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Processes for preparing of glucopyranosyl-substituted

benzyl-benzene derivatives

The present invention relates to a process for preparing of glucopyranosyl-substituted

5 benzyl-benzene derivatives of the formula lll,

wherein the substituents R' and, R* and R’ are defined as hereinafter. Furthermore the
10  present invention relates to processes for preparing intermediates and starting materials of
the process for preparing of glucopyranosyl-substituted benzyl-benzene derivatives. In

addition the present invention relates to uses of the processes according to the invention.

15 Background of the invention

In WO 2005/092877 glucopyranosyl-substituted benzene derivatives of the general formula

R R2 R4
f(% )(\‘ )
R5
R“”‘o“"\l/""ORn
b

OR

wherein the groups R’ to R°and R, R, R’ are as defined therein, are described. Such

20  compounds have a valuable inhibitory effect on the sodium-dependent glucose cotransporter
SGLT, particularly SGLT2.

In WO 2006/117359 a crystalline form of 1-chloro-4-(3-D-glucopyranos-1-yl)-2-[4-((S)-

tetrahydrofuran-3-yloxy)-benzyl]-benzene and its synthesis is described.
25
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In WO 2006/120208 several methods of synthesis of compounds of the formula

OR3 CI

wherein R' denotes cyclobutyl, cyclopentyl, cyclohexyl, R-tetrahydrofuran-3-yl, S-
tetrahydrofuran-3-yl or tetrahydropyran-4-yl are described. The example XVl therein relates
to the synthesis of 1-chloro-4-([3-D-glucopyranos-1-yl)-2-(4-(S)-tetrahydrofuran-3-yloxy-
benzyl)-benzene. According to the variant E therein (S)-3-[4-(5-10d0o-2-chloro-benzyl)-
phenoxy]-tetrahydrofuran is reacted with i-PrMgCI/LiCl in THF at low temperatures to form an
organometallic intermediate. In an aqueous quenching step an aqueous NH4CI solution (25
weight-%) is added. After the addition of methyl-fertbutylether the organic layer comprising
the intermediate product is separated. In attempts to upscale this process it was observed
that the separation of the aqueous and the organic phase may cause difficulties, for example

by the formation of three phases.

Aim of the invention
The aim of the present invention is to find advantageous processes for preparing of
glucopyranosyl-substituted benzyl-benzene derivatives of the formula lll; in particular robust
processes with which the product may be obtained in high yields, high enantiomeric or
diastereomeric purity and which allow the manufacture of the product in a commercial scale

with a low technical expenditure and a high space/time yield.

Another aim of the present invention is to find a commercially viable process for preparing of
glucopyranosyl-substituted benzyl-benzene derivatives of the formula |ll comprising an
aqueous quenching step which allows a reliable and easy separation of the aqueous and the

organic phase.

Another aim of the present invention is to provide processes for preparing the starting

materials of the before mentioned method of manufacture.

Other aims of the present invention will become apparent to the skilled artisan directly from

the foregoing and following description.
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Obiject of the invention
In a first aspect the present invention relates to a process for preparing a glucopyranosyl-

substituted benzyl-benzene derivative of general formula lll,

wherein

R’ denotes Cq_s-alkyl, cyclobutyl, cyclopentyl, cyclohexyl, (R)-tetrahydrofuran-3-yl, (S)-
10  tetrahydrofuran-3-yl or tetrahydropyran-4-yl; and

R? iIndependently of one another denote hydrogen, (Cq.s-alkyl)carbonyl, (C.g-

alkyl)oxycarbonyl, phenylcarbonyl, phenyl-(C4.s-alkyl)-carbonyl, phenyl-C4_s-alkyl, allyl,

R’R°R°Si, CR*R’OR®, wherein two adjacent groups R* may be linked with each other to form
15  a bridging group SiR?R®, CR?R" or CR*OR’-CR?0OR"; and

R’ denotes hydrogen or C4g-alkyl;

R? R®, R® independently of one another denote C.s-alkyl, phenyl or phenyl-C,_s-alkyl,

20  while the alkyl groups may be mono- or polysubstituted by halogen;

L1 iIndependently of one another are selected from among fluorine, chlorine, bromine,

C1-3-alkyl, C1-4-alkoxy and nitro;

25  while the phenyl groups mentioned in the definition of the above groups may be mono- or

polysubstituted with L1;
comprising the steps (S2), (S3) and (S4):

30 (S2): reacting the organometallic compound of the formula VI

/\/CI /\/O_R1
VI
D |

=
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wherein R’ is defined as hereinbefore and M denotes Li, Mg or MgQ, wherein Q denotes Cl,

Br, | or an organic moiety;

with a gluconolactone of general formula IV

IV

wherein R? is as hereinbefore defined,

In an organic solvent or a mixture of two or more organic solvents; and

(S3). adding an aqueous solution comprising one or more acids such that the reaction
mixture forms an aqueous phase and an organic phase whereby the organic phase has a pH

in the range from about 0 to 7; and

(S4): separating the organic phase comprising the adduct obtained in the step (S2) from the

aqueous phase; and

(S5): reacting the obtained adduct with water or an alcohol R-OH, where R' denotes C-

alkyl, or a mixture thereof in the presence of one or more acids.

It was found that the separation of the aqueous and the organic phase in the step (S3) Is
more reliable and thus more suitable for a commercial scale process when the organic phase
has a pH in the range from about O to 7. Thus in the step (S3) the aqueous solution
comprising one or more acids is to be added to the reaction mixture such that the organic
phase has a pH in the range from about 0 to 7. As a consequence of the improvement in the
phase separation the whole process for preparing a glucopyranosyl-substituted benzyl-
benzene derivative of general formula Il proved to be a robust process with which the
product is obtained in high yields and in a high purity at commercially viable scales. A further
advantage is that the changes of solvents during the process are kept to a minimum and that

the length of time for the whole process is minimized.
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In the hereinbefore described variant E of the example XVIII of the WO 2006/120208 an
aqueous quenching step with aqueous NH4Cl solution (25 weight-%) was performed also.
But in attempts to upscale this process it was observed that the separation of the aqueous
and the organic phase may cause difficulties, for example by the formation of three phases.
According to this example a pH of about 9 to 10 is measured in the organic phase which is

outside the preferred pH range according to the step (S3) of the present invention.

In another aspect the present invention relates to a use of the process for preparing a

glucopyranosyl-substituted benzyl-benzene derivative of general formula ll,

wherein

R’ denotes Cy.3-alkyl, cyclobutyl, cyclopentyl, cyclohexyl, R-tetrahydrofuran-3-yl, S-
tetrahydrofuran-3-yl or tetrahydropyran-4-yl; and

R? iIndependently of one another denote hydrogen, (Cq.s-alkyl)carbonyl, (C.g-
alkyl)oxycarbonyl, phenylcarbonyl, phenyl-(C4.s-alkyl)-carbonyl, phenyl-C4_s-alkyl, allyl,
R?R°R°Si, CR*R°OR®, wherein two adjacent groups R* may be linked with each other to form
a bridging group SiR?R", CR?R” or CR?0OR"-CR?0OR"; and

R’ denotes hydrogen or C4g-alkyl;

R? R® R° independently of one another denote C.s-alkyl, phenyl or phenyl-C,_s-alkyl,

while the alkyl groups may be mono- or polysubstituted by halogen;

L1 iIndependently of one another are selected from among fluorine, chlorine, bromine, C4_

s-alkyl, Cq.4-alkoxy and nitro;

while the phenyl groups mentioned in the definition of the above groups may be mono- or

polysubstituted with L1;
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as described hereinbefore and hereinafter for the synthesis of a glucopyranosyl-substituted

benzyl-benzene derivative of general formula I,

wherein R' is defined as hereinbefore
comprising the step (S6):

10  (S6) reacting the glucopyranosyl-substituted benzyl-benzene derivative of general formula Il

with a reducing agent.

Detailed description of the invention
15

Unless otherwise stated, the groups, residues and substituents, particularly R', R*, R', R?, R”,

R* L1, M, X, are defined as above and hereinafter.

If residues, substituents or groups occur several times in a compound, they may have the

20  same or different meanings.

In the processes and compounds according to this invention the following meanings of

groups and substituents are preferred:
25 R’ preferably denotes R-tetrahydrofuran-3-yl or S-tetrahydrofuran-3-yl.

R?, R°, R® independently of one another preferably denote methyl, ethyl, n-propy! or i-propyl,
tert.-butyl or phenyl; most preferably methyl.

30 R preferably denotes hydrogen, methylcarbonyl, ethylcarbonyl or trimethylsilyl. Most
preferably R* denotes trimethylsilyl.

R' preferably denotes hydrogen, methyl or ethyl, most preferably methyl.
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The starting material of the formula VI may be obtained by methods known to the one skilled
in the art. The process according to the invention preferably comprises the additional step
(S1) in order to obtain the organometallic compound of the formula VI:

5 (S1): reacting a compound of the formula V

1

‘ V

)
)

x/

q
</

N

wherein R' is defined as hereinbefore and X denotes Br, | or triflate;

with magnesium, lithium, a magnesium Grignard reagent or a lithium organic compound in an

organic solvent or a mixture of two or more organic solvents yielding an organometallic
10  compound of the formula VI

oUCEE

wherein R' is defined as hereinbefore and M denotes Li, Mg or MgQ, wherein Q denotes Cl,

Br, | or an organic moiety;
15  In the following the processes according to this invention are described In detall.

