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PRCCESS FIZR PREPARING {-JMENTHOL
AND SIMILAR COMPOUNDS

BACKGROUND TO THE INVENTION

THIS invention relates to a process for producing {-)-menthe! apd similar

compounds.

(-)-Menthaoi is one of the world's largest sefling flavour compounds, with a
production of about 71800 tans par annum. 1S peppermint flavour and cooling
sensation are used In many produdts, primaly in mentholated cigarettes and
oral hygiene products, such as toothpaste, mouthwash and chewing gum.
Pharmaceutical and healthcare products use menthel in & varisty of product

types, such as cough lozenges, shaving cream and topical analgesics,

Owing 1o seasonal varlations and poor farming practices, the availability of
natural rnenthol from the largest supplying countrfes, India and China, is
sometimes erratic. In addition 1o this, oniy & limiled amount of peppermint can
be planted, thus limiting the supply of natural menthol. The remainder of the
demand for menthal is met by synthetic menthaol.

CONFIRMATION COPY

PCTITROLDI008
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Orgsanaleptically, natural  and  synthetic  menthol  are  completely
interchangeabts; any skght differences have been largely eliminated through
product developmant. Maorsover, synthelic menthel has a purer and more
consistent taste and cdour profife since it does not comtain the impurities

presant in natural menthol.

There is always a need for new processes for the production of (-)-menthol and

similar compounds.

SUMMARY OF THE INVENTION

According to the Inventian there Is provided a process of separating & single
dasirad Sterecisomer from a racemic mixiure of sight siarecisamers of a

compound af the formula 11l

GH

Py

11
wherein R, represents an isapropancl group, an isopropyl group of an
isopropylene group, including the steps af.
1) contacting the racemic mixture in & suitable organic solvent with an
esterifying agent and 8 stereospeciiic enzyme which sterecselectively
esterifies the -OH group of the desired stereoisemer, for a time sufficient
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.3

to convert a desired percentags of the desired sterecisomer lo a

compound of the formula IV

Ry

wherein R, is as defined ablo\\.le and R4 is an atkyl or an aryl group,

1o give a first reaction product inciuding the cormpaund of the formulza 1V,
the organic solvert, he unconverted sterecisomers of the compound of
the formula |, excess esierifying agent and by-products of the reaction;
and

{2) sepaating the compound of the formula IV from tha first reaction

product.

Step (2) preferably comprises the sub-steps of:

{2)tay  separaling ths first reaction product from the enzyme;

{240} removing from the first reaction product the erganic solvent, the
excess eslerifying agent, and the by-products of the reaction to
give a second maction product including the cormpound of the
formula IV .and the uncanverted stersoisomers of the compound
of formula Hl ; and

{ZNe)  separating the compound of the formula i from the second
reaction product ieaving a thind reaction product containing the

unconvertad sterecisemars of the compaund of ths farmula NIl

The process af the invention preferably includes a further step, step (3] of:
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(3) racemizing the unconveried sterecisomers of fhe compound of the
formuta Ul in the third reaction produci to give a fourth reaction product
containing a mixture of all eight stereoisamars of the compound of the
forrula (1} and recycling the fourth reaction product to step (1).

The pracess of the invention preferably includes a further sten, step (4} of:
(4)  hydrolysing the compound of the fermula [V to give the desired
sterecisomer of the compound of the formula ).

