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Crystaliine complex of 1écyanm&M—cyc&opropyi~benzy§}-4-{ﬁwn-giucapyrams-'i wylhe
benzene, methods for its preparation and the use thereof for preparing medicaments

The invention refates to a crystalline complex of 1-cyano-2-(4-cyclopropyi-benzyl)-4-(3-D-
glucepyranos-1-yi}-benzene, to methods for the preparation thereof, as well as to the use
thareof for preparing medicaments.

Backgreund of the invention
The compound ‘t-cyano-2-(4-cyclopropyl-benzyl)-4-(3-D-glucopyranos- 1-yl-benzena {in the
following referred fo it-as "compound A"} is described in WO 2007/ 128749 and has the
chemical structure according to formula A

The compounds described therein have a valuable inhibitory effect on the sodium-dependent
glucese cofransporier SGLT, particularly SGLT2. The method of manufaciure of the

compound A as described therein does not yield a crystanine form.

A certain pharmaceutical activity is of course the basic prerequisite to be fulfilled by a
pharmaceutically aclive agent before same-is approved as a medicament on the market.
However, there are a variety of additional reguirements-a pharmaceuticaily active agent has:
to comply with. These requirements are based on various parameters which are connected
with the nature of the active substance itself. Without being restrictive, examples of these
parameters are the stability of the active agent.under various environmental conditions, its
stability during production of the pharmaceutical formulation and the stability of the active
agent in the final medicament compositions. The pharmaceutically active substance used for
preparing the pharmaceutical compositions should be as pure as possible and its stability in
long-term storage must be guaranteed under various environmentat conditions. This is
essential o prevent the use of pharmaceutical compositions which contain, in addition to the

-actual active substance, breakdown products thereof, for exariple, Ir such cases the content

of active substance in the medicarmient might be less than that specified.
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Uniform distribution of the medicament in the formulation is & eritical factor, particutarly when
the medicament hasito be given in low doses. To ensure uniform distribution, the particle
size of the active substance can be reduced to.a suitable level, e.g. by grinding: Since
breakdown of the pharmaceutically active substance as a side effect of the grinding (or
micronising) has to:be avoided as far as possible, in spite-of the hard conditions required
during the process, it is essential that the active substance should be highly stable
throughout the grinding process. Only if the active substance is sufficiently stable during the
grinding process it is possible to produce a homogeneous pharmaceutical formulation which
always contains the-specified amount of active substance in a reproducible manner.

Another problem which may arise in the grinding process for preparing the desired
pharmaceutical formulation is the input of energy caused by this process and the stress on
the surface of the crystals. This may in certain circumstances iead to polymorphous
changes, fo amorphization or to a change in the crystal lattice. Since the pharmaceutical
quality of a pharmaceutical formulation requires that the active substance should always
have the same crystalline morphology,.the stability and properties of the crystalline active
substance are subject to stringent requirements from this point of view as well.

The stability of a pharmaceutically active-substance is also important in pharmaceutical
compositions for determining the shelf life of the particular medicament; the shelf life is the
length of time during which the medicament can be administered without any risk. High
stability of & medicament in the abovementioned pharmaceutical compositions under various
storage conditions is therefore an additional advantage for both the patientand the
manufacturer, |

The absorption of moisture reduces the content of pharmaceutically active substance as &
resuft of the increased weight caused by the uptake of water. Pharmaceutical compositions
with a tendency to absorb moisture have to be protected from moisture during storage, e.g.
by the addition of suitable drying agents or by storing the drug in an environment where it is
protected from moisture. Preferably, therefore, a pharmaceutically active substance should
be at best slightly hvgroscopic.

Furthermore, the availability of & well-defined crystalline form allows the purification of the
drug substance by recrystaliization.

Apart from the requirements indicated above, it should be generally borne in mind that any
change fo the solid state of & pharmaceutical composition which is capable of improving its
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physical and chemical stability gives a significant advantage over less stable forms of the

same medicament.
The aim of the invention is thus to provide a new, stable crystalline form of the compound A
which meets important requirements imposed on pharmaceutically active substances as

those mentioned above.

Object of the disclosure -

In a first aspect the present disclosure relates o a crystalline complex between one or more
natural amino acids and 1-cyano-2-(4-cyclopropyl-benzyl}-4-(R-D-glucopyranos-1-yl)-

benzene.

In the light of the pharmaceutical efficacy of the compound A and the advantageous physical
chemical properties of the crystalline complex a second aspect of the present disclosure
relates to a pharmaceutical composition or medicament comprising one or more crystaliine

complexes as defined hereinbefore and hereinafter.

