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PROCESS FOR THE PREPARATION OF 7-(4,7-DIAZASPIRO[2.5]OCTAN-7-YL)-2-(2,8-

DIMETHYLIMIDAZO[1,2-B]PYRIDAZIN-6-YL)PYRIDO[1,2-A]PYRIMIDIN-4-ONE DERIVATIVES 

 

The present invention relates to a process for the preparation 7-(4,7-diazaspiro[2.5]octan-

7-yl)-2-(2,8-dimethylimidazo[1,2-b]pyridazin-6-yl)pyrido[1,2-a]pyrimidin-4-one  useful as 

pharmaceutically active compounds. 

The present disclosure provides a process for the preparation of a compound of formula (I) 

or the HCl salt thereof: 5 

(I)  

which comprises reacting compound of formula (II): 

 

(II)

  

with a strong acid, in particular HCl.  10 
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In a first aspect, the present disclosure provides a process for the preparation of a 

compound of formula (I) or the HCl salt thereof: 

(I)  

which comprises reacting compound of formula (II): 

 5 

(II)

  

with a strong acid. 

The process according to the first aspect, wherein the HCl is made in situ in the presence 

of 1-propanol and acetyl chloride.  

In particular, the preparation of compound of formula (I) is being carried out in a solvent 10 

such as an alcohol, an aqueous alcohol, ethyl-acetate, 1-propylacetate, toluene, acetonitrile, 

THF or dichloromethane. More preferably the preparation of compound of formula (I) is 

being carried out in the presence of 1-propanol and toluene.  
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In a particular example, the present disclosure provides a process as described herein, 

wherein 3 to 15 equivalents, more particularly 4 to 8 equivalents, most particularly 5 

equivalents of strong acid, in particular wherein the strong acid is HCl, with respect to 

compound of formula (II) is used.  

In another example, the present disclosure provides a process as described above for the 5 

preparation of compound of formula (I), wherein the reaction is carried out at a 

temperature between 20°C to 100°C, particularly between 60°C to 80°C, more particularly 

at 75°C.  

The compound of formula (I) 7-(4,7-diazaspiro[2.5]octan-7-yl)-2-(2,8-

dimethylimidazo[1,2-b]pyridazin-6-yl)pyrido[1,2-a]pyrimidin-4-one  is a valuable 10 

pharmaceutical compound as described in WO2015173181. 

Unless otherwise stated, the following terms used in the specification and claims have the 

meanings given below: 

“(C1-C8)alkyl” refers to a branched or straight hydrocarbon chain, such as methyl, ethyl, n-

propyl, isopropyl, n-butyl, isobutyl, sec-butyl and t-butyl, pentyl, hexyl, heptyl or octyl. 15 

“(C1-C3)alkyl” refers methyl, ethyl, n-propyl or isopropyl. 

“alcohol” refers to a benzyl alcohol, aminoethanol or an (C1-8)alkyl (more particularly (C1-

C3)alkyl) as defined above substituted by one or two hydroxy groups, more particularly 

substituted by one hydroxy group. Examples of alcohols include, but are not limited to, 

methanol, ethanol, isopropanol, 1-propanol, propylenglycol, 1-butanol, 2-butanol, t-20 

butanol, benzyl alcohol, 2-aminoethanol and octanol. Particularly, alcohol refers to 

methanol, ethanol, 1-propanol  or benzylalcohol, most particularly to 1-propanol.  

“ambient conditions” refers to conditions as experienced in a standard laboratory, e.g. 

atmospheric pressure, air, ambient temperature between 18 °C and 28 °C, humidity 

between 30 %rH and 80 %rH. 25 

 “base” refers to a chemical compound that deprotonates another compound when reacted 

with it. Suitable bases for use in accordance with this disclosure include but are not limited 

to, e.g., an organic base and basic alkali metal salts. In particular, an organic base includes 

nitrogen-containing heterocycle and tertiary amines. Examples of nitrogen-containing  
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heterocycle include pyridine, imidazole and benzimidazole. In some examples, the tertiary 

amines include triethylamine, N-methylmorpholine and diisopropylethylamine. In some 

examples, the basic alkali metal salts include, e.g., sodium carbonate (Na2CO3), potassium 

carbonate (K2CO3), sodium bicarbonate (NaHCO3), sodium hydroxide (NaOH), sodium 

and potassium alkoxides including, but not limited to, sodium and potassium t-butoxide, 1-5 

propoxide, 2-propoxide, ethoxide, methoxide, and the like, sodium amide (NaNH2), 

potassium amide (KNH2), and the like. 

