WO 02/ 04384 PCT/ 1B01/ 01008 -1 PROCESS FOR PREPARI NG (-) MENTHOL AND

SI M LAR COMPOUNDS BACKGROUND TO THE I NVENTION THI S invention relates to a
process fwo opogsuci ng (-)-nmenthol and simlar conpounds. PCEF)BOVSMGOROl i s
one of the world's largest selling flavour conpounds, with a production of
about 11800 tons per annum Its pepperm nt flavour and cooling sensation
are used in many products, primarily in nenthol ated cigarettes and oral
hygi ene products, such as toothpaste, nmouthwash and chewi ng gum

Phar maceuti cal and heal thcare products use nenthol in a variety of product
types, such as cough | ozenges, shaving cream and topical anal gesics. Ow ng
to seasonal variations and poor farm ng practices, the availability of
natural menthol fromthe |argest supplying countries, India and China, is
sonetinmes erratic. In L i I i ted anmount of pepperm nt
can be planted, thus %{:Fﬁg F{Cﬁﬁ%ﬁgj&'@“g\f«)&ﬂ%’tﬁé"mnt hol . The remai nder
of the demand for nent hol AND SIEHILAR COMPOENNDS nent hol . CONFI RVATI ON COPY
WO 02/ 04384 PCT/ 1B01/01008 -2 Organol eptically, natural and synthetic

ment hol are conpletely interchangeable; any slight differences have been

| argely elimnated through product devel opnent. Moreover, synthetic

ment hol has a purer and nore consistent taste and odour profile since it
does not contain the inpurities

BACKGROUND TO THE INVENTION

THIS invention relates to a process for producing (-)-menthol and similar

compounds.

(-)-Menthol is one of the world’'s largest selling flavour compounds, with a
production of about 11800 tons per annum. lts peppermint flavour and cooling
sensation are used in many products, primarily in mentholated cigarettes and
oral hygiene products, such as toothpaste, mouthwash and chewing gum.
Pharmaceutical and healthcare products use menthol in a variety of product

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

Owing to seasonal variations and poor farming practices, the availability of
natural menthol from the largest supplying countries, India and China, is
sometimes erratic. In addition to this, only a limited amount of peppermint can
be planted, thus limiting the supply of natural menthol. The remainder of the

demand for menthol is met by synthetic menthol.

CONFIRMATION COPY



present in natural nmenthol. There is always a need for new processes for
the production of (-)-nmenthol and simlar conpounds. SUWARY OF THE

| NVENTI OwW@ozot38i ng to the invention there is provided a PpeDIREH1I®S
separating a single desired stereoisoner froma racem c mxture of eight
stereoi somers of a conmpound of the formula Il OH R 1l | Werein R
represents an isopropanol group, an isopropyl group or an i sopropylene
group, including the steps of: (1) contacting the racem c mxture in a
suitabl e organic solvent with an esteriflying agent and a stereospecific
enzyme which stereoselectively esterifies the -OH group of the desired
stereoi somer, for a time sufficient WO 02/04384 PCT/1B01/01008 -3 to
convert a d¥genddptsaly.entnatyiealof ane G¥Rtheld srenrtBel s@ier ceompeletalbnpound of
the forml %tg%hgn é%bRe‘l snéM GHORAELD 8o biedfardal difthAOPYfoanl RE IS an
al kyl or an ar % Ive a first reaction product Inc ng the
conmpound ofprq;ch@t fctwalppment\/ Moreover, synthetic menthol has a purer and more

consistent taste and odour profile since it does not contain the impurities

present 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 invention there is provided a process of separating a single

desired stereoisomer from a racemic mixture of eight stereoisomers of a

compound of the formula Il

OH

Ry

I
wherein R; represents an isopropanol group, an isopropyl group or an
isopropylene group, including the steps of:
(1) contacting the racemic mixture in a suitable organic solvent with an
esterifying agent and a stereospecific enzyme which stereoselectively

esterifies the -OH group of the desired sterecisomer, for a time sufficient



t he organi c solvent, the unconverted stereoi sonmers of the conmpound of the
formula I'll, excess esterifying agent and by-products of the reaction; and
(2) sepamadbngi3she conpound of the fornmula IV fromthe fiPET/IBlBACINBON
product. Step (2) preferably conprises the sub-steps of: (2)(a) separating
the first reaction product fromthe enzynme; (2)(b) renoving fromthe first
reaction product the organic solvent, the excess esterifying agent, and

t he by-products of the reaction to give a second reaction product

i ncluding the conpound of the fornula IY.and the unconverted stereoisoners
of the compound of fornula Il ; and (2)(c) separating the conpound of the
formula IV fromthe second reaction product |eaving a third reaction
product cont ai mbNgrivBe aUssNBY efdreshtagerd oingoaesiedokterd@sarogmaund of the
formula I'll. The process, of thﬁtkgvention preferably includes a further
step, step (3) 8P Powgs 6DINEAYER!PET/ 1801/ 01008 -4 (3) racenizing the
unconverted stereoisoners of the ,conpound of the forrmula Ill in the third
reaction product to give a fourth reaction product containing a m xture of
all eight stereoisoners of the cdnpound of the formula Il and recycling
the fourth reaction product to 2R (1). The process of the invention
preferably includes a further step (4P of: (4) hydrolysing the

conmpound of the formula IV tojgive the deilﬁ st ereoi sonmer of the

conpound of the formula 111
o Rs

v
wherein R, is as defined above and R, is an alkyl or an ary! group,

to give a first reaction product including the compound of the formula 1V,
the organic solvent, the unconverted stereoisomers of the compound of
the formula lll, excess esterifying agent and by-products of the reaction;
and

(2) separating the compound of the formula IV from the first reaction

product.

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

(2)(a) separating the first reaction product from the enzyme;

(2)(b)  removing from the first reaction product the organic solvent, the
excess esterifying agent, and the by-products of the reaction to
give a second reaction product including the compound of the
formula 1V .and the unconverted sterecisomers of the compound
of formula lll ; and

(2)(c) separating the compound of the formula IV from the second
reaction product leaving a third reaction product containing the

unconverted stereoisomers of the compound of the formula Il

The process of the invention preferably includes a further step, step (3) of:



In the process of the invention, when Rl is an isopropanol group or an

i sopropyl ene group, before or after step (4), the conpound of the formula
IV or theodwei3sed stereoi soner of the conpound of the foraniBolloldosmay be
subjected to a reduction step to convert R to an isopropyl group. The
process of the invention preferably includes the follow ng steps, prior to
step (1) of: (a) reacting a conpound of the fornula | RZ OR3 wherein R2
represents a nethyl or a hydroxymethyl group, and R3 represents H, a base
nmetal, a benzyl group or an allyl group,-4th an al kyl ating agent in-the
presence of a catalyst to give a conmpound of the fornula Il WO 02/04384
PCT/ 1B01/ 01008 -5- R2 OR3 Rl Il wherein Rl, R2 and R3 are as defined
above; and (Bb) ragemisipenttei HocarvertednyioEAGoarE s 196 ther samreund ph thde presence

of a catalyst L Vi@ Ak ' ] i ' SI&beYsQErs of the
conpound of thJB%élgélemﬂhFﬁﬁﬁ%E%é%é#%ﬁC% %R/%d%ﬂosl\l/gﬁl\nr's C‘?hgcﬁér ux of the
invention i s a qontaiesg aohixtepaf at isghtstepaighaesesi ed-ompound of the

formula Hl and recycling the fourth reaction product to step (1).

