C, 1.05 g of the crystalline title compound (MW = 402.19) were
isolated. Yield = 81.4%.

mp.: 157 °C

1H-NMR (DMSO-d6, 300Mz) § (ppm) = 3.71 (t, CH, 1H, J 5.0Hz), 3.84 (dd, CHa, 1H, J 5.7, J
9.2Hz), 2.99-3.00 (m, CH,, 1H), 3.13-3.23 (m, CH,, 1H), 3.56-3.64 (m, CHj, 2H), 3.69 (dd,
CHy, 1H, J 4.7, J 5.7Hz), 3.82-4.07 (m, CHy, 3H), 3.92 {dd, CHy, 2H, J 4.5Hz, J 11.2Hz),
4.14 (s, CH,CO, 2H), 4.22 (t, CH, 1H, J 9.2Hz), 5.36 (d, OH, 1H, J 5.2Hz), 5.73 (t, NH, 1H, J
5.8Hz), 7.42 (d, CH, 2H, J 8.9Hz), 7.59 (d, CH, 2, J 8.9Hz).

BCNMR (DMSO-d6, 300Mz) § (ppm) = 44.81, 46.26, 50.43, 64.43, 68.59, 112.27, 127.37,

131.34, 148.02,166.68.

Example 7: 1-{(R}-2-Oxo-3-[4-{3-oxc-morpholin-4-yl)-phenyl]-oxazolidin-5-yimethyl}-
3,5,7-triaza-1-azonia-tricyciof3.3.1.1*3,7*]decane; iodide
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- Under an atmosphere of nitrogen {o a solution of 0.403 g of 4-[4-[(5R}-5-(iodomethyl}-2-oxo-

3-oxazolidinyllphenyl]-3-morpholinone (MW = 402.19; 1 eq.) in 2.1 .mL sulfolane were
added 0.154 g of hexamethylenetetramine (MW = 149.89; 2 eq.). The resulting reaction
mixture was stirred for 3 days at 50 °C. Then the resulting sEurry' was cooled to room
temperature and diluted with 10 mL of methylenéchioride. After stirring for 1 h at ambient
temperature, the crystal suspension was isolated by ﬁttréﬁon and the filter cake was washed
with 10 mL of methylenschloride and 10 mL of acetonitrile. After drying in vacuo at 30 °C,
0.329 g of the crystalline title compound (MW = 542.38) were isolated. Yield = 60.6%.

mp.: 203 °C

Example 8: 1-{(R)-2-Ox0-3-[4-{3-0x0o-morpholin-4-yl}-phenyll-oxazolidin-5-yimethyi}-
3,5,7-triaza-1-azonia-tricyclol3.3.1.1*3,7*]decane; iodide (PMO-HMTAOXZ.HI)

Under an atmosphere of nitrogen to a solution of 0.403 g of 4-[4-[{5R)-5-(iodomethyl)-2-oxo-
3-oxazolidinyliphenyl]-3-morpholinone (MW = 402.19; 1 eq.) in 2.1 mbL sulfolane were
added 0.154 g of hexamethylenetetramine (MW = 148.89; 2 eq.). The resulting reaction
mixture was stirred for 24 h at 60 °C. Then the resulting slurry was cooled fo room
temperature and diluted with 10 mL of acetonitrile. After stirring over night at ambient
temperature, the crystal suspension was isolated by filtration and the filter cake was washed
with 10 mbL of acstonitrile, After drying in vacuo at 30 °C, 0.279 g of the crysialiine tille
compound (MW = 542.38) were isolated, Yield = 51.4%. |

mp.: 203 °C
Q N
=AY
NN N "
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"H-NMR (DMSO-d6, 300Mz) & (ppm) = 3.71 (t, CH, 1H, J 5.0Hz), 3.84 (dd, CH,, 1H, J 5.7,
9.2Hz), 2.99-3.09 (m, CHg, 1H), 3.13-3.23 (m, CH,, 1H), 3.56-3.64 (m, CH,, 2H), 3.89 (dd,
CHy, 1H, J 4.7, J 5.7Hz), 3.92-4.07 (m, CH,, 3H), 3.92 (dd, CH, 2H, J 4.5Hz, J 11.2Hz),
4.14 (s, CH,CO, 2H), 4.22 (t, CH, 1H, J 9.2Hz), 5.36 (d, OH, 1H, J 5.2Hz), 5.73 {t, NH, 1H, J
5.8Hz), 7.42 (d, CH, 2H, J 8.9Hz), 7.59 (d, CH, 2H, J 8.9Hz). |

BC.NMR (DMSO-d6, 300Mz) & (ppm) = 44,81, 46.26, 50.43, 64.43, 68.59, 112.27, 127.37,
131.34, 148.02,166.68.

‘Example 9: {4—((S)-S-Aminomethy{-z-oxo-oxazaiidin-3-yt)~phenyi}-morphoiin-:i-one»;

hydrochloride

Under an atmosphere of nitrogen to a suspension of 100 mg of 1-{(R}-2-ox0-3-[4-{3-0x0-
morpholin-4-yl)-phenyll-oxazolidin-5-yimethyl}-3,5,7-riaza-1-azonia-tricycio[3.3.1.1%3.77]

decans iodide (MW = 542.38; 1 eq.) in 2 mL of ethanol were added 100 mg of cone.
hydrochloric acid (MW = 36.46; 5 eq.) and 850 mg of water. The reaction mixture was
warmed to 50 °C and stirring was continued for 2 h. Then the reaction mixture was cooled
to 0 °C. After stirring for 1 h at 0 °C, the crystals were isolated by filiration, washed with 10
mL of ethanol and the wet product was dried in vacuo at 30 °C. The yield of isolated
crystalline hydrochloride of the fitle compound was 20 mg (approx. 33.1 %). mp: 210-220 °C

Example 10: 5-Chior-N-({{5S)-2-0x0-3-[4-(3-ox0-4-morpholiny!)phenyl]-1,3-oxazolidin-
S-yiymethyl}-2-thiophenecarboxamide

Under an atmosphere of nitrogen to a suspension of 0.164 g of 4-({(8)-5-aminomethyl-2-oxo-

oxazolidin-3-yl)-phenyl-morpholin-3-one hydrochloride (MW = 327.77; 1 eq'.) in 7 mbL of

acefonitrile were added 0.101 g of triethylamine (MW = 101.12; 2.0 eq.). After stirring for 10

min at room temperature, the suspension was cooled to 0 °C and then 0.091 g of 5-chioro-

thiophene-2-carbonyl chioride (MW = 181.04; 1.0 eq.) were added. After stirring for 80 min at

0 °C, the resulting slurry was filtered and the cake washed with 5 mL of acetonitrile and 5 mL
30
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of water. After drying in vacuo at 30 °C, 0.180 g of the title compound in the form of a white
crystalline powder was isolated. Yield = 82.7%.

