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Intermediate B’’ is then converted to the corresponding keto derivative of 

formula (VII) by reaction with intermediate D in presence of a base preferably selected 

from lithium diisopropylamide (LDA), butyl lithium, hexyl lithium, pentyl lithium, 

lithium bis(trimethylsilyl)amide (LHMDS), sodium bis(trimethylsilyl)amide, potassium 

t-butylate, in the presence of suitable solvents such as toluene, benzene, xylene, 5 

tetrahydrofuran, methyl-tetrahydrofuran, dioxane, 2-methoxyethyl ether, diethyl ether, 

isopropyl ether, t-butylmethyl ether and mixtures thereof. 

More preferably, the above reaction is carried out with LHMDS in THF.  The 

subsequent enantioselective reducing step is preferably carried out with a reducing 

agent selected from hydrogen in the presence of a heavy metal chiral complex pre-10 

formed or formed in-situ. In situ formation may occur by reacting a Ru-, Rh- or Ir-

complex such as RuCl2(PPh3)3, [Ru (p-cymene)Cl2]2, [RhCI2(Cp*)]2 or [IrCI2(Cp*)]2 

with a chiral ligand such as SL-N004-1 ((R)-4-tert-Butyl-2-[(R)-2-(bis(1-

phenyl)phosphino)ferrocen-1-yl]oxazoline), SL-N003-1 ((R)-4-Isopropyl-2-[(R)-2-

(diphenylphosphino)-ferrocen-1-yl]Oxazoline), (S,S)-Ts-DPEN ((1S,2S)-(-)-N-p-tosyl-15 

1,2-diphenylethylenediamine), (S,S)-Ms-DPEN ((1S,2S)-(-)-N-Mesyl-1,2-

diphenylethylenediamine), (R)-DAIPEN ((2R)-(−)-1,1-Bis(4-methoxyphenyl)-3-

methyl-1,2-butanediamine), (1R, 2S)-1-Amino-2-indanol. 

The above reduction reaction is preferably carried out in the presence of a base, 

preferably selected from sodium hydroxide, sodium carbonate, sodium C1-C4 20 

alcoholates, sodium bicarbonate, sodium hydride, potassium hydroxide, potassium 

carbonate, potassium C1-C4 alcoholates, potassium bicarbonate, lithium hydroxide, 

lithium carbonate, lithium C1-C4 alcoholates, caesium hydroxide, caesium carbonate, 

caesium bicarbonate, triethyl amine, pyridine and  

4-dimethylaminopyridine. 25 

In an even more preferred embodiment, the reaction is carried out with the 

complex formed in situ by reacting RuCl2(PPh3)3 and the chiral ligand SL-N004-1, 







 20 

reaction with a methanesulfonyl halide, essentially as formerly reported. 

Likewise, the preparation of the compounds of formula (III) where Z is -OH can 

be obtained through conventional hydrolysis of the corresponding ester derivatives. 

To this extent, the hydrolysis reaction for instance occurring on a compound of 

formula (III) wherein Z is methoxy can be easily accomplished in the presence of a 5 

suitable base selected from sodium hydroxide, sodium carbonate, potassium hydroxide, 

potassium carbonate, lithium hydroxide, lithium carbonate, caesium hydroxide, caesium 

carbonate; the solvent being selected from water alone or in mixture with methanol, 

ethanol, isopropanol, n-butanol, t-butanol, dimethyl sulfoxide, sulfolane, toluene, 

benzene, xylene, THF, dioxane and mixtures thereof. 10 

More preferably, the hydrolysis reaction of the esters into the free acid wherein Z 

is -OH is carried out with NaOH in THF and water. 

Likewise, the preparation of the compounds of formula (III) wherein Z is other 

than -OH can be accomplished according to well known esterification or 

transesterification techniques or starting from the relative ester of the  15 

3-Hydroxy-4-nitrobenzoic acid. 