In the process of the invention, when R, is an isopropapol group or an
isopropyiena group, before or after step (4), the compaund of the formula IV or
the desired sterecisomer of the compound of the farmuia (il may be subjected

to a reduction step io converl Ry t0 an isopropy! group

The process of the invention preferably includes the following sleps, priar to
step {1) of:

fa) reacting a campound of the farmulz |

Ra

ORz

I
wherein Ry represents a methyl or a hydroxymethyl group, and R; represenis

H, a hase metal, a benzyl group or an allyl group,
with an alkylating agent in the presence of a catalysi to give a campound of the

formula 1l

2004-502744 A 2004.1.29
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Rz

ORy

Ry
il

wherein Ry, R; and R; are as defined above; and
(b) hydrogenating the compound of the fermula 11 in the presence of a
catalyst to give & racemic mixture of the cight sterecisomers of the

compound af the formula LIk

CESCRIPTIQN OF EMBODIMENTS

The crux of the invention is & process of separating a single desired
stereoisomer of a compound of the formula !l from a racemic mixture of he
eight sterecisomers of the compound of the formuta Il by esterification using a

siereospecific snzyme.
This pracess slep may form part of a |arger process as descrived below.
The first step, step (a) of the process is to alkylate a compound of the farmula |

to yisld & compound of the farmula |, using an alkylaing agent such as

propylens, isopropanal of acstone, in the presence of a catalyst.

JP 2004-502744 A 2004.1.29
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The catalyst may be a Lewfs acid catalyst such as AIC;, SnCle, BF,, ZnCl; or
FaCly; or a Brensted acid such as HC!, HF, H:SQ, ar HPOy or 2 suitable
supported catalyst such as Envirocat EPIC which is a polyphosphoric acid on a
suppart, ar Envirocat EPZ 10 which is & ferric chlaride on a suppert; or a salid
phosphoric acid; or a suitable zeolite catalyst which is the preferred catalyst.

Step {a) may ba carizd out in the presence of a solvent such as a chiornated
soivent, e.g dichloramethana, chioraform or dichloroathane. but the presence

of a solvent is not essential,

Slep {a) may ba carried out as a batch reaction or as a continuous gas or liquid

phase reaction.

In step (a), the reaction temperature during and after the reaction may be any

tamperature below 450°C.

Step () may be carried out in ar or under an inert atmasphere such as argon

or nitragen.

The compound of the farmula | is prefarably m-crasol, and thus the campaund
of the formula 11 is preferably thymol.

At the end of step (@), the catalyst is removed or deactivated, and any solent
prasent is removed. The required compound of the formula 1l is iselated from
the reaction mixiure, for example hy distillation. The unreacted alkylating
agent and reaction by-products may be recycled te step (a).

The second step, step (k) of the process is to reduce the campound of the
formula li to a racemic mixture of the eight starecisomers of the compound of
the farmula Ill, by hydrogenation using hydregen gas over a sultabla catalyst.

JP 2004-502744 A 2004.1.29
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The catalyst may be any catalyst typically used in homageneous catalytic
hydrogenations such as Pd{OAg), or in heterogenous catalytic hydrogenations
such-as supported palladium, platinum, rhedium, ruthenium, nickel, spongs
nickel and 2GuC.Cr2Ca.

The preferred catalyst is a nickel catalyst.
The catalyst loading may be from 0,01 ta 20%, preferably from 0,5 to 8%.

Step (b) may be carried out with or without a sclvent. If a solvent is used, it
may be any solvent typically used for catalytic hydrogenation, for example a
hydrocarbon or agueous capstic.

Step (b} is preferably carried out at an elevated temperature of from 80°C {o
300°C inclusive, preferably from 160°G to 200°C inclusive.

Step (b) is caried out using a hydragen pressure which fs below 30 bar,
preferably between 5 and 33 bar inclusive,

When the compound of the farmula Il Is thymal, there is formed a racemic
mixture of tha four pairs of diastercameric isomers of menthol, viz (+)-menthal,
(+)-isarmenthal, (E»-neomenthol and {f)-neciscmenthol, as well as two
interrnediatas (x)-menthane and (tk-isomenthane.

At the end of step {b), the calalyst is removed, e.g by fittration, or is

deactivaled, and any solvent present is removed.

The next step of the process of the invention, stap (1), is the key step of the

process.