L

G

Example 11: 4-[4-((R)-3-Chloro-2-hydroxy-propylamino)-phenyl}-morphoiin-3-one
{one-pot procedure) ’

Under an atmosphere of nitrogen to a solution of 28.12 g of (S)-3-chioro-1,2-propanediol ,
(MW = 110.54; 1 eq.) in 600 mL of methylenechloride were added dropwise 30.26 g of
thionylchioride (MW = 118.97; 1 eq.). After stirring for 1 h at room temperature, the reaction
mixture was concentratéd in vacuo to a mass of 255 g. To the concentrate of (R)-4-
chioromethyi-[1,3,2]diocxathiolane 2,2-dioxide (MW = 156.59; 1 eq.) were added 200 mL of
water and 45 mg of RuClg3 H,O (MW = 261.47, 0.0007 eq.) The mixture was cooled to
0 °C. At this temperaturs, 215 mL of a cold solution of soditim hypochiorite (1.7 M; 1.4 eq.)
were added in 80 min. After addition of éodfum hypochloriie was finished, the reaction
mixture was stirred for 15 min at 0 °C. Then the layers were separated. The aqueous layer
was extracted twice with 160 mL of methylenechioride. To the combined methylenechloride
layers were added 4 mL of isopropanol and 120 mb of water. After stirring for 5 min the
layers were separated. To the organic layer, 1.6 g charcoal were added. After 5 min of

_stirring, the suspension was filtered. To the fitrate were added 32.09 g of 4-(4-
. aminophenyl}-morpholin-3-one (APMC) (MW = 182.22; 0.86 eq.) and 23.28 g (MW =

101.12; 0.9 eq.) of triethylamine. The reaction mixture was stirred for 24 h at room
temperature. Then the resulting suspension was concentraied /n vacuo and the concentrate
Was dissolved in 1000 mL of acetonitrite. 96 g of methane sulfonic acid (MW = 96.11; 3.9
eq.) and 20 g of water (MW = 18; 4.4 eq.} were added and the éoiution was stirred at
ambient temperature. After stirring for 5 h, the reaction mixture was neutralized by addition
of 127 g of sodium hydrogencarbonate (MW = 84.01; 5.9 eq.). The resulting suspension
was filtered and the cake washed with 500 mL of acetonifrile. The combined acetonitrile
layers were concentrated in vacuo. To the concentrate were added 660 mL of 2-propanol
and the mixture was stirred for 1 h at ambient temperature. The resulting slurry was cooled

to 0 °C. After stirring for at least 2 h at this temperature, the product was isolated by filtration
31 .
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and the filter cake was washed with 125 mL of 2-propanol. After drying in vacuo at 30 °C,
29.73 g of the crystalline title compound were isolated. Yield = 41.0%.
m.p.. 146 °C

Example 12  4-[4-((R}-3-Amino-2-hydroxy-propylamino}-phenyl}-morpholin-3-one
hydrochloride

8.95 g of 4-[4-({R)-3-chloro-2-hydroxy-propylamino)-phenyl}-morpholin-3-one (MW =
284.75; 1 eq.) were added to 189 g of conc. agueous ammonia (MW = 17.03; 88 eq.). The
reaction mixture was stirred for 4 h at room temperature. Then 0.9 g of charcoal were added
and after 10 min of stirring, the suspension was filtered and the cake washed with 30 mL of
water. Filtrate and wash water were combined and concentrated in vacuo. To the residue
were added 50 mL of sthanol. The resulting suspension was stirred for 1 h at ambient
temperature and then cooled to 0 °C. After stirring for af least 2 h at this temperature, the
product was isolated by‘ filtration and the filter cake was washed with 25 mL of ethanol. After
drying in vacuo at 30 °C, 5.73 g of the crystalline title compound were isolated. Yield =
80.4%. '

m.p.: 180-180 °C

H-NMR (DMSO-d6 + TFA-d1, 300Mz) & (ppm) = 2.87-2.97 (m, CHy, 1H), 3.05-3.18 {m,
CHa, 1H), 3.39-3.58 (m, CHa, 2H), 3.71 (m, CHz, 2H), 4.00 {m, CH;, 2H), 4.09 (m, CH, 1H),
4.26 (s, CH,CO, 2H), 7.48 (m, CH, 4H).

Example 13: 4-[4-{(R}-3-Amino-2-hydroxy-prepyiamino}-phenyl}-morpholin-3-one
hydrochloride '
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30.00 g of 4-[4-((R)-3-chioro-2-hydroxy-propylamino)-phenyl}-morpholin-3-one (MW =
284.75; 1 eq.) were added to 634 g of conc. agueous ammonia (MW = 17.03; 88 eq.). The
reaction mixiure was stirred for 4 h at room temperature. Then 3.0 g of charcoal were added
and after 10 min of stirring, the suspension was filtered and the cake was washed with 90
mL of water. Filtrate and wash water were combined and concentrated in vacuo to a mass
of 37 g. To the residue were added 107 mL of ethanol. The resulting suspension was stirred
for 1 h at ambient temperature and then cooled to 0 °C. After slirring for at least 2 h at this
temperature, the product was isolated by filtration and the filter cake was washed with 75
mL of ethanol. After drying in vacuo at 30 °C, 24.82 g of the crystalline title compound were
isolated. Yield = 78.3%.

m.p.: 180-180 °C

"H-NMR (DMSO-d6 + TFA-d1, 300Mz) § (ppm) = 2.87-2.97 (m, CH,, 1H), 3.05-3.13 (m,
CHa, TH), 3.39-3.58 (m, CH,, 2H), 3.71 (m, CH,, 2H), 4.00 {m, CH,, 2H), 4.09 (m, CH, 1H),
4.26 (s, CH.CO, 2H), 7.48 (m, CH, 4H). | |

Examp%e 14:  4-[4-((R}-3-Amino-2-hydroxy-propylamino}-phenyi]-morpholin-3-one
hydrochioride