The glucopyranosyl-substituted benzyl-benzene derivative of formula Il may be synthesized
from D-gluconolactone or a derivative thereof by reacting the desired benzylbenzene

compound in the form of an organometallic compound of the formula VI (Scheme 1).
20
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Scheme 1: Addition of an Organometallic Compound to Gluconolactone

Vv
halogen-metal exchange
| Step (S1)

X=1 Br
Hal =ClI, Br, |
M = Li, MgHal
Cl O
R
M OR2 Cl O\ 1

2 Step (S2): Adding compound VI R2p*

Step (S3): Adding agqueous solution OR

Step (S4). Phase separation

v Step (S5): Adding R'OH + acid 1l

In the step (S1) the organometallic compound of the formula VI is prepared by reacting the
compound of the formula V with magnesium, lithium, a magnesium Grignard reagent or a
lithium organic compound in an organic solvent or a mixture of two or more organic solvents.
The reaction is a so-called halogen-metal exchange reaction or an insertion of the metal into
the carbon-halogen bond. The group X preferably denotes iodine. The reaction may be
carried out with elemental magnesium or lithium. In case no spontaneous reaction takes
place, promoters such as iodine, tetrachloromethane or iodomethane may be added.
Alternatively the reaction may be carried out with a lithium organic compound, such as Cs-
alkyl-lithium, preferably n-, sec- or tert-butyllithium. Preferably the reaction is carried out with
a magnesium Grignard reagent, such as Cs.4-alkyl- or aryl-magnesium chlorides or bromides,
for example as isopropyl or sec-butyl magnesium chloride or bromide, fert.-butyl magnesium
chloride or bromide, phenyl magnesium chloride or bromide. The magnesium or lithium
derivatized compounds thus obtained may optionally be transmetallated with metal salts
such as e.g. cerium trichloride, zinc chloride or bromide, indium chloride or bromide, or
copper bromide or chloride to form alternative organometal compounds (VI) suitable for
addition. As promoters, additional salts such as lithium bromide and/or lithium chloride may
be added at the beginning of, during or at the end of the step (S1). Alternatively such
promoters may be added at the beginning or during the step (S2). Most preferably the

compound of the formula V is reacted with a mixture of isopropylmagnesium chloride and
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lithium chloride. The molar ratio of the Grignard reagent, in particular of the Cj4-alkyl-
magnesium chloride or bromide, for example of IPrMgCl, to the lithium bromide and/or lithium
chloride, in particular LiCl, is preferably in the range from 1 : 10 to 10 : 1, most preferably
about 1 : 1. The 1:1 mixture of IPrMgClI : LiCl is commercially available, for example in a
concentration of about 12 to 16% w/w in tetrahydrofuran, also called as "Turbogrignard-
Solution”. Preferred amounts of the magnesium, lithium, a magnesium Grignard reagent or a
lithium organic compound relative to the compound of the formula V is in the range from
about 0.5 to 2 mol, most preferably about equimolar. It was found that amounts smaller than
about 1 mol lead to losses in yield and amounts greater than about 1 mol lead to the
formation of unwanted by-products. The reaction is carried out in an organic solvent or a
mixture of two or more organic solvents. Preferred solvents are selected from the group
consisting of tetrahydrofuran, 2-methyltetrahydrofuran, fert.-butyl-methylether (TBME),
diethylether, heptane, toluene, benzene, dioxane, methylcyclohexane, hexane, dimethyl
sulfoxide, dichloromethane and chloroform. Most preferred solvents are tetrahydrofuran and
2-methyltetrahydrofuran. The reaction may be carried out in a temperature range from -100
to +50°C, preferably from -70 to 10°C, most preferably from -40 to -10°C. The reaction may
be monitored by HPLC-, NIR-, IR-technology for example. A preferred reaction time is
between 10 min and 600 min. The reaction product of the formula VI may be isolated,
although such an isolation is not necessary. The foregoing reactions are preferably

performed under inert gas atmosphere. Argon and nitrogen are preferred inert gases.

In the step (S2) the gluconolactone of the formula |V Is added to the compound of the
formula VI in an organic solvent or a mixture of two or more organic solvents. Preferred
solvents are those described with regard to the previous step (S1). Preferably the
gluconolactone is added to the reaction mixture obtained in the step (S1). The substituents
R* preferably denote trimethylsilyl, triethylsilyl, triisopropyl, tributylsilyl, tert.-butyldimethylsilyl,
tert.-butyldiphenylsilyl, acetyl, benzyl, benzoyl, allyl, methoxymethyl, tetrahydropyranyl. Most
preferably R* denotes trimethylsilyl. Preferred amounts of the gluconolactone relative to the
organometallic compound of the formula VI is in the range from about 0.8 to 3 mol, more
preferably about 1 to 2 mol, most preferably about 1.06 mol. The reaction may be carried out
in a temperature range from -100 to +50°C, preferably from -70 to 10°C, most preferably
from -20 to -5°C. The reaction may be monitored by HPLC-, NMR, GC-, NIR- or IR-
technology for example. A preferred reaction time is between 15 min and 600 min. The
reaction product of the formula VI may be isolated. The foregoing reactions are preferably

performed under inert gas atmosphere. Argon and nitrogen are preferred inert gases.
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In the step (S3) an aqueous solution comprising one or more acids is added to the reaction
mixture obtained in the step (S52) such that the reaction mixture forms an aqueous phase and
an organic phase whereby the organic phase has a pH in the range from about 0 to 7. In
principle all inorganic or organic acids may be used to obtain the desired pH range. Preferred
acids are organic acids, such as citric acid, tartaric acid, oxalic acid, succinic acid, acetic
acid, chloro acetic acid, dichloro acetic acid or trifluoroacetic acid, or inorganic acids, such as
hydrochloric acid, sulphuric acid or nitric acid. The acid may be an ammonium salt, such as
ammonium chloride. The acid may be part of a buffer system such as acetic acid/ acetate
(for example acetic acid and sodium acetate), dihydrogenphosphat/ hydrogenphosphat (for
example KH,PO,/Na,HPQO,), TRIS (Tris(hydroxymethyl)-aminomethan) or HEPES (2-(4-(2-
Hydroxyethyl)-1-piperazinyl)-ethanesulfonic acid). The more preferred acids are citric acid
and acetic acid, in particular citric acid. The agueous solution may additionally comprise
mixtures of the aforementioned acids or additionally salts e.g. sodium chloride, potassium
chloride, sodium bromide, potassium bromide, lithium chloride, lithium bromide or mixtures
thereof. The amount of the one or more acids in the aqueous solution is preferably such that
the reaction mixture forms an aqueous phase and an organic phase whereby the organic
phase has a pH in the range from about 0 to 7. A more preferred pH range is from about 1 to
0, even more preferably from about 1 to 4, most preferably about 2 to 3. It was found that a
pH in a preferred pH range as described above allows a good separation of the aqueous and
the organic phase. Without being bound to any theory, it is assumed that at pH values in the
preferred ranges the intermediate product has its highest stability. At pH values below the
preferred ones the occurrence of three phases was observed. Again without being bound to
any theory, it is thought that at low pH values protecting groups at the glucopyranosyl ring
may be cleaved so that the deprotected intermediate product may form an additional phase.
At pH values above the preferred ones phase separation was found to be difficult or

impossible due to the formation of emulsions.

The pH value may be measured in the organic phase employing methods well known to the
chemist such as pH electrodes and pH indicators, including indicator papers and test sticks.
Preferably the pH value is measured at the given temperature of the organic phase, more
preferably at a temperature between about 0°C and 40°C, even more preferably between
about 10°C and 30°C, for example at room temperature (about 20 to 25°C). The pH value
may be measured in the organic phase after the phase separation, for example immediately

after the separation or several hours later.

A preferred concentration of the one or more acids, such as for example citric acid, in the

aqueous solution is in the range from about 2 to 30 weight-%, more preferably from about 5
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to 20 weight-%, most preferably about 10 weight-%. The volume of the agueous solution
relative to the volume of the reaction mixture obtained in the step (S2) is preferably in the
range from about 0.1 to 5, more preferably from about 0.2 to 2, even more preferably from
about 0,2 to 1, most preferably about 0.3 to 0.6, for example about 0.4. The aqueous solution
may be added to the reaction mixture preferably at a temperature in the range from about -50
to 40°C, even more preferably from about -10 to 25°C. The addition of the aqueous solution

may be performed preferably within at least 15 min, even more preferably 60 min.

In order to achieve an even more improved separation of the agueous and the organic phase
It may be advantageous to add one or more additional organic solvents to the reaction
mixture in this reaction step or during the previous reaction steps (S1) or (S2). Preferred
additional organic solvents may be selected from the group consisting of 2-methyltetra-
hydrofurane, toluene, isopropyl acetate, ethyl acetate, n-butyl acetate, tert.-butylmethylether,
n-heptane, acetone, methylethylketone, methylisobutylketone, dioxane, tetrahydrofuran,
methylcyclohexane and hexane. The most preferred additional organic solvent is 2-methyl-
tetrahydrofurane. The amount of the additional organic solvent relative to the total amount of
the organic phase of the reaction mixture is preferably in the range from about 2 weight-% to
60 weight-%, more preferably from about 5 weight-% to 50 weight-%, even more preferably

from about 10 weight-% to 40 weight-%, most preferably from about 15 to 35 weight-%.

