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PROCESS FOR THE RESOLUTION OF ENANTIOMERS BY PREFERENTIAL
EVAPORATIVE CRYSTALLIZATION

The present 1nvention relates to the field o the

yp—

separation of two enantiomers (optical antipodes) of a

I

chemical entity by preferential crystallization.

Various technigues are known for separating two optically

active compounds. The commonest method consists 1n

reacting a racemilic compound with an optically active

gr—
p—

substance 1n order to obtain diastereoisomers capable of

subsequently being separated by c¢crystallization  or

gr—

chromatography, for example. Other methods for the

gr—

resolution of enantiomers comprise kinetic separation,

g—

which uses the difference 1n reaction rate of each

enantiomer with a c¢hiral reactant, and, similarly,

catalytic separation, which makes use o0of a chiral

catalyst, such as an enzvyme.

Yet another route for separating two enantiomers 1s the

preferential crystallization technigue, which 1s widely

gr—

employed 1n laboratories and in industry by virtue of the

advantages which 1t introduces. Mainly:

g—
p—

— 1t avoilids the use o0of an expensive 1ntermedlate

p—

chiral agent, the subsequent recovery of which involves

g—
p—

Q

less than 10%,

losses rarely oO:

- the 2 antipodes are obtained directly, 1n contrast

to the method employing conventional resolution Dby

y—

formation of diastereolsomeric salts,

— the vield 1s theoretically guantitative as a

gp— gp—
o o

result of successive recyclings; furthermore, 1f the

product can be racemized (by an additional stage), the

vield 1s then 100% for the desired enantiomer,
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gr—

— the purification of the crude enantiomer crystals

1s easy.

Thus, there has already been described, 1n the document

UsS-6,022,4009, a preferential crystallization process

g— g—

comprising: (a) the preparation of a mixture of crystals

g— g—
h— p—

1n the conglomerate form, of a first enantiomer and of a

gr—

solvent, (b) the cooling of the mixture according to

certain cemperature kinetics and  under 1ncreasing

gr—

stirring, to promote the growth of sailid enantiomer while

y—

avolding nucleation of the other enantiomer, and (c) the

g— gp—
p—

recovery of the crystals of the first enantiomer. The

conglomerate 1s subsequently added, 1n a weight eqgqual to

the crop, to the mother ligquors, 1n order to obtain a

two-phase mixture, from which the second enantiomer 1s

crystallized 1n 1ts turn by cooling. This process, known

as AS3PC (auto-seeded programmed polythermic preferential

crystallization), was applied 1n particular to the

g— g—

resolution of salts of omeprazole in application FR 2 920

423 .

y—

Although the processes o0of the prior art have Dbeen

y—

successfully applied to the resolution of some

enantiomers, the fact nonetheless remains that 1t would

be desirable to have available a constant-temperature

preferential crystallization process.

This 1s because such a process would make 1t possible:

o to resolve heat-sensitive molecules (which decompose

chemically followiling successive heating and cooliling

operations)

. to 1solate an enantiomer having a solubility which

does not wvary 1n substantial proportions with the
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temperature (low dS/dT)

gr—

such as, for example,

PCT/EP2010/069860

within easily accessible ranges,

the case of sodium D —

gr—

chloromandelate 1n the wvicinity of ambient temperature,

since supersaturation would be created using a means

gr—

other than the application of a temperature change (or

gradient) .

The Inventors have developed a process which makes 1t

possible to meet the above reguirements, 1nsofar as 1t

does not reqgquire temperature modification. According to

this process, the pre:

enantiomer 1s obtalned by evaporation o

y—

"erential crystallization of an

gp—

solvent. This 1s

because 1t has been demonstrated that 1t 1s possible to

gr—
h—

promote the crystallization of one enantiomer by

adjusting the composition

cnantiomers with the

latter. Surprisingly,

bubbles generated by this evaporation do not a

g—
p—

stereoselectivity of

gr— gr—

of the mixture of the two

gr—
p—

solvent by evaporation of the

the 1nterfaces created by the gas

the

pr— p—

ect the

process. In addition, the

turbulence Dbrought about by this evaporation and the

gr—

gr—

assoclated risk of attrition of the crystals do not bring

about crystallization

heterogeneous germinat

This process furthermore o

gr—

OL

10on) .

the undesired enantiomer (by

ers a substantial advantage

gr—

with respect to the processes of the prior art 1in the

case where the solvent 1s volatile. This 1s because the

gr—

preferential crystallization 1s then much faster, while

retalning comparable results to the prior methods, with

regard to the weight of

y—

g—

cnantiomerlic excess O

g—
h—

solids harvested, the final

- the mother ligquor and the weilght

of pure enantiomer per cycle, which 1s reflected by an
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increased productive output for a gliven pailr Of

gr—

A

enantiomers, at an i1dentical scale.