30.00 g of 4-[4~((R)-3-chioro-2-hydroxy-propylamino}-phenyl}-morpheolin-3-one  (CHP-
APMO) (MW = 284.75; 1 eq.) were added to 1298 g of conc. agueous ammonia (MW =
17.03; 181 eq.). The reaction mixiure was stirred for 2.8 h at room temperature. Then 3.0 g
of charcoal were added and after 10 min of stirring, the suspension was filtered and the
cake was washed with 90 mL of water. Filtrate and wash water were combined and
concentrated in vacuo to a mass of 37 g. To the residue were added 107 mL of ethanol.
The resulting suspension was stirred for 1 h at ambient temperature and then cooled to 0
°C. After stirring for at least 2 h at this temperature, the product was isolated by filiration and
the filter cake was washead with 758 mL of ethanol. After drying in vacuo at 30 °C, 23.98 g of
the crystalline title compound were isolated. Yield = 75.4%,
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m.p.: 180-190 °C

'H-NMR (DMSO-d6 + TFA-d1, 300Mz) & (ppm) = 2.87-2.97 (m, CHy, 1H), 3.05-3.13 (m,
CH,, 1H), 3.39-3.58 (m, CHg, 2H), 3.71 (m, CHa, 2H), 4.00 (m, CH,, 2H), 4.09 (m, CH, 1H),
4.26 (s, CH,CO, 2H), 7.48 (m, CH, 4H).

Example 15; 4-[4-((R}-3-Amino-2-hydroxy-propylamino}-phenyl}-morpholin-3-one

30.00 g of 4-[4-((R)-3-chioro-2-hydroxy-propylamino)-phenyl}-morphofin-3-one (MW =
284.75; 1 eq.) were added to 1298 g of conc. agueous ammonia (MW = 17.03; 88 eq.). The
reaction mixture was stirred for 2.5 h at room temperature. Then 3.0 g of charcoal were
added and after 10 min of stirring, the suspension was filtered and the cake was washed
with 80 mL of water. Filtrate and wash water were combined and concentrated )'n vacuo to a
mass of 100 g. The concentrate was alkalized by addition of 21.84 g of potassium
carbonate (MW = 138.21; 1.5 eq.) and to the alkaline solution were added 200 mL of
methylenechloride. After 10 min of stirring, the layers were separated and the agueous layer

-was extracied once more with 100 mL of methylenechloride. The organic layers were

combined and concentrated in vacuo. To the residue were added 150 mL of methyl fert-
butyl ether and the resulting suspension was sfirred for at least one hour at ambient
temperature. Then the crystalline product was isolated by filtration and the filter cake was
washed with 75 mL of methyl tert-buty! ether. After drying in vacuo at 30 °C, 21.08 g of the
crystalline titie compound (MW 265.31) were isolated. Yield = 75.4%.
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"H-NMR (DMSO-d6 + TFA-d1, 300Mz) & (ppm) = 2.87-2.97 (m, CHa, 1H), 3.05-3.13 (m,
CH,, TH), 3.39-3.58 (m, CHa, 2H), 3.71 (m, CHy; 2H), 4.00 (m, CHz, 2H), 4.08 (m, CH, 1H),
4.26 (s, CH,CO, 2H), 7.48 (m, CH, 4H). |

Example 16: [4-{(8)-5~-Aminomethyl-2-oxo-oxazolidin-3-yl)-phenyi}-morpholin-3-one;
hydrochioride

30.00 g of _4-[4«((R)~3~chloré-z—hydroxy-propy!amino)-phenyi}-morphoiin—B-one (MW =
284.75; 1 eq.) were added to 1298 g of conc. aqueous ammonia (MW = 17.03; 181 eq.).
The reaction mixture was stirred for 2.5 h at room temperature. Then 3.0 g of charcoal were
added and after 10 min of stirring, the suspension was filtered and the cake was washed
with 90 mL of water. Filtrate and wash water were combined and concentrated in vacuo to a ,
mass of 100 g. The concentrate was alkalized by addition of 21.84 g of potassium
carbonate (MW = 138.21; 1.5 eq.) and to the alkaline solution 200 mlL of
methyliscbutylketone were added. After 10 min of stirring, the layers were separated and
the agqueous layer was extracted once more with 100 mL of methyliscbutylketone. The
organic layers were combined and heated to reflux temperature. The formed water was
removed by azeotropic distillation, After refiuxing for 2 h and removing water by azeotropic
distillation, the reaction mixture was cooled to room temperature and then 25.63 g of N,N'-
carbonylidiimidazol (MW = 162.15; 1.5 eq.) were added. After stiring at ambient

i

temperature for 15 hours, the reaction mixiure was filtered. To the clear filtrate were added
5 mL of 8 M hydrochioric acid (1.5 eq.) and 50 mL of water and stirring was continued for 1
h. Then the mixture was concentrated in vacuo. To the solid residue were added 5.5 mL of
water and 22 mbL of ethanol. The resulting slurry was stirred for 1 h at ambient temperature
and then cooled to 0 °C. After stirring in an ice bath for at least 2 h, the crystals were
isolated by filtration, washed with 10 mL of ethanol and the wet product was dried in vacuo
at 30 °C. The vield of isolated crystalline hydrochloride (MW = 327.77) of the title compound |
was 25.40 g (approx. 73.5 % by theory).

e)

Y
NN NH, HCI
//\;*Q -~ |
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"H-NMR (DMSO-d6, 300Mz) § (ppm) = 3.21-3.26 (m, NCH,, 2H), 3.56-3.64 (m, CHy, 2H),
3.72 (m, CHy, 2H), 3.87 = 4.00 {m, CH, CH, 3H), 4.20 (s, CH,CO, 2H), 3.21 (m, CHa, TH),
4.98 (m, CH, 1H), 7.56 (d, CH, 2H, J 8.0Hz), 7.43 (d, CH, 2H, J 8.0Hz), 8.49 (3, NH, 3H).
BC.NMR (DMSO-d6, 300Mz) & (ppm) = 48.10, 49.89, 55.99, 64.30, 68.51, 70.27, 119.47,
126.88, 137.14, 138.08, 154.48, 167.02. '

Examplie 19: [4-{(S)-5-Aminomethyl-2-0x0-oxazolidin-3-yl}-phenyil-morpholin-3-one;
hydrochioride