Before the addition of the additional organic solvent the volume of the organic phase may be
reduced by distillation of the reaction mixture, preferably under reduced pressure. The
distillation is preferably performed at a temperature below or equal about 35°C. The reaction
mixture obtained after the performance of the step (S3) exhibits an agueous phase and an
organic phase whereby the product of the reaction according to the step (S2) is found mainly

in the organic phase.

In the step (S4) the organic phase comprising the adduct obtained in the step (S2) is
separated from the aqueous phase. Methods for the separation of liquid phases are well
known to the one skilled in the art. The separation of the phases Is preferably performed at a
temperature in the range from about -20 to 50°C, more preferably from about 0 to 30°C. The
obtained organic phase comprises most of the adduct obtained in the step (S2). The
aqueous phase may washed one or more times with an organic solvent or a mixture of
organic solvents and the organic phases may be combined. Preferred organic solvents are
described above with respect to the steps (S1), (S2) and (S3). Before performing the next

reaction step a partial volume or the total volume of the one or more organic solvents is
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preferably distilled off, preferably under reduced pressure. The distillation is preferably

performed at a temperature below or equal about 35°C.

In the step (S95) the adduct obtained in the step (5S4 ) Is reacted with water or an alcohol R'-
OH, where R' denotes Cq¢-alkyl, or a mixture thereof in the presence of one or more acids.
The alcohol R'-OH is preferably selected from the group consisting of methanol, ethanol, 1-
propanol, 2-propanol, n-butanol, tert-butanol or mixtures thereof. The preferred alcohol is
methanol. The alcohol is preferably employed in an amount exceeding an equimolar amount
such that it serves as a solvent also. In principle all inorganic or organic acids may be used In
the reaction step. With the addition of the one or more acids preferably a pH is to be obtained
below about 7. A preferred pH range is from about O to 7, more preferably from about O to 4,
even more preferably from about 1 to 2. The acid is preferably selected from the group
consisting of hydrochloric acid, sulphuric acid, nitric acid, acetic acid, trifluoroacetic acid,
citric acid, tartaric acid, oxalic acid and succinic acid. A more preferred acid is hydrochloric
acid which may be employed for example as a solution of HCI in ethanol, HCI in propanol,
HCI in dioxane. Alternatively HCIl gas may be used. A preferred reaction temperature is in the
range from about -50 to 50 °C, more preferably from about 0 to 30°C, most preferably from
about 15 to 25°C. A full conversion to the product of the formula Il is advantageously
achieved by a subsequent distillation, preferably at reduced pressure and preferably at a
temperature below or equal about 35°C. It was found to improve the complete conversion
when during the distillation a further amount of the alcohol R'-OH is added to the reaction
mixture. The reaction is preferably completed within 120 min. The reaction may be monitored
by HPLC for example. After the completion of the reaction the remaining acid in the reaction
mixture is preferably partially or totally neutralized by the addition of one or more bases. A
preferred pH after the addition of the base is preferably in the range from about 5 to 6.
Preferred bases are for example triethylamine, ammonia, trimethylamine, n-alkylamines
(such as e.g. methylamine, ethylamine), diisopropylethylamine (DIPEA), sodium carbonate,
sodium bicarbonate, potassium carbonate, ethanolamine, 1,4-diazabicyclo[2.2.2]octan
(DABCO), 1,8-diazabicyclo[5.4.0]Jundec-7-en (DBU). Triethylamine is the most preferred
base. A partial or the total amount of the solvent is preferably distilled off, preferably at a
reduced pressure. A solvent or a mixture of solvents is advantageously added and at least
partially distilled off again. The addition of the solvent with subsequent distillation may be
repeated one or more times in order to reduce the water content of the reaction mixture. The
solvent is preferably selected from the group consisting of acetonitrile, propionitrile,
tetrahydrofuran and dioxane. Finally another solvent or mixture of solvents may be added. A
preferred solvent is selected from the group consisting of methylene chloride, ethyl acetate,

iIsopropyl acetate, chloroform, 1,2-dichloroethane, dimethoxyethane, N,N -
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dimethylformamide, N-methylpyrrolidon, dimethyl sulfoxide, tetrahydrofuran, 2-
methyltetrahydrofuran, dioxane, diethylether and tert.-butylmethylether. A preferred solvent is
dichloromethane. Advantageously the water content of the resulting reaction mixture is
determined, for example via Karl-Fischer titration, GC, NMR, IR or NIR. The water content of

the resulting reaction mixture is preferably below 5000 ppm, more preferably below 2000

PPOM.

The glucose derivatives of formula || may be synthesized via the step (S6) which is a

reduction of the anomeric carbon-oxygen bond of compound lll (Scheme 2).

Scheme 2: Reduction of the compound |l

Step (S6): reduction of

anomeric C-OR' bond

R', R' and R are defined as hereinbefore. A preferred meaning of R* is hydrogen or tri-(Cy.s-
alkyD)silyl, such as trimethylsilyl. R' preferably denotes hydrogen or C,-alkyl, in particular

methyl or ethyl.

In the step (S6) the reduction may be conducted with one or more reducing agents in the
presence of one or more Lewis acids or without a Lewis acid. Suitable reducing agents
include for example silanes (such as e.q. triethylsilane, 1,1,3,3-tetramethyldisiloxane
(TMDS), tripropylsilane, trilsopropylsilane (TIPS), diphenylsilane), borane complexes (such
as e.g. sodium cyanoborohydride (NaCNBHj3), zinc borohydride) or aluminium hydrides (such
as e.g. lithium aluminium hydride (LIAIH,), diisobutylaluminum hydride or lithium triisopropyl-
aluminum hydride (Li(iPr)sAlR)). A preferred reducing agent is triethylsilane. The amount of
the reducing agent relative to the compound of the formula |l is preferably in the range from
about 1 to 5 mol, more preferably about 2 to 4 mol, most preferably about 2.7 mol. Suitable
Lewis acids are for example aluminium chloride, boron trifluoride etherate, trimethylsilyl
triflate, titanium tetrachloride, tin tetrachloride, scandium triflate, zinc iodide, or copper (l)
triflate. Aluminium chloride is a preferred Lewis acid. The amount of the Lewis acid relative to
the compound of the formula lll is preferably in the range from about 1 to 5 mol, more

preferably about 2 to 4 mol, most preferably about 2.1 mol. The reaction is performed in an
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organic solvent or a mixture of organic solvents. Preferred solvents are for example
acetonitrile, dichloromethane, propionitrile, tetrahydrofuran or dioxane. Preferred solvents are
acetonitrile, methylene chloride and mixtures thereof. Preferred reaction temperatures are
between about -50 °C and 50 "C, more preferably between about 0 and 30 °C, most
preferably between about 10 to 20°C. Preferably the reaction mixture obtained in the step
(S4) is added to a mixture of the one or more Lewis acids, the one or more organic solvents
and the one or more reducing agents. The addition of the reaction components is done
preferably in a range from about 15 to 600 min, more preferably in a range between 45 and
120 min. The reaction mixture is preferably stirred, for example for about 0 to 600 min, more
preferably for about 30 to 120 min at a temperature in the range from about -80 to 50°C,

preferably about 0 to 35 °C, most preferably about 15 to 25°C.

Alternatively, in the step (S6) hydrogen may be used as reducing agent. This reaction may
be accomplished in the presence of a transition metal catalyst such as palladium on
charcoal, Raney nickel, platinum oxide, palladium oxide. Suitable reaction conditions and
solvents in a hydrogenation are known to the one skilled in the art. For example suitable
solvents are tetrahydrofuran, ethyl acetate, methanol, ethanol, water, or acetic acid and
suitable reaction temperatures are in the range from about -40 “C to 100 °C and suitable

hydrogen pressures are in the range from about of 1 to 10 Torr.

The foregoing reduction synthesis steps are preferably performed under inert gas

atmosphere. Argon and nitrogen are preferred inert gases.

After completion of the reaction water is added to the reaction mixture. During the addition
the internal temperature is preferably in the range from 20 to 40°C. A preferred time range for
the addition Is preferably 15 to 120 min. Instead of water an aqueous solution may be added.
Suitable aqueous solutions are for example salt solutions such as sodium chloride solution
(brine), potassium chloride solution, NaHCO; solution, Na,CO; solution or K,CO; solution.
Alternatively aqueous buffer solutions may be employed such as solutions of ammonium
chloride, acetic acid/ acetate, KH,PO,/Na,HPO,, TRIS (Tris(hydroxymethyl)-aminomethan),
HEPES (2-(4-(2-Hydroxyethyl)-1-piperazinyl)-ethanesulfonic acid).

According to a preferred embodiment the reaction is partially distilled, either under reduced
pressure or under atmospheric pressure and at a temperature below or equal about 35°C,

more preferably below or equal about 55°C.
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Then the reaction mixture is cooled to about 30 to 35°C and the aqueous phase and the
organic phase are separated. The agqueous phase may washed one or more times with an

organic solvent or a mixture of organic solvents and the organic phases may be combined.