PCTITROLDI008
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The racemic mixture of the sight sterectsomers of the compound of the formula
Il fram the hydrogenation step (step (b)) is contacted in a suilable organic
solvent with an esterifying agent and with a sterecspecific enzyme which
sterenselectively esterifies e -OH group of the desired sterecisorner of the
compound of the formula M, for 2 time sufficient to conver a desired
percentage of the desired sierecisomear to 4 compaund of the formuia |V, to
give a first reaction product including the compound of the formula Tv, the
organic solvent, the unconverted stereaisomers of the compeound of the

formula ill, excess asterifying agent, and by-products of the reaction.

The reaction is a stereoseleciive esterification of a desired sterecisomer of the
rompound of the formula L, with the other sterscisomers of the campound of
the formula |l remaining substantially unchanged, although small amaunts of

the other sterecisomers may also be esterfied by the anzyme.

When R; of the compound of the formula il is an isopropyl greup, the
compaund correspands o meathol which consists of eight stersolsomars, The
desirec stereciscmer of menthol is the {-}-isomer, which can be selectively
asterified using & suitable enzyme to tha {-)}-menthyl ester.

The suitable organic solvent may be any solvent typically usad for enzyme
cataiysed esterification reactions, including isocctang; n-heptane; decane;
methyl cyclohexans; t-butyl methyl ether; xyiene; kerosene [C5-C8 paraffins,
kerasol BO/115), {C7-C8 paraffins, kerasal 94/125); pentane, cyclohexang,
hexane; benzene; butanal; toluene; isopropanal; ethyl lactate; and acetone.

Tha preferred organic saivent is n-heptans.
The amount of the organic salvent used refative to the racemic mixture of the

compound of the formula il is preferably in the range of from 5% e 80%
racemic mixture lo 85% to 0% grganic solvent on & volume hasis,

JP 2004-502744 A 2004.1.29
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When the erganic scivent is n-heptane, the racemic mixture is preferably used
in an amaunt of 20% v/v in the n-heptans.

The esterifying agent may be any suitable esiefifying agent such as for
example vinyl acetate, butyl acetate, octancic acid, isopropenyl acetate, vinyl

butyrate, sthyl lactate and sthyl acetate.
The prefered esterifying agant is vinyl acetate

The esterifying agent may be used in an molar ralio o the desirad
sterecisomer of the compaund of the formula D of 0.5:1 up ta 31, The
preferred molar ratio of the esterifying agent ta the desired sterecisomer of the
compound of the formuia Il is aboul 2:1 when vinyl acetate is used as the

esterifying agent.

The enzyme is a slergospecific enzyme which sterecselectively estenfies the
-0OH group of the compound of the farmula [,

The enzyme may be comained within a micreorganiem, or secreted into &
medium required for microorganism growth, or may be available cammercially
in semi-purified or purified form. Micreorganisms can also be provided with the
ability to produce a sultable enzyme through the process of genstic

engineering of the microorganism.

Exampies of enzymes and microorganisms that are capable of pedorming this
estanifying pracess include those exhibiing lipase, esterase or protease-liks

acthivity.

Suitable enzymes include, but are not limited to:
Enzymes supplied by Fluka: Gandida cylindracea lipase, fipase Hog pancreas,
lipase Pseudomonas flucrescens, lipase Aspergilus aryzas, lipase Rhizopus
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hiveus, lipase Rhizomucor mishet, lipase Candida antarctica, lipase Mucor
javanicus, lipase Rhizepus arrthizus, lipass Penicifiurn requsforti, lipase
Candida lipolytica, lipoprotein lipase Pseudomonas sp., type B, lipoprotein
lipase Pseudamonas cepacia, lipoprotein lipase Chromobacterium viscasurm,
esterase Bacillus thermoglucosidasius. esterase Bacillus stearothermophilus,
esterase Mucor miehei, asterase heg liver;