The invention also provides a process for the preparation of additional 

compounds of formula (XI) that, with respect to the above compounds of formula (I), 

bear additional R1 and R2 groups in place of the cyclopropylmethyl and difluoromethyl 

groups of formula (I). 20 

Said compounds of formula (XI) may be used for prophylactic purposes or for 

symptomatic relief for a wide range of conditions including respiratory disorders such 

as chronic bronchitis, chronic obstructive pulmonary disease (COPD), asthma of all 

types and allergic disease states such as atopic dermatitis and allergic rhinitis. 

Accordingly, the invention also provides a process for the preparation of the 25 

compounds of formula (XI) 
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the single enantiomer (II) wherein n is 0 or 1. 

The reducing agent is selected from hydrogen in presence of a heavy metal chiral 

complex pre-formed or formed in-situ reacting a Ru-, Rh- or Ir-complex such as 

RuCl2(PPh3)3, [Ru (p-cymene)Cl2]2, [RhCI2(Cp*)]2 or [IrCI2(Cp*)]2 with a chiral ligand 

such as SL-N004-1 ((R)-4-tert-Butyl-2-[(R)-2-(bis(1-phenyl)phosphino)ferrocen-1-5 

yl]oxazoline), SL-N003-1 ((R)-4-Isopropyl-2-[(R)-2-(diphenylphosphino)-ferrocen-1-

yl]Oxazoline), (S,S)-Ts-DPEN ((1S,2S)-(-)-N-p-tosyl-1,2-diphenylethylenediamine), 

(S,S)-Ms-DPEN ((1S,2S)-(-)-N-Mesyl-1,2-diphenylethylenediamine), (R)-DAIPEN 

((2R)-(−)-1,1-Bis(4-methoxyphenyl)-3-methyl-1,2-butanediamine), (1R, 2S)-1-Amino-

2-indanol. The reaction is carried out in presence of a base, preferably selected from 10 

sodium hydroxide, sodium carbonate, sodium C1-C4 alcoholates, sodium bicarbonate, 

sodium hydride, potassium hydroxide, potassium carbonate, potassium C1-C4 

alcoholates, potassium bicarbonate, lithium hydroxide, lithium carbonate, lithium C1-C4 

alcoholates, caesium hydroxide, caesium carbonate, caesium bicarbonate, triethyl 

amine, pyridine and 4-dimethylaminopyridine. 15 

The synthesis is preferably carried out in a solvent selected from water, 

methanol, ethanol, isopropanol, n-butanol, t-butanol, dimethyl formamide, dimethyl 

acetamide, N-methyl pyrrolidone, toluene, benzene, xylene, THF, dioxane, 2-

methoxyethyl ether, diethyl ether, isopropyl ether, t-butyl methyl ether, ethyl acetate, 

isopropyl acetate, acetonitrile and mixtures thereof. 20 

The reaction is preferably carried out with the complex formed in situ by reacting 

RuCl2(PPh3)3 and the chiral ligand SL-N004-1 in toluene in presence of aqueous 

sodium hydroxide. 

Alternatively, (II) wherein n is 1 is obtained by oxidation of (II) wherein n is 0 

with an oxidizing agent selected from hydrogen peroxide, an organic peracid, like 25 

peracetic acid, or m-chloroperbenzoic acid, or a mineral peracid like persulfuric acid or 

Oxone® (KHSO5*1/2KHSO4*1/2K2SO4). Reaction solvent is 
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CLAIMS 

 

1.  A process for preparing a compound of formula (I): 

NO

O

F
F

O

O

O

NHSO
2
Me

Cl

Cl (O)n

 

(I) 5 

wherein n is 0 or 1, which process comprises:  

(a)  reacting a compound of formula (II):  

N

O

O

Cl

Cl

(O)n
OH

F

F
 

(II) 

wherein n is 0 or 1, with a compound of formula (III):  10 

X

O

COZ
 

(III) 

wherein X is –NHSO2Me or –NO2 and Z is –OH, chlorine, bromine, 

linear or branched (C1-C6)alkoxy, aryloxy, arylalkoxy, (C1-C6)alkylcarbonyloxy, 

arylcarbonyloxy, or aryl(C1-C6)alkylcarbonyloxy, to obtain a compound of 15 

formula (I) wherein n is 0 or 1 or a compound of formula (IV):  
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NO