“crystallization” and “recrystallization” may be used interchangeably; referring to a 

process wherein a chemical compound that is dissolved or suspended in a solvent system 

leads to a stable polymorph or crystalline form of a particular chemical compound. For 10 

example the crystallization steps can be done by forming a crystal with a solvent and an 

anti-solvent. 

The terms “halo”, “halogen” and "halide", which may be used interchangeably, refer to a 

substituent chloro, bromo, or iodo. 

“strong acid” refers to an acid that dissociates completely in an aqueous solution with a pH 15 

≤ 2. The strong acids include, but are not limited to: sulphuric acid (H2SO4), 

hydrohalogenic acid (i.e. HX” wherein X” is I, Br, Cl or F), nitric acid (HNO3), 

phosphoric acid (H3PO4) and combinations thereof. Particularly, the strong acid is 

hydrohalogenic acid, wherein X” is Br or Cl. Most particularly, the strong acid is HCl.  

“Nickel catalyst” refers to catalysts comprising nickel or nickel oxides or mixtures thereof. 20 

Example of Nickel catalyst is Raney-nickel catalyst (Ra-Ni).   

The term “optional” or “optionally” denotes that a subsequently described event or 

circumstance can but need not occur, and that the description includes instances where the 

event or circumstance occurs and instances in which it does not.  

“palladium catalyst” refers to reagent which is a source of palladium zero (Pd(0)). Suitable 25 

sources of Pd(0) comprises but are not limited to palladium bis(dibenzylideneacetone) 

(Pd(dba)2), bis(triphenylphosphine)palladium(II) dichloride (Pd(PPh3)2Cl2), palladium 

acetate (Pd(OAc)2), palladium chloride (PdCl2), tetrakis (triphenyl-phosphino) palladium  
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(Pd(PPh3)4), 1,2 bis(diphenylphosphino) ethane palladium (Pd(dppe)2), 1,3-

bis(diphenylphosphino)-propane palladium (Pd(dppp)2), dichloro-1,3- 
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“Transition metal hydrogenation catalyst” includes but is not limited to, a Raney catalyst 

(e.g. Ra-Ni, Ra-Co,) Pd/C, Pd(OH)2/C, Au/TiO2, Rh/C,  Ru/Al2O3, Ir/CaCO3, Pt-V/C or 

Pt/C, in particular Pt-V/C. 

“Tertiary amine” refers to an amine of formula RaN(Rb)Rc wherein Ra, Rb and Rc 

independently are selected from (C1-C6)alkyl or phenyl. Representative examples include, 5 

but are not limited to, triethylamine, tributylamine, di-ethyl-methylamine, dimethyl-

ethylamine, di-isopropylethylamine, N,N-dimethylaniline and methylethylbutylamine. 

Preferably, the tertiary amine is chosen from triethylamine or di-isopropylethylamine. The 

most preferred tertiary amine is triethylamine. 

The term “treating”, “contacting” or “reacting” used interchangeably refers to adding, 10 

bringing together or mixing two or more chemical substances (referred usually as reagents 

or reactants), more particularly under appropriate conditions, to produce the indicated 

and/or the desired product. It should be appreciated that the reaction which produces the 

indicated and/or the desired product may not necessarily result directly from the 

combination of two or more reagents which were initially added, i.e., there may be one or 15 

more intermediates which are produced in the mixture which ultimately leads to the 

formation of the indicated and/or the desired product. “ 

The present disclosure provides a process for the preparation of a compound of formula 

(II)  

(II)

 20 

which comprises reacting a compound of formula (III) 
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(III)

 

wherein X is an alkyl or aryl sulfonate (such as pTolSO3-, CH3SO3-, phenyl-SO3-), 

fluorinated alkyl or aryl sulfonates (such as CF3SO3-, nonaflate), or a halide (such as Cl, 

Br, or I),  

with a compound of formula (III’), (IIIa’) or (IIIb’), in particular with a compound of 5 

formula (III’) 

(III')

O
B

O

N

N

N

(IIIa')

OH
B

OH

N

N
N

(IIIb')

B
–

F

F

F

N

N
N

K
+

 

in the presence of a palladium catalyst or nickel catalyst, in particular in presence of a 

palladium catalyst. 

In another aspect (aspect 2), the present disclosure provides a process for the preparation 10 

of a compound of formula (II)  

(II)
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which comprises reacting a compound of formula (III) 

(III)

 

wherein X is an alkyl or aryl sulfonate, fluorinated alkyl or aryl sulfonates, or a halide,  

with a compound of formula (III’), (IIIa’) or (IIIb’) 

(III')

O
B

O

N

N

N

(IIIa')

OH
B

OH

N

N
N

(IIIb')

B
–

F

F

F

N

N
N

K
+

 5 

in the presence of a palladium catalyst or nickel catalyst. 