Under an atmosphere of nitrogen o a suspension of 2.00 g of 4-[4-((R)-3-amino-2-hydroxy-
propylamino}-phenyl]-morpholin-3-one hydrochioride (MW = 301.78; 1 eq.) in 100 mL of
methylisobutylketone were added 3.85 g of potassium carbonate (MW = 138.21; 4.2 eq.}
and the suspension was heated o reflux. The formed water was removed by azeotropic
distiliation. After refluxing for 4 h and removing water by azeotropic distillation, the reaction
mixture was cooled to room temperature and then 1.61 g of N,N'-carbonyldiimidazol (MW =
162.18; 1.5 eq.) were added. After stirring at ambient temperature for 15 h, the reaction
mixture was filtered. To the clear filtrate were added 5 mL of 6 M hydrochioric acid (1.5 eq.)
and 50 mL of water and stirring was continued for 1 h. Then the mixture was concentrated
in vacuo. To the solid residue were added 5.5 mL of water and 22 mL of 2-propancl. The
resulting shurry was stirred for 1 h at ambient temperature and then cooled to 0 °C. After
stirring in an ice bath for at least 2 h, the crystals were isolated by filtration, washed with 10
mL of 2-propancl and the wet product was dried in vacuo at 30 °C. The yield of isclated
crystaliine hydrochioride (MW = 327.77) of the title compound was 1.74 g (80.1%).

"H-NMR (DMSO-d6, 300Mz) 5 (ppm) = 3.21-3.26 (m, NCH,, 2H), 3.56-3.64 (m, CH;, 2H),
3.72 (m, CHy, 2H), 3.87 — 4.00 {m, CH,, CH, 3H), 4.20 (s, CH,CO, 2H), 3.21 (m, CH,, 1H),
4.98 (m, CH, 1H), 7.56 (d, CH, 2H, J 9.0Hz), 7.43 (d, CH, 2H, J 8.0Hz), 8.49 (3, NH, 3H).
BC.NMR (DMSO-d6, 300Mz) & (ppm) = 48.10, 49.89, 55.99, 64.30, 68.51, 70.27, 119.47,
126.88, 137.14, 138.06, 154.48, 167.02.
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Example 20: | 5-Chloro-thiophene-2-carboxylic acid {(R}-2-hydroxy-3-[4-(3-oxo-

~ morpholin-4-yl}-phenylaminol-propyi}-amide

Under an atmosphere of nitrogen to a suspension of 1.65 g of 5-chloro-thiophene-2-
carboxylic acid (MW = 162.80; 1.2 eq.) in 50 mL of methylenechioride were added 1.62 g
N,N-carbonyldiimidazole (MW = 162.15; 1.2 eq.) and the reaction mixture was stirred for -
2 h. To the resulfing solution of the azolide were added 2.41 g of 4-[4-((R)-3-amino-2-
hydroxy-propylamino)-phenyl}-morpholin-3-one hydrochioride (MW = 301.78; 1 eq.) and
stirring at ambient ‘rerﬁperature was continded for 4 h. Then 50 mL of 1 M aqusous
hydrochioride were added. After 5 min of stirring, the layers were separated. The organic
layer was extracted once more with 25 mL of 1 M hydrochloric acid. The combined aqueous
layers were washed with 25 mlL of methylenechloride and neutralized by the addition of
approx. 15 mL of 5 M sodium hydroxide. The resulling suspension was stirred for 1 h at
ambient temperature, then cooled to 0 °C. After stirring in an ice bath for 2 h, the precipitate
was itsolated by filtration, washed with 10 mL of water and the wet product was dried in

vacuo at 40 °C.

o e
o
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5
CLAIMS
1. A method comprising the steps of:
10 Step ©© reacting a compound having the formula {I) with a compoiznd having the
farmula (1) to provide a compound having the formula (111}
o 0 N-—< >—NH2
v/ "‘“ =
O:::/S""‘“-O RZ R1 R4 (”) /—-\ H 0803
o\)\/ « —— 0 N N\/k/ X
step i \__ﬁ
R1
® R2 re (I
15 Step ii: converting the sulfate moiety of the compound having the formula (I1Y) into
- a hydroxy group in the presence of water to provide a compound having
the formula (IV)
\ q 9508 ™\ AR
Q N\)\/X‘ — < N\.)\/X1
\ < step i \___ﬁ
1 R‘!
be Cpd (D | R g
20
Step iii: replacing the leaving group X' of the compound having the formula (1V) by
NH; to provide a compound having the formula (V)
H
7\ no ] N\ neo [
0 NJ\/M —_—p 0 V\\/K/NHE
\ < step il \ {
Fz‘! ! R’i
R RS (V) RZ R W)
25
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Stepiv:  reacting the compound having the formula (V) with methylisobutylketone
to provide a compound having the formula (V1)

/N aut /7 o
g N\)\/NHz — g N l\\)\/N
\—_A . step iv \\_‘é W
1
re R v) g T V)

S
Step v: cyclizing the compound having the formula (Vi) to provide a compound
having the formula (Vi) ’
OH 0
N H %O
O LK‘Q—N\/K/NW Om “’\)\/N
é{z R ol v step v \5._‘ \\r\i/
V1) b F R‘f (VI
10
Step vi:  removing the methyiisobutylketone group from the compound having the
formula (V1) to provide a compound having the formula (VII)
o o}
2N N
— o} I 0
< 7\N\/J.\/N S t\?\\/}\/NH
Y\{/ e 2
K\R* step \—‘Rﬁ
RR R vy RRRY
15 |
Step vii:  reacting the compound having the formula (V) with a compound having
the formula (IX) to provide a compound having the formula (X)
o | o
AN
O AR 0
d = M]D\/NH TM d N ?\jk/r B2
N\ /T f— \‘“ﬂ \ 7 \}/
g / step i qt |/
ROR v R ©
ity
20

wherein
X" is a lgaving group;
X? is a leaving group which can be the same or different than X';

the moisty C(R')(R?) is C=0 or CHy;
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R® is selected from the group consisting of an alkyl group having 1 to 6 carbon atoms,

an aryl group having 6 to 10 carbon atoms and a heterocyclic group having 5 to 10

atoms which includes one or more heteroatoms selected from N, O and S, wherein

the alkyl group, the aryl group and the heterocyclic group can be optionally
5 substituted; and

R*is H or halogen.