Enzymes suppiied by Alius: Candida rugosa lipase, lipase Mucor michei,
Candida antarcitica B lpase, Candida antarctica A [ipase, Chiro-CLEC-CR,
Chire-CLEC-CR (slumy), porcine liver esterase, Penicillin acylase, Suptilisin
Carlsherg, Chira-GLEC-BL (siurry), Chiro-CLEC-PC (siurry), Chire-CLEC-EC
(shurny), Aspergillus oryzae protease, PeptiCLEC-TR (sturry):

Enzymes supplied by Recormbinant Biocatalysis: ESL-001-07, ESL-001-01,
ESL-001-01 with stabiliser, ESL-001-02, ESL-01-03, ESL-D01-05;

Enzymss supplied by Boshringer-Mannhaim: Chirazyme Ld {Pseudomanas
sp), Chirszyme L5 (Candida antarctica fraction A), Chirazyme L1
(Burkhelderia), Chirazyme L6 (Porcine pancreas), Chirazyme L7, Chirazyme
L8;

Enzymes supplied by Gist-Brocades: Napraxen esterase, Lipomax, Genzyme,
Lipoprotein lipase,

Enzymes supplied by Novo: Novozyme 868, Novazyme 425, immebilised
Candida anlarclica lipase, Magase enzyme, Lipase A-10FG (Rhizopus
javanicus);

Enzyrnas supplied by Amana: Amano AYS, Amano PS, Amano PSO, Amano
AkKD11, Amano AKDT11.

The preferred enzyme is Amano AK lpase enzyme supplied by Amano of

Japan.

The enzyme may be used either in the free farm or immobiized on & suitable
suppori which may be dizlomaceous 2arth.
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The enzyme is preferably used in an amount of from 1g/l to 60g/ of the
reaction mixture, i.e the racemic mixture of the eight sterecisomers of the
compound of e formuta I, the suitable organic solvant and the esterifying

agent.

The resoluiion step is preferably carried aut at a temperature of from 20°C ta
100°C inclusive and st atmospheric or higher pressura, When the enzyme is
Amana A¥, the prefermed reaction temperature is about 50°C.

The resolution reaction is continued for a time sufficient to convert a desired
percentage of the desired stersoisormer of the compound of the formula Ill to
the compound of the formula IV, Generally, it is desirable that as much as
possibia of the desirad sterecisamer is converted 0 the compaound of the
formuia 1V without the reaction proceeding to the asterification of the other

stareoisomers present n the racemic mixture.

The reaction time is preferably about 24 hours or less when the reaction is

parformed in batch mode.

The next step, step (2)(a) of the process of the invention is to separate the first
reaction product from the enzyme so that the enzyme can be racycled. This

ay be achisved for example by centrifugation or by fillration.

A major advantags of the process of the invention is that i is possible to
ragycle the enzyme a nurber of times 1o the resolution step, 50 as 1o Improve

the economics of the procass.

The necessily far enzyme recycle may be eliminated by usa of the enzyme in a
continunus system whergin the enzyme is retained within & reactor.  The
racemic mixture of the compound of the formula |l, the organic sclvent and the
esterifying agent as dascribed above, are fad inio the reactor, wherein the
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desired sieregisomer of the compound of the formuta Il is esterified o the
compound of the formula |V to farm the first reaction product. The first reaction
product typicaly exits the reactor at 2 similar rate to the inlet fead, for further
processing. The enzyme may typically be refained within the reactor through
the use of membranes, or by immobllisation anto a support material, or through

stabilisation by cross-linking.

Tha next slep, step (2Xb) of the process of the invention is to remove the
organic snlvant, the excess estenfying agant and any by-products, to give &
second reaction produet including the compound of the formula 1V and the
uncanverted sterecisomers of the compound of the formuls I, This may be
carried cut by distillation in whié;h the organic selvent, e.g the n-heptane and
1he excess esterifying agent, e.g the vinyl acetate, are taken off at the top af
the colurmn as a single stream and recycled back to suitable storage tanks for

tater re-use,

The next step, step (2){c) of the process of the invention is to separate the
compound of formulza IV from the second reaction product leaving a third
reaction product containing the unconverted sterecisomers of the compound of

the formula |11, This separation may be achieved by distillation.

in the compound of the formula IV, when R, is not an isopropyl group, the Ry
group can, through a reduction process, be converted o an isopropyl group,
either at this stage, or subsequent to hydrolysis of the ester group as described
below. This results in the praduction of the desired stersoisomer of menthyl
ester, or subsequent to hydrolysis, in the production of the desired

steracisomer of menthal.