In a particular example of aspect 2, the present disclosure provides a process for the 

preparation of a compound of formula (II)  

(II)

 

which comprises reacting a compound of formula (III) 10 
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(III)

 

wherein X is an alkyl or aryl sulfonate (such as pTolSO3-, CH3SO3-, phenyl-SO3-), 

fluorinated alkyl or aryl sulfonates (such as CF3SO3-, nonaflate), with a compound of 

formula (III’)  

(III')

O
B

O

N

N

N

 5 

in the presence of a palladium catalyst or nickel catalyst, in particular in presence of a 

palladium catalyst. 

In a more particular example of aspect 2, the present disclosure provides a process for the 

preparation of a compound of formula (II)  

(II)

  10 

which comprises reacting a compound of formula (IIIa) 
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(IIIa)

O O

S
O

OO

O

N

N
N

N

 

with a compound of formula (III’)  

(III')

O
B

O

N

N

N

 

in the presence of a palladium catalyst or nickel catalyst, in particular in presence of a 

palladium catalyst. 5 

In particular, the process as described herein (i.e. aspect 2) which further comprises a base, 

particularly wherein the base is Na2CO3, K2CO3, Cs2CO3, KOAc or KOtBu more 

particularly wherein the base is K2CO3.   

The present disclosure provides a process for the preparation of a compound of formula 

(II)  10 

(II)
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in the presence of a palladium catalyst or nickel catalyst, in particular in presence of a 

palladium catalyst, to obtain a compound of formula (II). 

In another aspect (aspect 3), the present disclosure provides a process for the preparation 

of a compound of formula (II)  

(II)

  5 

which comprises  

a) reacting a compound of formula (III”) 

(III")  

with bis(pinacolato)diboron to obtain a compound of formula (III’): 

(III')

O
B

O

N

N

N

 10 
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b)  reacting a compound of formula (III)  

(III)

 

wherein X is an alkyl or aryl sulfonate, fluorinated alkyl or aryl sulfonates, or a halide with 

a compound of formula (III’) , (IIIa’) or (IIIb’),  

(III')

O
B

O

N

N

N

(IIIa')

OH
B

OH

N

N
N

(IIIb')

B
–

F

F

F

N

N
N

K
+

 5 

in the presence of a palladium catalyst or nickel catalyst, to obtain a compound of formula 

(II). 

In a particular example of aspect 3, the present disclosure provides a process for the 

preparation of a compound of formula (II)  

(II)

  10 

which comprises  

a) reacting a compound of formula (III”) 
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(III")  

with bis(pinacolato)diboron to obtain a compound of formula (III’): 

(III')

O
B

O

N

N

N

 

b)  reacting a compound of formula (III)  
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(III)

 

wherein X is an alkyl or aryl sulfonate (such as pTolSO3-, CH3SO3-, phenyl-SO3-), 

fluorinated alkyl or aryl sulfonates (such as CF3SO3-, nonaflate) with a compound of 

formula (III’)  

(III')

O
B

O

N

N

N

 5 

in the presence of a palladium catalyst or nickel catalyst, in particular in presence of a 

palladium catalyst, to obtain a compound of formula (II). 

In a more particular example of aspect 3, the present disclosure provides a process for the 

preparation of a compound of formula (II)  

(II)

  10 

which comprises  

a) reacting a compound of formula (III”) 
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In particular the disclosure provides a process as described above, wherein the reaction of 

compound of formulae (III) or (IIIa) with compound of formulae (III’), (IIIa’) or (IIIb’), in 

particular with a compound of formula (III’)  in the presence of palladium catalyst or 

nickel catalyst, in particular in presence of a palladium catalyst as defined herein, is carried 

out in presence of a base, particularly wherein the base is Na2CO3, K2CO3, Cs2CO3, KOAc 5 

or KotBu more particularly wherein the base is K2CO3.   

In a particular example, the present disclosure provides the process herein described 

wherein steps a) and b) are telescoped.  