O

F
F

O

O

O

Cl

Cl (O)n

NO
2

 

(IV) 

wherein n has the above reported meanings and X is –NO2; and,  

when a compound of formula (IV) is obtained in step (a):  

(b)  reducing said compound of formula (IV) to obtain a compound of 5 

formula (V):  

NH
2

O O
O

OF

F

N
Cl

Cl

O

(O)n

 

(V) 

wherein n is 0 or 1, and reacting said compound of formula (V) with 

methanesulfonyl halide to obtain a compound of formula (I) wherein n has the 10 

above reported meanings; and  

wherein said compound of formula (II) is obtained according to any one 

of the alternative steps (c1) or (c2):  

(c1)  oxidizing a compound of formula (VI):  

N

O

O

Cl

Cl

(O)n
OH

F

F  15 

(VI) 

wherein n is 0 or 1 to obtain a compound of formula (VII):  
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N

O

O

Cl

Cl

(O)n
O

F

F  

(VII) 

wherein n is 0 or 1, and subsequently enantioselectively reducing said 

compound of formula (VII) to obtain a compound of formula (II) wherein n has 

the above reported meanings; or  5 

(c2)  chromatographically separating a compound of formula (VI) 

wherein n is 0 or 1, to obtain said compound of formula (II) and a compound of 

formula (VIII):  

N

O

O

Cl

Cl

(O)n
OH

F

F  

(VIII) 10 

wherein n has the above reported meanings; and  

optionally oxidizing said compound of formula (VIII) to a corresponding 

compound of formula (VII) which can may optionally subsequently reduced to 

said compound of formula (VI) wherein n is 0 or 1 and optionally subjected to 

said chromatographic separating; and wherein all of said compounds of formula 15 

(I), (II), (IV), (V), (VI), (VII), or (VIII) wherein n is 1 can be obtained by 

oxidizing the corresponding compounds wherein n is 0.  

 

2.  A process according to claim 1, wherein in said compound of formula 

(III), X is –NHSO2Me.  20 

 

3.  A process according to claim 1, which comprises (a) reacting said 

compound of formula (II) with a compound of formula (III) wherein X is –NO2 to 

obtain a compound of formula (IV) and (b) reducing said compound of formula (IV) to 

said compound of formula (V), and reacting said compound of formula (V) with a 25 

methanesulfonyl halide to obtain said compound of formula (I).  

 



 73 

MCSLLP 

4. A process according to claim 1, wherein said compound of formula (II) 

is obtained by (c1) oxidizing said compound of formula (VI) to said compound of 

formula (VII) and enantioselectively reducing said compound of formula (VII) to said 

compound of formula (II).  

 5 

5.  A process according to claim 1, wherein said compound of formula (II) 

is obtained by (c2) chromatographically separating said compound of formula (VI) to 

obtain said compound of formula (II) and said compound of formula (VIII). 

 

6.  A process according to claim 1, which comprises oxidizing said 10 

compound of formula (I) wherein n is 0.  

 

7.  A process according to claim 1, which comprises reacting a compound of 

formula (II) with a compound of formula (III) wherein Z is –OH in the presence of a 

coupling reagent selected from the group consisting of DCC, CDI, HATU, HBTU, 15 

TBTU, DMTMM, COMU, EDCI, with or without HOBt, with or without an organic 

base selected from the group consisting of TEA, DIPEA, NMM, DBU, DBO, pyridine 

and DMAP, in a solvent selected from the group consisting of dimethyl sulfoxide, 

sulfolane, dimethyl formamide, dimethyl acetamide, N-methyl pyrrolidone, toluene, 

benzene, xylene, acetone, isopropyl ketone, methyl ethyl ketone, methyl isobutyl 20 

ketone, THF, dioxane, 2-methoxyethyl ether, diethyl ether, isopropyl ether, t-butyl 

methyl ether, ethyl acetate, isopropyl acetate, acetonitrile, dichloromethane, chloroform, 

chlorobenzene, and a mixture thereof.  