Advantageously an organic solvent or a mixture of organic solvents is added to the organic
phase and part of or the total amount of the solvents is distilled off, preferably under reduced
pressure and at a temperature below or equal about 35°C, more preferably below or equal
about 40 to 50. Suitable solvents are toluene, isopropyl acetate. n-butyl acetate, ethyl
acetate, tert.-butylmethylether, n-heptane, acetone, methylethylketone, methylisobutylketone,
dioxane, tetrahydrofuran, benzene, methylcyclohexane, hexane, 2-methyltetrahydrofurane or

mixtures thereof. Toluene Is a preferred solvent.

The product may be obtained by crystallisation, for example as described in the WO
20006/117359, or as described hereinafter.

Alternatively in a further step before the crystallisation, an organic solvent or a mixture of
organic solvents is added to the organic phase at a temperature below or equal about 40 to
50°C. Suitable solvents are acetonitrile, propionitrile, toluene, isopropyl acetate, n-butyl
acetate, ethyl acetate, tert.-butylmethylether, n-heptane, acetone, methylethylketone,
methylisobutylketone, dioxane, tetrahydrofuran, benzene, methylcyclohexane, hexane, 2-

methyltetrahydrofurane or mixtures thereof. Acetonitrile is a preferred solvent.

Then the percentage of acetonitrile in the organic phase is determined with GC (gas
chromatography) technology. The percentage of acetonitrile is in a range of about 10 to 40

%, preferably between about 20 and 30 %.

Then seeding crystals are added to the organic phase at a temperature range of about 40 to
48 °C, preferably at about 45°C. Advantageously stirring is continued at this temperature

range for about 10 to 240 min, more preferably 15 to 120min.

Then the organic phase is cooled from a temperature range from about 40 to 48 °C to a
temperature range of about 15 to 20 °C in a time range from 30 to 120min, preferably about
o0min.

Then water or an aqueous solution is added to the organic phase. The addition of water or of
the aqueous solution is preferably done in a temperature range of about 15 to 25 °C,

preferably 20 “C. Furthermore the addition is preferably done a range of about 30 to 120min,
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preferably about 60min. Suitable aqueous solutions are for example salt solutions such as
sodium chloride solution (brine), potassium chloride solution, NaHCO; solution, Na,CO;
solution or K,COs; solution, or aqgueous buffer solution. Aqueous buffer solutions are for
example solutions of ammonium chloride, acetic acid/ acetate, KH,PO.,Na,HPO,, TRIS
(Tris(hydroxymethyl)-aminomethan), HEPES (2-(4-(2-Hydroxyethyl)-1-piperazinyl)-

ethanesulfonic acid).

Then preferably the mixture is cooled to a temperature range of about 0 to 5 °C in a time
range of about 45 to 120 min, preferably about 60min. Then preferably the mixture is
continued stirring for about 3 to 24 hrs, preferably about 12 hrs at a temperature range of
about 0 to 5 °C.

The product is then collected using suitable filtration or centrifugation techniques and the
collected product is then washed with an organic solvent. Suitable solvents are acetonitrile,
propionitrile, toluene, isopropyl acetate, n-butyl acetate, ethyl acetate, terf.-butylmethylether,
n-heptane, acetone, methylethylketone, methylisobutylketone, dioxane, tetrahydrofuran,
benzene, methylcyclohexane, hexane, 2-methyltetrahydrofurane or mixtures thereof.

Prefered solvent is toluene.

Advantageously the isolated product is then dried using suitable drying equipment in a time
range of about 1 to 192 hrs, preferably about 5 to 96 hrs at temperatures from about 20 to
120 °C, perferably about 20 to 70 "C. The drying Is preferably performed under reduced

pressure and under inert gas atmosphere. Argon and nitrogen are preferred inert gases.

The gluconolactone of the formula |V may be synthesized starting from D-(+)-gluconic acid-

delta-lactone of the formula [Va (Scheme 3).

Scheme 3: Synthesis of the gluconolactone 1V

IVa IV
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Methods for the transformation of the D-(+)-gluconic acid-delta-lactone of the formula IVa to
yield the desired gluconolactone of the formula IV, wherein R? is defined as hereinbefore, are
well known to the one skilled in the art. In the following a preferred method wherein R

denotes trimethylsilyl is described in detall.

A suspension of D-(+)-gluconic acid-delta-lactone of the formula IV in an organic solvent or
mixture of organic solvents, one or more bases and one or more catalysts is treated with one
or more silylating agents. Preferred organic solvents are tetrahydrofuran, 2-methyltetra-
hydrofuran, dioxane, or also tert.-butylmethylether (TBME), diethylether, heptane, toluene,
benzene or mixtures thereof. Preferred bases are 4-methylmorpholine, diisopropylethylamine
(DIPEA), triethylamine (TEA), NaHCO;, K,CO3;, Na,CO;, KOH, NaOH. Preferred catalysts are
4-dimethylaminopyridine, pyridine, triethylamine. Preferred silylating agents are
chlorotrimethylsilane, hexamethyldisilazane, bis(trimethylsilyl)acetamide, trimethylsilyl-
imidazole, trimethylsilyldimethyldiamine, N,N -bistrimethylsilylurea or mixtures thereof. The
base Is preferably employed in a molar excess, more preferably in a range from about 4 to
10 mol, most preferably from about 5 to 8 mol relative to the starting compound of the
formula IV. A preferred amount of the catalyst is in the range from about 0.001 to 0.5 mol,
more preferably from about 0.01 to 0.2 mol relative to the starting compound of the formula
V. With regard to the silylating agent a preferred amount is in the range from about 4 to 10
mol relative to the starting compound of the formula V. The reaction is preferably performed
at a temperature in a range from about -50 to 100°C, more preferably from about -10 to
30°C. The addition of the silylating agent is preferably done in a time period from about 1 to 6
hours. After completion of the addition the reaction mixture is stirred, preferably within about
1 to 6 hours at a temperature from about -50 to 100°C, more preferably from about -10 to
30°C, in particular from 0 to 20°C. The conversion may be monitored with known methods,
such as HPLC analysis, GC, NMR, IR. Then an organic solvent or mixture of organic
solvents is added and the mixture is cooled, preferably to about 0 to 10°C. Preferred organic
solvents are n-heptane, 2-methyltetrahydrofurane, dioxane, tert.-butylmethylether,
diethylether, toluene, benzene, isopropylacetate, n-butyl acetate, ethylacetate. Then water or
an aqueous solution is added, preferably at a temperature in the range from 0-10°C. The
aqueous solution may comprise a salt such as sodium chloride solution, potassium chloride,
NaHCOj;, Na,CO3;, K,COg, or a buffer system such as ammonium chloride, acetic acid,
acetate, dihydrogenphosphat, hydrogenphosphat, TRIS (Tris(hydroxymethyl)-aminomethan),
HEPES (2-(4-(2-Hydroxyethyl)-1-piperazinyl)-ethanesulfonic acid). After completion of the
addition the mixture may be continued to be stirred, preferably at an internal temperature in a

range from about -50 to 100°C, more preferably from about 0 to 35°C. After a discontinuation
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of the stirring the phases are separated and the organic layer is washed in succession one or
more times with water or an aqueous solution as described hereinbefore. Then the organic
solvent is distilled off, preferably at a temperature below or equal to about 40°C, in particular
under reduced pressure. One or more organic solvents are added to the residue. Preferred
organic solvents are n-heptane, methylcyclohexane, fert.-butylmethylether, 2-
methyltetrahydrofurane, ethyl acetate, isopropyl acetate, n-butyl acetate, toluene, benzene.
The resulting solution may be filtered. Then solvent is distilled off, preferably at a
temperature below or equal to about 40°C, preferably under reduced pressure. The water
content of the residue may be determined via Karl-Fischer analysis, GC, NMR or IR. The

product is obtained as an oll.

The compound of the formula V may be synthesized starting from the ketone of the formula

VIl via a reduction (Scheme 4).

Scheme 4: Synthesis of the compound of the formula V

Cl O. Cl O.
R reduction R
-
X X
O

Vv

VI

Methods for the reduction of a ketone of the formula VIl to yield the desired compound of the
formula V, wherein X is Br, | or triflate and R' is defined as hereinbefore, are well known to
the one skilled in the art. In the following a preferred method wherein X denotes iodo is

described in detall.