gr—

A specific subject matter of the present invention 1s a

gr—

process for the resolution of two enantiomers by auto-

seeded preferential evaporative crystallization, which

comprilises the stages consisting 1n:

1)

Preparing a suspension comprisling a racemic mixture

gr—

of enantiomers, an excess of the first of the

enantiomers and at least one solvent, at a

temperature T, so that the overall synthetic mixture

g—

F: representing the composition of the suspension, on

gr—

the 1sothermal section at T of the ternary dilagram

gr—

between the pair of enantiomers and the solvent, 1s

gr—

located 1n the two-phase region of the enantiomer 1in

excess, 1n equillibrium with 1ts saturated solution;

g—

Evaporating a portion of the solvent present 1n the

suspension prepared 1n 1) until a overall synthetic

mixture Ef 18 reached 1located 1n the three-phase

gr—

region of said ternary diagram;

gr—

Harvesting the crystals of the first enantiomer by

filtration;

Adding, to the mother liguor resulting from the

preceding filtration, the racemic mixture 1n the form

gr—

of crystals, and also solvent, so that the overal.

gr—

composition of the system 1s represented by the point

E’; symmetrical to the point E;, with respect to the

gr— gr—

plane of the racemic mixture of the system on said

1sothermal section;

Leaving the suspension stirring at the temperature T

unti1l the thermodynamic equilibrium 1s reached;



10

15

2.0

25

30

CA 02784236 2012-06-13

WO 2011/073300 PCT/EP2010/069860

10)

gr—

Evaporating substantially the same amount of solvent

as during stage 2), so that the overall synthetic

mixture reaches a point E’f located 1n the three-

gr—

phase region of said ternary diagram;

y—

Harvesting the crystals of the second enantiomer by

filtration;

Adding, to the mother liguor resulting from the

preceding filtration, the racemic mixture 1n the form

gr—

of crystals, and also solvent, so that the overall

gr—

composition of the system 1s represented by the point

FF. on said 1sothermal section;

Leaving the suspension stirring at the temperature T

until the thermodynamic equilibrium 1s reached;

Repeating stages 2) to 9) 1in order to successively

gr—

obtain one and then the other of the enantiomers.

gr—

Another subject matter of the present 1invention 1s a

gp—

process for the resolution of two enantiomers by seeded

pre

the

1)

ferential evaporative crystallization, which comprises

stages consisting 1n:

Preparing a homogeneous solution comprising a racemic

mixture of the enantiomers, an excess of the first of

the enantiomers and at least one solvent, at a

temperature T, so that the polint E; representing the

composition of the solution, on the 1sothermal

gr—

section at T of the ternary dilagram between the pailr

gr—

of enantiomers and the solvent, 1s located 1i1n the

single-phase region;

gr—

Evaporating a portion of the solvent present 1n the

solution prepared 1n 1), 1n order to obtain a
supersaturated solution;

Seeding the solution with the enantiomer 1n excess;
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4) Agaln evaporating a portio

10)

11)

13)

6-13

g—

n oL

the overall synthetic mixture

PCT/EP2010/069860

the solvent, so0 that

]

reaches a point £

gr—

located 1n the three-phase region of said ternary

diagram;

- the

Harvesting the crystals o:

filtration;

Adding, to the mother liqguor

first enantiomer by

resulting from the

preceding filtration, the racemic mixture 1n the form

gr—

gr—

of crystals, and also solvent,

sO that the overall

composition of the system 1s represented by the point

g—

plane of the racemilic mixture o:

1sothermal section;

E’; symmetrical to the point Ej,

with respect to the

g—

- the system on said

Leaving the solution stirring at the temperature T

until dissolution 1s complete;

as during stage 2);

gr—

Evaporating substantially the same amount of solvent

Seeding the solution with the second enantiomer 1n

excess:;

gr—

Evaporating substantially the same amount of solvent

as during stage 4), so that the overall synthetic

mixture reaches a point E’f located 1n the three-

gr—

phase region of said ternary diagram;

Harvesting the crystals of the second enantiomer by
filtration;

Adding, to the mother 1liguor resulting from the
preceding filtration, the racemic mixture 1n the form

gr—

of crystals, and also solvent,

sO that the overall

composition 1n the system 1s represented by the point

E; on said i1isothermal secti1

on;

Leaving the solution stirring at the temperature T

until the thermodynamic equilibrium 1s reached;
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14) Repeating stages 2) to 13) 1n order to successively

gr—

obtain one and then the other of the enantiomers.