The next step, step (3} of the process of the invention is lo racemisa the
unranverted steregisomers in the third reaction product to give a fourth
reaction product containing a mixture of all eight stereoisomers af the
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compound of the farmula Il and recycling this to the resolution step of the

process.

The racemisation may be achieved over a suilsble catalyst with or without
hydrogen gas, with or witheut a sclvent, and at atmosphetic or greater

pregsura

The step may be carried out with or without = solvent. [f a salvert is used, the
solvent may be any sclvent typically used for catalytic hydrogenatian, most

typically a hydrocarban or aquecus caustic.

The catalyst used may be any catalyst typically used in homogeneous catalytic
hydrogenations such as Pd(OAc); and Ru(PFPhyjyClz, or in heterogensous
catalytic hydrogenations such as supported palladiunt platinum, rhadium,
ruthenium, nickel, sponge nickel and 2CuQ.Cr:0s, or a solid oxide such as
celite, CuO, Crdy,, Co0, 8i0z, ALQ,, Ba{GH):, MnO, AKIOPT., LnOy, Zr0 and
the zeolites.

The reaction may be carried owt at any temperatare between 80°C ang 306°C
inclusive, preferably at a tampearature between 180°C and 220°C inclusive.

The hydrogen pressure may be any pressure betow 50 bar, preferably
between 5 and 35 bar inclusive.

The catalyst loading may be between 0,01 and 20%, preferably batween 0,05
and 5%.

At the end of the step, the catalyst is ramoved or deactivated, and any sclvent

present is removed.

PCTITROLDI008
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This racemisation step may pe camfed oul in conjunction with step (b}, i.e the

hydragenation step, whers appropriate,

The nexl step, stap (4) of the process of the invention Is to hydrolyse the
compaund of the formula IV to the desired stergoisomer of the compound of
the formuda Il The reacton may be caried out in the presence of a basze
which may be a salt of a lower aliphatic alcohal such as sedium methoxide or
sodium ethoxide, a metal hydroxide such as KOH, MaOH, or Ma(OH),, or

amine bases such as NHyOH,

The reaction may be camied out in any salvent typically used in hydrolysis
reactions, such as for exampke a lower aliphatic alechol or water.

Combinations af the solvenis may alse be used.

The reaction temperature may be any temperature below the bailing paint of
the chosen solvent or ihe reflux tamperature of the mixture al the pressure at

which the reaction is carried out.

In the compound of the formula |V, where R, is an isopropyl group, hydrolysis
of this compaund ({-)-menthyl ester) results in the preduction of (-}-menthel.

A5 5 final slep, the desired isemar of the compound of the formulz 11l may be
purified to the desired purity by, for example, distilalion or crystallisation.

Experimental Work
The results of various experiments carried out in relation to the process of the

invention ara sat out below.

Example 1
m-Cresol (2,0 g} and o-phospharic acid (4 Mal eq 8,5 g) were placed in a
round bottom flagk and heated to B5°C. Isopropanol (1,17 g) was added
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dropwise over 30 minutes. The reaction was then cooled fo 25°C, and ihe
organic phase extracted info fclusne (20 ml).  NMR analysis of the
concentrated organic fraction indicated a 10% conversion of m-crescl to

thymol.