To a solution of the ketone of the formula VIl and a Lewis acid in an organic solvent or a
mixture of organic solvents a reducing agent is added. Suitable reducing agents are for
example silanes such as 1,1,3,3-tetramethyldisiloxane, triethylsilane and triisopropylsilane, or
borohydrides such as NaBH,4, or aluminum hydrides such as LiAlH4. Preferred Lewis acids
are aluminium chloride, BF3*OEt,, tris(pentafluorophenyl)borane, trifluoroacetic acid,
hydrochloric acid, or InCls. Suitable organic solvents are for example halogenated
hydrocarbons such as dichloromethane and 1,2-dichloroethane, toluene, benzene, hexane,
acetonitrile and mixtures thereof, most preferably toluene. The reaction temperature is
preferably in a range from about -30 to 80 “C, preferably at 10 to 30 °C, even more
preferably from about O to 25°C. The amount of the reducing agent as well as the amount of

the Lewis acid is preferably in the range from about 1 to 2 mol, more preferably about 1.2
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mol relative to the ketone. The addition Is performed preferably within about 1 to 5 hours,,
more preferably between about 1 to 2 hours. After completion of the addition, the mixture is
stirred for preferably additional 1 to 2 hours. The conversion may be determined via HPLC
analysis, GC, NMR or |IR. Subsequently any excess of the reducing agent is preferably
quenched by methods known to the one skilled in the art. For example the reaction mixture is
treated with a ketone or an alcohol, such as acetone, methylethylketone, methanol, ethanal,
2-propanol or n-butanol, and stirred for about 1 to 5 hours, preferably at a temperature in the
range from about 20 to 30°C. Any residual content of the reducing agent may be analyzed
via GC, NMR or IR. It is advantageous to include a further reaction step wherein the reaction
mixture Is quenched with an aqueous solution. The aqueous solution (preferred pH range
from 1 to 14) may comprise an acid such as hydrochloric acid, sulphuric acid, nitric acid,
citric acid, tartaric acid, oxalic acid, succinic acid, acetic acid, trifluoroacetic acid, or a buffer
system such as ammonium chloride, acetic acid/ acetate, dihydrogenphosphate,
hydrogenphosphate, TRIS (Tris(hydroxymethyl)-aminomethan), HEPES (2-(4-(2-
Hydroxyethyl)- 1-piperazinyl)-ethanesulfonic acid), or a base such as NaHCO;, K,COs,
Na,CO;, KOH, NaOH. The reaction mixture is stirred, for example for about 30 to 120min at
an internal temperature of about 40 to 60°C. After completion the phases are separated and
a partial or the total amount of the organic solvent is distilled off from the organic phase,
preferably at a temperature below or equal to about 80°C, preferably under reduced
pressure. The product of the formula V may be obtained via crystallisation. For this an
organic solvent or a mixture of organic solvents is added to the residue, preferably at a
temperature in the range from about 50 to 80°C. A mixture of toluene and ethanol is
preferred, wherein a preferred weight ratio is from about 1 : 1 to 1 : 20, more preferably about
1 : 8. Toluene may be substituted by acetonitrile, tert.-butylmethylether, n-heptane, benzene,
methylcyclohexane, 2-methyltetrahydrofurane, isopropyl acetate (IPAc), ethyl acetate
(EtOAC) or n-butyl acetate. Ethanol may be substituted by 2-propanol, n-butanole, acetone,
methylethylketone, water or tetrahydrofuran. The reaction mixture is cooled, preferably to a
temperature in the range about 0 to 50°C, more preferably to about 20-40°C. Preferably
seeding crystals are added which may be obtained for example according to WO
2006/117359. Stirring may be continued at this temperature, for example for 30 to 60 min.
Then the mixture may be cooled further, for example to about -10°C to 5°C and stirred for an
additional time. The product of the formula V may be collected, for example on a filter or on a
centrifuge, and washed with a suitable solvent or mixture of solvents, such as ethanol. The
product may be dried, preferably at a temperature below or equal to about 60°C, more

preferably about 40°C, and under reduced pressure.
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The ketone of the formula VIl may be synthesized starting from the ketone of the formula VI

(Scheme 5).

Scheme 5: Synthesis of the ketone of the formula VI

Cl / R1_OH Cl O..,_R1
-
X X
O O

VIII VII

Methods for the replacement, in particular via nucleophilic substitution, of the group Z by the
group O-R', wherein R' is defined as hereinbefore and Z preferably denotes fluorine, are well
known to the one skilled in the art. The group X is defined as hereinbefore. In the following a

preferred method is described in detall.

The ketone of the formula VIl is reacted with an alkanol R'-OH, wherein R is defined as
hereinbefore, in an organic solvent or mixture of two or more organic solvents. The amount
of the alkanol R'-OH is preferably in the range of about 1 to 2 mol, more preferably 1.1 mol
per mol of the ketone of the formula VIIl. This reaction is preferably carried out in the
presence of a base such as alkali Cy4-alkoxides, alkali carbonates, alkali hydroxides, alkal
phosphates, tri(C+.3 alkyl)amines and other N-containing organic bases. Examples of
preferred bases are lithium or sodium or potassium tert-butanolate, sodium or potassium or
cesium carbonate, sodium or potassium hydroxide, tripotassium phosphate, triethylamine,
ethyldiisopropylamine, sodium bis(trimethylsilyl)amide (NaHMDS), diazabicycloundecene
(DBU), 1,4-diazabicyclo[2.2.2]octane (DABCO) or mixtures thereof. More preferred bases
are selected from sodium or potassium tert-butanolate, sodium or potassium hydroxide,
cesium carbonate, a mixture of cesium carbonate and potassium carbonate, or mixtures
thereof. The amount of the base is preferably in the range from 1 to 5 mol, more preferably
about 1 to 2 mol, in particular about 1.2 mol base per mol of intermediate VIlIl. In case the
base Is a carbonate, phosphate or mixtures thereof, the total amount of the base is more
preferably in the range from 2 to 4 mol base, most preferably about 3 mol base per mol of
intermediate VIII. A more preferred base potassium-fert-butanolate, for example as an about
10 to 30 % by weight solution in tetrahydrofuran. Suitable organic solvents are for example
tetrahydrofuran, 2-methyltetrahydrofuran or dioxane. A preferred time period for the addition
of the reactants is about 1 to 20 hours, preferably 2.5 to 6.5 hours. A preferred temperature

during the addition of the reactants is in the range from about -20 to 70°C, more preferably
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about 15 to 25°C. After completion of the addition, the mixture is preferably stirred for a
period of about 5 to 500 min at a temperature in the range from about -20 to 70°C, more
preferably from about 15 to 25°C. The reaction may be monitored for example via HPLC
analysis, NMR or IR. Then water or an agueous solution is added. The aqueous solution may
comprise an acid such as hydrochloric acid, sulphuric acid, nitric acid, citric acid, tartaric
acid, oxalic acid, succinic acid, acetic acid, trifluoroacetic acid, or a buffer system such as
ammonium chloride, acetic acid/ acetate, dihydrogenphosphate, hydrogenphosphate, TRIS
(Tris(hydroxymethyl)-aminomethan), HEPES (2-(4-(2-Hydroxyethyl)- 1-piperazinyl)-
ethanesulfonic acid), or a base such as NaHCO;, K,CO3;, Na,CO;, KOH, NaOH. The reaction
mixture Is stirred, for example for about 5 to 500min at an internal temperature of about -20

to 70°C, more preferably from about 15-30°C.

After completion the phases are separated and a partial or the total amount of the organic
solvent is distilled off from the organic phase, preferably at a temperature below or equal to
about 50°C, preferably under reduced pressure. The product of the formula VIl may be
further purified and isolated. For this an organic solvent or a mixture of organic solvents is
added to the residue, preferably at a temperature in the range from about 40 to 50°C.
Preferred solvents are for example 2-propanol, methanol, ethanol, 1-propanol, n-butanol,
acetone, methylethylketone, isopropyl acetate, ethyl acetate, n-butyl acetate, tert.-
butylmethylether, n-heptane, methylcyclohexane, 2-methyltetrahydrofuran, acetonitrile,
walter, toluene, tetrahydrofuran, dioxane, methylene chloride, N-methylpyrrolidone, N,N -
dimethylformamide or mixtures thereof. The reaction mixture is cooled, preferably to a
temperature in the range about -25 to 40°C, more preferably to about -5 to 5°C. The cooling
may take place in a period of about 0.1 to 20 hours. The product of the formula VII may be
collected, for example on a filter or on a centrifuge, and washed with a suitable solvent or
mixture of solvents, such as 2-propanol and/or tert.-butylmethylether. Other suitable solvents
were described hereinbefore. The product may be dried, preferably at a temperature below

or equal to about 70°C, more preferably about 45°C, and under reduced pressure.

The ketone of the formula VIII may be synthesized starting from the benzoic acid derivative
of the formula IX (Scheme 6).

Scheme 5: Synthesis of the ketone of the formula VI
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Cl Cl 7

NS

-

) OH —
O : O/ O

X + catalyst VI

Starting from the benzoic acid derivative of the formula |X wherein X denotes Br, | or triflate,
preferably iodine, the corresponding chloro-benzoic acid Iis advantageously obtained by
reaction with oxalylchloride. This reaction is preferably performed in the presence of a
catalyst, such as dimethylformamide. The reaction conditions and solvents are well known to
the one skilled in the art. For example the fluorobenzene may be taken as a solvent in the
first reaction step I.) which then forms the reactant (£ denotes fluorine) in the second reaction

step I1.).

The second reaction step ii.) can be characterized as Friedel-Crafts or Friedel-Crafts-type
acylation, a well-known method in organic synthesis. In principal, the chloro benzoic acid
may be replaced by other benzoic acid derivatives such as e.g. benzoyl anhydrides, esters,
or benzonitriles. This reaction is advantageously carried out in the presence of a catalyst
such as AlCl;, FeCls, iodine, iron, ZnCl,, sulfuric acid, or trifluoromethanesulfonic acid, all of
which are used in catalytic or up to stoichiometric amounts. A preferred catalyst is AlICl;. The
reaction may be performed with or without additional solvents. Additional solvents are
chlorinated hydrocarbons such as e.g. dichloromethane or 1,2-dichloroethane, or
hydrocarbons such as hexane or mixtures thereof. According to a preferred embodiment the
reaction is carried out using an excess of the fluorobenzene which additionally serves as a
solvent. Preferred temperatures during the reaction range from -30 to 140 °C, preferably from
15 to 60 °C After completion of the reaction the reaction mixture may be quenched with
water. Preferably the organic solvents are removed. The intermediate VIII may be isolated,
preferably by crystallization, for example from water, Cq_3-alkanoles and mixtures thereof,

such as water/ 2-propanole.