The process according to the present 1nvention makes

y— y—
— —

possible the resolution of any pair of chiral compounds

gp—

(denoted R and S), the racemic mixture of which

gr—

crystallizes 1n the form of a stable conglomerate 1n at

least one solvent at, at least, one working temperature

T. This expression 1s understood to mean that, at the

temperature T, any mixture 1n thermodynamic eguilibrium

yp— y—
—

of the two enantiomers where the solvent 1s composed of

gp—

two types of crystals 1mmiscible i1in the solid state (or

g—

having a 1limited region of miscibility 1n the solid

state), each contalning only molecules of the same

configuration (or homochiral molecules) and 1ncorporating

or not 1ncorporating solvent molecules (solvates).

According to one embodiment, the process according to the

invention can be applied, for example, to the resolution

gr— g— gr—
h—

of the enantiomers of sodium 2Z2-chloromandelate or of

5-methyl-5-phenylhydantoin.

This process wilill now be described 1n more detail with

reference to the appended figures, among which:

— figure 1 represents the i1sothermal and 1sobaric section

gr—

at the temperature T of a ternary dlagram between a palr

g—

of enantiomers (R) and (S) and an achiral solvent (24),

— figures ZA and 2B 1llustrate the change, on the

gr—
p—

1sothermal section of figure 1, 1n  the overall

composilition and 1n the ligquid 1n a auto—-seeded

preferential evaporative crystallization process,

- figures 3A and 3B 1llustrate the change, on the

gr—
h—

1sothermal section of figure 1, 1n  the overall
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composition and 1n the liguid 1n a seeded preferential

evaporative crystallization process,

A

— figure 4 1s a diagrammatic view of the eqguipment used

y—

for the evaporation under a stream of gas,

I

— figure 5 1s a diagrammatic view of the equipment used

for the evaporation at reflux,

1)

- figure 6 1s a diagrammatic view of the equipment used

for the evaporation under wvacuum.

gr—

In the 1mplementation of the process according

gr—

invention, the change 1n the composition of the

gp—

consisting of the enantiomers and the solvent

monitored on a diagram such as that i1llustrated in

gr— gr—

to the
system

can be

figure

1. For purposes of simplification of this diagram, the

solid phases are assumed to be nonsolvated

and no

miscibility 1n the solid state 1s supposed to be present.

The section 1llustrated 1s located at a temperature where

the solvent 1s 1n the liquid form, the melting point of

the solvent being markedly lower than that

g—
p—

of the

enantiomers. At the working temperature and the working

gr—

pressure, the palr of enantiomers crystallizes

gr—

1n the

conglomerate form. This section of the ternary diagram

can be divided i1into four regions:

1. Undersaturated solution: Region delimited Dby

the diamond A - S(R) - S(R/S) - S(S). This

only comprises a single liguid phase.

reglion

2 . Solution saturated with enantiomer S + crystals
of S: Region delimited by the triangle S(S) - S -
S(R/S) . This reglon comprilses a liguid phase
(saturated with enantiomer S) and a solid phase
(enantiomer S).

3. Solution saturated with enantiomer R + crystals
of R: Region delimited by the triangle S(R) - R -
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S(R/S) . This reglion Ccomprises a liguid phase
(saturated with enantiomer R) and a solid phase
(enantiomer R).

4 . Solution saturated with enantiomers R and S +

crystals of R + crystals of S: Region delimited by

the triangle R - S(R/S) - S. This region comprises

p— p—
p—

three phases: two solilid phases (crystals of R and of

S) and one liguid phase (solution polysaturated with

R and S).

gr—

In the first stage of the process according to the

invention, a suspension or solution 1s prepared from a

g—

conglomerate of the enantiomers, from an excess of the

gr—

first of the enantiomers and elther from a single solvent

gr—

or from a mixture of solvents, preferably an azeotropic

y—

mixture. Examples of solvents which can be used comprise,

wlithout limitation: ethanol, methanol, acetone,

acetonitrile, water, heptane, ethyl acetate, dichloro-

methane, methyl formate and their mixtures.

gr—

On conclusion of this stage, the suspension produced can

y—

be 1n the two-phase region of the enantiomer 1n excess at

the working temperature T. Under these conditions,

y—
p—

preferential dissolution of the enantiomer 1n deficit

takes place, so that only the enantiomer 1n excess 1S

present 1n the solid form and 1s used for the auto-

gr—

seeding of the process. This situation 1s 1llustrated in

gr—

figure Z2A, where E; represents the overall composition of

the suspension and L; represents the polnt representative

y—

of the liguid saturated with the enantiomer S. The latter

1s placed on the line representing the solubility of the

enantiomer S.
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10

In an alternative form, 1n the case where the process 1s

g—

seeded, the solution obtalined on conclusion of the first

stage 1s 1n the single-phase region, as 1llustrated by

the point E; 1in figure 3A. The points E; and L; are 1in

this case coilincident since no crystal 1s present.