2. The method according to claim 1, wherein the method employs an enantiomerically
enriched or enantiomerically pure starting material and which method comprises the

10 steps of:

Step i: reacting a compound having the formula (1) with a compound having the
formula (1) to provide a compound having the formuia (Il1)

0 0 Nm-<: :}—-—NHE
= : i ) i ‘ r \/Oskoge/

15 ' (0 R2 R4

N/
o
|
O
z T

Step .- converting the sulfate moiety of the compound h‘aving the formula (1) into
a hydroxy group in the presence of water {o provide a compound having
the formula (V)

20
030¥
VRN H
o N N\/L\/x’ \/\/X‘
\ < step ii
1
e Cge () )
Step iil: replacing the leaving group X' of the compound having the formuta (iV) by
NH; to provide a compound having the formula (V)
25 |
— OH I OH
c ﬂ | X ——— 0 HU\/NH
2
\ / W step iii
R1 R’!
ROR v RZ R V)

40



WO 2012/140061 PCT/EP2012/056551

Step iv:  reacting the compound having the formula (V) with methylisobutylketone

tc provide a compound having the formula (V1)

0 NHy  ——— o - N N
e oo N
RT R1
5 R ORY W) R R

4 (VI

Step v: cyclizing the compound having the formula (V!) {o provide a compound
- having the formula (VHl)

o

QP iy = oL
) — G ; N
B - R! Qe " step v : o W

10 Rz RYOVE

Step vi:  removing the methylisobutylketone group from the compound having the
formuta (V1l) fo provide a compound having the formula (VIll)

o\ O‘\
—_— o] — O
7—N\\)\./ 7\\)\,/
ol N N o] N N NH,
X Emmaanes )
i ;R‘ \r\‘/ “step v {\
5 R2 R4 (Vﬂ) RE

R‘;
1 R vy

Step vii:  reacting the compound having the formula (VIIl) with a compound having
the formula (IX) to provide a compound having the formula (X)

ps R __ 7\0
o™ d N N\/-l\/H* RS
/ . W
e —— \
stap il /\R1
R

41



WO 2012/140061 PCT/EP2012/056551

'3. -A method comprising the steps of:

Step i reacting a compound having the formula (1) with a compound having the
formula (1) {o provide a compound having the formula (li)

5
VAR
o o N NH;
O’ —K 0sof
Vs I A °
O\)\/X! 7 . N Xx
step i \__é
R1
0] R2 R (D
Step il converting the sulfate moiety of the compound having the formula (ill) into

a hydroxy group in the presence of water to provide a compound having
10 the formula (V)

N ‘PO YN
o N N\/\/x* —_— 0 N WXI

re W | RO W)

Step viil:  cyclizing the compound having the formula (IV} to provide a compound
18 having the formula (X1}

O N
\__ﬁ step Mii \___4
R1 . i R?
R? R2 R

R
Step ix:  optionally replacing the leaving group X' in the compound having the

20 formula (XI) by a different leaving group X' to provide a compound having
the formula (Xil)
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0O 0]
O O
N ST >\ N \>\
\_ﬁ step ix \ I/\
R R’
R2 R4 o) R2 R4 A
Step x: reacting the compound having the formula (XI) or (XIl) with
hexamethylenetetramine to provide a compound having the formula (XHI)
5
o} o _
)
0 o X
— - - = T
0 N X e of N Nt f_J
\__A step x \__ﬁ \/N
R1 R1
R2 RY (YA R2 RY A
Step xi: removing the hexamethylenetetramine moiety of the compound having the
- formula (XII1) to provide a compound having the formula (VIII)
10
o o\
o
o X N\ >\o
— B -
g N N _—! _— 0 N N NH,
\__)4 \/N step xi \__§
R1 R‘l
RZ R* (X R2 RS (VI
Step vii:  reacting the compound having the formula (VIil) with a compound having
the formula (IX) to provide a compound having the formula (X)
15 .
Q : 2 3 o]
— T Y T
— e g
R! step i 1
REORY LA o
*
wherein
X' is a leaving group;
X2 is a leaving group which can be the same or different than X';
20 the moiety C(R")(R?) is C=0 or CHy;
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R® is selected from the group consisting of an alkyl group having 1 to 6 carbon atoms, -

an aryl group having 6 to 10 carbon atoms and a heterocyclic group having 5 to 10

atoms which includes one or more heteroatoms selected from N, O and S, wherein

the alkyl group, the aryl group and the heterocyclic group can be optionally
5 substituted; and

R*is H or halogen.

4.  The method according fo claim 3 wherein the method employs an enantiomerically
enriched or enantiomerically pure starling material and which method comprises the

10 steps of:

Step i reacting a compound having the formula (I) with a compound having the
formula (i1) to provide a compound having the formula (111}

=50 N NV H
—_— o] N X!
O\)\/%
step | L_A
R’!
15 n R2 R4 ()
Step ii: converting the sulfate moiety of the compound having the formuia (I1l) into

a hydroxy group in the presence of water {o provide a compound having
the formula {IV)

20
e OH
0503
/ \ H / Y H
Q - N\)\\\_/X1 — © N N\/L\/XI
step i \__ﬁ
R1
e R
Step viii:  cyclizing the compound having the formula (IV) to provide a compound
having the formula (XI)
25
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S\ \%O
O \)\/ v O\_]A (NS
R L

RZ UV) =2 R )

Step ix:  optionally replacing the leaving group X' by a different leaving group X

Q
| \>\O
o N N\/J\/x1
\__.ﬁ step ix \ /
R1
5 RZ R* 00 Rd )

Step x: reacting the compound having the formula (XI) or (XH) with
hexamethylenetetramine to provide a compound having the formula (XIiI)

et IS LY
Qo= Qi

10 ~ REORE 000N

Step xi:  removing the hexamethylenetetramine moiety of the compound having the
formula (X1} to provide & compound having the formuia (VIil)

' \
Y >\0
O‘W \/‘;L—J step xi O\_@—Q'\)\/NHQ
R () e

RE (VI

Step vil:  reacting the compound having the formula (VIIl) with a compound having
the formula (iX) to pi"ovide a compound ha\}ing the formula {X)
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0 X2 R’ 0
/N ) T T
step i
R1
R2 R RE(VIN) RZ R* * ©
5. A method comprising the steps of.
5
Step i: reacting a compound having the formula (1) with a compound having the
formula (1) to provide a compound having the formula (lll)
0 0 NNH:z
O’ | “‘14 | 0sof
50 L O A H ’
o\)\/ « — o N X
stepi L_ﬁ
R1
0] R2 R4 (N
10
Step ii: converting the sulfate moiety of the compound having the formula (lll) into
a hydroxy group in the presence of water to provide a compound having
the formula (IV)
0s0f OH
H H
A A = (O A
’ step ii \_A
R1 . R‘l
15 o O R”OR w)
Step iii: replacing the leaving group X' of the compound having the formula (V) by
NH, to provide a compound having the formula (V)
N\ W /\ W]
0 '\\)\/X‘ —_— 0 N\)\/NHz
step iii
R R
20 R RY (v R RY W)