Moreover, the compounds and intermediates obtained may be resolved into their enantiome-
rs and/or diastereomers, as mentioned hereinbefore. Thus, for example, cis/frans mixtures
may be resolved into their cis and trans isomers, and compounds with at least one optically

active carbon atom may be separated into their enantiomers.

Thus, for example, the cis/frans mixtures may be resolved by chromatography into the cis

and trans isomers thereof, the compounds and intermediates obtained which occur as
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racemates may be separated by methods known per se (cf. Allinger N. L. and Eliel E. L. in
"Topics in Stereochemistry”, Vol. 6, Wiley Interscience, 1971) into their optical antipodes and
compounds or intermediates with at least 2 asymmetric carbon atoms may be resolved into
their diastereomers on the basis of their physical-chemical differences using methods known
per se, e.g. by chromatography and/or fractional crystallisation, and, if these compounds are
obtained in racemic form, they may subsequently be resolved into the enantiomers as

mentioned above.

The enantiomers are preferably separated by column separation on chiral phases or by
recrystallisation from an optically active solvent or by reacting with an optically active
substance which forms salts or derivatives such as e.g. esters or amides with the racemic
compound, particularly acids and the activated derivatives or alcohols thereof, and
separating the diastereomeric mixture of salts or derivatives thus obtained, e.g. on the basis
of their differences in solubility, whilst the free antipodes may be released from the pure
diastereomeric salts or derivatives by the action of suitable agents. Optically active acids in
common use are e.g. the D- and L-forms of tartaric acid or dibenzoyltartaric acid, di-
o-tolyltartaric acid, malic acid, mandelic acid, camphorsulphonic acid, glutamic acid, aspartic
acid or quinic acid. An optically active alcohol may be for example (+) or (-)-menthol and an

optically active acyl group in amides, for example, may be a (+)-or (-)-menthyloxycarbonyl.

Furthermore, the compounds and intermediates of the present invention may be converted
iInto the salts thereof, particularly for pharmaceutical use into the physiologically acceptable
salts with inorganic or organic acids. Acids which may be used for this purpose include for
example hydrochloric acid, hydrobromic acid, sulphuric acid, methanesulphonic acid,
phosphoric acid, fumaric acid, succinic acid, lactic acid, citric acid, tartaric acid or maleic

acid.

The compounds according to the invention are advantageously also obtainable using the
methods described in the examples that follow, which may also be combined for this purpose

with methods known to the skilled man from the literature, for example, particularly the
methods described in WO 2006/120208, WO 2006/117359 and WO 2005/092877 .

In the foregoing and following text, H atoms of hydroxyl groups are not explicitly shown in
every case In structural formulae. The Examples that follow are intended to illustrate the
present invention without restricting it. The terms "room temperature” or "ambient

temperature” denote a temperature of about 20°C.
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Example 1: Synthesis of the fluoride VIII.1
Oxalylchloride (176kg; 1386mol; 1,14eq) is added to a mixture of 2-chloro-5-iodo benzoic

acid (343kg; 1214mol) (compound IX.1), fluorobenzene (858kg) and N,N-dimethylformamide
(2kg) within 3 hours at a temperature in the range from about 25 to 30°C (gas formation).
After completion of the addition, the reaction mixture is stirred for additional 2 hours at a
temperature of about 25 to 30°C. The solvent (291kg) is distilled off at a temperature
between 40 and 45°C (p=200mbar). Then the reaction solution (911kg) is added to
aluminiumchloride AlCIl; (181kg) and fluorobenzene (192kg) at a temperature between about
25 and 30°C within 2 hours. The reaction solution is stirred at the same temperature for
about an additional hour. Then the reaction mixture is added to an amount of 570 kg of water
within about 2 hours at a temperature between about 20 and 30°C and stirred for an
additional hour. After phase separation the organic phase (1200kg) Is separated into two
halves (600kg each). From the first half of the organic phase solvent (172kg) is distilled off at
a temperature of about 40 to 50°C (p=200mbar). Then 2-propanole (640kqg) is added. The
solution is heated to about 50°C and then filtered through a charcoal cartouche (clear
filtration). The cartouche may be exchanged during filtration and washed with a
fluorobenzene/2-propanole mixture (1:4; 40kg) after filtration. Solvent (721kg) is distilled off
at a temperature of about 40 to 50°C and p=200mbar. Then 2-propanole (240kg) is added at
a temperature in the range between about 40 to 50°C. If the content of fluorobenzene is
greater than 1% as determined via GC, another 140kg of solvent are distilled off and 2-
propanole (140kg) is added. Then the solution is cooled from about 50°C to 40°C within one
hour and seeding crystals (50g) are added. The solution is further cooled from about 40°C to
20°C within 2 hours. Water (450kg) is added at about 20°C within 1 hour and the suspension
Is stirred at about 20°C for an additional hour before the suspension is filtered. The filter cake
IS washed with 2-propanole/water (1:1; 800kg). The product is dried until a water level of
<0.06%w/w is obtained. The second half of the organic phase is processed identically. A total
of 410kg (94%yield) of product which has a white to off-white crystalline appearance, is

obtained. The identity of the product is determined via infrared spectrometry.

Example 2: Synthesis of the ketone VII.1
To a solution of the fluoride VIII.1 (208kg), tetrahydrofuran (40/7kg) and (S)-3-

hydroxytetrahydrofuran (56kg) is added potassium-tert-butanolate solution (20%) in
tetrahydrofuran (388kg) within 3 hrs at 16 to 25°C temperature. After completion of the
addition, the mixture is stirred for 60min at 20°C temperature. Then the conversion is
determined via HPLC analysis. Water (355kg) is added within 20 min at a temperature of

21°C (aqueous quench). The reaction mixture is stirred for 30 min (temperature: 20°C). The
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stirrer Is switched off and the mixture is left stand for 60 min (temperature: 20°C). The
phases are separated and solvent is distilled off from the organic phase at 19 t0 45°C
temperature under reduced pressure. 2-Propanol (703kg) Is added to the residue at 40 to
46°C temperature and solvent is distilled off at 41 to 50°C temperature under reduced
pressure. 2-Propanol (162kg) is added to the residue at 47°C temperature and solvent is
distilled off at 40 to 47°C temperature under reduced pressure. Then the mixture is cooled to
0°C within 1 hr 35 min. The product is collected on a centrifuge, washed with a mixture of 2-
propanol (158kg) and subsequently with tert.-butylmethylether (88kg) and dried at 19 to 43°C
under reduced pressure. 227kg (91,8%) of product are obtained as colourless solid. The

identity of the product is determined via infrared spectrometry.

Example 3: Synthesis of the iodide V.1
To a solution of ketone VIl.1 (217,4kg) and aluminium chloride (AlCl3; 81,5kg) Iin toluene

(366,8kQ) is added 1,1,3,3-tetramethyldisiloxane (TMDS, 82,5kg) within 1 hr 30 min
(temperature: 18-26°C). After completion of the addition, the mixture is stirred for additional 1
hr at a temperature of 24°C. Then the conversion is determined via HPLC analysis.
Subsequently the reaction mixture is treated with acetone (15,0kq), stirred for 1 hr 5 min at
27°C temperature and the residual TMDS content is analyzed via GC. Then a mixture of
water (573kg) and concentrated HCI (34kg) Is added to the reaction mixture at a temperature
of 20 to 51°C (aqueous quench). The reaction mixture is stirred for 30 min (temperature:
51°C). The stirrer is switched off and the mixture is left stand for 20 min (temperature: 52°C).
The phases are separated and solvent is distilled off from the organic phase at 53-73°C
temperature under reduced pressure. Toluene (52,8kg) and ethanol (435,7kg) are added to
the residue at 61 to 70°C temperature. The reaction mixture is cooled to 36°C temperature
and seeding crystals (0,25kg) are added. Stirring is continued at this temperature for 35 min.
Then the mixture is cooled to 0 to 5°C and stirred for additional 30 min. The product is
collected on a centrifuge, washed with ethanol (157kg) and dried at 15 to 37°C under
reduced pressure. 181kg (82,6%) of product are obtained as colourless solid. The identity of

the product is determined via the HPLC retention time.

Example 4: Synthesis of the lactone |V.1
A suspension of the D-(+)-gluconic acid-delta-lactone |Va.1 (42,0kg), tetrahydrofuran

(277,2kg), 4-methylmorpholine (NMM; 152,4kg) and 4-dimethylaminopyridine (DMAP;
1,44kq) Iis treated with chlorotrimethylsilane (TMSCI; 130,8kg) within 50 min at 13 to 19°C.
After completion of the addition stirring is continued for 1 hr 30 min at 20 to 22°C and the
conversion Iis determined via HPLC analysis. Then n-heptane (216,4kg) is added and the

mixture is cooled to 5°C. Water (143kg) is added at 3 to 5°C within 15 min. After completion
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of the addition the mixture is heated to 15°C and stirred for 15 min. The stirrer is switched off
and the mixture is left stand for 15 min. Then the phases are separated and the organic layer
IS washed In succession two times with water (143kg each). Then solvent is distilled off at
38°C under reduced pressure and n-heptane (130kg) is added to the residue. The resulting
solution is filtered and the filter is rinsed with n-heptane (63kg) (filter solution and product
solution are combined). Then solvent is distilled off at 39 to 40°C under reduced pressure.
The water content of the residue is determined via Karl-Fischer analysis (result: 0,0%).
112,4kg of the product is obtained as an oil (containing residual n-heptane, which explains

the yield of >100%). The identity of the product is determined via infrared spectrometry.