The present disclosure provides a process for the preparation of a compound of formula 

(III)  10 

(III)

 

wherein X is an alkyl or aryl sulfonate (such as pTolSO3-, CH3SO3-, phenyl-SO3-), 

fluorinated alkyl or aryl sulfonates (such as CF3SO3-, nonaflate), or a halide (such as Cl, 

Br, or I), which comprises reacting a compound of formula (IV) 

(IV)
 15 

- with tosyl chloride when X is pTol-SO3-, methanesulfonyl chloride when X is 

CH3SO3-, triflyl chloride when X is CF3SO3- or phenylsulfonylchloride when 

X is phenyl-SO3-, and in the presence of a base, in particular wherein the base 

is an organic base or basic alkali metal salts, more particularly wherein the base  
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is nitrogen-containing heterocycle, tertiary amine or basic alkali metal salts, 

most particularly wherein the base is a tertiary amine;  

-  with POCl3 when X is Cl; 

-  with POBr3 when X is Br; or 

- with, Ph3PI2 or POCl3 followed by NaI or CuI, when X is I.  5 

In another aspect (aspect 4), the present disclosure provides a process for the preparation 

of a compound of formula (III)  

(III)

 

wherein X is an alkyl or aryl sulfonate, fluorinated alkyl or aryl sulfonates, or a halide, 

which comprises reacting a compound of formula (IV) 10 

(IV)
 

- with tosyl chloride when X is pTol-SO3-, methanesulfonyl chloride when X is 

CH3SO3-, triflyl chloride when X is CF3SO3- or phenylsulfonylchloride when 

X is phenyl-SO3-, and in the presence of a base;  
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-  with POCl3 when X is Cl; 

-  with POBr3 when X is Br; or 

- with, Ph3PI2 or POCl3 followed by NaI or CuI, when X is I. 

In a particular example of aspect 4, the present disclosure provides a process for the 

preparation of a compound of formula (III)  5 

(III)

 

wherein X is an alkyl or aryl sulfonate (such as pTolSO3-, CH3SO3-, phenyl-SO3-), 

fluorinated alkyl or aryl sulfonates (such as CF3SO3-, nonaflate), which comprises reacting 

a compound of formula (IV) 

(IV)
 10 

with tosyl chloride, methanesulfonyl chloride, phenylsulfonylchloride or triflyl chloride 

respectively and in the presence of a base, in particular wherein the base is an organic base 

or basic alkali metal salts, more particularly wherein the base is nitrogen-containing 

heterocycle, tertiary amine or basic alkali metal salts, most particularly wherein the base is 

a tertiary amine. 15 

In a more particular example of aspect 4, the present disclosure provides a process for the 

preparation of a compound of formula (IIIa)  

fcb
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(IIIa)

 

which comprises reacting a compound of formula (IV) 

(IV)
 

with tosyl chloride and in the presence of a base, in particular wherein the base is an 

organic base or basic alkali metal salts, more particularly wherein the base is nitrogen-5 

containing heterocycle, tertiary amine or basic alkali metal salts, most particularly wherein 

the base is a tertiary amine.  

In yet another aspect (aspect 5), the present disclosure provides a process for the 

preparation of a compound of formula (IV)  

(IV)
 10 

which comprises reacting a compound of formula (V) 
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(V)
 

with di-tert-butyl malonate.  

In yet another aspect (aspect 6), the present disclosure provides a process for the 

preparation of a compound of formula (IV)  

(IV)
 5 

which comprises : 

a) reduction of a compound of formula (VI) 

(VI)
 

to a compound of formula (V) 

 10 
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(V)
 

b)  reacting a compound of formula (V) with di-tert-butyl malonate to obtain a 

compound of formula (IV).  

In a more particular aspect (aspect 7), the present disclosure provides a process for the 

preparation of a compound of formula (IV)  5 

(IV)
 

which comprises : 

a) reacting a compound of formula (VI) 

(VI)
 

 with a transition metal hydrogenation catalyst to obtain a compound of formula (V) 10 



- 18 - 

(V)
 

b)  reacting a compound of formula (V) with di-tert-butyl malonate to obtain a 

compound of formula (IV).  

In particular, the process for the preparation (i.e aspects 5 to 7) of a compound of formula 

(IV) which comprises reacting a compound of formula (V) with di-tert-butyl malonate, is 5 

carried out in the presence of xylene, dichlorobenzene, toluene or anisole, in particular in 

the presence of anisole.  

In more particular, the preparation of compound of formula (IV), wherein the transition 

metal hydrogenation catalyst is Raney catalyst (e.g. Ra-Ni, Ra-Co,) Pd/C, Pd(OH)2/C, 

Au/TiO2, Rh/C,  Ru/Al2O3, Ir/CaCO3, Pt-V/C or Pt/C or combination thereof, in particular 10 

Pt-V/C, more particularly Pt 1% and V 2% on activated carbon.- 

In a particular example, the present disclosure provides the process herein described 

wherein steps a) and b) are telescoped.  