The process of the invention preferably includes a further step, step (4) of:
(4) hydrolysing the compound of the formula IV to give the desired

stereocisomer of the compound of the formula lll.

In the process of the invention, when R; is an isopropanol group or an
isopropylene group, before or after step (4), the compound of the formula [V or
the desired sterecisomer of the compound of the formula Ill may be subjected

to a reduction step to convert Ry to an isopropyl group.

The process of the invention preferably includes the following steps, prior to

step (1) of:
(a) reacting a compound of the formula |

Ra

ORj

|

wherein R, represents a methyl or a hydroxymethyl group, and R represents

H, a base metal, a benzyl group or an allyl group,
with an alkylating agent in the presence of a catalyst to give a compound of the

formula Il



stereoi somer of a compound of the forrmula Il froma racemc mxture of the
ei ght stereoi soners of the conpound of the formula 111, by esterification
using a woeresspeci fic enzynme. This process step may forpRCpaBai/oodosa | ar ger
process as described below. The first step, step (a) of the process is to
al kyl ate a conpound of the formula | to yield a conpound of the formula
I'1, using an al kyl ati ng agent such as propyl ene, isopropanol or acetone,
in the presence of a catal yst. WO 02/04384 PCT/1B01/01008 -6 The catal yst
may be a Lewis acid catal yst such as Al CGi3, SnCl4, BF3, ZnCl2 or Fed 3; or
a Bronsted acid such as HCl, HF, H2SO4 or H3P04; or a suitable supported
catal yst such as Envirocat EPIC which is a pol yphosphoric acid on a
support, or Envirocat EPZ 10 which is a ferric chloride on a support; or a
solid phosphoric acid; or a suitable zeolite catalyst which is the
preferred catalyst. Step (a) may be carried out in the presence of a

sol vent such as a chlorinated solvent, e.g dichloronethane, chloroform or
di chl oroet hane, but the presence ofga solvent is not essential. Step (a)
may be carried out as a batch reactipn or as a continuous gas or liquid
phase reaction. In step (a), the reaftion tenperature during and after the
reaction nay be any tenperature beg ,\550C. Step (a) may be carried out in
air or under an inert atnosphere § argon or nitrogen. The conpound
of the formula | is preferably and thus the conpound of the
formula Il is preferably thynol. '

I

wherein R4, R; and R; are as defined above; and
(b) hydrogenating the compound of the formula Il in the presence of a
catalyst to give a racemic mixture of the eight stereoisomers of the

compound of the formula Il

DESCRIPTION OF EMBODIMENTS

The crux of the invention is a process of separating a single desired
stereocisomer of a compound of the formula lil from a racemic mixture of the
eight stereoisomers of the compound of the formula lil, by esterification using a

stereospecific enzyme.
This process step may form part of a larger process as described below.

The first step, step (a) of the process is to alkylate a compound of the formula |
to yield a compound of the formula Il, using an alkylating agent such as

propylene, isopropanol or acetone, in the presence of a catalyst.



At the end of step (a), the catalyst is renoved or deactivated, and any

sol vent present is renoved. The required conpound of the fornmula Il is

i sol at ed Woom438he reaction m xture, for exanple by distiPCrIBIQMI00Ehe
unreacted al kyl ating agent and reaction by-products nay be recycled to
step (a). The second step, step (b) of the process is. to reduce the
conpound of the fornmula Il to a racemc mxture of the eight stereoisoners
of the compound of the formula Ill, by hydrogenation using hydrogen gas
over a suitable catalyst. WO 02/04384 P@E¥/ 1B01/ 01008 -7 The catal yst may
be any catalyst typically used in honbgeneous catal ytic hydrogenations
such as Pd(OAc)2 or in heterogenous catal ytic hydrogenations such-as
support ed Pha¢ lcatiiyshay|etd hawis adfbertaist whreén‘%lﬁm SAFkkBF3 Z866Rje  ni ckel
and 2CuQO. o T r i i | .eet, aby st sui cat al yst

| oadi ng macﬁggg P gas@ﬁgt%et%ﬁgsg/?* g%e e]’r gﬁf'?z]‘g?gﬁoﬁg%bb%?ﬁS_uéttgglg (b) may be
carri ed oususpariedeatalist ket asaER\GIogalERIClwhigh 551 RelWehasgheriezrid P 2 may be any

solvent 1Yol & Yr BRAMELEREAGALMEY s Ik ﬁf&%@éé 9a BHo AL

hydr ocar bon™'or aqueous caustic. , Ste b) is preferably carried out at an
el evat ed t phgsphaticegdpdr & swiebBoEotite Caglwtvwhw@llilﬁl%?feﬁﬁéfcé?aé}’ét-y from 160C
to 200C inclusive. Step (b) is carried out using a hydrogen pressure which
is below 50 bar, preferably between 5 and 35 bar inclusive. Wen the
conpound oStdph@) fraayrhd cartied pst in yaplesendseslfea savandshetiaa arduasiRried ni xt ure of

the four pairs..of di (ﬂg’g%ri I ] . b el dre hol ,
()<i soment RAFEt ?'—gngtia'%ﬂ%%ﬁﬁol aehﬁh'k’ﬁﬁﬁﬁ?;%%%?f?’ea?%ﬂ preSELy
of a solvent is not essential.

Step (a) may be 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

temperature below 450°C.

Step (a) may be carried out in air or under an inert atmosphere such as argon

or nitrogen.

The compound of the formula | is preferably m-cresol, and thus the compound

of the formula 1l is preferably thymol.

At the end of step (a), the catalyst is removed or deactivated, and any solvent
present is removed. The required compound of the formula Il is isolated from
the reaction mixture, for example by distillation. The unreacted alkylating

agent and reaction by-products may be recycled to step (a).

The second step, step (b) of the process is to reduce the compound of the
formula |l to a racemic mixture of the eight stereoisomers of the compound of

the formula lll, by hydrogenation using hydrogen gas over a suitable catalyst.



i nternedi ates ()-nenthone and ()-isonenthone. At the end of step (b), the
catalyst is renoved, e.g by filtration, or is deactivated, and any sol vent
present wOproB8£d. The next step of the process of the | POPIRIILONISSTE ep
(1), is the key step of the process. WO 02/ 04384 PCT/1B01/ 01008 -8 The
racem c mxture of the eight stereoisoners of the conpound of the formula
1l fromthe hydrogenation step (step (b)) is contacted in a suitable
organic solvent with an esterifying agent and with a stereospecific enzyne
whi ch stereoselectively esterifies the - group of the desired

st er eoi soner of the conpound of the fornmula Il1l, for a tine sufficient to
convert a desired percentage of the desired stereoisoner to a conpound of
the formul a , i i I t, | i conmpound of
the f or ml a1y ceifist HE 48 Bl SehRP SRl HeRd I norR g g P e
conmpound of hydregerfadionsibach 8% Pd€X®ssr ipdetarpggniong catpiic hydragenstiops oduct s of

St er oot somer 3t o sLEARtod ol Bp “bRUARS TPk Ty SR RE e * et r e

st er eoi sonengkgfantdZEusdeplund of the formula 11 remaining substantially
unchanged, al though small anmounts of the other stereoisoners may al so be
esterified by the enzyne. When R1L of the conpound of the forrmula Ill is an

i sopropyl gibepreferad cajalypldsiadickersatalysbnds t o ment hol whi ch consi sts of

ei ght stereoi soners. The desired stereoisoner of nmenthol is the
(-)-isoner, which can be selectively esterified using a suitable enzynme to
t he (-)-menfThykatelystioadimpenayhie fadsh @, Wrtg@Avw pederablytiram.Sde Sy sol vent
typically used for enzyne

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

hydrocarbon or aqueous caustic.