p—

In the second stage, a partial evaporation of the solvent

1s carried out, preferably but not limitingly according

co one of the three following technigues:

y— y—

- the application of a stream of gas, for example of a

A

rare or neutral gas, such as argon or dinitrogen, oOr

g—

— the extraction of the solvent at reflux, or

g—
h—

- the application of a negative pressure until the

g—

boi1ling pressure of the solvent 1s reached,

gr—

or according to a combination of two or three o0of these

techniqgues.
As 1llustrated 1in figure 4, the first of the above
techniques can be employed 1n a tube (1) which 1s

gr—

graduated, 1n order to measure the remaining volume of

the suspension, and which 1s provided with a jJacket (2)

comprising a temperature-regulated (£0.1°C) heat—-exchange

gr—
p—

fluid. During the stages necessary for the evaporation of

the solvent, the gas supplied by a Dbottle (not

represented) 1s thermostatically controlled at the

working temperature T, before being conveyed 1nto the

tube (1) via a hollow needle (3) 1mmersed 1n the liguid.

gr—
p—

The stream of gas 1s then charged with solvent and 1s

then discharged via the outlet (4).

In the second technique, illustrated 1in figure 5, the

suspension 1s placed i1in a round-bottom flask (10), where

the solvent 1s malntained at its boiling point,




10

15

2.0

20

30

CA 02784236 2012-06-13

WO 2011/073300 PCT/EP2010/069860

11

corresponding to the working temperature T, using an o1l

bath (11) and a heating plate (12). The wvapor phase 1s

condensed 1n a reflux condenser (13) and then falls 1nto

a Dean & Stark apparatus (14). During the equilibrating

stages, the Dean & Stark apparatus 1s filled with

solvent. The condensed solvent then falls back 1nto the

round-bottom flask (10) . During stages requliring

evaporation, the Dean & Stark apparatus (14) 1s emptied

gr—

by wvirtue of a wvalve (15). The condensed solvent then

falls 1nto the Dean & Stark apparatus (14), so that 1t 1is

1solated from the suspension present 1n the round-bottom

flask (10). As the Dean & Stark apparatus (14) 1is

g—

graduated, 1t 1s easier to measure the volume of solvent

evaporated. A septum (16) makes 1t possible to sample the

suspension during the evaporation.

In the third technigque, 1i1llustrated 1n figure 6, the

suspension 1s placed 1in a container (20). The working

temperature T 1s controlled 1nside the container by

gr—

virtue of a Jjacket (21) comprising a temperature-

regulated (x0.1°C) heat-exchange fluid. During the stages

requlring evaporation, the pressure 1s reduced using a

pump connected at (22). The solvent evaporated from the

tube (20) 1s condensed 1n a condenser (23) and then falls

into a graduated container (24). The condenser (23) and

the contalner (24) are thermostatically controlled using

a heat—-exchange fluid at the temperature T. (T. << T), 1n

gr— gr—
p—

order to 1limit the losses of solvent. The wvolume of

solvent evaporated 1s measured Dby virtue of the

yp—

graduations of the contailner (24). A septum (25) makes 1t

possible to sample the suspension.
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12

n addition to the abovementioned techniques, the

evaporation of the solvent can be coupled with a

temperature gradient, which can be 1nduced by the loss 1n

y—

heat brought about by the evaporation of the solvent.

The evaporation process selected depends 1n particular on

g—

the vapor pressure of the solvent used. It 1s preferable

1n general to use the first and third technigques above

for certain solvents, 1n particular volatile solvents,

such as methanol, acetone or acetonitrile, for example.

y—

The volume of solvent evaporated 1s su

"1client for the

g—

overall synthetic mixture of the composition to be 1n the

three-phase region at the temperature T, without,

gr—

however, reaching the supersaturation limit of the second

gr—

enantiomer, at which the spontaneous nucleation of the

gr—
p—

second enantiomer occurs. In practice, the amount of

solvent evaporated 1s advantageously chosen so that twice

the 1nitial enantiomeric excess 1s crystallized at the

g—

time of the filtration.

—_ — —
- -

reference 1s made to figure 2A, 1n the case of an

auto—-seeded process, the point representative of the

liguid, 1nitially at the point L;i, tends to be displaced

along the straight line A - 1L; 1n the direction of the

gr—

polnt K during the evaporation of the solvent. At the

gr—

same time, the point representative of the ligquid gets

closer to the metastable solubility (dotted line) of the

gr—

enantiomer R, due to the crystallization of the latter.