Step xii:  reacting the compound having the formula (V) with a compound having
the formula (IX) to provide a compound having the formula (XIV)
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N
OH

RE
N\ H N U o 9w
9 N N\)\/NHZ e C N . (\\)\/ g3
— s N
LR W - Lo ‘RjRA, (V) 0

Step xiii:  cyclizing the compound having the formula (XIV) to provide a compound
having the formula (X)

. - Q
OH ) ?\ 0
0 N S\/j\/}‘% RY Q N N\/l\/: R®
\‘]/ step xiii \f‘/
R‘t ’l O R‘x §O
2?2 R (avy RZ R %

&

wherein

X' is a leaving group:

X?is a leaving group which can be the same or different than X';

the moiety C(R')(R?) is C=0 or CHy;

R® is selected from the group consisting of an alkyl group having 1 to 6 carbon atoms,

an aryl group having 6 to 10 carbon atoms and a heterocyclic group having 5 to 10

atoms which includes one or more heteroatoms selected from N, O and S, wherein
 the alkyl group, the aryl group and the heterocyclic group can be optionally

substituted; and |

R*is H or halogen.

6. The method according to claim 5 wherein the method employs an enantiomerically

enriched or enantiomerical.ly pure starting material and which method comprises the
steps of:

Step i reacting & compound ha&ing the formula () with a compound having the
formula (I} to provide a compound having the formula (I}
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k.--—..—r |
8 o] N—-<: :)-WNHZ
O:?S/_/"‘ | R H\jje’e/

/ Q ror () / \
Ny \)\/ g O N X
step i \___ﬁ
1
0 , b2 Npd ()
Step ii: converting the sulfate moiety of the compound having the formula (1l1) into

. a hydroxy group in the presence of water to provide a compound having
5 : the formula (IV)

— __ 0sof | — n 9
3 N/ Z\/J\/” — A N\.)\./><1

\__/ step i \_#1
‘ Ry R V)

R R

Stepiii.  replacing the leaving group X' of the compound having the formula (IV) by
10 NH, to provide a compound having the formula (V)

N ] , =
QoS Qi ln
R V) ‘Rz R

Step xil:  reacting the compound having the formula (V) with & compound having

15 the formula (IX) to provide a compound having the formula (XIV)
o 9
l\\)\/NHz — R:a
\_ﬁ step xii \____4 I
04V) O

Step xiil:  cyclizing the compound having the formula (XIV) fo provide a compound
20 having the formula {X)
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| ?‘\? L
(V) NY fvp \_I/\R’ o N\ﬂ/ -

7. The method according to any one of claims 1 to 6, wherein CR'R?is C=0, R*is H and

o
R%is E(\S

g
8.  The method according to any one of claims 1 to 6, wherein CR'R? is CHy, R* is F and
R%is CHa.
9. A method comprising the step of:
10

O NHy N\//\/
\_Aw = step v \r\[/

wherein R', R?, and R* are as defined in claim 1, 7 or 8.

15 10. A method comprising the step of:

</ > U\/ - )
\(\‘/ step v OQ N\ /4 ?\LN\W
Y =4 i

RCR VI

wherein R', R?, and R* are as déefined in claim 1, 7 or 8.
20
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A method comprising the step of:

(vl

0 o}
N NN
—_ O O O
0 N 7“\\\)\/[\3 o] @NH
\ i ‘ W JR—— N : S 2
1 ’ Step\li 4
TR : ' LA ) '

!

wherein R, R?, and R* are as defined in claim 1, 7 or 8.

12. A method comprising the step of:

o] O
>\¢ N N
VRN ;:> N\.)v” | N §:> N/\)\/@I\[v fj
\—-—f( - siep x N
A N R‘z

13.

1
R RE O pan
wherain X', R', R?, and R are as defined in claim 1, 7 or 8.

A method comprising the step of:

/N

o

14.

o) o :
| >\o S ( N o \\’\0
) PR K OO A
\‘—ﬁgﬂ \/,N———l step xi \_lg

R1
R2 R4 () R4 Vi
wherein X', R', R? and R* are as defined in claim 1, 7 or 8.
The method according to claim 3 or 4, wherein step ix is conducted and the leaving

group X' in the compound having the formula (X1} is Cl and the leaving group X'in the
compound having the formula (Xll} is L.
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15. A compound selected from the group consisting of:

R 080 7\ y OH
° N‘@";}\)\/X$ ' SR ZN_§;__>-N\)\/X1
‘Ri R1 ’
R? R ™)

RRE (1)

amt T am\ T

o N N\)\/NHZ o) N N\/K/N
B e Q L : T
) 1
R2 RR“* ’ (V) R2 R R4 »
O

N ° ‘
omm—< %J\X/N /M IBAY
- W \_@:@-k)\/ 1

RROR ‘

o)

R
RZ R (VE) pali)

preferably selected from the group consisting of:
osc$

OH
omNO‘ Prjx \/|\/ X ‘ O/_\N R\)\/ X!
- - \—RI/\R

R ORI R )

/N H\/ji/ 7\ ' H\)OH\/
o N N N, o N N Ny
\—M@ o Q. Y
RUR reORE VD
O

avYeipy

R
REOORDVI) R ()

wherein X', R', R?, and R* are as defined in claim 1, 7 or 8.
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AMENDED CLAIMS
received by the International Bureau on 10 August 2013 (10.08.12

1. A method for the preparation of a compound having the formula (X), wherein the method
comprises the steps of:

Step i: reacting a compound having the formula (I) with a compound having the
formula (ll) to provide a compound having the formula (iif)

1) o] N NH2
~ —, 0s0f
o\/S~O I I () /T \ H ®
O\)\/ ol - & " X
X .
. step i \__ﬂ
1
() R2 R R ()
Step ii: converting the sulfate moiety of the compound having the formula (Ill) into a

hydroxy group in the presence of water to provide a compound having the
formula (IV)

0sof y o oM
/ \ H / \
0 N N\/k/x‘ —_— Q N\)\/><1
\__/ step ii \_ﬂ
2 Rgd K?