Step (b) is preferably carried out at an elevated temperature of from 80°C to

300°C inclusive, preferably from 160°C to 200°C inclusive.

Step (b) is carried out using a hydrogen pressure which is below 50 bar,

preferably between 5 and 35 bar inclusive.

When the compound of the formula Il is thymol, there is formed a racemic
mixture of the four pairs of diastereomeric isomers of menthol, viz (+)-menthol,
(x)-isomenthol, (x)-neomenthol and (#)-neoisomenthol, as well as two

intermediates (£)-menthone and (+)-isomenthone.

At the end of step (b), the catalyst is removed, e.g by filtration, or is

deactivated, and any solvent present is removed.

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

process.



catal ysed esterification reactions, including isooctane; n-heptane; decane;
nmet hyl cycl ohexane; t-butyl nmethyl ether; xylene; kerosene (C5-C6

par af f i nay0 okerssasol 60/ 115), (C7-C8 paraffins, kerasol 94pPaPHo1/op@at ane;
cycl ohexane; hexane; benzene; butanol; toluene; isopropanol; ethyl

| actate; and acetone. The preferred organic solvent is n-heptane. .The
anount of the organic solvent used relative to the racemc m xture of the
conmpound of the formula Il is preferably in the range of from5%to 80%
racemc mxture to 95% to 20% or gani c solgzent on a volunme basis. WO

02/ 04384 PCT/ 1B01/ 01008 -9 Wen the organic solvent is n-heptane, the
racemc mxture is preferably used in an amount of 20%v/v in the

n- hept ane. T%a@ém%rm&wr@gfﬂtg@*gthtmyemnwyosmet@hhp@ueswemeffynmga agent such
as for exarrpl e vi nyﬁygacet ate, but %’tﬁaa(@ tate, noi c CI d, i1sopropenyl
t

acetate, vilthyTom Bog ywgiogenaianstep 4 'ﬁacoé‘ S8t @ble'ﬁﬁ%arﬁ eferred

esterifyi ngoR@eNNwihS aMléHénfﬁﬁ@ta@teat aﬁ@eNnestaeélefeﬂspgcua@@n‘zyrﬁawﬂneh used in an

nolar ratio to the desired er eqi soner (? eCOJT?OUI’]d of tq? formula 111

of 0,5:1 uﬁt%réo%eqtlve%%terﬁfeéfta?réh' HoHare “é? dGSIERY PIREPOLONY | 3‘?%9 agent to

the desiredqpiRupai sORRS f@nfmlslélan eompotime efiffitibet &@rmbmlé |ddsBedbout 2: 1
is a

when vinyl acetate is used. as t he estegtfyl n 8‘? g) %Zl
st er eospeciFaresiags) Ak henfesed S80S0 8P ?\FQF’%’OE &F it BEmy “OH group of
the conpoung, ot file rdLtigH dp’q\odidct inchitnge frey B8mpayhdoer c@wtoamuadlwtmdm n a

mi croorgani’sm or secreted into a  mediumrequired for mcroorgani sm
growt h, or aFagnipeslvaiitl H18 émém%ls&?qeglsome s of the compound o

formula lil, excess esterifying agent, and by-products of the reaction.

The reaction is a stereoselective esterification of a desired stereocisomer of the
compound of the formula lll, with the other sterecisomers of the compound of
the formula 1l remaining substantially unchanged, although small amounts of

the other sterecisomers may also be esterified by the enzyme.

When R; of the compound of the formula Il is an isopropyl group, the
compound corresponds to menthol which consists of eight stereoisomers. The
desired stereocisomer of menthol is the (-)-isomer, which can be selectively

esterified using a suitable enzyme to the (-)-menthyl ester.

The suitable organic solvent may be any solvent typically used for enzyme
catalysed esterification reactions, including isooctane; n-heptane; decane;
methyl cyclohexane; t-butyl methyl ether; xylene; kerosene (C5-C6 paraffins,
kerasol 60/115), (C7-C8 paraffins, kerasol 94/125); pentane; cyclohexane;

hexane; benzene; butanol; toluene; isopropanol; ethyl lactate; and acetone.

The preferred organic solvent is n-heptane.

‘The amount of the organic solvent used relative to the racemic mixture of the
compound of the formula Ill is preferably in the range of from 5% to 80%

racemic mixture to 95% to 20% organic solvent on a volume basis.



in sem-purified or purified form M croorganisns can al so be provided with
the ability to produce a suitable enzyne through the process of genetic
engi neer iwmgQ 0w6438he m croorgani sm Exanpl es of enzynes andraiaBoon@ani sms
that are capable of performng this esterifying process include those
exhibiting |ipase, esterase or protease-like activity. Suitable enzynes
include, but are not limted to: Enzynes supplied by Fluka: Candi da
cylindracea |ipase, |ipase Hog pancreas, |ipase Pseudononas fl uorescens,

| i pase Aspergillus oryzae, |ipase Rhizopws WO 02/ 04384 PCT/ 1B01/01008 -10
ni veus, |ipase Rhizonucor m ehei, |ipase Candida antarctica, |ipase Micor

j avani cus, lipase Rhizopus arrhizus, lipase Penicilliumroqueforti, |ipase
Candi da | i pwhan treaorgbnipepiventss n-Hepparse tesrmgdmivonxgirs 5. prefeyaidy Bsed i popr ot ei n

| i pase Pseudononas cepaci 1 Lpop L0 |ipase Chronpbacterium viscosum
est erase BALF |al%°%”ﬁ8‘$%§)§?ﬁvd'laﬁ% aé?@g{]g’est erase Bacill us

st ear ot her nophi | us, esterase Miucor m ehei, esterase hog liver; Enzynes

supplied by Al tus:. Candida r sa_lip i - .ehei ... Candi da
antarciti cérh@ PPISEREY egRY; nggon & ktlﬁ@gblﬁ h&%g@g%%%r}toméﬁE% H
Chi r 0- CLECe&Bmpsd vinylydcetqier witylecktaterodastodr agd, isBempei bBeetatec yinake,

Subtilisin ggtl(ezgﬁryﬂ%t%pe;é%-eeﬁéﬁ%%te(sI urry), Chiro-CLEC PC (slurry),

Chi ro-CLEC-bEI Us oryzae protease, Pepti CLEC TR
(slurry); Enzynes supplied by Reconbi nant Biocatal ysis: ESL-001-07,

St T ST R S
(Pseudonobnas
The esterifying agent may be used in an molar ratio to the desired
stereoisomer of the compound of the formula Ill of 0,5:1 up to 30:1. The
preferred molar ratio of the esterifying agent to the desired sterecisomer of the
compound of the formula lll is about 2:1 when vinyl acetate is used as the

esterifying agent.

The enzyme is a stereospecific enzyme which stereoselectively esterifies the

-OH group of the compound of the formula lll.