The present application discloses the preparation of a compound of formula (VI)  

(VI)
 15 

which comprises reacting a compound of formula (VII)  
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(VII)  

with a compound of formula (VIII) 

(VIII)  

or a salt thereof (in particular the oxalate salt), more particularly wherein salt of the 

compound of formula (VIII) is tert-butyl 4,7-diazaspiro[2.5]octane-4-carboxylate oxalate 5 

salt. 

In particular, the process for the preparation of a compound of formula (VI) which 

comprises reacting a compound of formula (VII) with a compound of formula (VIII), in 

the presence of lithium chloride, dimethyl sulfoxide and a base such as 

tetramethylguanidine, triethylamine, diisopropylethylamine or 1,8-10 

diazabicyclo[5.4.0]undec-7-ene (DBU), most particular with tetramethylguanidine.  

In a further example the present application discloses the preparation of a compound of 

formula (V) in accordance to scheme 1. 

Scheme 1: 
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in particular: tBuDavePhos) and a base (such as Na2CO3, K2CO3, Cs2CO3, KOtBu, 

NaOtBu ((CH3)3CONa), KOAc or lithium-bis(trimethylsilyl)amid; in particular lithium-

bis(trimethylsilyl)amid), in particular in tetrahydrofuran.  

In another aspect, the present disclosure provides a compound of formula (II): 

(II)

N

N

N

O

N

O

O

N

N

N

. 5 

The present disclosure provides a compound of formula (III): 

(III)

  

wherein X is an alkyl or aryl sulfonate (such as pTolSO3-, CH3SO3-, phenyl-SO3-), 

fluorinated alkyl or aryl sulfonates (such as CF3SO3-, nonaflate), or a halide (such as  Cl, 

Br, or I). 10 

In another aspect, the present disclosure provides a compound of formula (III): 

(III)
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 wherein X is an alkyl or aryl sulfonate, fluorinated alkyl or aryl sulfonates, or a 

halide. 

In yet another example, the present disclosure provides a compound of formula (III): 

(III)

fcb
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 wherein X is an alkyl or aryl sulfonate (such as pTolSO3-, CH3SO3-, phenyl-SO3-), 

fluorinated alkyl or aryl sulfonates (such as CF3SO3-, nonaflate). 

In another example, the present disclosure provides a compound of formula (IIIa): 

(IIIa)

. 

In another aspect, the present disclosure provides a compound of formula (IV): 5 

(IV)

. 

The present disclosure takes place in the presence of an organic solvent such as an ether 

like solvent (e.g. tetrahydrofuran, diisopropyl ether, t-butylmethyl ether, cyclopentyl-

methyl-ether or dibutyl ether), chlorinated solvents (e.g. dichloromethane, chloroform) or 

aromatic solvent (e.g. anisole, toluene or t-butyl-benzene). In particular, the solvent to be 10 

used for the preparation of a compound of formula (I) according to aspect 1 is toluene.   

The reactions are performed in particular under an inert gas atmosphere, more particularly 

under argon or nitrogen.  
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In a further example the present disclosure provides a process for the preparation of 7-(4,7-

diazaspiro[2.5]octan-7-yl)-2-(2,8-dimethylimidazo[1,2-b]pyridazin-6-yl)pyrido[1,2-

a]pyrimidin-4-one comprising the formation of a compound of formula (I) obtained by any 

of the processes and conditions mentioned previously. 

In another example, the present disclosure provides a process for the preparation of a 5 

compound of formula (I) or the HCl salt thereof: 
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(II)

; 

b)  reacting said compound of formula (II) with a strong acid as previously described. 

In a particular example, the present disclosure provides a process for the preparation of a 

compound of formula (I) or the HCl salt thereof: 

(I)  5 

which comprises:  

a)  reacting a compound of formula (III) 

(III)

  

wherein X is an alkyl or aryl sulfonate (such as pTolSO3-, CH3SO3-, phenyl-SO3-), 

fluorinated alkyl or aryl sulfonates (such as CF3SO3-, nonaflate), with a compound of 10 

formula (III’)  
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(III')

O
B

O

N

N

N

 

in the presence of a palladium catalyst or nickel catalyst, in particular in presence of a 

palladium catalyst, optionally in presence of a base, as previously described, to obtain a 

compound of formula (II): 

(II)

; 5 

b)  reacting said compound of formula (II) with a strong acid as previously described. 