Step iii: replacing the leaving group X' of the compound having the formula (IV) by
NHj; to provide a compound having the formula (V)

R'l
R w)

AMENDED SHEET (ARTICLE 19)
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OH ' /__\ H OH
\/K/x1 —> Q N\/K/NH2
. step iii
R R!

RZ R (v) RR R (V)

Q.
z
2z T

Stepiv:  reacting the compound having the formula (V) with methylisobutylketone to
provide a compound having the formula (VI)

OH Ok

N\ H - _ /\ H
o\_&u:@—’“\/l\/"“ " — OLﬁ;‘Q—N\/bNW

R2 R4 ™) R2 R4 )

Step v: cyclizing the compound having the formula (VI) to provide a compound
having the formula (VIi)

SES U
M W v \_“Q‘ j/\l/

V) (Vi)

Step vi removing the methylisobutylketone group from the compound having the
formula (V1) to provide a compound having the formula (VIIl)

o)
(o]

L R stop v R

R (Vi RROORY

Step vii:  reacting the compound having the formula (Vill) with a compound having the
formula (1X) to provide a compound having the formula (X)

o o)
}\o r? }‘O
/ \ / \ H
O ]N—@_‘\N\/k/"'“z W(:)Q © N—C>\N\/I\/N\U/R3
R! step i R!
RERY v RE R °
x
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wherein

X' is a leaving group:

X2 is a leaving group which can be the same or different than X";

the moiety C(R')(R?) is C=0 or CH;;

R? is selected from the group consisting of an alkyl group having 1 to 6 carbon atoms,
an aryl group having 6 to 10 carbon atoms and a heterocyclic group having 5 to 10
atoms which includes one or more heteroatoms selected from N, O and S, wherein the
alkyl group, the aryl group and the heterocyclic group can be optionally substituted; and
R*is H or halogen.

The method according to ¢laim 1, wherein the method empioys an enantiomericaily
enriched or enantiomerically pure starting material and which method comprises the
steps of:

Step i: reacting a compound having the formula (l) with a compound having the
farmula (ll) to provide a compound having the formula (lll)

/N

o o N NHz
O’ g OSan

50 RUR) /TN
/ d N

§O/
X
wm
gl
A
Zx
=

(|) Rz 4
Step ii: converting the sulfate moiety of the compound having the formula (ill) into a
hydroxy group in the presence of water to provide a compound having the
formula (V)
" 0soP
N\/l\/x1 \/l\/
\ < step ii \;_ﬁ
(i ™)
Step iii: replacing the leaving group X' of the compound having the formula (IV) by

NHj; te provide a compound having the formula (V)
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OH

R‘ (v) rR2 R

Stepiv:  reacting the compound having the formula (V) with methylisobutylketone to
provide a compound having the formula (V1)

v

Step v: cyclizing the compound having the formula (V1) to provide a compound
having the formula (VII)

P
G = o

vh Wi

Step vi:  removing the methylisobutylketone group from the compound having the
formula (V1) to provide a compound having the formula (VilI)

-

R R (v R Vil

Step vii:  reacting the compound having the formula (Vill) with a compound having the
formula (1X) to provide a compound having the formuta (X)

0]
0 R o]
N X)jg/ () / \ ?\j‘\/”
Ha 0 N N R
\ < E —
R R*
(]

R (Vi) ©
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3. A method for the preparation of a compound having the formula (X), wherein the method
comprises the steps of.

Step it reacting a compound having the formula (I) with a compound having the
formuia (1) to provide a compound having the formula (I11)

7\
o 0 N NHz
O~ K 0s0f

=S—0 : Rl (ll)
3 =" OO
step i \__.ﬂ

R

1
) RZ R* (W)

Z

Step ii: converting the sulfate moiety of the compound having the formula (lil) into a
hydroxy group in the presence of water to provide a compound having the
formula (IV)

)

Step viii:  cyclizing the compound having the formula (IV) to provide a compound
having the formula (XI)

OH
/ \ H / \
S N\/k/)(‘ = < N '\/‘\/k/ X
\__,ﬂ step viii \___ﬂ .
1
fe Ripd W) R

R R' ™)
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Step ix: optionally replacing the leaving group X' in the compound having the formula
(Xl) by a different leaving group X' to provide a compound having the
formula (XIT)

o) O

o/—\N—QtOK/X'
\___Rém N o , step ix Lﬁ

Step x: | reacting the compound having the formula (XI) .or (XII) with
hexamethylenetetramine to provide a compound having the formuta (XIIl)

()

© N
0 o X
— ) — 1
Q N N X —_— Q N Ne i.[
% step x \_.# \_—N
R‘ R1
RZCRY QOO0 RZ Rt (am

Step xi: removing the hexamethylenetetramine moiety of the compound having the
formula (Xill) to provide a compound having the formula (VIN)

0

o % AN
OO = oL

s

R ORY 0 RE (VD)

Step vii.  reacting the compound having the formula (VIil) with a compound having the
formula (IX) to provide a compound having the formula (X)

o

7\0

R Vit
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wherein

X'is a leaving group;

X2 is a leaving group which can be the same or different than X";

the moiety C(R")(R?) is C=0 or CH;;

R?® is selected from the group consisting of an alkyl group having 1 to 6 carbon atoms,
an aryl group having 6 to 10 carbon atoms and a heterocyclic group having 5 to 10
atoms which includes one or more heteroatoms selected from N, O and S, wherein the
alkyl group, the aryl group and the heterocyclic group can be optionally substituted; and
R"is H or halogen.

The method according to claim 3, wherein the method employs an enantiomerically
enriched or enantiomericaily pure starting material and which method comprises the

steps of:

Step i: reacting a compound having the formula (I) with a compound having the
formula (ll) to provide a compound having the formula (lll)

o Q N NHy
O=J" “‘ﬁRi ; oso3

() : R4 )

Step ii: converting the sulfate moiety of the compound having the formula (iil) into a
hydroxy group in the presence of water to provide a compound having the
formula (IV)
@
H 0S03 I\ H oH
N\/K/ Xt —— 0 N N pd
\ < step ii L_ﬂ
R1

il 4
m R2 R ™)
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Step viii:

Step ix:

e

R¢ R

Step xi:

-

Rz  R?