The enzyme may be contained within a microorganism, or secreted into a
medium required for microorganism growth, or may be available commercially
in semi-purified or purified form. Microorganisms can also be provided with the
ability to produce a suitable enzyme through the process of genetic

engineering of the microorganism.

Examples of enzymes and microorganisms that are capable of performing this
esterifying process include those exhibiting lipase, esterase or protease-like

activity.

Suitable enzymes include, but are not limited to:
Enzymes supplied by Fluka: Candida cylindracea lipase, lipase Hog pancreas,

lipase Pseudomonas fluorescens, lipase Aspergillus oryzae, lipase Rhizopus



sp.), Chirazyne L5 (Candida antarctica fraction A), Chirazyne LI
(Bur khol deria), Chirazyme L6 (Porcine pancreas), Chirazynme L7, Chirazyne
L8; Enzyme@ozuspd i ed by G st-Brocades: Naproxen esterase, PCT/mmaxg8Cenzyne,
Li poprotein |ipase; Enzynes supplied by Novo: Novozyme 868, Novozyne 435,
i mobi | i sed Candida antarctica |ipase, Nagase enzyne, Lipase A-10FG
(Rhi zopus javanicus); Enzynmes supplied by Amano: Amano AYS, Amano PS,
Amano PSD, Amano AKDl11l, Amano AKDl111l. The preferred enzynme is Amano AK
| i pase enzyne supplied by Amano of Japam- The enzyne may be used either in
the free formor immobilized on a suitable support which nmay be
di at omaceous earth. WD 02/04384 PCT/ 1B01/01008 -11 The enzyne is
pr ef er abl ynivaes lipasarRipamindor afieheipiipdsey/danticabaghtctiod, ltfase Meact i on
m xture, i.e the racem ¢ mxture of the eight stereoisoners of the

p el Hera ke

conpound ofVENEUT ofRRfFa RNIAOPUY ndTLES a GATETE OGP

est eri fyi nganaigentpolylibe Npepaiteihi ipasstRyeudsmphas espablyye drliopcbteint at a
tenperature of from 20C to_ 100C inclusive and at .atnospheric ar higher
pressure. NRFSR %??é‘d%‘??ﬁ% C?%ac'%ﬁﬁ%mm lipfiee ggé‘%f@??aégé%#@aw??"os ‘enper at ur e
i s about 58&eraEBeRddRR! tHeinylucesidasios éseraocatbailes stamrothetmapbilsyf ficient to
convert a desire <‘[J%erc nt a%%rof theIi desired stereoi soner of the conpound

of the for‘f‘rﬁ??s?l u mug'lel,e ase hog liver,
Enzymes supplied by Altus: Candida rugosa lipase, lipase Mucor miehei,

Candida antarcitica B lipase, Candida antarctica A lipase, Chiro-CLEC-CR,
Chiro-CLEC-CR (slurry), porcine liver esterase, Penicillin acylase, Subtilisin
Carlsberg, Chiro-CLEC-BL (slurry), Chiro-CLEC-PC (slurry), Chiro-CLEC-EC
(slurry), Aspergillus oryzae protease, PeptiCLEC-TR (slurry);

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

Enzymes supplied by Boehringer-Mannheim: Chirazyme L4 (Pseudomonas
sp.), Chirazyme L5 (Candida antarctica fraction A), Chirazyme L1
(Burkholderia), Chirazyme L6 (Porcine pancreas), Chirazyme L7, Chirazyme
L8;

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

Enzymes supplied by Novo: Novozyme 868, Novozyme 435, immobilised
Candida antarctica lipase, Nagase enzyme, Lipase A-10FG (Rhizopus
javanicus);

Enzymes supplied by Amano: Amano AYS, Amano PS, Amano PSD, Amano
AKD11, Amano AKD111.

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

Japan.

The enzyme may be used either in the free form or immobilized on a suitable

support which may be diatomaceous earth.



t he compound of the fornmula IV. Generally, it is desirable that as nmuch as
possi bl e of the desired stereoisoner is converted to the conpound of the
formul a WOwe/0438ut t he reaction proceeding to the esterifPCrBOAI@S t he

ot her stereoisoners present in the racemc mxture. The reaction tine is
preferably about 24 hours or |ess when the reaction is perforned in batch
node. The next step, step (2)(a) of the process of the inventionis to
separate the first reaction product fromthe enzyne so that the enzyne can
be recycled. This nmay be achieved for anpl e by centrifugation or by
filtration. A major advantage of the process of the invention is that it is
possible to recycle the enzynme a nunber of tines to the resol ution step,

so as to | fit it r enzyme
Fecyel o oy B R S4TER B Lieldr Thaneant oe e JoR I HENLY E8 etem
wherein t h@aemzryrrmaxtuse riet tiieneagemia Mixivee plist eight Fieseoisareerai o Wext ure of

t he conpound of th r I t terifying
agent as dedt ér%h&hhgjgyﬁﬁ?é“f@ s?ﬁa@%?ﬁ@é@g%@@%ﬁpédﬂgﬁ;?%@W’@@mo 02/ 04384
PCT/ 1B01/ 04¢88. - 12 desired stereoi soner of the conmpound of the fornmula Il
is esterified to the conmpound of the formula IV to formthe first reaction
product. The first reaction product typically exits the reactor at a

si m | ar raTke resddiienistdpeis drefecgblyf carrigdouhet a tenprrakiss n@fromh@ er2ynme may

|1
by 1 rrob | TR BA-ORE 614 DalnoPRehERE et PEBUER, i YEPaR Ry Sn ey

cross-li nkAn@noM@trlrmpu’efessmeelpea@pepem§%f(ab4)re atsfattOIué5QnC‘ocess of the i nvention
is to renove the

The resolution reaction is continued for a time sufficient to convért a desired
percentage of the desired stereocisomer of the compound of the formula Ill to
the compound of the formula IV. Generally, it is desirable that as much as
possible of the desired sterecisomer is converted to the compound of the
formula IV without the reaction proceeding to the esterification of the other

stereoisomers present in the racemic mixture.

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

performed 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 recycled. This

may be achieved for example by centrifugation or by filtration.

A major advantage of the process of the invention is that it is possible to
recycle the enzyme a number of times to the resolution step, so as to improve

the economics of the process.

The necessity for enzyme recycle may be eliminated by use of the enzyme in a
continuous system wherein the enzyme is retained within a reactor. The
racemic mixture of the compound of the formula lll, the organic solvent and the

esterifying agent as described above, are fed into the reactor, wherein the



organi c so

vent, the excess esterifying agent and any by-products

a second reaction product including the conpound of the formul a
unconver tved 0x048£0i somers of the conmpound of the fornula PCT/IBIMI®SMAY be
carried out by distillation in which the organic solvent, e.g the
and the excess esterifying agent, e.g the vinyl acetate, are tak

the top of

the columm as a single stream and recycl ed back to su

storage tanks for |later re-use. The next step, step (2)(c) of th
of the invention is to separate the conpound of fornula IV from
reaction product leaving a third reaction product containing the
unconverted stereoisoners of the conmpound of the forrmula I11. Th
separ ati on a@diregestaebisened obyhalicsinpbliad bbthe fonmulaelliciengmenifibdoo thbe for mul a

[V, when R
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S acem se t unconverted stereoisoners in the th

to t;‘?
reaction pryadizatiop RyivessdkBGrth  reacti on product containing a
all eight stereoisoners of the WO 02/04384 PCT/1B01/01008 -13 co

the formula |1l and recy
The raceni sab$ GF¥nhelgPhHa

£ RTBy gk 13 BPesal o ebtiuy & YR BF
organic solvent, the excess esterifying agent and any by-products, to give a
second reaction product including the compound of the formula IV and the
unconverted stereoisomers of the compound of the formula Ill. This may be
carried out by distillation in which the organic solvent, e.g the n-heptane and
the excess esterifying agent, e.g the vinyl acetate, are taken off at the top of
the column as a single stream and recycled back to suitable storage tanks for

later re-use.