In a more particular example, the present disclosure provides a process for the preparation 

of a compound of formula (I) or the HCl salt thereof: 

(I)  

 10 

which comprises:  
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In another example, the present disclosure provides a process for the preparation of a 

compound of formula (I) or the HCl salt thereof: 

(I)  

which comprises:  

a) reacting a compound of formula (IV) 5 

(IV)
 

- with tosyl chloride when X is pTol-SO3-, methanesulfonyl chloride when X is 

CH3SO3-, triflyl chloride when X is CF3SO3- or phenylsulfonylchloride when 

X is phenyl-SO3-, and in the presence of a base, in particular wherein the base 

is an organic base or basic alkali metal salts, more particularly wherein the base 10 

is nitrogen-containing heterocycle, tertiary amine or basic alkali metal salts, 

most particularly wherein the base is a tertiary amine;  

-  with POCl3 when X is Cl; 

-  with POBr3 when X is Br; or 

- with, Ph3PI2 or POCl3 followed by NaI or CuI, when X is I.  15 

as previously described, to obtain a compound of formula (III): 
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In a particular example, the present disclosure provides a process for the preparation of a 

compound of formula (I) or the HCl salt thereof: 

(I)  

which comprises:  

a) reacting a compound of formula (IV) 5 

(IV)
 

- when X is pTol-SO3-,CH3SO3-, CF3SO3- or phenyl-SO3- with tosyl chloride, 

methanesulfonyl chloride, triflyl chloride or phenylsulfonylchloride  

respectively and in the presence of a base, in particular wherein the base is an 

organic base or basic alkali metal salts, more particularly wherein the base is 10 

nitrogen-containing heterocycle, tertiary amine or basic alkali metal salts, most 

particularly wherein the base is a tertiary amine; 

as previously described, to obtain a compound of formula (III) : 

(III)
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 wherein X is an alkyl or aryl sulfonate (such as pTolSO3-, CH3SO3-, phenyl-SO3-), 

fluorinated alkyl or aryl sulfonates (such as CF3SO3-, nonaflate), 

b)  reacting said compound of formula (III) with a compound of formula (III’)  

(III')

O
B

O

N

N

N

 

in the presence of a palladium catalyst or nickel catalyst, in particular in presence of a 5 

palladium catalyst, optionally in presence of a base, to obtain a compound of formula (II): 

(II)

  

as previously described; 

c)  reacting said compound of formula (II) with a strong acid as previously described. 

In a more particular example, the present disclosure provides a process for the preparation 10 

of a compound of formula (I) or the HCl salt thereof: 
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(III')

O
B

O

N

N

N

 

in the presence of a palladium catalyst or nickel catalyst, in particular in presence of a 

palladium catalyst, optionally in presence of a base, to obtain a compound of 

formula (II): 

(II)

  5 

as previously described; 

c)  reacting said compound of formula (II) with a strong acid as previously described. 

 

In another example, the present disclosure provides a process for the preparation of a 

compound of formula (I) or the HCl salt thereof: 10 

(I)  
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In a particular example, the present disclosure provides a process for the preparation of a 

compound of formula (I) or the HCl salt thereof: 

(I)  

which comprises:  

a) reacting a compound of formula (V) 5 

(V)
 

with di-tert-butyl malonate to obtain a compound of formula (IV) 

(IV)
; 

b) reacting said compound of formula (IV) when X is pTol-SO3-,CH3SO3-, CF3SO3- or 

phenyl-SO3- , with tosyl chloride, methanesulfonyl chloride, triflyl chloride or 10 

phenylsulfonylchloride  respectively and in the presence of a base, in particular wherein 

the base is an organic base or basic alkali metal salts, more particularly wherein the base is 

nitrogen-containing heterocycle, tertiary amine or basic alkali metal salts, most particularly 

wherein the base is a tertiary amine as previously described, to obtain a compound of 

formula (III) 15 
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(III)

  

wherein X is an alkyl or aryl sulfonate (such as pTolSO3-, CH3SO3-, phenyl-SO3-), 

fluorinated alkyl or aryl sulfonates (such as CF3SO3-, nonaflate);  

c)  reacting said compound of formula (III) with a compound of formula (III’)  

(III')

O
B

O

N

N

N

 5 

in the presence of a palladium catalyst or nickel catalyst, in particular in presence of a 

palladium catalyst, optionally in presence of a base, to obtain a compound of formula (II): 

(II)

 as previously described; 

d)  reacting said compound of formula (II) with a strong acid as previously described. 