A further aspect of the present disclosure relates to the crystalline complex for use as a
medicament. A further aspect of the present disclosure relates to the crystalline complex as
defined hereinbefore or hereinafter for use in the treatment or prevention of diseases or
conditions which can be influenced by inhibiting the sodium-dependent glucose
cotransporter SGLT. A further aspect of the present disclosure relates to the crystalline
complex as defined hereinbefore or hereinafter for use in the inhibition of the sodium-

dependent glucose cotransporter SGLT.

In a further aspect the present disclosure relates to a use of one or more crystalline
complexes as -defined hereinbefore or hereinafter for preparing a pharmaceutical
composition which is suitable for the treatment or prevention of diseases or conditions which
can be influenced by inhibiting sodium-dependent glucose cotransporter SGLT, preferably
SGLTZ.

In a further aspect the present disclosure relates fo a use of one or more crystaliine
complexes as defined hereinbefore or hereinafter for preparing a pharmaceutical

compoéition for inhibiting the sodium-dependent glucose cotransporter SGLT2.
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In a further aspect the present disclosure relates to a method for making one or more
crystalline complexes as defined hereinbefore and hereinafter, said method comprising the
following steps:

{a) preparing a solution of 1-cyano-2-(4-cyclopropyl-benzyl)-4-(R-D-glucopyranos-1-yi)-
benzene and the one or more natural amino acids in a soivent or a mixture of solvents;

(b) storing the solution to precipitate the crystalline co.rﬁpiex out of solution;

(c) removing the precipitate from the solution; and
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(d) drying the precipitate optionally until any excess of said solvent or mixture of solvents has
been removed.

Further aspects of the present disclosure become apparent to the one skilled in the art from

the following detailed description of the invention and the examples.

Brief Description of the Figures

The Figure 1 shows an X-ray powder diffractogram of the crystalline complex between the
compound A and L-proline.
The Figure 2 shows the determination of the melting point via DSC and of the weight loss via

TG of the crystalline complex between the compound A and L-proline.

Detailed description of the invention

Surprisingly, it has been found that there exists a crystaliine complex between a natural
amino acid and the compound A. Such a complex fulfills important requirements mentioned
hereinbefore. Accordingly the present invention relates to a crystalline complex between the

compound A and one or more natural aminc acids.

Preferably the natural amino acid is present in either its (D) or (L) enantiomeric form, most

preferably as the (L) enantiomer.

Furthermore those crystalline complexes according to this invention are preferred which are
formed between the compound A and one natural amino acid, most preferably between the

compound A and the (L) enantiomer of a natural amino acid.

Preferred amino acids according to this invention are selected from the group consisiing of

phenylaianine and proline, in particular (L)-proline and (L)-phenylalanine.

According to a preferred embodiment the crystalline complex is characterized in that the

natural amino acid is proline, in particular (L.)-proline.

Preferably the molar ratic of the compound A and the natural amino acid is in the range from
about 2 : 1 to about 1 : 3; more preferably from about 1.5 : 1 to about 1 : 1.5, even more
preferably from about 1.2 : 1 to about 1 : 1.2, most preferably about 1 : 1. In the following it

is referred to such an embodiment as "complex (1: 1) or "1 : 1 complex”.
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Therefore a preferred crystalline complex according fo this invention is a complex (1 : 1)
between the compound A and proline; in particular of the compound A and L-proline.

According to a preferred embodiment the crystalline complex, in.the particular the 1 : 1
complex of the compound A with L-proline, Is a hydrate,

Preferably the molar ratio of the crystalline compiex and water is in the range from about
1: 010 1: 3; more preferably fromabout 1: 0o 1. 2, even more preferably from about
1:0.51t0 1. 1.5, most preferably about 1; 0.8 fo 1 . 1.2, in particuiar sbout 1 1 1.

The crystalline complex of the compound A with profine, in particular of the compound A with
L-proline and water, may be identified and distinguishied from other crystalline forms by
means of their characteristic X-ray powder diffraction (XRPD) patierns.

Said crystalline complex is preferably characterised by an X-ray powder diffraction pattern
that comprises peaks at 20.28, 21.14 and 21.64 degrees 2@ (£0.1 degrees 26}, wherain

said X-ray powder diffraction pattern is made using CuK,; radiation.

I particular said X-ray powder diffraction paftern comprises peaks at 4.99, 20.28, 21.14,
21.64 and 23.23 degrees 20 (+0.1 degrees 2@), wherein said X-ray powder diffraction

pattern is made usiné CuKy 1 radiation.