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

the formula lll. This separation may be achieved by distillation.

In the compound of the formula 1V, when Ry is not an isopropyl group, the R,
group can, through a reduction process, be converted to an isopropyl group,
either at this stage, or subsequent to hydrolysis of the ester group as described
below. This results in the production of the desired sterecisomer of menthyl
ester, or subsequent to hydrolysis, in the production of the desired

stereoisomer of menthol.

The next step, step (3) of the process of the invention is to racemise the
unconverted stereoisomers in the third reaction product to give a fourth

reaction product containing a mixture of all eight sterecisomers of the

ird

m xt ure of
npound of
process.
Wi t hout



hydrogen gas, with or without a solvent, and at atnospheric or greater
pressure. The step may be carried out with or without a solvent. |If a

sol vent iwouyedss the solvent may be any sol vent typical | pCERd/0f @8

catal yti c hydrogenation, nost typically a hydrocarbon or aqueous caustic.
The catal yst used may be any catal yst typically used in honogeneous
catalytic hydrogenations such as Pd(QAc)2 and Ru(PPh3)3CI 2, or in

het er ogeneous catal ytic hydrogenations such as supported pal |l adi um

pl ati num rhodium ruthenium nickel, sgnge ni ckel and 2CuQ Cr2Q8r or a
solid oxide such as celite, CuQ, Cr03, O S, A 203, Ba(OH)2, MO

Al (10Pr)3, Ln@2, ZrO and the zeolites. The reaction nay be carried out at

any tenper t RCLsi b

oy L erper S e eER RN A NE U e B B e
any pressur@opedsow 50 bar, preferably between 5 and 35 bar inclusive. The
catal yst | oading may be between 0,01 and 20% preferably between 0,05 and
5% At the end of the step, the catalyst is renoved or deactivated, and any
sol vent  prBwxeracemisationovey beveshinved 4384 apeiiifabRo ¢atelys0gith -or awitheut

racem sat | M RAEA BBY, B OB UEEOH! sdierfORMUNR! OB SFogicdl) . 1 e the

hydr ogenat i where appropri ate He next step,
process of preesUréwention is to hydrol yse the corrpound of t he forrrul a IV to
the desired stereoi soner of the conpound of

The step may be carried out with or without a solvent. If a solvent is used, the
solvent may be any solvent typically used for catalytic hydrogenation, most

typically a hydrocarbon or aqueous caustic.

The catalyst used may be any catalyst typically used in homogeneous catalytic
hydrogenations such as Pd(OAc), and Ru(PPh;);Cl,, or in heterogeneous
catalytic hydrogenations such as supported palladium, platinum, rhodium,
ruthenium, nickel, sponge nickel and 2CuQ.Cr,0O;, or a solid oxide such as
celite, CuO, CrO;, Co0, SiO,, Al,O;, Ba(OH),, MnO, Al(iOPr);, LnO,, ZrO and

the zeolites.

The reaction may be carried out at any temperature between 80°C and 300°C

inclusive, preferably at a tempera{ure between 180°C and 220°C inclusive.

The hydrogen pressure may be any pressure below 50 bar, preferably

between 5 and 35 bar inclusive.

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

At the end of the step, the catalyst is removed or deactivated, and any solvent

present is removed.



the formula Il1. The reaction nmay be carried out in the presence of a base
which may be a salt of a |lower aliphatic al cohol such as sodi um net hoxi de
or sodi woerhssd de, a netal hydroxi de such as KOH, NaOH, poT/IBd1(0BMB2, or

am ne bases such as NH4AOH. The reaction may be carried out in any sol vent
typically used in hydrolysis reactions, such as for exanple a | ower

al i phatic al cohol or water. Conbinations of the solvents may al so be used.
The reaction tenperature nmay be any tenperature bel ow the boiling point of
the chosen solvent or the reflux tenpergyure of the mxture at the pressure
at which the reaction is carried out. In the conpound of the formula 1V,
where R, is an isopropyl group, hydrolysis of this conpound ((-)-nenthyl

ester) restlit $addmisdtBnRitosHeliRchfied odtiRBRhRktorARItR sfebnd), istep, the
desired isoner of the conpound of the fornula Il may be purified to the

desi red pumdrgaanation siePreWBisIaPPTAPIE: | | ation or crystallisation.
Experinental Work The results of various experinents carried out in
relation to the process of the invention are set oqut bel ow. EtEaan el

m Cresol (Bh@ngy sRB &Ephds hdhe eregess of 4hendnvestign ds 80 gydigdise Pfaced in a

round bot tom 4 aak-rand e ttd5desirks RsrepiasPkr o thblcciporas crdded WO
02/ 04384 PCT/1B01/01008 -15 dropw se over 30 m nutes. The_ reaction was

t hen cool efetfernse,!il.anidne; factivsy ganie FHESS o8k Ht& BESPM0Ct BIPG&Re (20 m ).

NVR anal ysjsicQindy e aGaReeatisRteslipRa@AAESnd a6l a8RotNM Hathedida ot0%
conver si on o? mcresol to ]
sodium ethoxide, a metal hydroxide such as KOH, NaOH, or Mg(OH),, or

amine bases such as NH;OH.

The reaction may be carried out in any solvent typically used in hydrolysis
reactions, such as for example a lower aliphatic alcohol or water.

Combinations of the solvents may also be used.

The reaction temperature may be any temperature below the boiling point of
the chosen solvent or the reflux temperature of the mixture at the pressure at

which the reaction is carried out.

In the compound of the formula IV, where Ry is an isopropyl group, hydrolysis

of this compound ((-)-menthy! ester) results in the production of (-)-menthol.

As a final step, the desired isomer of the compound of the formula lll may be

purified to the desired purity by, for example, distillation or crystallisation.

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

invention are set out below.