 10 
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In a more particular example, the present disclosure provides a process for the preparation 

of a compound of formula (I) or the HCl salt thereof: 
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(IIIa)

 

c)  reacting said compound of formula (IIIa) with a compound of formula (III’)  

(III')

O
B

O

N

N

N

 

in the presence of a palladium catalyst or nickel catalyst, in particular in presence of a 

palladium catalyst, optionally in presence of a base, to obtain a compound of 5 

formula (II): 

(II)

 as previously described; 

d)  reacting said compound of formula (II) with a strong acid as previously described. 

In another example, the present disclosure provides a process for the preparation of a 

compound of formula (III”) in accordance with scheme 3: 10 

Scheme 3: 
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In particular according to the disclosure, a compound of formula (XII) is prepared by 

reacting a compound of formula (XIII) with 1,3-dibromo-5,5-

dimethylhydantoin(DBDMH), N-bromo-succinimide or bromine, optionally with sodium 5 

acetate or sodium bicarbonate and in the presence of a solvent such as alcohols (e.g. 

methanol or ethanol). Furthermore a compound of (XI) is prepared by reacting a 

compound of formula (XII) with methyl magnesium chloride or bromide, methylboronic 

acid,  methyl borate, dimethylzinc or methyllithium, optionally in the presence of zinc 

chloride or with dimethylzinc in methyltetrahydrofuran or THF , in the presence of a 10 

catalyst (such as Pd(PPh3)4, PdCl2, Pd(OAc)2, Pd2(dba)3, Pd(PPh3)2Cl2, PdCl2(dppf), 

PdCl2(dppf).CH2Cl2, PdCl2(dppp), Cyclopentadienyl allyl palladium, allylpalladium(II) 

chloride dimer (Pd(allyl)Cl)2 (2-Butenyl)chloropalladium dimer, (2-Methylallyl) 

palladium(II) chloride dimer, palladium(1-phenylallyl)chloride dimer, di-μ-chlorobis[2′-

(amino-N)[1,1′-biphenyl]-2-yl-C]dipalladium(II), Di-μ-chlorobis[2-15 

[(dimethylamino)methyl]phenyl-C,N]dipalladium(II),  dichloro[9,9-dimethyl-4,5-

bis(diphenylphosphino)xanthene]palladium (Pd(XantPhos)Cl2), in particular in the 

presence Pd(PPh3)4). A compound of formula (III”) is prepared by reacting chloroacteone 

with a compound of formula (XI) in the presence of tertiary amine and sodium bromide.  

Alternatively compound of formula (III”) can be prepared in accordance with the process 20 

described in WO2015173181. 

The present application further discloses a process for the preparation of compound of 

formula (IIIa’) or (IIIb’) in accordance with scheme 4. 

Scheme 4: 
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Claims 

1. A process for the preparation of a compound of formula (I) or the HCl salt thereof: 

(I)  

which comprises reacting compound of formula (II): 

(II)

  5 

with a strong acid.  

2. The process according to claim 1, wherein the HCl is made in situ with 1-propanol 

and acetyl chloride. 

3. A process for the preparation of a compound of formula (II)  
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(II)

  

which comprises reacting a compound of formula (III) 

(III)

 

wherein X is an alkyl or aryl sulfonate, fluorinated alkyl or aryl sulfonates, or a halide,  

with a compound of formula (III’), (IIIa’) or (IIIb’) 5 

(III') (III
a
') (III

b
')  

 

 

in the presence of a palladium catalyst or nickel catalyst. 

4. A process for the preparation of a compound of formula (II)  10 
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(II)

  

which comprises  

a) reacting a compound of formula (III”) 

(III")  

with bis(pinacolato)diboron to obtain a compound of formula (III’): 5 

(III')  

b)  reacting a compound of formula (III)  

(III)
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wherein X is an alkyl or aryl sulfonate, fluorinated alkyl or aryl sulfonates, or a halide with 

a compound of formula (III’) , (IIIa’) or (IIIb’),  

(III') (III
a
') (III

b
')  

in the presence of a palladium catalyst or nickel catalyst, to obtain a compound of formula 

(II). 5 

5. The  process according to claim 2 or 4, carried out in presence of a base.   

6. The process according to any one of claims 4 to 5, wherein steps a) and b) are 

telescoped.  

7. A process for the preparation of a compound of formula (III)  

(III)

 10 

wherein X is an alkyl or aryl sulfonate, fluorinated alkyl or aryl sulfonates, or a halide, 

which comprises reacting a compound of formula (IV) 

(IV)
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- with tosyl chloride when X is pTol-SO3-, methanesulfonyl chloride when X is 

CH3SO3-, triflyl chloride when X is CF3SO3- or phenylsulfonylchloride when 

X is phenyl-SO3-, and in the presence of a base;  

-  with POCl3 when X is Cl; 

-  with POBr3 when X is Br; or 5 

- with, Ph3PI2 or POCl3 followed by NaI or CuI, when X is I.  