More specifically said X-ray powder diffraction pattern comprises peaks at 4.99, 17.61,
17.77,20.28, 21.14, 21.64, 23.23 and 27.66 degrees 260 (x0.1 degrees 2@), wherein said X-

ray powder diffraction pattern is made using CuKg radiation.

Even more specifically said X-ray powder diffraction pattern comprises peaks at 4.89, 15.12,
17.61, 17.77, 18.17, 20.28, 21.14, 21.64, 23.23 and 27.66 degrees 2@ (¥0.1 degrees 26},

wherein said X-ray powder diffraction pattern is made using CuKy; radiation.

Even more specifically, the crystalline complex of the compound A and L-proline is
characterised by an X-ray powder diffraction pattern, made using CuK radiation, which

comprises peaks at degrees 2@ (+0.1 degrees 28) as contained in Tabls 1.

Table: X-ray powder diffraction pattern of the crystaliine complex of the compound A
and L-proline {only peaks up to 30°in 2 © are listed):
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48 dwalue intensity I,
[’} [A] [%]
4.99 17.68 39
7.01 12.61 5
8.25 10.70 11
9.95 8.88 12
13.15 6.73 30
13.33 6.64 10
14.08 6.28 4
15.12 5.85 32
16.40 5.40 12
16.49 5.37 13
17.11 5.18 6
17.61 5.03 32
17.77 4.9 35
18.17 4.88 32
18.32 484 28
18.72 4.74 8
19.16 4,63 30
19.96 4.45 26
20.28 4.37 56
20.60 4.31 7
21.14 4.20 84
21.64 4.10 100
22.33 3.08 15
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2323 3.83 41
2406 3.70 4
24.51 3.63 15
24.93 357 | 26
25.89 3.44 | 23
26,31 3.40 11
26.84 3.32 8
27.66 3.22 38
27.96 319 9
28.26 3.16 5
28.44 3.44 6

2875 310 8
29.18 | 3.06 | 19

Even more specifically, said crystaliine complex is characterised by an X-ray powder
diffraction pattern, made using Cuk,,; radiation, which comprises peaks at degrees 28 (0.1

degrees 28) as shown in Figure 1.

Furthermore said crystalline complex of the compound A with L-proline is-characierised bya

melting point of above BG°C, in particular in & range from-about 88°C fo about 115°C, more

prefarably i a range from about 88°C to about 110°C {determined via DSC; evaluated as
onset-temperature; heating rate 10 Kimin). it can be observed that this crystaliine complex
melts under dehydration. The obtained DSC curve is shown in Figure 2.

Saick crystalline com‘plex of the compound A with L-proline shows a weight ioss by thermal
gravimetry (TG). The observed weight loss indicates that the ¢rystalline form contains water
which may be bound by adsorption andfor may be part of the crystalline lgttice, 1. the
crystalline form may be present as a crystalfine hydrate. The content of water inthe
crystafline form lies in the range from U 1o about 10 weight-%, in partictdar 0 to about §
weight-%, even more preferably from about 1.5 to about 5 weight-%. The dotted line in
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Figure 2 depicts & weight loss of between 2.8 and 3.8 % of water. From the observed weight
lose a stoichiometry ciose to 2 monohydrate can be estimated.

Said cr_ys:faliine complex has advantageous physico-chemical properties which are beneficial
in the preparation.of a pharmaceutical composition. in particular the crystalline compiex has
a high physical and chamical stability under various environmental conditions and during the
production of a medicament. For éxample the-crystals can be obtained in a:shape and
pafticle size which are particular-sultabie in a production method for solid pharmaceutical
formutations. In addition the crystals show a high mechanical stability that allows grinding of
the crystais. Furthermore the crysialline complex does not show g high tendency to absorh
moisture and is chemically stable, i.e. the crystaliine complex allows the production of a solid
pharmaceutical formulation with a long shelf life. On the other hand the crysialline complex
has a favorably high solubility over a wide pH-range which is advantageous in solid
pharmaceutical formulations for oral administration.

The X-ray powder diffraction patferns are recorded, within the stope of the present
invention, using a STOE - STADI P-diffractometer in fransmission mede fitled with.a
location-sensitive detector{OED) and a Cu-anode as X-ray source (Cuk,,; radiation, A = )
1.54056 A | 40kY, 40mA). In Table 1 the values "Z@ [*]" denote the angie of diffraction in
degrees and the values "d (Al denote the sﬁeoiﬁed distances in A between the lattice
planes. The intensity shown in Figure 1 is given in-units of cps (counts per second).