Example 5a: Synthesis of the glucoside |1.1
To a solution of the iodide V.1 (267kg) in tetrahydrofuran (429kg) is added Turbogrignard

solution (isopropylmagnesium chloride/lithium chloride solution, 14 weight-% iPrMgCl in THF,
molar ratio LIiCl : iPrMgCl = 0,9 - 1.1 mol/mol) (472kg) at -21 to -15°C temperature within 1 hr
50 min. On completion of the addition the conversion is determined via HPLC analysis. The
reaction is regarded as completed when the area of the peak corresponding to the iodide V.1
is smaller than 5,0% of the total area of both peaks, iodide V.1 and the corresponding
desiodo compound of iodide V.1. If the reaction is not completed, additional Turbogrignard
solution is added until the criterion is met. In this particular case the result is 3,45%. Then the
lactone 1V.1 (320kg) is added at -25 to -18°C temperature within 1 hr 25 min. The resulting
mixture is stirred for further 1 hr 30 min at -13 to -18°C. On completion the conversion is
determined via HPLC analysis (for information). On completion, a solution of citric acid in
water (938L; concentration: 10 %-weight) is added to the reaction mixture of a volume of
about 2500L at -13 to 19°C within 1 hr 25 min.

The solvent is partially distilled off from the reaction mixture (residual volume: 1816-1905L) at
20 to 30°C under reduced pressure and 2-methyltetrahydrofuran (532kg) is added. Then the
stirrer is switched off and the phases are separated at 29°C. After phase separation the pH
value of the organic phase is measured with a pH electrode (Mettler Toledo MT HA 405 DPA
SC) or alternatively with pH indicator paper (such as pH-Fix 0-14, Macherey and Nagel). The
measured pH value is 2 to 3. Then solvent is distilled off from the organic phase at 30 to
33°C under reduced pressure and methanol (1202kg) is added followed by the addition of a
solution of 1,25N HCI in methanol (75kg) at 20°C (pH = 0). Full conversion to the acetale Il1.1
IS achieved by subsequent distillation at 20 to 32°C under reduced pressure and addition of
methanol (409kQ).

Completion of the reaction is obtained when two criteria are fulfilled:

1) The ratio of the sum of the HPLC-area of the alpha-form + beta-form of intermediate Ill.1

relative to the area of intermediate llla.1 is greater or equal to 96,0% : 4,0%.
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2) The ratio of the HPLC-area of the alpha-form of intermediate lll.1 to the beta-form of |l1.1
is greater or equal to 97,0% to 3,0%.

In this particular case both criteria are met. Triethylamin (14kg) is added (pH = 7.,4) and
solvent is distilled off under reduced pressure, acetonitrile (835kg) is added and further
distilled under reduced pressure. This procedure Is repeated (addition of acetonitrile: 694kg)
and methylene chloride (640kg) is added to the resulting mixture to yield a mixture of the
acetale 1.1 in acetonitrile and methylene chloride. The water content of the mixture is
determined via Karl Fischer titration (result: 0,27%).

The reaction mixture is then added within 1 hr 40 min at 10 to 19°C to a preformed mixture of
AICl; (170kg), methylene chloride (474kg), acetonitrile (340kg), and triethylsilane (205kg).
The resulting mixture is stirred at 18 to 20°C for 70 min. After completion of the reaction,
water (1263L) is added at 20 to 30°C within 1 hr 30 min and the mixture is partially distilled at
30 to 53°C under atmospheric pressure and the phases are separated. Toluene (698kg) is
added to the organic phase and solvent is distilled off under reduced pressure at 22 to 33°C.
The product is then crystallized by addition of seeding crystals (0,5kg) at 31°C and water
(267kg) added after cooling to 20°C. The reaction mixture is cooled to 5°C within 55 min and
stirred at 3 to 5°C for 12 hrs. Finally the product is collected on a centrifuge as colourless,
crystalline solid, washed with toluene (348kg) and dried at 22 to 58°C. 211kg (73%) of

product are obtained. The identity of the product is determined via the HPLC retention time.

Example Sb: Synthesis of the glucoside 1l.1
To a solution of the iodide V.1 (309) in tetrahydrofuran (55mL) is added Turbogrignard

solution (isopropylmagnesium chloride/lithium chloride solution, 14 weight-% iIPrMgCl in THF,
molar ratio LiCl : iPrMgCl = 0,9 - 1.1 mol/mol) (539g) at -14 to -13°C temperature within 35
min. On completion of the addition the conversion is determined via HPLC analysis. The
reaction is regarded as completed when the area of the peak corresponding to the iodide V.1
is smaller than 5,0% of the total area of both peaks, iodide V.1 and the corresponding
desiodo compound of iodide V.1. If the reaction is not completed, additional Turbogrignard
solution is added until the criterion is met. In this particular case the result is 0,35%. Then the
lactone IV.1 (36Q) Is added at -15 to -6°C temperature within 15 min. The resulting mixture is
stirred for further 1 hr at -6 to -7°C. On completion, the conversion is determined via HPLC
analysis (for information). On completion, a solution of citric acid in water (105mL;
concentration: 10 %-weight) is added to the reaction mixture at -15 to 10°C within 30 min.
The solvent is partially distilled off from the reaction mixture (residual volume: 200mL) at 20
to 35°C under reduced pressure and 2-methyltetrahydrofuran (71mL) is added. Then the
mixture is stirred for 25min at 30°C. Then the stirrer is switched off and the phases are

separated at 30°C. After phase separation the pH value of the organic phase is measured
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with a pH electrode (Mettler Toledo MT HA 405 DPA SC) or alternatively with pH indicator
paper (such as pH-Fix 0-14, Macherey and Nagel). The measured pH value is 3. Then
solvent is distilled off from the organic phase at 35°C under reduced pressure and methanol
(120mL) is added followed by the addition of a solution of 1,25N HCI in methanol (10,1mL) at
25°C (pH = 1-2). Full conversion to the acetale 1.1 is achieved by subsequent distillation at
35°C under reduced pressure and addition of methanol (47/mL).

Completion of the reaction is obtained when two criteria are fulfilled:

1) The ratio of the sum of the HPLC-area of the alpha-form + beta-form of intermediate |l1.1
relative to the area of intermediate llla.1 is greater or equal to 96,0% : 4,0%. In this particular
case the ratio is 99,6% : 0,43%.

2) The ratio of the HPLC-area of the alpha-form of intermediate lll.1 to the beta-form of Ill.1
is greater or equal to 97,0% to 3,0%. In this particular case the ratio is 98,7% : 1,3%.
Triethylamin (2,17mL) is added (pH = 9) and solvent is distilled off at 35°C under reduced
pressure, acetonitrile (120mL) is added and further distilled under reduced pressure at 30 to
35°C. This procedure is repeated (addition of acetonitrile: 102mL) and methylene chloride
(55mL) is added to the resulting mixture to yield a mixture of the acetale Ill.1 in acetonitrile
and methylene chloride. The water content of the mixture is determined via Karl Fischer
titration (result: 0,04%).

The reaction mixture is then added within 1 hr 5 min at 20°C to a preformed mixture of AIClI;
(19,89), methylene chloride (49mL), acetonitrile (51mL), and triethylsilane (23g). The
resulting mixture is stirred at 20 to 30°C for 60 min. After completion of the reaction, water
(156mL) is added at 20°C within 25 min and the mixture is partially distilled at 55°C under
atmospheric pressure and the phases are separated at 33°C. The mixture Iis heated to 43°C
and toluene (90mL) is added and solvent is distilled off under reduced pressure at 41 to
43°C. Then acetonitrile (10mL) is added at 41°C and the percentage of acetonitrile is
determined via GC measurement. In this particular case, the acetonitrile percentage is 27%-
weight. The product is then crystallized by addition of seeding crystals (0,1g) at 44°C and the
mixture is further stirred at 44°C for 15min. The mixture is then cooled to 20°C within 60min
and water (142mL) is added at 20°C within 30min. The reaction mixture is cooled to 0 to 5°C
within 60 min and stirred at 3°C for 16 hrs. Finally the product is collected on a filter as
colourless, crystalline solid, washed with toluene (80mL) and dried at 20 to 70°C. 20,49
(62,6%) of product are obtained. The identity of the product is determined via the HPLC

retention time.