Example 2

Thymol (4,20 g), cyclohexane (50 ml) and 5% FUC (0,40 g) were placed in 2
300 ml Pam auteclave reaclion chamber, Once sealed, the chamber was
flushad with N; (g) before charging with Hp (g} (20 bar) The reaction was
heated to 180°C and the reaction was allowed to proceed for 2 hours. The
reaction was then allowed to cool 1o foom temperature, the pressure inside the
reactor was released and the reaction mixiure filterad to give a mixiure of
menthal stareoisomers (100% conversion thymal, 80% selectivity to menthals).

Example 3

In 2 mi vials, 10 or 100 mg of Pseudomonas cepacia lipase (F.Iuka)‘
Pseudomoras fluorescens lipase {(Fluka), penicillin acylase {Altus), subtilisin
Carlsberg (Alus), Aspergifus oryzae protease and PeptiCLEC-TR slumy
(Altus) were weighed, To this cyclchexane, hexane, pentene or heptane
(962,72 ul) were added. 1somaric menthol {23 i) and vinyl acetate (14,28 uly
were also added. These vials were Incubated at 30°C or 37°C for 2 or 43 '
hours. Enzyme was then removed from the mixturs by centrifugation,
Samples ware analysed by gas chromatography (GC). An individual peak
faund on each of the chromatograms was identified as that of (-)-menthyl
acetate by comparison with the corresponding retention time of a standard

sample of {-}-menthyl acetate.

Exampie ¢4
Lyophilised Amano AK (2 Pseudomonas fiuorescens Jipase enzyme) was
chtained from Amane FPharmaceutical Co. (Japan). Cencentrated liquid

JP 2004-502744 A 2004.1.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

WO 004384

(32)

-i6-

manthol was produced hy the hydrogenation of thymol. The menthol
contained four diastereomeric pairs of menthols, namely (*)-menthol (51%),
(t)-isomenthal {14%), (t)-necmenthal (28%) and {E}-necisomenthol (2%). A
voluma of 1ml was added to sealed bateh reactors. Vinyl acefate (54 ul) was
added at a 2:1 malar ratio to {}-menthel. Heptane was added as solvent to a
final reaction volume of 5 ml. These reactors were incubated In silicon il
baths at 50°C and siirred on a stirring hot plate. Batch times, unless otherwise
stated wers 24 hours. The reaction mixture was then centrifuged to separate
the products from the enzyme. The supernatant was anafysed by GG (%m/m
analysis). Of the available (-}-menthal, 100% was converted to (-)-menthyl
acetate, at an ee of 88%. The enzyme was recyclad a total of 15G times by
wastiing with heptane and adding fresh substrate (liguid menthol, viny! acetate
and heptane) after every recycle. An amount of menthyl acstets equivalent to
184 g of {-}-meanthol was produced by this process.

Example &

Amana AK lipase anzyme was dissclved in phosphate buffer (5 mM, pH 7)
before adding Cefite 535 {in a ratio of 1:2). The mixture was frozen at 80°C
for 5 minutes and then freeze-dried for 24 hours to praduce immobilized
enzyme. A substrate mixture containing 13,5% (wv) of liquid menthel and
5,5% {viv) vinyl acetate and 79% {viv) of n-heptane was prepared. The
mixture was pumped through 5 celumns arranged in series packed with
immokilised enzyme. The temperature of the reaction was maintained at
50°C. The end product was analysed for the farmation of (-)}-menthyl acetate
by GC analysis. Of the availabfe (-}-menthol, 100% was canverted to {-}-
menthyl acetate atan es of 98%. In a 206 day period an amount of (-)-menthy!
acetate equivalznt to 101g of menthel per gram of immobilized enzyme was
produced by this immabilized enzyme system.