In practice, however, the path of the polnt

g—

representative of the liguid 1s di

gp—

erent and depends on

g— g—
h—

the rates of evaporation and of crystallization. The

evaporation 1s 1nterrupted when the point representative
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of the overall composition reaches the point Es The
crystallization 1S interrupted when the polnt

gr—

representative of the liguid has reached the point Le.

yp—

In the case of a seeded process, as 1llustrated 1n figure

3A, when the solvent evaporates, the point representative

yp— g—
—

of the overall composition of the system 1s displaced

along the straight line A - E;, the opposite way from the

solvent point A, until a supersaturated solution 1s

reached where no crystallization 1s  observed. The

supersaturated ligquid 1s then seeded with a small amount

g— g—

of the pure enantiomer 1n excess or a suspension of this

enantiomer in the solvent. The evaporation 1S

subsequently continued until the overall synthetic

mixture of the system reaches the point Erf. The

crystallization of the enantiomer R then takes place

stereoselectively and the poilnt representing the overall

gp—

composition of the ligquid 1s displaced until the point Lk

1s reached where the crystallization 1s complete.

gr—

In all the cases, the crystals of the first enantiomer

are subsequently harvested. As the second enantiomer

gr—
p—

occurs 1n the metastable state 1n solution, the rate of

filtration 1s adjusted 1n order to prevent 1t from

crystallizing.

gr—
—

An amount by weight of racemic mixture, 1in the form of

A

A

crystals, substantially 1dentical to the weight of
enantiomer collected above, and also solvent, are then
added to the remalning mother 1ligquor. The solvent 1s

g—

conventionally the same solvent or mixture of solvents as

g—

that used 1in stage 1, which can either be 1n the form of

g—

fresh solvent or of solvent resulting from the recovery
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gr— gr—
h— h—

of the solvent evaporated 1n stage 2. The amount of

solvent added 1s adjusted so that the new overall

gr—

synthetic mixture of the system 1s located 1n the two-

yp—

phase region of the second enantiomer, at the working

temperature T, 1n eguilibrium with 1ts saturated solution

(auto—-seeded process), or 1n the single—-phase region

(seeded process). More specifically, the new overall

synthetic mixture E';, 1llustrated 1in figures 2B and 3B,

1s positioned symmetrically to the point E;, with respect
to the medilian straight 1line passing through A on the

y—

1sothermal section, at the temperature T, of the ternary

diagram S — R — A.

The suspension or solution obtained 1s subsequently kept

stilrred at the temperature T until the thermodynamic

gr—

equllibrium 1s reached. At this stage, 1n the case of the

y—

auto—-seeded process, only the c¢crystals of the second

enantiomer 1n excess are present as solid phase 1n

equllibrium with the saturated solution, the first

enantiomer (undersaturated) being present only 1n the

gr—

solution. In the case of the seeded process, only a

ligquid phase 1s observed.

gp— g—
p—

The above stages of seeding (for the seeded process), of

evaporation (as far as the point E'¢f 1llustrated 1in

gr—

figures 2B and 3B) and of harvesting are then repeated,

gr—

this time promoting the crystallization of the second

gr—
p—

enantiomer, and then the overall composition of the

system 1s readjusted 1n order to return to the point E;,

where the suspension or solution 1s kept stirred until

the thermodynamic equilibrium 1s reached.
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It 1s then understood that the replication of the

precedling stages makes 1t possible to alternately obtain

gr—
p—

cach of the two enantiomers. The distomer (undesired

enantiomer) 1S preferentially racemized during an

additional stage, 1n order to 1increase the vyvield of the

process. The racemic mixture thus obtained can Dbe

reintroduced 1nto the process described above, which

gr—

makes 1t possible to achieve a vield of eutomer (desired

g—

enantiomer) of approximately 100%.

y—

A better understanding of the present invention will be

g—
p—

obtained 1n the 1light of the following examples, which

g—

are gilven purely by way of illustration and do not have

gr— y—

limiting the scope of this 1nvention defined

the aim o

by the appended claims.

EXAMPLES

Example 1l: Alternating preferential crystallization of
the enantiomers of 5—-methyl-5-phenylhydantoin

a) Protocol

The auto-seeded preferential crystallization process

according to the invention was applied to the resolution

gr—

of the (+) and (-) enantiomers of O-methyl-5-phenyl-

hydantoiln.

yp— y—
—

To do this, 102.0 g of ethanol were mixed with 9.5 g of

gr—

racemic mixture and 0.4 g of the pure (+) enantiomer

g— g—
o

(1L.e., a total concentration Ci.r 0f active material of

9.2% by weight). The working temperature was 40°C. 18 ml

g—

of solvent were evaporated under vacuum with magnetic
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gr—

stlrring over a period o:

the suspension was

were harvested,

16

272 minutes.

filtered and 1.33 g

gr—

A

( Wharvest )