CA 02775962 2017-02-16

25771-1985
30
CLAIMS
1. Process for preparing a glucopyranosyl-substituted benzyl-benzene

derivative of general formula ll,

o wherein

R' denotes C1.3-alkyl, cyclobutyl, cyclopentyl, cyclohexyl,
(R)-tetrahydrofuran-3-yl, (S)-tetrahydrofuran-3-yl or tetrahydropyran-4-yl; ana

R? independently of one another denote hydrogen, (C4_g-alkyl)carbonyl,
(C1-g-alkyl)oxycarbonyl, phenylcarbonyl, phenyl-(C4.3-alkyl)-carbonyl, phenyl-C;_3-
10 alkyl, allyl, R*’RPR°Si, CR®R°OR®, wherein two adjacent groups R* may be linked with
each other to form a bridging group SiR?R®, CR®R® or CR*0OR°-CR?*OR®; and

R’ denotes hydrogen or Cq-alkyl;

R? R R®independently of one another denote Cq.s-alkyl, phenyl or
phenyl-C,_s-alkyl, while the alkyl groups may be mono- polysubstituted by halogen;

15 L1 independently of one another are selected from among fluorine,

chlorine, bromine, C4.3-alkyl, C4.4-alkoxy and nitro;

while the phenyl groups mentioned in the definition of the above groups

may be mono- or polysubstituted with L1;
comprising the steps (S2), (S3) and (S4):

20 (S2): reacting the organometallic compound of the formula Vi
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Vi

wherein R’ is defined as hereinbefore and M denotes Li, Mg or MgQ,

wherein Q denotes CI, Br, | or an organic moiety;

with a gluconolactone of general formula 1V

wherein R? is as hereinbefore defined,
In an organic solvent or a mixture of two or more organic solvents; and

(S3): adding an aqueous solution comprising one or more acids such
that the reaction mixture forms an aqueous phase and an organic phase whereby the

10 organic phase has a pH in the range from 0 to 7; and

(S4): separating the organic phase comprising an adduct obtained in

the step (S2) from the aqueous phase; and

(S5): reacting the adduct with water or an alcohol R’-OH, where R’

denotes Cg-alkyl, or a mixture thereof in the presence of one or more acids.

15 2. The process according to claim 1 additionally comprising the step (S1):

(S1): reacting a compound of formula V
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wherein R' is defined as in claim 1 and X denotes Br, | or triflate:

with magnesium, lithium, a magnesium Grignard reagent or a lithium
organic compound in an organic solvent or a mixture of two or more organic solvents

yielding an organometallic compound of the formula Vi

A\

wherein R! is defined as hereinbefore and M denotes Li, Mg or MgQ,

wherein Q denotes Cl, Br, | or an organic moiety.

3. The process according to claim 2, wherein in the step (S1) the compound

of the formula V is reacted with a C;.4-alkyl-magnesium chloride or bromide.

4. The process according to claim 3 wherein at the beginning of, during or
at the end of the step (S1) and/or at the beginning or during the step (S2) lithium
bromide and/or lithium chloride is added to the reaction mixture whereby the molar
ratio of the Cs.4-alkyl-magnesium chloride or bromide to the lithium bromide and/or

lithium chloride is in the range from 1:10 to 10:1.

5. The process according to claim 4, wherein the molar ratio of the
Ci.s-alkyl-magnesium chloride or bromide to the lithium bromide and/or lithium

chloride is in the range of 1:1.

0. The process according to any one of claims 2 to 5, wherein the amount
of the magnesium, lithium, a magnesium Grignard reagent or a lithium organic

compound relative to the compound of the formula V is in the range from 0.5 to 2 mol.

7. The process according to claim 6, wherein the amount of the
magnesium, lithium, a magnesium Grignard reagent or a lithium organic compound

relative to the compound of the formula V is an equimolar amount.
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8. The process according to any one of claims 2 to 7, wherein the reaction
in step (S1) and/or step (S2) is carried out in a temperature range from -70 to 10°C.

9. The process according to any one of claims 1 to 8, wherein the solvents
are selected from the group consisting of tetrahydrofuran,

2-methyltetrahydrofuran, tert.-butyl-methylether, diethylether, heptane, toluene,
benzene, dioxane, methylcyclohexane, hexane, dimethyl sulfoxide, dichloromethane

and chloroform.

10. The process according to claim 9, wherein the solvents are selected

from tetrahydrofuran and 2-methyltetrahydrofuran.

11. The process according to any one of claims 1 to 10, wherein the
amount of the gluconolactone relative to the organometallic compound of the formula

VI is in the range from 0.8 to 3 mol.

12. The process according to claim 11, wherein the amount of the
gluconolactone relative to the organometallic compound of the formula VI is in the

range from 1 to 2 mol.

13. The process according to claim 12, wherein the amount of the

gluconolactone relative to the organometallic compound of the formula VIl is 1.06 mol.

14. The process according to any one of claims 1 to 13, wherein the
aqueous solution comprises one or more acids selected from the group consisting of
citric acid, tartaric acid, oxalic acid, succinic acid, acetic acid, chloro acetic acid,
dichloro acetic acid, trifluoroacetic acid, hydrochloric acid, sulphuric acid and nitric

acid.

195. The process according to claim 14, wherein the aqueous solution

comprises 2 to 30 weight-% of citric acid.
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16. The process according to claim 15, wherein the aqueous solution

comprises from 5 to 20 weight-% of citric acid.

17. The process according to claim 16, wherein the agueous solution

comprises 10 weight-% of citric acid.

18. The process according to any one of claims 1 to 17, wherein according

to the step (S3) the organic phase has a pH in the range from 1 to 6.

19. The process according to claim 18, wherein according to the step

(S3) the organic phase has a pH in the range from 1 to 4.

20. The process according to claim 19, wherein according to the step

(S3) the organic phase has a pH in the range from 2 to 3.

21. The process according to any one of claims 1 to 20, wherein the
organic phase of the reaction mixture in the step (S3) comprises
2-methyltetrahydrofurane in an amount in the range from 2 to 60 weight-% relative to

the total amount of the organic phase of the reaction mixture.

22. The process according to claim 21, wherein the organic phase of the
reaction mixture in the step (S3) comprises 2-methyltetrahydrofurane in an amount in
the range from 10 to 40 weight-% relative to the total amount of the organic phase of

the reaction mixture.

23. The process according to claim 22, wherein the organic phase of the
reaction mixture in the step (S3) comprises 2-methyitetrahydrofurane in an amount in
the range from 15 to 35 weight-% relative to the total amount of the organic phase of

the reaction mixture.

24. The process according to any one of claims 1 to 23, wherein R’

denotes (R)-tetrahydrofuran-3-yl or (S)-tetrahydrofuran-3-yl.
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25. The process according to any one of claims 1 to 24, wherein R?

denotes hydrogen, methylcarbonyl, ethylcarbonyl or trimethyisilyl.
206. The process according to claim 25, wherein R* denotes trimethylsily.

27 . The process according to any one of claims 1 to 26 wherein R’ denotes

hydrogen, methyl or ethyl.
28. The process according to claim 27, wherein R’ denotes methyil.

29. The process according to any one of claims 1 to 28, wherein in the step
(S5) the adduct is reacted with an alcohol R'-OH, wherein the aicohol R'-OH is
selected from the group consisting of methanol, ethanol, 1-propanol, 2-propanol,

n-butanol, fert-butanol or mixtures thereof.

30. The process according to claim 29, wherein the alcohol R'-OH is
methanol.
31. The process according to any one of claims 1 to 30, wherein the step

(S5) with the addition of the one or more acids a pH Is to be obtained in a pH range

fromOto 7.

32. The process according to claim 31, wherein the pH to be obtained is In

the range from 0 to 4.

33. The process according to claim 32, wherein the pH to be obtained is in

the range from 1 to 2.

34. The process according to any one of claims 1 to 33, wherein the step
(S5) the one or more acids are selected from the group consisting of hydrochloric
acid, sulphuric acid, nitric acid, acetic acid, trifluoroacetic acid, citric acid, tartaric

acid, oxalic acid and succinic acid.
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35. The process according to claim 34, wherein the acid in the step (S9) iIs
hydrochloric acid.

36. The process according to any one of claims 1 to 35, wherein in the step
(S5) the reaction temperature is in the range from -50 to 50°C.

5 37. The process according to claim 36, wherein in the step (S5) the reaction
temperature is in the range from 0 to 30°C.

38. The process according to claim 37, wherein in the step (S5) the reaction

temperature is in the range from 15 to 25°C.

39. A process for the synthesis of a glucopyranosyl-substituted

10 benzyl-benzene derivative of general formula |l,

OH

wherein

R' denotes Cy.s-alkyl, cyclobutyl, cyclopentyl, cyclohexyl,
R-tetrahydrofuran-3-yl, S-tetrahydrofuran-3-yl or tetrahydropyran-4-yl,

15 comprising

obtaining a glucopyranosyl-substitued benzyl-benzene derivative of

general formula lll,
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wherein
R' is defined as hereinbefore:

R? independently of one another denote hydrogen, (C1.s-alkyl)carbonyl,
5 (Ci.g-alkyl)oxycarbonyl, phenylcarbonyl, phenyl-(C4_3-alkyl)-carbonyl, phenyl-C1.3-
alkyl, allyl, R*R°R°Si, CR?R°OR®, wherein two adjacent groups R* may be linked with
each other to form a bridging group SiR*R®, CR?R® or CR?*0OR"-CR?0OR"; and

R’ denotes hydrogen or Cq-alkyil;

R? RP RCindenpendently of one another denote Cq4-alkyl, phenyl or

10 phenyl-C,.s-alkyl, while the alkyl groups may be mono- or polysubstituted by halogen;

L1 indenpendently of one another are selected from among fluorine,

chlorine, bromine, C,.3-alkyl, C1.4-alkoxy and nitro;

while the phenyl groups mentioned in the definition of the above groups

may be mono- or polysubstituted with L1;
15 in accordance with the process of any one of claims 1 to 38, and

reacting the glucopyranosyl-substituted benzyl-benzene derivative of

general formula [l with a reducing agent.
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