PCTITROLDI008
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Examgle 8

A solution of methanc (50,1 g), water (50,21 g) and NaOH (6,03 g, T,15 mal)
was placed in a reactor and heated to 60°C. (-)-Menthyl acetate (30,53 g, 15
mol) was then added to the reactor and the reaction was vigorously stirred for
30 minutes. Qualitative GC analysis indicated a 53 area % menthy! acetate
and & 47 area % menthal,

Example 7

{-)-Menthol (100 g) and Mi {1%) were placed in round bottem flask and heated
at refiux far 2 hours, Once cooled ta 25°C, the reaction mixture was sampled.
CQuantitative m/m analysis 17% thymol, 23% menthols and 54% menthones
with a % (+)-menthaol/(x)-menthal of 22%
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CLAIMS

1 A process of separating a single desired stersoisomer from a racemic
mixlure of gight sterecisomers of a compound of the formula 11

QH

ey

i
whersin Ry represents sn [sopropanol group, an isopropyl group or an
isopropylene group, Including the: steps of:

(1) contact the racemic mixture in @ suitable organic salvent wilh an
eslerifying agent and a stereospecific  enzyme  which
sterepselectively  esterifies the -OH group of the desired
stereoisomer, for a time sufficient to convert & desired percentage
of the desired sterenisomer to a compound of the formula IV

Ry

v
wherein R, i5 as defined ahove and Rqis an alkyl or an aryl group,

A 2004.1.29
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to give & first reaction product Including the compound of the
forrula IV, the organic solvent, the unconverted stereaisomers of
the compound of the formula I}, excess esterifying agent and by-
products of the reaction: and
separating the cempound of the formula 1V from the first reaction

product.

A process accerding 1o claim 1 wherein step (2) comprises the sub-steps

of:
(2){a}
(2)(B)

12)e)

separating the first reaction product from the enzyme;

removing from the first reaction product the arganic sclvent, the
excess asteriying agent, and the by-products af the reaction to
give a second reaction preduct including the compaund of the
formula [V and the unconverted sterecisomers of the compound
of formula Il and

separating the compound of the farmula IV from the second
reaction preduct leaving a third reaction product centaining the

unconverted sterecisomers of the compound of the formula il

A process accarding to claim 1 or daim 2 including the step, after step

(?) of
3

racemizing the unconveried stersaisomers of the compound of the
formula 11l in the third reaction product to give a fourth reaction
product containing a mixture of 2l eight stereoisomers of the
compeung of the formula 1l and recycling the fourth reaction

product to step (1).

A process according to ¢laim 3 including the step, after step (3) of:

(&)

hydrolysing the compound of the formula IV fo give the desired

stereoiscmer of the compound of the formula 13,

JP 2004-502744 A 2004.1.29



L T e T e T e T e T e T e T e T T e T e T s O s O s O e TR s T e O e, T s T e, O e, T e, O e T e TR e O e, IO e T e T s R |

(36)

WO 004384 PCTITROLDI008

20-

5 A process sccording to claim 4 wharein when R is an isoprapanel group
or an isopropylene group, before or afier step (4), the compaund of the
formula IV or the desired sterecisomer of the compound of the formula 11|
Is subjected to a reductian step to convert Ry to an isopropyl group.

3] A process according 1o any one of claims 1 to § including the following
steps, prier to step {1} of
{a) reacting a compound of the formula |

Rz

oR,

t
wherein R, represents a meihyl or a hydroxymethyi group, and Ry represents
H, a base metal, a benzy! group o an allyl group,
with an alkylating agent in the prasence of 2 catalyst to give & compound of the

formula I

O,
Ry
n

wherein R, is as defined in cialm 1 and R and Ry are as defined above; and
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(hy  hydragenating the compound of the formuta It in the presence of a
catalyst to give & racemic mixture of the eight sterecisomers of the

compound of the formula HI.

A process according fe any one of claims 1 fo 6 wherein in step (1) the
solvent is selectsd from the group consisting of isvoctane; n-heptane,
decane; methyl cyclohexans, thutyl methyl ather, xylans;, kerosene,
pentane; cyclohexane; hexane; benzene; bulanol; toluene, isQpropanct;

athyl lactate; and asetone,

A process according ko claim 7 wherein in step (1} the solvent is n-

heptane.