PCT/EP2010/069860

O

gr—

fter evaporation,

solid

which solid has an optical purity 0.P.,

determined by polarimetry, of 85.5% (that 1s to say,
comprising 85.5% of the (+) enantiomer and 14.5% of
racemic mixture), 1.e. 1.14 g of pure (+) enantiomer.
After filtration, the enantiomeric excess e.e.r 0f the
mother liquor was -4.4% and the weilght weo,r 0f the (-)

enantiomer 1n excess 1n the mother liguor was 0.33 9.

yp—

An additional amount of

racemic mixture was then added to

the mother 1liguor and the mixture was kept stirred at

40°C for 30 minutes, Dbefore the Dbeginning of the
crystallization of the (-) enantiomer. An amount of
solvent of 18 ml was subsequently agailin evaporated, over
a Ttime of 15.5 minutes. 1.07 g of crystals comprising
0.80 g of pure (—) enantiomer were recovered Dby
filtration, so that the mother 1liguor comprised an
enantiomeric excess of the (+) enantiomer. A fresh amount

g—

OL

ligquor,

which was kept stirred at 40°C

The preceding stages were then repeated,

in the table below:

adsS

racemic mixture was subsequently added to the mother
for 30 milnutes.

11]lustrated

Crystall- Ctot |T1me |O.P. [Wharvest [Wpure enantiomer|€.€.f |Weprt
ization No. (%) |(min) [(%) (9) (9) (%) (9)
9.2 |22 35.5 .33 14 -4.4 10.33
2 9.2 |15.5 |[75.2 [1.07 0.80 5.2 0.43
3 9.3 |27 96.9 |1.11 1.08 -7.9 10.64
4 9.3 |27 89.7 [1.02 0.91 3.8 0.33
5 9.3 |22 91.6 |0.88 0.81 -6.2 10.52
6 9.3 |29 32.8 [1.09 0.90 4.9 0.41
7 9.2 |25 69.6 |1.14 0.79 -5.0 ]0.41
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3 9.3 |25 92 .77 0.972 0.85
9 9.3 |26 95.3 1.03 0.98
10 9.4 |32 92 .77 1.02 0.95
11 9.4 |27 89 .08 1.36 1.17
12 9.3 |27 83 .9 . 05 0.88
13 9.3 |25 88 .3 1.10 0.97
14 9.3 |26 92.1 1.07 0.99
mean .3 0.
standard

deviation

b) Results

g— p—

The productive output of the ASPreCISE (for *“Auto-Seeded

5 PREferential Crystallization Induced by Solvent

Lvaporation’”) process according to the 1nvention was

gr—

compared with that of the preferential c¢crystallization

process described i1in patent US-6,022,409 (referred to as

“AS3PC™) .

10
The productive output P 1s defined by the following
formula:
p_ m
W acemic mixture (t evaporation { eqmlibmred)
15 where:
w = welight of pure enantiomer (Wparvest X O0.P.) (g)
Wracemic mixture = welght of racemic mixture 1n the 1nitial
mixture (g)
Cequilibratea = duration of the evaporation of solvent (h)
20 Cevaporation = duration of the stirring at the evaporation

temperature.
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gr—

In this example, as the total duration of the evaporation

gr—

and of the stirring 1s 55 minutes, the productive output

according to the invention 1S equal to

0.1079 genantiomer/gracemic mixture /h .

In the document US-6,022,409 (columns 22 and 23), after

reheating for 30 min at Ty (starting temperature of the

crystallization), the crystallization 1s carried out 1in

60 min. 0.569 g of crystals of pure enantiomer 18

harvested by filtration (O0.P. = 91%). The e.e.r o0of the

mother ligquor 1s 6.2%. The productive output 1s equal to

0.0504 genantiomer/gracemic mixture /h .

The results (0.P. and e.e.f) obtained by ASPreCISE and by

AS3PC are comparable. The productive output 1s greater by

gr—

the ASPreCISE method, mainly by wvirtue of a shorter

crystallization time.

Example 2: Alternating preferential crystallization of

the enantiomers of sodium 2-chloromandelate

(1) Crystallization at the scale of 100 ml

a) Protocol

A similar process to that described 1n example 1 was

followed, using the following 1nitial parameters:

welght methanol (g) | weight (£) (g) weight (+) (g)

45 .0 10.0 1.0

and the following crystallization conditions:
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T = 40°C
Volume of solvent evaporated by crystallization = 15 ml
Mean evaporation time = 30 min

Crystall- e« [Wharvest | Wpure enantiomer | €€ . ¢

i1zation No.