8. A process for the preparation of a compound of formula (IV)  

(IV)
 

which comprises reacting a compound of formula (V) 

(V)
 10 

with di-tert-butyl malonate. 

9. A process for the preparation of a compound of formula (IV)  
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(IV)
 

which comprises : 

a) reduction of a compound of formula (VI) 

(VI)
 

to a compound of formula (V) 5 

(V)
 

b)  reacting a compound of formula (V) with di-tert-butyl malonate to obtain a 

compound of formula (IV).  

10. A process for the preparation of a compound of formula (IV)  
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(IV)
 

which comprises : 

a) reacting a compound of formula (VI) 

(VI)
 

 with a transition metal hydrogenation catalyst to obtain a compound of formula (V) 5 

(V)
 

b)  reacting a compound of formula (V) with di-tert-butyl malonate to obtain a 

compound of formula (IV).  

11. The process according to any one of claims 8 to 10, which comprises reacting a 

compound of formula (V) with di-tert-butyl malonate, carried out in the presence of 10 

xylene, dichlorobenzene, toluene or anisole.  

12. The process according to any one of claims 10 to 11, wherein the transition metal 

hydrogenation catalyst is Raney catalyst (e.g. Ra-Ni, Ra-Co,) Pd/C, Pd(OH)2/C, 

Au/TiO2, Rh/C,  Ru/Al2O3, Ir/CaCO3, Pt-V/C or Pt/C or combination thereof. 
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13. The process according to any one of claims 9 to 12, wherein steps a) and b) are 

telescoped.  

 

14. A compound of formula (II): 

(II)

. 5 

15. A compound of formula (III): 

(III)

  

 wherein X is an alkyl or aryl sulfonate, fluorinated alkyl or aryl sulfonates, or a 

halide. 

16. A compound of formula (IV): 10 

(IV)
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17. The process according to any one of claims 1 to 2, which further comprises the 

preparation of a compound of formula (II)  

(II)

  

by reacting a compound of formula (III) 

(III)

  5 

wherein X is an alkyl or aryl sulfonate , fluorinated alkyl or aryl sulfonates, or a halide, 

with a compound of formula (III’), (IIIa’) or (IIIb’),  

(III') (III
a
') (III

b
') in 

the presence of a palladium catalyst or nickel catalyst. 

18. The process according to claim 17, wherein in addition to the palladium catalyst a 10 

base is present.   

19. The process according to claim 17 or 18, which further comprises the preparation of 

a compound of formula (III)  
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(III)

 

 wherein X is an alkyl or aryl sulfonate , fluorinated alkyl or aryl sulfonates, or a halide; 

by reacting a compound of formula (IV) 

(IV)
 

- with tosyl chloride when X is pTol-SO3-, methanesulfonyl chloride when X is 5 

CH3SO3-, triflyl chloride when X is CF3SO3- or phenylsulfonylchloride when 

X is phenyl-SO3-, and in the presence of a base;  

-  with POCl3 when X is Cl; 

-  with POBr3 when X is Br; or 

- with, Ph3PI2 or POCl3 followed by NaI or CuI, when X is I.  10 

20. The process according to claim 19, which further comprises the preparation of a 

compound of formula (IV)  

(IV)
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by reacting a compound of formula (V) 

(V)
 

with di-tert-butyl malonate. 

21. The process according to any one of claims 3, 4, 7, 15, 17 and 19 wherein X is 

pTolSO3-, CH3SO3-, phenyl-SO3-, CF3SO3-, nonaflate, Cl, Br, or I. 5 

22. The process according to any one of claims 3, 4, 7, 15, 17 and 19 wherein X is 

pTolSO3. 

23. The process according to claim 5 or 18 wherein the base is Na2CO3, K2CO3, Cs2CO3, 

KOAc or KOtBu. 

24. The process according to claim 5 or 18 wherein the base is K2CO3. 10 

25. The process according to claim 7 or 19, wherein the base is an organic base or basic 

alkali metal salts. 

26. The process according to claim 7 or 19, wherein the base is nitrogen-containing 

heterocycle, tertiary amine or basic alkali metal salts. 

27. The process according to claim 7 or 19, wherein the base is a tertiary amine. 15 

28. The process according to claim 1, wherein the strong acid is HCl. 

 

 