 

8.  A process according to claim 1, wherein (a) said reacting is conducted in 25 

the presence of CDI and DBU in ethyl acetate.  

 

9.  A process according to claim 1, wherein (a) said reacting is conducted in 

the presence of EDCI and DMAP in DMF.  

 30 

10.  A process according to claim 1, wherein (b) said reducing is carried out 

with a reducing agent selected from the group consisting of hydrogen, cyclohexadiene, 
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ammonium formate, formic acid, iron, tin dichloride, tin, nickel chloride, nickel, lithium 

aluminium hydride, sodium aluminium hydride, lithium borohydride, sodium 

borohydride, potassium borohydride, and sodium hydrosulfite.  

 

11.  A process according to claim 10, wherein said reducing agent is selected 5 

from the group consisting of hydrogen, cyclohexadiene, ammonium formate and formic 

acid, and (b) said reducing is carried out in presence of a palladium- platinum- or 

nickel-based catalyst, or a catalyst selected from the group consisting of palladium on 

carbon, palladium sulfided on carbon, palladium on barium sulfate, palladium on 

calcium carbonate, and platinum on carbon.  10 

 

12.  A process according to claim 10, wherein said reducing agent is formic 

acid, and (b) said reducing is carried out in presence of ammonia or an amine, in a 

solvent selected from the group consisting of water, methanol, ethanol, isopropanol, n-

butanol, t-butanol, dimethyl formamide, dimethyl acetamide, N-methyl pyrrolidone, 15 

toluene, benzene, xylene, THF, dioxane, 2-methoxyethyl ether, diethyl ether, isopropyl 

ether, t-butyl methyl ether, ethyl acetate, isopropyl acetate, acetonitrile, and a mixture 

thereof.  

 

13.  A process according to claim 10, wherein (b) said reducing is carried out 20 

with hydrogen with palladium 5% on activated carbon powder, Type A103038, sulfided 

in ethyl acetate. 

 

14.  A process according to claim 1, wherein said reacting of said compound 

of formula (V) with methanesulfonyl halide is carried out in the presence of one or more 25 

solvents selected from the group consisting of toluene, benzene, xylene, 

tetrahydrofuran, dioxane, 2-methoxyethyl ether, diethyl ether, isopropyl ether, t-

buthylmethyl ether, ethyl acetate, isopropyl acetate, acetonitrile, dichloromethane, 

chloroform, chlorobenzene, and a mixture thereof and a base selected from the group 

consisting of sodium hydroxide, sodium carbonate, sodium bicarbonate, sodium 30 

hydride, potassium hydroxide, potassium carbonate, potassium bicarbonate, lithium 
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hydroxide, lithium carbonate, cesium hydroxide, cesium carbonate, cesium bicarbonate, 

TEA, DIPEA, NMM, DBO, pyridine, and DMAP; or  

said reacting of said compound of formula (V) with methanesulfonyl halide is 

carried out in the presence of excess pyridine without any other solvent.  

 5 

15.  A process according to claim 1, wherein said oxidizing said compound of 

formula (VI) to said compound of formula (VII) is carried out in the presence of an 

oxidizing agent selected from the group consisting of a metallic oxide, a hypervalent 

iodine, and a dimethylsulfoxide-based oxidant, in a solvent selected from the group 

consisting of water, dimethyl formamide, dimethyl acetamide, N-methyl pyrrolidone, 10 

dimethyl sulfoxide, sulfolane, toluene, benzene, xylene, acetone, isopropyl ketone, 

methyl ethyl ketone, methyl isobutyl ketone, ethyl acetate, isopropyl acetate, 

acetonitrile, dichloromethane, THF, dioxane, and a mixture thereof.  