A

Duration of the stirring at 40°C before the beginning of

the crystallization = 30 min

Crystallization cycles:

O

| B O] CO| ~J] O O11 & Wl DN -

1] O

medrl

o cof N o o Wl N oY o o] o
=l =~ ~| ~| | | | | | =] ©

~J] O] OO DN Wl O &) O] &) O N
ol ) =1 =1 O Of O O = O O

standard

deviation

b) Result

The productive output was 0.1359 Jenantiomer/ Jracemic mixture/l .

The difference 1n solubility of the racemic mixture

between 40°C and 20°C 1s only 0.85% 1n absolute wvalue.

Sodium 2Z2-chloromandelate thus comes withlin the products

having a solubillity not VEery dependent On the
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2.0

gr—

temperature. The resolution of the enantiomers thus

cannot be carried out with correct vields according to

gr—

the processes of the prior art.

D (11) Crystallization at the scale of a liter

a) Protocol
Starting conditions:
welght methanol (g) welight (£) (g) welight (+) (g)
450 .0 100.0 5.0

10
Conditions related to the kinetics:
T = 40°C
Volume of solvent evaporated by crystallization = 110 ml
Mean evaporation time = 30 min

15 Duration of the stirring at 40°C before the beginning of

Crystall- .. Wharvest Wpure enantiomer [€«€ . £

1zation No. ' (g)

the crystallization = 30 min

Crystallization cycles:

1o.

17.

26 .

1o.

23 .

1
Z
3
g
0
0

mearl

27 .

standard

deviation

20
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b) Result

The productive output was 0.166 Jenantiomer/Jracemic mixture/ 1 .

Example 3: Alternating preferential crystallization of

the enantiomers of sodium 2-chloromandelate

a) Protocol

A similar process to that described 1n example 2 was

y—

employed, except that the evaporation of the solvent was

carrlied out at reflux and not under wvacuum, with the

followling parameters.

Starting conditions:

welght methanol (g) | weight () (g) welight (+) (g)

51.0 15.0 0.5

gr—

Solubilility of the racemic mixture 1n the methanol at

reflux =~ 23%

Conditions related to the kinetics:

Toil patn = 065°C

g—

Volume of solvent evaporated by crystallization = 15 ml

vaporation time = 35 to 60 min

gr—

Duration of the stirring before the beginning of the

crystallization = 30 min

Crystallization cycles:
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2.2

Crystall- N g Wharvest | Wpure enantiomer |€.C . f

i1zation No.

QO

1
Z
3
gl
0
0
J

Ol oo W o1 B Oy WOl O
o O B O B O O O
O] O O O O O O O

mearl

standard

deviation

b) Result

The producuive Output was O . 0470 genantiomer/gracemic mixture/h°

Example 4: Alternating preferential crystallization of

the enantiomers of sodium 2-chloromandelate

a) Protocol

A similar process to that described 1n example 3 was

y—

employed, except that the evaporation of the solvent was

g—

carried out under a stream of dinitrogen and not under

vacuum, with the following parameters.

Starting conditions:

welght methanol (g) weight (£) (g) welight (+) (9g)

31.0 7.0 0.8

Conditions relating to the kinetics:

T = 40°C
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Volume of solvent evaporated by crystallization = 17 ml
Mean evaporation time = 35 min

y—

Duration of the stirring before the beginning of the

crystallization = 30 min

Crystallization cycles:

Crystall- « I o Wharvest | Wpure enantiomer

1zation No. ] (g)

.04

. 00
.02

.95
.13

.1/

.14

.39
.47

1
Z
3
4
0
0
l
3
9
1

ol N o | o o | ©l | O
= | | | | | o | o =

.32

O] o1l = = O] O D O] DN o1 W
Ol O ) B O O O O O O O

mearl

standard

deviation

b) Result

10 The productive output was 0.1503 Gepantiomer/ Gracemic mixtures .
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CLAIMS

gr—

two enantiomers by auto-

seeded preferential evaporative crystallization, which

comprilises the stages consisting 1n:

1) Preparing a suspension comprilsing a racemic mixture
of enantiomers, an excess of the first of the
enantiomers and at least one solvent, at a

temperature T, so that the overall synthetic mixture

the 1s0
between
located

excess,

y—

E, representing the composition of the suspension, on

g—
p—

thermal section at T of the ternary diagram

gr—

the pair of enantiomers and the solvent, 1s

gr—

1n the two-phase region of the enantiomer 1in

1n equlilibrium with 1ts saturated solution;

gr—

2) Evaporating a portion of the solvent present 1n the

suspension prepared 1n 1) until a overall synthetic

mlxture

Fre 18 reached 1located 1n the three-phase

gr—

region of said ternary diagram;

gr—

3) Harvesting the crystals of the first enantiomer by

4) Adding,

filtration;

to the mother 1liguor resulting from the

preceding filtration, the racemic mixture 1n the form

g—

of crys

tals, and also solvent, so that the overall

g—

composition of the system 1s represented by the point

T1

plane ©

73y symmetrical to the point E;, with respect to the

gr— gr—

f the racemic mixture of the system on said

1sothermal section;

5) Leaving

the suspension stirring at the temperature T

until the thermodynamic equilibrium 1s reached;

g—

6) Evaporating substantially the same amount of solvent

as during stage 2), so that the overall synthetic
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2 .