A process sccording to any one of claims 1 to 8 wherein in step (1) the
esterfying agent (s setected from the group consisting of vinyl acstate,
butyl acetate, octanoic acid, isopropenyl acetate, vinyl butyrate, ethyl

iactate and ethyl acelate.

A pracess according o claim 9 wherein in step (1) the estarifying agent s

vinyl acetate,

A process according to any one of claims 1 10 10 whergin in step (1) the
esterifying agent is used in & molar ratic to the desired sterecisomer of
the compound of the formula 31t of 0,57 to 30:1 inclusive.

A process according to any one of claims 1 to 71 wherein in step (1} the
sterenspecific enzyme is selected from the group consisting of Candida
cylindraces lipase, lipase Hog pancreas, lipase Pseudomonas
fluorescens, lipase Aspergillus oryzae, lipase Rhizopus niveus, lipase
Rhizomucor miehei, pase Candida artarctica, lipase Mucor javanicus,
lipase Rhizopus amhizus, lipase Penicilium roqueforl, ipase Candida
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lipolytica, lipoprotein lipase Pseudemonas so., type B, lipeprotein lipase
Pseudomonas cepacis, lipoprotein lipase Chromobacterium viscosum,
esterase Barillus thermoglucosidasius, esterase Bacillus
stearothermaphilus, esterase Mucor mienel, esterase hog liver, Candida
rugosa lipase, jipase Mucor miehel, Candida antarciica B lipase,
Candida antarctica A lipase, Chiro-CLEC-CR, Chiro-CLEC-CR (slumy),
poicing liver esterase, Peniclilin acylase, Subtilisin Carlsberg, LChira-
CLEC-BL (slurry), Chiro-CLEC-PC ({slurry), Chiro-CLECG-EC (slurry),
Aspergilus aryzae protease, PeptiCLEC-TR (sturry), ESL-001-01, ESL-
001-01 with stebiliser, ESL-001-02, ESL-001-03, ESL-001-05, Chirazyme
L4 (Pseudomonas §p.), Chirazyme L3 {Candida antarctica fraction A),
Chirazyme L1 (Burkholderia), Chirazyme L6 (Porcine pancreas),
Chirazyme L7, Chirazyme L8, Naproxen astarase, Lipomax, Genzyme,
Lipoprotein lipase, Novozyme B38, Movozyme 435, immehilised Candida
antarctica lipase, Magase enzyme, Lipase A-10FG (Rhizopus javanicus),
Amano AYS, Amano PS, Amang PSD. Amano AKDR11, and Amano
AKD1T,

A process according te any one of claims 1 to 12 wherein in step (1) the

enzyme is Amano AK fipase enzyme.

A process aécording o &ny one of claims 1 to 13 wherein in step (1) the
stersospecific enzyme Is usad in an amount of from 1g/l to 60/ inclusive
of the mixture of the racemic mixture of the eight stersolsomers of the
compound of the formula 1], the suitable organic solvent and the

esterifying agent.

A process accarding o any one of claims 1 to 14 wherein step (1) is
camied out at a temperalure of fram 20°C to 100°C inclusive and at

atmaspheric or highar prassure.
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A process according to any one of claims 2 to 15 wherein after step

{2)(8) the sterecspacific enzyme is recycled to step {1).

A process according o 2ny one of claims 2 to 15 wherein in step (1} the
stereospecific enzyme is used in & uentinuous system wherein the
stereo specific enzymea is ratajinad within a reactor and wherein in siep
(@&} the first rsaction product exits the reactor leaving pehind ihe

enzyme,

A process accarding te any one of claims 4 to 17 wherein in step (4) the
hydraiysis is caried out in the presence of a base, In a suitable solvent,
and at a tamperature below the Boiling point of the solvent or the reflux
tersperature of ihe mixture of reactants at the pressure at which the

reaction is carred out.

A process acearding to any one of claims 1 to 18 wherein in the

compound the formula ), Ry represents an isopropyl group.
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