In order to aliow for experimental error, the above described 2 © values shouid be
considered accurate to + 0.1 degrees 2 @, in particular & 0.05 degrees:2 @, That is fo say,
when assessing whether a given sample of crystals of the compound A is the crystalline
form in aceordance with the invention, a 2 ©® value which is experimentally cbserved for the
sample should be considered identical with a characteristic value described above if i falls
withint {.1 dagrees 2 @ of the characteristic vaéue“, in particular if it falls within £ 0.05

degrees 2 ® of the characieristic vaiue.

The meiting point is determined by DBC (Differential Scanning Calorimetry) using a DBC 821
{Mettler Toledo). The weight loss is determined by thermal gravimetry (TG) using a TGA 851
{iettler Toledo).
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A further aspect of the present invention relates to 2 method for making the crystalline
complex of the present invention as defined hereinbefore and hereinafter, said method
camprising the following steps:

(&) preparing a soiution of the compound A and the one or-more natural amino acids in a
solvent or 2 mixture of solvents;

{b) storing the solution to precipitate the crystalline complex out of solution;

{c) removing the precipitate from the solution; and

{d) drying the precipitate optionally until any excess of said solvent or mixture of solvents has

been removed.

According to step (a) 2 solution of the compound A and the one or more natural amine acids

in & salvent or a mixturé of solvents is prepared. Praferably the solution is saturated or at

least nearly saturated or even supersaturated with respect to the crystalline complex. In the
step {a) the compound (A} may be dissolved in a solution comptising the ohie or more natural

‘amino acids of the one or more natural amino-acids may be dissolved in a solufion

comprising the compounds A. According to an alternative procedure the compound A is
dissoived in a solvent or mixture-of solvents fo yield & first solution and the one or more
natural amine acids are dissolved in a solvent or mixture of solvents to vield a second
solution. Thereafter said first solution and said second solution are combined to form the

solution according to step (a}.

Preferably the molar ratio of the naftral amino acid and the compound A in the solution
corresponds to the molar ratio of the natural amino acid and the compound A.in the
crystatiine complex {0 be obtained. Therefore a preferred molar ratic is in the range from
about 1: 210 3 : 1, most preferably about 1 : 1.

Suitable solvents are preferably selecied from the group consisting of C-alkanols, water,
ethylacetate, acetonitrile, acetone, diethylether, tetraghydroturan, and mixture of two or more

of these solvenis.

More preferred solvenis are selected from the group consisting of methanol, ethanol,
isopropanod, water and mixture of two or more of these solvents, in particular mixiures of ore

or more of said organic solvents with water.

Particutarly preferred solvents.are selected from the group consisting of ethanol,
isopropanol, water and mixiures of ethanol and/or isopropanol with water.



WO 2014/616381 PCT/EP2013/665736

10

15

20

25

30

35

10
in case a mixture of water and one or more C,s-alkanols, in particular of methanol, ethanol
and/or isopropanol, most preéferably of ethanol, is taken, a preferred volume ratio of water :
the alkanoi is:in the range from aboul:99 : 1 to 1 : 89; more praferably from about 50 1 to 1
: 80; even more preferably from about 10 : 110 1:.60.

Preferably the step (a) is carried out at-aboui room temperature (about 20°C) or at an
elevated temperature up to about the bolling point of the solvent or mixture of solvents used.

According o .a preferred embodiment the starting material of the compound A andfor of the
one of more natural amino acids andfor of the solvent and mixtures of solvents contain an
amount of M0 which is at least the quantity required to form a hydrate of the compound A;
in particular at lsast 1 mal, preferably at least 1.5 mol of water per mol of compound A. Even
more preferabiy the-amount of water is-at feast 2 mol of water per mo! of compound A. This
means that either the compound A as starting material or the one or more natural amino
acids or said solvent or mixture of solvents, or said compounds:andfor solvents in
combination contain an amount of H,0 as specified above, For example if the starting
material of the compound A or of the natural amino acid in step () does contain sufficient
water as specified above, a water content of the soivent(s) is riot mandatory.

In order o reduce the solubility of the crystalline complex-according to this invention in the
solution, in step (&) and/or in step (b) one or more antisolvents may be added, preferably
during step (&) or at the beginning of step (b). Water is an-example of a suitable aniisoiven.
The amount of antisolvent is preferably chosen fo obtain a supersaturated or saturated

solution with respect to the crystalline complex.