Example 1
m-Cresol (2,0 g) and o-phosphoric acid (4 mol e.g 8,5 g) were placed in a
round bottom flask and heated to 85°C. Isopropanol (1,11 g) was added



thynmol . Exanple 2 Thynol (4,20 g), cycl ohexane (50 m) and 5% Pt/ C (0, 40 g)
were placed in a 300 m Parr autoclave reaction chanber. Once seal ed, the
chanber weQ02/64386hed with N2 (g) before charging with H2 PQ)/IK@M®1dar). The
reaction was heated to 180C and the reaction was allowed to proceed for 2
hours. The reaction was then allowed to cool to roomtenperature, the
pressure inside the reactor was released and the reaction mxture filtered
to give a mxture of nmenthol stereoisoners (100% conversion thynol, 80%
selectivity to nenthols). Exanple 3 In 2sm vials, 10 or 100 ng of
Pseudononas cepacia |ipase (Fluka), Pseudononas fluorescens |ipase
(Fluke), penicillin acylase (Altus), subtilisin Carlsberg (Al tus),

Asper gi | | usyrBpYigacoRt BoeafitedndTiRe péd EbFwabRneh Wdaled {A04°as)andehe wei ghed.
To this cycl ohexane, hexane, pentane or Zzecf)t ane 962, 72 wer e added.

|
| someric meigAYE Pbasq exAeted KR QlENat €9 1m)28 YR \ﬁé‘?@s‘)él §b H8ded. These

vial's were ipeshaiied dhadBGrations Hkdited2a 0T0%Bcorfveich cENA@onas then
renoved fromthe m xture by centrifugation. Sanples were anal ysed by gas

chr omat ogr dpWyok GO). An i ndi vi dual peak found on each of the chromatograns
was identified as that of (-)-menthyl acetate by conparison with the
corresponding retention tine of a standard sanple of (-)-nmenthyl acetate.
Exanpl e 4 LEAPkiZed Amano AK (a Pseudononas fl uorescens |ipase enzyne)

was  obt ai ngd {di Qﬂjzég%né)yd?&m&m@s@t infaind@% HidaEam g) Gercprts@ired |iquid WO
02/ 04384 PCT/'1B01/01008 '

300 ml Parr autoclave reaction chamber. Once sealed, the chamber was

flushed with N, (g) before charging with Hz (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 to room temperature, the pressure inside the

reactor was released and the reaction mixture filtered to give a mixture of

menthol stereoisomers (100% conversion thymol, 80% selectivity to menthols).

Example 3 A .
In 2 ml vials, 10 or 100 mg of Pseudomonas cepacia lipase (Fluka),

Pseudomonas fluorescens lipase (Fluka), penicillin acylase (Altus), subtilisin
Carlsberg (Altus), Aspergillus oryzae protease and PeptiCLEC-TR slurry
(Altus) were weighed. To this cyclohexane, hexane, pentane or heptane
(962,72 pl) were added. Isomeric menthol (23 ul) and vinyl acetate (14,28 nl)
were aiso added. These vials were incubated at 30°C or 37°C for 2 or 48 |
hours. Enzyme was then removed from the mixture by centrifugation.
Samples were analysed by gas chromatography (GC). An individual peak
found on each of the chromatograms was identified as that of (-)-menthyl
acetate by comparison with the corresponding retention time of a standard

sample of (-)-menthy! acetate.

Example 4
Lyophilised Amano AK (a Pseudomonas fluorescens lipase enzyme) was

obtained from Amano Pharmaceutical Co. (Japan). Concentrated liquid



-16 nenthol was produced by the hydrogenation of thynol. The nent hol

contai ned four diastereoneric pairs of nenthols, nanely ()-nenthol (51%,
()-isomremdoroq3sn%y, ()-neonenthol (29% and ()-neoi somrenPODIBI1AKOS A
volune of I mM was added to seal ed batch reactors. Vinyl acetate (54 ul)
was added at a 2:1 nolar ratio to (-)-nmenthol. Heptane was added as
solvent to a final reaction volunme of 5 ml. These reactors were incubated
in silicon oil baths at 50C and stirred on a stirring hot plate. Batch
tinmes, unless otherwise stated were 24 hours. The reaction m xture was
then centrifuged to separate the products fromthe enzynme. The supernat ant
was anal ysed by GC (% m analysis). O the available (-)-nmenthol, 100% was

conver ted tohmbr TRR! @ydduc@&eaﬁ& Rl ngﬁorpfof%y?nggrgmgf@gﬁt ngRs recycled

a total of wi t'h heptane and’a substrate
(liquid nemdmtﬂlned/fmyldl@(t@egm@“c afies ném@wmls afanegly éyen gnth@lc@di’/cé An anount

of mont hy!. @eRLAGIRI 8] $Dtndsthord B8 (S0 aha kROl RS (BRpdyced by Lhis

process. |'i pase en yne’ was edin'p osp ate buffer
(5 MV pH Rplurbebbd el waduadgeowl seaéecblaBcli reactors.aMiny! e¢etateAp4 uilveasri xt ure was

f f

rozen, at 80 92T MUUERS (PN LG, (PEREF: b atoRbs 8pBRYps, o, Produce
ment hol  andinab ré&ddtibn /vojumd nf/b relcelThese a&a;ttoi‘@%e(re/llvc)ubafednmhslpioan@l was

P epar o0 ¢ s, AT G BUTRt Y GHOS BOIH TR BA0G ol Ser | e

packed wit erature & Feact |on was
mai nt ai ned sadted ¥3e ZFHeuendTipr coation waguraneads/thed ceotrifuded tb separateon of

(-)-ment hylthg %%a%%?s frgx tf%e%ﬂ’lé’ si-',?e sﬁerﬁggnﬂvfsi él’?ﬁ)lls%d(tfy)(}a‘?%wm . 100% was

converted to
analysis). Of the available (-)-menthol, 100% was converted to (-)-menthyl

acetate, at an ee of 98%. The enzyme was recycled a total of 150 times by
washing with heptane and adding fresh substrate (liquid menthol, vinyl acetate
and heptane) after every recycle. An amount of menthyl acetate equivalent to

185 g of (-)-menthol was produced by this process.

Example 5

Amano AK lipase enzyme was dissolved in phosphate buffer (6 mM, pH 7)
before adding Celite 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 produce immobilized
enzyme. A substrate mixture containing 15,5% (v/v) of liquid menthol and
5,5% (v/v) vinyl acetate and 79% (v/v) of n-heptane was prepared. The
mixture was pumped through 5 columns arranged fn series packed with
immobilised enzyme. The temperature of the reaction was maintained at
50°C. The end product was analysed for the formation of (-)-menthyl acetate
by GC analysis. Of the available (-)-menthol, 100% was converted to (-)-
menthyl acetate at an ee of 98%. In a 206 day period an amount of (-)-menthyl
acetate equivalent to 101g of menthol per gram of immobilized enzyme was

produced by this immobilized enzyme system.



ment hyl acetate at an ee of 98% In a 206 day period an amount of
(-)-nmenthyl acetate equivalent to 101g of nenthol per gramof inmmobilized
enzyme waw0 opogeuced by this i nmmobilized enzyne system VECOEBOAIRS

PCT/ 1B01/ 01008 -17- Exanple 6 A solution of nmethanol (50,1 g), water
(50,21 g) and NaOH (6,03 g, 0,15 nol) was placed in a reactor and heated
to 60C. (-)-Menthyl acetate (30,53 g, 15 nol) was then added to the
reactor and the reaction was vigorously stirred for 30 m nutes.
Qualitative GC analysis indicated a 53 a_rg_a % nment hyl acetate and a 47
area % nment hol. Exanple 7 (-)-Menthol (16 g and N (1 %9 were placed in
round bottom fl ask and heated at reflux for 2 hours. Once cooled to 25C,
the reacti ogxm’gfeuge was sanpled. Quantitative mimanalysis 17% t hynol,
23% nment hol s and 54% nmenthones with a % J&-msnt hol / () - ment hol of 22% WD
02/ 04384 PCF/spRtion @1 oeganol 00 ¢l M@terJKWxZé) eed NagiH pphpabilgne) singl e
desired st I £ Lo ) ik obur i { soyers of a
compound of "ERB et mr ST Y PR (TR0 el s BR80T

i sopr opanol mgh ovas, them afdeshiodpy Ireapt@ignddhe sgaction was vigorously stirred for

30 minutes. Qualitative GC analysis indicated a 53 area % menthy! acetate

and a 47 area % menthol.