 

16.  A process according to claim 1, wherein said enantioselectively reducing 15 

said compound of formula (VII) to said compound of formula (II) is carried out with a 

reducing agent which is hydrogen in presence of a heavy metal chiral complex pre-

formed or formed in situ, wherein in situ formation may occur by reacting a Ru-, Rh- or 

Ir-complex selected from the group consisting of RuCl2(PPh3)3, [Ru(p-cymene)Cl2]2, 

[RhCl2(Cp*)]2 and [IrCl2(Cp*)]2 with a chiral ligand which is SL-N004-1 ((R)-4-tert-20 

Butyl-2-[(R)-2-(bis(1-phenyl)phosphino)ferrocen-1-yl]oxazoline), SL-N003-1 ((R)-4-

Isopropyl-2-[(R)-2-(diphenylphosphino)-ferrocen-1-yl]Oxazoline), (S,S)-Ts-DPEN 

((1S,2S)-(-)-N-p-tosyl-1,2-diphenylethylenediamine), (S,S)-Ms-DPEN ((1S,2S)-(-)-N-

Mesyl-1,2-diphenylethylenediamine), (R)-DAIPEN((2R)-(-)-1,1-Bis(4-ethoxyphenyl)-

3-methyl-1,2-butanediamine), or (1R,2S)-1-amino-2-indanol.  25 

 

17.  A process according to claim 16, wherein said enantioselectively 

reducing is carried out in presence of a base selected from the group consisting of 

sodium hydroxide, sodium carbonate, sodium C1-C4 alcoholates, sodium bicarbonate, 

sodium hydride, potassium hydroxide, potassium carbonate, potassium C1-C4 30 

alcoholates, potassium bicarbonate, lithium hydroxide, lithium carbonate, lithium C1-C4 
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alcoholates, caesium hydroxide, caesium carbonate, caesium bicarbonate, triethyl 

amine, pyridine, and 4-dimethylaminopyridine.  

 

18.  A process according to claim 1, wherein said enantioselectively reducing 

is carried out in presence of a reducing agent which is a borane chiral complex selected 5 

from the group consisting of a diisopinocampheylborane and an oxazaborolidine.  

 

19.  A process according to claim 16, wherein said enantioselectively 

reducing is carried out in a solvent selected from the group consisting of water, 

methanol, ethanol, isopropanol, n-butanol, t-butanol, dimethyl formamide, dimethyl 10 

acetamide, N-methyl pyrrolidone, toluene, benzene, xylene, THF, dioxane, 2-

methoxyethyl ether, diethyl ether, isopropyl ether, t-butyl methyl ether, ethyl acetate, 

isopropyl acetate, acetonitrile, and mixtures thereof.  

 

20.  A process according to claim 1, wherein said enantioselectively reducing 15 

is carried out in the presence of a complex formed in situ by reacting RuCl2(PPh3)3, and 

the chiral ligand SL-N004-1, (S)-4-tert-butyl-2-[(S)-2-(bis(1-

phenyl)phosphino)ferrocen-1-yl]oxazoline, in toluene and in presence of aqueous 

sodium hydroxide. 

 20 

21.  A compound of formula (IV) or (V) wherein n is 0 or 1  

NO

O

F
F

O

O

O

Cl

Cl (O)n

NO
2

 

(IV) 
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NH
2

O O
O

OF

F

N
Cl

Cl

O

(O)n

 

(V) 

 

22.  A compound of formula (III):  

X

O

COZ
 5 

(III) 

wherein X is –NHSO2Me and Z is –OH. 

 

23.  A process for the preparation of a compound of formula (XI):  

NO

O

O

O

O

NHSO
2
Me

Cl

Cl (O)nR1

R2
 10 

(XI) 

wherein n is 0 or 1, and R1 and R2 are independently H, linear or branched (C1-

C6) alkyl, optionally substituted by one or more substituents selected from one or more 

halogen atoms, (C3-C7) cycloalkyl, (C5-C7)cycloalkenyl, (C5-C7) cycloalkenyl, linear or 

branched (C2-C6) alkenyl, aryl(C2-C6)alkenyl and linear or branched (C2-C6) alkynyl, 15 

which process comprises:  

(a)  reacting a compound of formula (X):  
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N

O

R1

O

Cl

Cl

(O)n
OH

R2
 

(X) 

wherein n is 0 or 1, with a compound of formula (III):  