In stap (b) the solution is stored for:a time sufficient to obtain a precipitate, i.e. the crystalling
complex. The temperature of the solution in step (b) is-about the same as or lower than in
step (). During storage the temperature of the sclution is preferably lowered, preferably to a
temperature in the range of 20°C to 0°C or even lowsr. The step (b} can be carried out with
or without stirring. As known to the one skilled in the art by the period of time and the
difference of temperature-in step (b) the size, shape and quality_ of the.obtained crystalls can
be controlied. Furtharmore the crystallization may be induced by methods as known in the
art, for exampie by mechanical means such as scratching or rubbing the contact surface of
the reaction vessel for example with a glass rod. Opticnally the (nearly) saturated or
supersaturated solution may be inoculaied with seed crystalis.
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in step (c) the solvent(s} can be removed from the precipitate by known methods as for
example filtration, suction filtration, decantation or centrifugation.

In step (d) an excess of the solvent(s) is removed from the pracipitate by methods known fo
the one skilled in the-art as for example by reducing the partial pressure of the solvent(s),
preferably in vacuum, andfor by heating above ca. 20°C; preferably in @ temperature range
beiow 100°C, even more preferably below 85°C.

The compound A may be synthesized by methods as specifically and/or generally described
or ¢ited in the international application WO 2007/ 128749. Furthermore the biological
properties - of the compound A may be investigated as it is describied in the infemational
application WO 2007/ 128749 which in their entirety are. incorporated herein by reference.

The crystalline complex in accordance with the inventionis preferably employed as drug
active substance in substantially pure form, thatis to say, essentially free of other crystafiine
forms of the compound A. Nevertheless, the invention alsc embraces the crystalline complex
in admixture with another crystalfine form or forms. Should the drug active substance be &
mixture of crystalline forms, it is preferred that the. substance comprises at least 50%-weight,
even more preferably at least 80%-weight, most preferably at least 85%-weight of the
crystalline compiex as described fereir.

in view of their ability to inhibit the 8GLT activity, the crystalline complex according to the
invention is suitable for the use in the treatment andfor preventive treatment of conditions or
diseases which may be affected by the inhibition of the SGLT activity, particularly the SGLT-
2 activity. The criystalline complex according to the invention is also suitabile for the
preparation of pharmaceutical compositions for the treatment andfor preventive treatment of
conditions. or diseases which may be affected by the inhibition of the SGLT activity,
particularly the SGLT-2 activity. Therefore, the crystaliing complex according io the inverition
is suitabie-for the use In the freatment of type 2 diabetss mellitus in humans.

The dosage.requirad o achieve the corresponding activity for tfreatment or prevention

usually depends or the patient, the nature and gravity of the illness or condition and the
method and frequency of administration and is for the patient's doctor to decide, Expediertly, |
the dosage may be from1 {o 100 mg by intravencus route, and 1 {0 1000 mg by oral route,

in each-case administered 1 1o 4 times a day. For this purpose, the pharmaceutical
sompositions according to this invention preferably comprise the crystalline complex-
according to the invention together with one or mote inert conventional carriers andfor



WO 2014/616381 PCT/EP2013/065736

10

16

20

25

30

12

diluents. Such pharmaceutical compositions may be formulated as conventiona! galenic
preparations such as plain or coated tablels, capsules, powders, suspensions or

suppositories,

In the foragoing and following text, H atoms of hydroxyl groups are hot-explicitly shown in
eyary case in structural formulae. The following example of synthesis serves o illusirate a
method of preparing the compound A and its crystalline complex with L-proline as a natural
amino acid. It'js to be regarded only as a possible method described by way of example,
without restricting the invention 1o ifs contents. The terms “room temperature” and "ambient
temperature” are used interchangeably and denote temperatures of about 20°C. The:
following abbrevigiions are used: ‘

‘DMF  dimethylformamide

NMP  N-methyl-2-pyrrolidone
THF tetrahydrofuran

Preparation of the starting compounds:

Example |
Br

|

4-Brome-3-hydroxymethyl-1-iodg-benzense

Oxalyl chioride {13.0 mL) is added to an ice-cold solution of 2-bromo-b-iodo-benzoic acid
{485 gy in CHzCL, (200 ml). DMF (0.2 mL) is-added and the solution is stirred at room
temperature for k. Then, the solution is concenirated undet reduced pressure and the
residue is dissolved In THE (100 mi). The resulling solution is cosled in an ice-bath and
LiBH; (3.4 ¢) is added in portions. The cooling bath is removed and the miaure is stirred at
room temperature for 1 h. The reaction mixiure is diluted with THF and treated with 0.1 M
hydrochioric acid. Then, the organic layer s separated and the aqueous layer is extracted
with ethyl acetate. The combined organic tavers are dried (Na,S0,) and the solvent is
evaporated under reduced pressure {o.give the crude product.