Example 7

(-)-Menthol (100 g) and Ni (1%) were placed in round bottom flask and heated
at reflux for 2 hours. Once cooled to 25°C, the reaction mixture was sampled.
Quantitative m/m analysis 17% thymol, 23% menthols and 54% menthones
with a % (+)-menthol/(x)-menthol of 22%.



i sopropyl ene group, including the steps of: (1) contact the racemc m xture
in a suitable organic solvent with an esterifying agent and a

st er eospacdhr/es3ehzyne which stereosel ectively esterifiesPCh@BoOHOgr oup of
the desired stereoisoner, for a tinme sufficient to convert a desired
percentage of the desired stereoisoner to a conpound of the fornula IV O
OR4 RL IV wherein R is as defined above and R4 is an al kyl or an aryl
group, WO 02/04384 PCT/1B01/01008 -19 to give a first reaction product

i ncluding the conpound of the fornmula L)-. the organic solvent, the
unconverted stereoisoners of the conpound of the formula Ill, excess
esterifying agent and by- products of the reaction; and (2) separating the
conmpound of the forrmula IV fromthetfAlM& reaction product. 2 A process
according to claiml wherein step (2) conprises the sub-steps of: (2)(a)
separating the first reaction product fromthe enzyme; (2)(b) renoving from
the first reacty grcRs®dEetpdrbtnpagamle destar sleredidenereraessraestrir i f yi ng
agent, and the by-products of the regcti on tod opéh\éefor%wuﬁaeﬁpnd reaction

product i ncl udiMguihe’ LeFEIRYSYNeSHE @ compoun

OH

R4

I
wherein R; represents an isopropanol group, an isopropyl group or an
isopropylene group, including the steps of:

(1) contact the racemic mixture in a suitable organic solvent with an
esterifying agent and a stereospecific enzyme which
stereoselectively esterifies the -OH group of the desired
stereoisomer, for a time sufficient to convert a desired percentage

of the desired sterecisomer to a compound of the formula IV

Ry

v
wherein R, is as defined above and R4 is an alkyl or an aryl group,



formula IV and the unconverted stereoi soners of the conpound of formula
11 ; and (2)(c) separating the conpound of the fornmula IV fromthe second
reacti onwoozwuss4 | eaving a third reaction product contai nPOIBM®1008
unconverted stereoisoners of the conmpound of the fornmula Ill. 3 A process
according to claiml or claim2 including the step, after step (2) of: (3)
racem zing the unconverted stereoi soners of the conpound of the formula
[l in the third reaction product to give a fourth reaction product
containing a mixture of all eight stereqgygonmers of the conpound of the
formula I'll and recycling the fourth reaction product to step (1). 4 A
process according to claim3 including the step, after step- (3) of : (4)

hydrol ysing the conpaypd aofﬂrstth@a&% llo@u&tvln't@d%'gV@\et bsme&sid e
st ereoi sonmer of the compound of or mul a WO 02/ 04384 PCT/lBOl/01008

-20 5 A process acd@W'ﬁ@Vi‘@ed}r%ﬂW BONARr ﬂ'lenUWS’@Me’if@d pl§redisamEspPhpanol

group or an |soprqlp cgﬁlﬁogﬁ@ﬁptheblﬁfrﬁulg IPrex@bbLestatifhgl4gent ERE b?DWpOUﬂd of
the fornula IV or e desired stereoisomer of the conpound of fhe fornula

1l is subjected ﬂmO@ﬂﬁ%GUBFF%ﬁméﬂéﬁ‘to convert R, to an isopropyl group.

6 A process acqey didag %ca 41fe 9BRpOINCEbA BN 19 dhe iadhiag rddigod 0l | owi ng
steps, prior to step t f: (a) reacting a conpound of the formula | R2
pro uct.

2 A process according to claim 1 wherein step (2) comprises the sub-steps
of:

(2)(a) separating the first reaction product from the enzyme;

(2)(b)  removing from the first reaction product the organic solvent, the
excess esterifying agent, and the by-products of the reaction to
give a second reaction product including the compound of the
formula 1V and the unconverted sterecisomers of the compound
of formula lll ; and

(2)(c)  separating the compound of the formula IV from the second
reaction product leaving a third reaction product containing the

unconverted stereoisomers of the compound of the formula lll.

3 A process according to claim 1 or claim 2 including the step, after step

(2) of:

(3) racemizing the unconverted stereoisomers of the compound of the
formula Il in the third reaction product to give a fourth reaction
product containing a mixture of all eight stereoisomers of the
compound of the formula Ill and recycling the fourth reaction

product to step (1).

4 A process according to claim 3 including the step, after step (3) of:
(4) hydrolysing the compound of the formula IV to give the desired

stereoisomer of the compound of the formula 1.



OR3 wherein R2 represents a nethyl or a hydroxynethyl group, and R3
represents H, a base netal, a benzyl group or an allyl group, with an
al kyl ati mgoagetss4in the presence of a catalyst to give a pompRuedosf the

formula Il R OR3 Rl Il wherein R is as defined in claim1l and R2 and R3
are as defined above; and WO 02/ 04384 PCT/1B01/01008 -21 (b) hydrogenating
the conmpound of the fornula Il in the presence of a catalyst to give a

racem ¢ m xture of the eight stereoisonmers of the conpound of the fornula
1. 7 A process according to any one ofppclains 1 to 6 wherein in step (1)
the solvent is selected fromthe group consisting of isooctane; n-heptane;
decane; nethyl cycl ohexane; t-butyl nethyl ether; xylene; kerosene;

pentane; cycl opg¥enRs d&@éﬂ@n@ totw’rzemherbmtml R1 ‘Ecdnueas}:eoparmd)prroopanol

ethyl lactate; and, acetone. PP cess accor Qg t@ cgf\/\gﬁerel nin
step (1) the s8I 3R HOPTPY, ”erﬁiﬁ‘t’pa £10T8 °A3§P68885< c %Fﬂmﬁaurf %3y one of
claims 1 to 8 wh@uRiY drﬁhéﬁ@@re@ils)terébleomeséfeheEympgur&g@‘r'the famsie léct ed from
the group consjstin acet ate, octanoic acid,

Vi n ate, I
i sopr openyl acstsypis %te\ﬁ tﬁ)ﬂ reﬁgﬁt 5&990 tOé:tngﬁrEX to an isopropyl group.