X

O

COZ
 

(III) 5 

wherein X is –NHSO2Me or –NO2 and Z is –OH, chlorine, bromine, linear or 

branched (C1-C6)alkoxy, aryloxy, arylalkoxy, (C1-C6)alkylcarbonyloxy, 

arylcarbonyloxy or aryl(C1-C6)alkylcarbonyloxy to obtain a compound of formula (XI) 

wherein n is 0 or 1 or a compound of formula (XII):  

N

O

R1

O

Cl

Cl

(O)n
O

NHSO
2
Me

O

O

R2

N

O

R1

O

Cl

Cl

(O)n
O

O

O

NO
2

R2
 10 

  (XI)         (XII) 

wherein R1, R2, and n have the above reported meanings; and  

when a compound of formula (XII) is obtained in step (a):  

(b)  reducing said compound of formula (XII) to a compound of formula 

(XIII):  15 

N

O

R1

O

Cl

Cl

(O)n
O

NH
2

O

O

R2
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(XIII) 

wherein R1, R2, and n have the above reported meanings, and reacting said 

compound of formula (XIII) with methanesulfonyl halide to obtain said compound of 

formula (XI) wherein n has the above reported meanings; and  

wherein said compound of formula (X) in step (a) is obtained according to any 5 

one of the alternative steps (c1) or (c2):  

(c1)  oxidizing a compound of formula (XIV):  

NOH

O

R1

OR2

(O)n
Cl

Cl
 

(XIV) 

wherein n is 0 or 1 to obtain a compound of formula (XV):  10 

N

O

R1

OR2

(O)n
Cl

Cl

O

 

(XV) 

wherein n is 0 or 1, and subsequently enantioselectively reducing said compound 

of formula (XV) to obtain said compound of formula (X) wherein n has the above 

reported meanings; or  15 

(c2)  chromatographically separating said compound of formula (XIV) 

wherein n is 0 or 1, to obtain said compound of formula (X) and a compound of formula 

(XVI)  

N

O

R1

O

Cl

Cl

(O)n
OH

R2
 

(X) 20 

N

O

R1

O

Cl

Cl

(O)n
OH

R2
 

(XVI) 
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wherein n has the above reported meanings; and  

optionally oxidizing said compound of formula (XVI) to obtain said compound 

of formula (XV) and optionally subsequently reducing said compound of formula (XV) 

to said compound of formula (XIV) wherein n is 0 or 1 and which may be optionally 

chromatographically separated; and  5 

wherein all of said compounds of formula (XI), (X), (XII), (XIII), (XIV), (XV), 

or (XVI) wherein n is 1 can be obtained by oxidizing the corresponding compounds 

wherein n is 0.  

 

24.  A compound of formula (XII) and (XIII):  10 

O O

O

O

R1 N

Cl

Cl

O

(O)n

R2

NO
2

  

(XII)  

O O

O

O

R1 N

Cl

Cl

O

(O)n

NH
2

R2
  

(XIII) 

wherein n is 0 or 1, and R1 and R2 are independently H, linear or branched (C1-15 

C6) alkyl, optionally substituted by one or more substituents selected from halogen 

atoms, (C3-C7) cycloalkyl, (C5-C7)cycloalkenyl, (C5-C7) cycloalkenyl, linear or 

branched (C2-C6) alkenyl, aryl(C2-C6)alkenyl and linear or branched (C2-C6) alkynyl.  

 

25.  A process according to claim 1, which further comprises crystallizating 20 

or crushing said compound of formula (I) from one or more solvents selected from the 

group consisting of water, methanol, ethanol, isopropanol, n-butanol, t-butanol, toluene, 

benzene, xylene, acetone, isopropyl ketone, methyl ethyl ketone, methyl isobutyl 
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ketone, THF, dioxane, 2-methoxyethyl ether, diethyl ether, isopropyl ether, t-butyl 

methyl ether, ethyl acetate, isopropyl acetate, dichloromethane, an aliphatic or aromatic 

hydrocarbon, preferably chosen from the group consisting of pentane, hexane, heptane, 

cyclohexane, methylcyclohexane, and a mixture thereof.  

 5 

26.  A process according to claim 25, wherein said solvent is ethyl acetate 

with n-heptane. 