Yield: 47.0 g {(88% of thecry)

Exarmple
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ce

i

4-Bromo-3-chioromethyl-1-iodo-benzene

Thiony! chioride. (13 mL) is added to a suspension of 4-bromo-3-hydroxymethyl-1-iodo-
benzene (47.0 g} in dichloromethane (100.mL) coniaining DMF (0.1 mL). The mixture is
stired at ambignt temperature for 3 h. Then, the solvent and the excess reagent is removed
under reduced pressure. The residue is triturated with methanol and dried.

Yield: 41.0 g (82% of theory}

Example [l

Br =

4-Bromo-1-icdo-3-phenoxymethyl-benzene

Phenot (13 g) dissolved in 4 M KOH solufion (60 ml) is added io 4-bromo-3-chloromethyl-1-
iodo-benzene (41.0 g) disselved v acetone (50 mL). Nal (0.5.9) is-added and the resulting
mixiure is stirred at 50 °C overnight. Then, water is added and the resulling mixture ig
extracted with ethyl acetate. The combined exiracts are dried (Na,8C,) and the solvent is
evaporated under reduced pressure. The residue is purified by chromatography on silica gel
(cyclohexanefethy! acetate 19:1).

Yield: 38.0 g (78%. of theory)

Example IV

1-Brome-4-(1-methoxy-D-glucopyranos-1-y-2-(phenoxymethvii-benzene
A 2. M solution of iIPrMgCl in THF {11 mL} is.added fo dry LiCi (0.47 g) suspended in THF (11
mL). The mixture is stirred at room temperature until all the LiCl is dissolved. This solution is
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added dropwise to a solution of 4-bromo-1-iodo-3-phenoxymethyl-benzens (8.0 g) in
tetrahydrofuran (40 mL) cooled to -60 °C- under argon atniosphete. The solution is warmed
to -40 *Crand then 2,34, 6-tetrakis-O-{irimathylsilyl}-D-glucopyranone (10.7 g, 80% pure)} in
tetrahydrofuran (5 ml} is added. The resulting solution is warmed to -5 *C in the caoling bath
and stirred for-another 30 min at this temperadiure. Aqueous NH,C! solutionis added and the

resultant mixture is extracted with ethy! acetate. The combined organic extracts are dried

over sodium sulfate and the sdlvent is removed under reduced pressure. The residue is

digsolved in methanol (SG'mL) and treated with methanesuifonic acid (0.6 mL) to pfﬁduce

the more stable anomer solely. After stirring the reaction golution at 35-40°C overnight, the
solution is neutralized with solid NaHCO; and the methano! is removed under reduced
pressure. The remainder is diluted with agueous NaHCO; solution an& the resulting mixture
is extracted with ethyl acetate. The combingd extracts are dried over sodiiuin sulfaté and:-the
solvent is;evaporated to yield the crude product that is submitied to reduction without further
purification. :

Yield: 7.8 g (83% of theory)

1-Bromp-4-(2.3.4 B-tetra-C-acetyl-D-vlucopyranos- 1-vh-2-(phenoxvmethyl)-benzene

Boron trifluoride diethyletherate (4.8 mL) is added 1o a solution of 1-bromo-4-(1-methoxy-D-
glucopyranos-1-yl}-2-(phenoxymethyi}-benzene (8.7 g) and tristhylsilane (8.1 mL) in
dichloromethane (35 mlL) and acetonitrite (50 mL) cooled to -20 °C at such-a rate that the

temperature maintaing below 10 °C, The resultant solution is warmed to 0 °C over a period
of 1.5 h and then treated with aqueocus sodium hydrogen carbonate solution. The resulting
mixture is sfirred for (0.5 h, the organic solvent is removed and the residue is extracted with
ethyl acetate. The combined organic layers are-dried over sodium sulfate and the solvent is
removed. The residue is taken up in dichloromethane (50 ml) and pyriding (8.4 mL), acetic
anhydride (8.3 mL) and 4-dimethylaminopyridine (0.5 g) are added in succession to the
solution. The solution is stirred for 1.5 h at ambient temperature and then diluted with
dichioromethane. This solufion is washed twice with 1 M hydrochioric acid and dried over
sodium sulfate, After the solvent is removed, the residue is recrystallized from ethémﬁ to
furnish the product as a coloriess solid.
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Yield: 6.78.g (60% of theory)
Mass spectrum (ESI™): m/z = 610/612 (Br) [M+NH.]"