6 A process according to any one of claims 1 to 5 including the following

steps, prior to step (1) of:
(@) reacting a compound of the formula |

R,

OR;

I

wherein R, represents a methyl or a hydroxymethy! group, and Rj represents

H, a base metal, a benzy! group or an allyl group,
with an alkylating agent in the presence of a catalyst to give a compound of the

formula

OR,
R4
It

wherein R, is as defined in claim 1 and R, and R; are as defined above; and



| actate and ethyl acetate. 10 A process according to claim9 wherein in
step (1) the esterifying agent is vinyl acetate. 11 A process according to
any one o¥0o0Y@i3ss 1 to 10 wherein in step (1) the esteriPgi/mplageat is
used in a nolar ratio to the desired stereoi somer of the conpound of the
formula I'l'l of 0,5:1 to 30:1 inclusive. 12 A process according to any one
of clains 1 to 11 wherein in step (1) the stereospecific enzyne is
selected fromthe group consisting of Candida cylindracea |ipase, |ipase
Hog pancreas, |ipase Pseudononas fluoregdens, |ipase Aspergillus oryzae,

| i pase Rhi zopus niveus, |ipase Rhizonucor mehei, |ipase Candi da
antarctica, |ipase Miucor javanicus, |ipase Rhizopus arrhizus, |ipase

Peni ci | | i um r oq{eef ohydrpgérigting éheCeamthalad\wbtiofoongg4! PCe pBEEEnoe 008 - 22

|l i polytica, |ipoprotein l.ipase ] ol in |lipase
Pseudononas cepaci a,caetF&f)totBr el Ea%ﬁﬁgcgse @r%ﬁ% 8 2??%%5\%%8%@%8 est erase
Baci | | us t her nogl ucosmpasidus theefotrawiadle Baci | | us st ear ot her nophi | us,
esterase Miucor mehei, esterase hog liver, Candida rugosa |ipase, |ipase
Mucor m ehei, Candida antarcitica B |lipase, Candida antarctica A |ipase,
Chi ro- CLEG-ER, LhirbeessSldcCo@Rg(tslany ropke, of gimimesint 6 whereireist #epd®, thPenicil i n

acyl ase, Subtilisin Carlsberg | Q- - Bl (sl | h&5tSAEC PC
(slurry), Chi ros %—'Eéefes?fae&rftro ,hé%sr%%gf?T%ug‘%oé#;lzsé%&%r}egHeg et, '
Pepti CLEC- TR ( sHetany) ,m&bil- 6@bhetandzSthutdOmedy! \eithdr, sylabél kewsendSL- 001- 02,
ESL- 001- 03, ESL-001-05 iLraz 4 d i L5
CCandi da oht o Lo Ok i HExarke? bEREGHKIBRARE (Glerle; (EQrbAAN™

ethyl lactate; and acetone.

8 A process according to claim 7 wherein in step (1) the solvent is n-

heptane.

9 A process according to any one of claims 1 to 8 wherein in step (1) the
esterifying agent is selected from the group consisting of vinyl acetate,
butyl acetate, octanoic acid, isopropenyl acetate, vinyl butyrate, ethyl

lactate and ethyl acetate.

10 A process according to claim 9 wherein in steb (1) the esterifying agent is

vinyl acetate.

11~ A process according to any one of claims 1 to 10 wherein in step (1) the
esterifying agent is used in a molar ratio to the desired stereoisomer of

the compound of the formula 1l of 0,5:1 to 30:1 inclusive.

12 A process according to any one of claims 1 to 11 wherein in step (1) the
stereospecific enzyme is sélected from the group consisting of Candida
cylindracea lipase, lipase Hog pancreas, lipase Pseudomonas
fluorescens, lipase Aspergillus oryzae, lipase Rhizopus niveus, lipase
Rhizomucor miehei, lipase Candida antarctica, lipase Mucor javanicus,

lipase Rhizopus arrhizus, lipase Penicillium roqueforti, lipase Candida



Chirazynme L1 (Burkholderia), Chirazynme L6 (Porcine pancreas), Chirazyne
L7, Chirazynme L8, Naproxen esterase, Lipomax, Genzyne, Lipoprotein |ipase,
Novozymne vB@82/0488vozyne 435, immobilised Candi da antarctieeriBpas®s Nagase
enzynme, Lipase A-10FG (Rhi zopus javanicus), Amano AYS, Amano PS, Amano
PSD, Amano AKD11l, and Amano AKD111l. 13 A process according to any one of
clainms 1 to 12 wherein in step (1) the enzyne is Amano AK | i pase enzyne.
14 A process according to any one of clainms 1 to 13 wherein in step (1) the
stereospecific enzynme is used in an amogpt of from 1g/l to 60g/1 inclusive
of the m xture of the racem c m xture of the eight stereoisoners of the
conpound of the fornmula Ill, the suitable organic solvent and the
esterifying agl&mytlcéalpépmmnepssealésmdzhmtg]ascaspanypa)Behpﬁprtuiba]l imesé to 14

rher el 1, 2t o0 (o et BE 880 oo RIS ELM LA 0P 100
PCT/ 1B01/ 01008¢sterd3e 16 Ba@nmeSShemmgtwhoaigas;los any esteeasef clBdolieis2 to 15
(1) 17 A prociesousptihg T5oh BRer B sy e Tod DECREFER 10 Step
(1) the sterergpesilfpaceengasee Mouseithel) Gacdidéi antersgicsy 8t dpassherei n t he
(2)(2) the firSenPEACHIEHBro it SOECHRE FEact By P EEt Rg B nd < he.
enzyne. porcine liver esterase, Penicillin acylase, Subtlllsm Carlsberg, Cher-

CLEC-BL (slurry), Chiro-CLEC-PC (slurry), Chiro-CLEC-EC (slurry),

Aspergillus oryzae protease, PeptiCLEC-TR (slurry), ESL-001-01, ESL-

001-01 with stabiliser, ESL-001-02, ESL-001-03, ESL-001-05, Chirazyme

L4 (Pseudomonas sp.), Chirazyme L5 (Candida antarctica fraction A),

Chirazyme L1 (Burkholderia), Chirazyme L6 (Porcine pancreas),

Chirazyme L7, Chirazyme L8, Naproxen esterase, Lipomax, Genzyme,

Lipoprotein lipase, Novozyme 868, Novozyme 435, immobilised Candida

antarctica lipase, Nagase enzyme, Lipase A-10FG (Rhizopus javanicus),

Amano AYS, Amano PS, Amano PSD, Amano AKD11, and Amano
AKD111.

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

enzyme is Amano AK lipase enzyme.

14 A process aécording to any one of claims 1 to 13 wherein in step (1) the
stereospecific enzyme is used in an amount of from 1g/l to 60g/!l inclusive
of the mixture of the racemic mixture of the eight stereocisomers of the

compound of the formula I, the suitable organic solvent and the

esterifying agent.

15 A process according to any one of claims 1 to 14 wherein step (1) is

carried out at a temperature of from 20°C to 100°C inclusive and at

atmospheric or higher pressure.



18 A process according to any one of clains 4 to 17 wherein in step (4) the
hydrolysis is carried out in the presence of a base, in a suitable solvent,
and at awenpessst ure bel ow the boiling point of the sol vere¢T/Bo1toh@sr ef | ux
tenperature of the m xture of reactants at the pressure at which the
reaction is carried out. 19 A process according to any one of clains 1 to
18 wherein in the conpound the formula |11, Rl represents an isopropyl

group.
23

16 A process according to any one of claims 2 to 15 wherein after step

(2)(a) the stereospecific enzyme is recycled to step (1).

17 A process according to any one of claims 2 to 15 wherein in step (1) the
stereospecific enzyme is used in a continuous system wherein the
stereo specific enzyme is retained within a reactor and wherein in step
(2)(a) the first reaction product exits the reactor leaving behind the

enzyme. ,

18 A process according to any one of claims 4 to 17 wherein in step (4) the
hydrolysis is carried out in the presence of a base, in a suitable solvent,
and at a temperature below the boiling point of the solvent or the reflux
temperature of the mixture of reactants at the pressure at which the

reaction is carried out.

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

compound the formula Hll, Rq represents an isopropyl group.