25

mixture reaches a point E’f located 1n the three-

gr—

phase region of said ternary diagram;

gr—

Harvesting the crystals of the second enantiomer by

filtration;

Adding, to the mother liguor resulting from the

preceding filtration, the racemic mixture 1n the form

gr—

of crystals, and also solvent, so that the overall

gr—

composition of the system 1s represented by the point

F. on said 1sothermal section;

Leaving the suspension stirring at the temperature T

until the thermodynamic equilibrium 1s reached;

Repeating stages 2) to 9) 1n order to successively

gr—

obtain one and then the other of the enantiomers.

gr—

Process for the resolution of two enantiomers by

seeded preferential evaporative crystallization, which

comprilises the stages consisting 1n:

L)

4)

Preparing a homogeneous solutilion comprising a racemic

mixture of the enantiomers, an excess of the first of

the enantiomers and at least one solvent, at a

temperature T, so that the point E; representing the

composition of the solution, on the 1sothermal

g—

section at T of the ternary dilagram between the pailr

gr—

of enantiomers and the solvent, 1s located 1n the

single—-phase region;

Evaporating a portion of the solvent present 1n the
solution prepared 1n 1), 1n order to obtain a
supersaturated solution;

Seeding the solution with the enantiomer 1n excess;

g—

Again evaporating a portion of the solvent, so that

]

the overall synthetic mixture reaches a point F
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10)

11)

12)

13)

14)

20

gr—

located 1n the three-phase region of said ternary

diagram;

Harvesting the crystals of the first enantiomer by

filtration;

Adding, to the mother liguor resulting from the

preceding filtration, the racemic mixture 1n the form

g—

of crystals, and also solvent, s0o that the overall

gr—

composition of the system 1s represented by the point

E’; symmetrical to the point E;, with respect to the

gr— gr—

plane of the racemic mixture of the system on said

1sothermal section;

Leaving the solution stirring at the temperature T

until dissolution 1s complete;

gr—

Evaporating substantially the same amount of solvent

as during stage 2);
Seeding the solution with the second enantiomer 1n
excess;

g—

Evaporating substantially the same amount of solvent

as during stage 4), so that the overall synthetic

mixture reaches a point E’f located 1n the three-

gr—

phase region of said ternary diagram;

gr—

Harvesting the crystals of the second enantiomer by

filtration;

Adding, to the mother liguor resulting from the

preceding filtration, the racemic mixture 1n the form

gr—

of crystals, and also solvent, so that the overal.

composition 1n the system 1s represented by the point

F: on said 1sothermal section;

Leaving the solution stirring at the temperature T

until the thermodynamic equilibrium 1s reached;

Repeating stages 2) to 13) 1n order to successively

gr—

obtain one and then the other of the enantiomers.




CA 02784236 2012-06-13

WO 2011/073300

10

15

2.0

20

27

PCT/EP2010/069860

3. Process according to Claim 1 or 2, characterized 1n

gr—

that 1t 1s applied to the resolution of the enantiomers

y—

of sodium 2-chloromandelate or

hydantoiln.

4. Process according

Lo any one

gr—

of O-methvyl-5-phenvyl-

g—

of Claims 1 to 3,

characterized 1n that the solvent 1s chosen from:

ethanol, methanol, acetone,

mixtures.

5. Process according

ethyl acetate, dichloromethane, me

acetonitrile, water, heptane,

Lo any one

thyl formate and their

g—

of Claims 1 to 4,

characterized 1n that the solvent 1s evaporated according

g—

to any one of the followlng techniqgques:

g—

— the application of

gr—

g—

a Stream or gas, Or

— the extraction of the solvent at reflux, or

yp—

- the application of a negative pressure, down to the

g—

boi1ling pressure of the solvent,

or according to a comblnation of

techniques.

gr—

6. Process according to any one

characterized 1n that the amount o3

two oOr three o0f these

gr—

of Claims 1 to 5,

y—

- solvent evaporated 1is

chosen 1n such a way that twice the 1nitial enantiomeric

g—

excess 1s crystallized at the moment of the filtration.

/. Process according to any one

characterized 1n that 1t comprises an additional stage of

y—

racemization of the distomer.

gr—

of Claims 1 to o,

A
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