5 Example V!

2-{Phenoxymethyll-4-(2 3 4 6-tetra-O-acetvi-D-glucopyranos-1-yii-benzonitrile

A flask charged with zinc cyanide (1.0 @), zinc (30 mg), Pdx{dibenzylidencacetons)*CHCl;
{141 mg) and tri-tert-butyiphosphonium tetrafiuoroborate (111 mg) is flushed with argon.

10 Then & sciufion of T-bromo-4-(2,3 4,6-tafra-O-acetyl-D-glucopyranos-1=vi)-2-
{phenoxymethyl}-benzene (5.4 g) in NMP (12 mL} is added and the resulting mbaure is
stirred st room temperature for 18 h. After dilution with ethyt acetate, the mixture isfiltered
and the filtrate is washed with agueous sodium hydrogen carbonate solution. The organic
phase is dried (sodium sulfate} and the solvent is removed. The residue is recrystaliized from

15 ethanol
Yield: 4.10 g (84% of theory)

Mass spectrum (ESI™)y: miz = 557 [M+NH.]

Alternatively, the compound described above is synthesized starting from 1-bromo-4-
20 {2.3.4.6-tetra-O-acetyl-D-ghucepyranos-1-yl)-2-(phenoxymethyl)-benzene using copper(l}

cyanide (2 equivalents) in NMP a1t 210 *C.

Exampie Vil

0" Y ""0—<
O
25 2-Bromomethvi-4-{2.3.4 6-tetra-O-acetvl-D-plucopyranos-1-vi-benzonitrie

A 33% soiution of hydrobromic acid in acetic acid (15 mL) is added to a solution of 2-
phenyloxymethyl-4-(2,3,4,6-tetra-O-acetyl-D-glucopyranos- 1-yl)-benzonitrile (0.71 g} and
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acetic anhydride (0.12 ml) in acetic acid (10-mi}. The resulting solution is stirred at 55 °C for
8 h and then cooled in an ice-bath. The reaction mixture is neutralized with.chilled agueous
potassiunt carbonate solution, and the resuliant mixture is extracted with ethyl acetate. The
combined organic extracts are dried oversodium suifate and the solvent isremoved under
reduced pressure. The residue is taken up in ethyl acetate/oyclohexane {1:5), and the
precipitate is separated by filtration and dried at 50 *C 1o give the pure product.

Yield: 0.52 g (758% of theory)

Mass spectrum (ESI™): miz = 543/545 (Br) [M+NH.J"

Example VI

HO.
7
OH
4-Cyclopropyl-phenviboronic acid
2.5 M solution of nBulyllithium in hexane (14.5 mL) is added dropwise to 1-bromio-4-

cyciopropyi-benzene (5.92 g) digsolved in THF (14 mL) and toluene (50 mL) and chilled 1o -
70 °C. The resultant solution is stirred-at -70 °C for-30-min before triisopropy! borate (8.5
ml) is added. The solution is warmed to -20 °C and then treated with 4 M aqueous
hydrochloric acid {(15.6 mi). The reaction mixture is further warmed to room temperature and
then the organic phase is separated. The agueous phase is exiracted with ethy] acetate-and
the combined organic phases are dried (sodium sulfate). The solvent is evaporated and the
residue is washed with a mixture of ether and cyclohexane to give the product as-a coloriess

soid,

Yield: 2.92 g (60% of theory)
Mass spectrum (ESD): mifz = 207 (G IM+HCOOT

Preparation of the compound A:

1-Cyano-2-(4-cyclopropyl-benzyl-4-(-D-glucopyranos-t-vlj-benzene
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An Arfilled fiask is charged with 2-bromomethyl-4-(2,3,4,8-tetra-O-acetyl-D-giucopyranos- 1-
yh-benzonitrile (1.60 gj, 4-cyclopropyl-phenylboronic acid {1.0 g), potassium carbonate (1.85
g).and a degassed 3:1 mixture of acetone and water (22 mL). The mixture is stirred af room
temperature for & min, befare it is cooled in an ice-bath. Then palladium dichloride (30 mg) is
added and the reaction mixture is stirred for 16 h at ambient temperature. The mixturé is
then diluted with brine and extracted with ethyl aceiate, The combined extracts are dried
over sodiuny sulfate and the solvent is removed under reduced pressure, The residus is.
dissolved in methanol {20 mi) and freated with 4 M agueous potassium hydroxide solution (4
ml). The resufting solution is stirred at ambient temperature for 1 b and then neutralized with
1 M hydrochloric acid. The methanol is evaporated, and the residue is-diluted with brine and
exiracted with ethyl acetate. The organic extracts collected are dried over sodium suifate,

and the solvent is removed. The residue is chromatographed on silica gal
{dichloromsthane/methanol 1.0 -> 81},