0aY/ (i) Rl 2 R

PCT/EP2012/056551

cyclizing the compound having the formula (IV) to provide a compound
having the formula (XI)

@]
. ﬁ@u
step i \_R]éR"

R 00

H OH
N

)

optionally replacing the leaving group X' by a different leaving group X'
o o
0 — o)
’\\/l\/)<| —_ Q N\/]\/ X
step ix \_14
R? A

0 RY (X

reacting the compound having the formula (XI) or (XIl) with

hexamethylenetetramine to provide a compound having the formula (XIll)

o 0
N

0 o % \ O\
N>\\)\/x' — OF—\W‘Q*"b\/@LNf l
RE (A

removing the hexamethylenetetramine moiety of the compound having the
formula (XI1l) to provide a compound having the formula (VIIl)

&) o

o X N\

(i R? R4

step xi
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Step vii:  reacting the compound having the formula (VIIl) with a compound having the
formula (IX) to provide a compound having the formula (X)

Q o
R
— o Yo Y—
step Vi \ < Y
N R ™ o
R RY (VI R2 R* )

5. A method for the preparation of a compound having the formula (X), wherein the methoed
comprises the steps of:

Step i: reacting a ¢ompound having the formula (I) with a compound having the
formula (I1) to provide a compound having the formula (ill)

7\
0 Q N NHy»
O=J’ ‘1<R 0sof

=$—0 RUR M T\ H
dlv/)k\\//x‘ — J N N\/J\\/x1
step i \_ﬁ
R‘l
() R2 R* (M)

Step ii: converting the sulfate moiety of the compound having the formula (Ill) into a
hydroxy group in the presence of water to provide a compound having the
formula (1V)

osof OH
/N H / 0\ H
© N '\\/k/x’ - < N X
step ii \_ﬁ
\——é )
RZ R1 R4 (m) R2 R R4 ('V)

Stepiii.  replacing the Jeaving group X' of the compound having the formula (IV) by
NHjs to provide a compound having the formula (V)

OH OH

/ \ H / \ H

o N N\/k/ X — 0 N\/l\/NHg
\_ﬁ step ii \ <

R? R

Rr!
R v RR R* ()
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Step xii.  reacting the compound having the formula (V) with 2 compound having the
formula (1X) to provide a compound having the formula (XIV)

» R
OH OH
/\ M o (X /T \ H H
0 N \/K/NHZ —_— 0 N N\)\/ R3
\__ﬁ 1 step xii \_ﬁ N\ﬂ/
1
2 R R W R? R R (V) ©

Step xiii:  cyclizing the compound having the formula (XIV) to provide a compound
having the formula (X)

0
/N Q v o | /\ Q T
Q N N\/,\/ R > o RS
e ( N\[( step xifi \—( N\)\/N\”/
R? R R4 V) 0 R2 R! RA 0 0

wherein

X' is a leaving group;

X? is a leaving group which can be the same or different than X:

the moiety C(R")(R?) is C=0 or CHy;

R? is selected from the group consisting of an alky! group having 1 to 6 carbon atoms,

an aryl group having 6 to 10 carbon atoms and a heterocyclic group having 5 to 10
atoms which includes one or more heteroatoms selected from N, O and S, wherein the
alkyl group, the aryl group and the heterocyclic group can be optionally substituted; and
R*is H or halogen.

6. The method according to claim 5, wherein the method employs an enantiomerically
enriched or enantiomerically pure starting material and which method comprises the
steps of:
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Step i: reacting a compound having the formula (1) with a compound having the
formula (Il) to provide a compound having the formula (lll)

| /M |
O=o” ‘—ﬂ . 0S0
=50 g r ) /T \ H ®
O\/\\/xl o © X
step i Lﬂ
) RU

R?2 R
Step ii: converting the sulfate moiety of the compound having the formula (Ill) into a
hydroxy group in the presence of water to provide a compound having the
formula (1V)
y osoP
N\/K/X' —>
\ < step i
iy R V)
Stepiii.  replacing the leaving group X' of the compound having the formula (IV) by

NH; to provide a compound having the formula (V)

H /\ H
o N A — g P
step iii
R NGOV AEY,

R R

Step xii.  reacting the compound having the formula (V) with a cempound having the
formula (IX) to provide a compound having the formula (XIV)

Lﬁ@‘v\/% —;jm Q:N\/‘\/ "
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Step xiii.  cyclizing the compound having the formula (XIV) to provide a compound
having the formula (X)

0

Ok ?\O

/ \ H H / \ H
o N N\)\/N RR —> @ N N\)\/ R

\ F \n/ step xiii \ < N\n/

R2 R Rt V) ° R2 R R X ° .
7. The meathod according to any one of claims 1 to 6, wherein CR'R? is C=0, R*is H and
| N Cl
S .

R¥is

8.  The method according to any one of claims 1 to 6, wherein CR'R? is CH,, R*is F and R®
is CHa

9. A method comprising the step of:

v

wherein R', R?, and R* are as defined in claim 1, 7 or 8.

10. A method comprising the step of:

o]

\/K/ /\ T
O \l/\‘/ ., O\—TKR—QN\j\/N\j/\[/

1
RE R (V)

wherein R, R?, and R* are as defined in claim 1, 7 or 8.
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11. A method comprising the step of:

) 0
—~ —~
o N‘Q—N\)\/N d M—©~N\/I\/NH2
W >
| (\R' step vt | /\Ri
R2 R Vi R RN
wherein RY, R?, and R* are as defined in claim 1, 7 or 8.
12. A method comprising the step of:
(o] 0 |
) N
o) o X
{ Y () 0y
— o] N N\, -
\.__ﬂ step x \/N
R1 R1

e RE ooy RCRE oA
wherein X', R', R?, and R* are as defined in claim 1, 7 or 8.

13. A method comprising the step of;

0

Neg % N\ ) 0

R1
RZ R () RERY (VW)
wherein X', R', R?, and R* are as defined in claim 1, 7 or 8.
14. The method according to claim 3 or 4, wherein step ix is conducted and the leaving

group X' in the compound having the formula (XI) is Cl and the leaving group X' in the
compound having the formula (XI1) is I.
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15. A compound selected from the group consisting of:

0805
o) N N X

%w

N0t

%R,Q Y Ld} =t
R2 R (V) R o)
preferably selected from the group consisting of:

080§
/T \ H

o] N N X'
R2 R RY (W

/\ neo

Q N_Q‘NVK/NHZ ‘Q’ \/l\/ h/
Rlz Red w i

RZ RS (V) L R o)

wherein X', R", R? and R* are as defined in claim 1, 7 or 8.
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