Yield: 0.81 g (76% of theory )
Mass spectrum (ESIY: mifz = 413 [MeNHI"

Preparation of the crystalline complex (1 : 4) with L-proline:
L-profine (0.34. g} dissoived in 2.1 mL of a mixture of ethanol and water {volume ratic 10:1) is ‘
added to a solution of 1-cyano—2—(4~cyélopropyi~benzyi}—4~(f$—D-g%ucupyranos—'i_-yl}-benzane
(1.17 g, obtained as described above) dissolved in 2 mi ethanoi. The resulting. solution is
allowed io stand at ambient temperature, After about 16 h the crystaliine complex is isolated
as white crystals by filiration. If necessary the crystallisation may be initiated by scratching
with a glass rod or metal spatula for example or by inoculating with seed crystals. Residual
solvent is removed by storing the crystals at slightly elevated temperature (30 1o 50 °C)
under vacuum for about 4 hvtoyield 1.27 g of the crystalline 1:1 complex of L-proline and
1-pyano-2-{4-cyclopropyl-benzyl-4-(&-D-glucopyranos-1-yir-benzene.

Several batches of the crystaliine complex according to the above preparation are obtained.
The X-ray powder diffraction patterns coincide. The melting points are determined via DSC
and evaluated as onset-temperature. Examples of melting points are approximately 89°C,
90°C, 92°C, 101°C and 110°C. The X-ray powder diffraction pattern as contained in Table 1
and as depicied in Fig. 1 and the DSC and TG diagram in Fig. 2 correspond o a batch with
a meling point of approximately 90°C.
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Patent Claims

1. Crystalline complex between 1-cyano-2-(4-cyclopropyl-benzyl-4-(&-D-glucopyranos-
1-yh-benzene and one or more natural amine acids.

2, Crystalline complex according to claim 1 characierized in that the natural amino acid
is proling.
3. Crystaliine complex according to claim 2 characterized in that & is a complescof1-

cyano-2-(4-cyclopropyl-benzyi-4-(f-D-glusopyrancs-1-yl)-benzene and proline with-a motar
ratio in the range from about 2 : 1 o about 1.3,

4. Crystalline complex according to claim 2 or 3 characterized by a content of water in
the range from about.0 to 3 mol per mol of 1-gyano-2-(4-cyclopropyl-benzyly-4-(3-D-

glucopyranos-T-yh-benzene.

g, Crystaliine complex according to ¢laim 2, 3-or 4 characterized by an X-ray powder
diffraction pattern that comprises peaks at 20.28, 21.14 and 21.64 degrees 26 (£0.1
degrees 2@}, wherein said X-ray powder diffraction pattern is made using CuK; radiation.

6. Crystalline complex according to-claim 5 wherein the X-ray powder diffraction pattern
further comprises peaks at 4.99 and 23.23 degrees 2@ (+0.1 degrees 28}, wherein said X-

ray powder diffraction pattern is made using Cu, 1 radiation.

7. Crystalline complex according to claim 5 or 6 wherein the X-ray powder diffraction
pattern further comprises peaks at 17.61, 17.77 and 27.66 degrees 20 (+0.1 degrees 20},

wherein said X-ray powder difiraction patiern is made using CuK,,; radtation.

8. Crystalline complex according to claim 1 wherein at least 50% of said complex is
presentas a crystalline complex in accordance with ¢laim 5, &or 7,

8. A pharmaceutical composition compriging one or more crystalline complexes in

accordance with one or more of the claims 1 {o 8.

10, Crystalline.complex in ascordance with one or more of the claims 1 to 8 for use zs g

medicament.
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11.  Crystalline complex in accordance with one of more of the claims 1 1o 8 for use in
the treatment or prevention of diseases or conditions which can be-influenced by inhibiting
the sodium-dependent glucose cotransporter SGLT.

12.  Crystalline complex in accordance with one or more of the clalms 1 to 8 for use in the
inhibition of the sudium-dependent glucose cotransporter SGLT2.

13, A mathod for making the orystaliine complex in accordance with one or more of the
clairns 1 to 8, said method comprising the following steps:

(&) preparing a solution of 1-cyano-2-(4-cyclopropykbenzyl}-4-(B-D-glucopyranos-1-yl)-
benzene and the one or more natural amino acids in & solvent or a mixture of solvenis;

{b) storing the solution to precipitate the crystaliine complex.out.of solution;

{c) removing the precipitate.from the solution; and

(d) drying the precipitate optionally until any excess of said solvent or mixture of solvents has

been removed.



