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, FOR PREPARI NG (-) MENTHOL AND SI' M LAR COVPOUNDS BACKGROUND TOU THE T NVENTION l

' “THIS invention relates to a process for producing (-)-nenthol and sinilar

conpounds. (-)-Menthol is one of the world' s largest selling flagcuDEC 2004
-conpoundwp natotss4a production of about 11800 tons per annumcrhbspepper m nt
flavour and cooling sensation are used in many products, primarily in
ment hol at ed cigarettes and oral hygi ene products, such as toothpaste,

nmout hwash and chewi ng gum Pharnaceutical and heal t hcare products use
menthol in a variety of product types, such as cough | ozenges, shaving
cream and topical analgesics. Onvng to sgasonal variations and poor farm ng
practices, the availability of natural menthol fromthe |argest supplying
countries, India and China) is sonetinmes erratic. In addition to this, only
a limted amount of pepperm nt can be planted, thus limting the supply of

. natural menthol. The remai nder of the demand for nenthol is net by

synthetic menthol. 2PRBEESHDYR RRFEBARMNEEAMBGTH®O1/ 01008 - 2

Organol eptical ly, natural sansisguntdretiopsenipel are conpletely

i nt erchangeabl e; any slight differences have been largely elimnated

t hrough , product devel opnent. Moreover, synthetic nenthol has a purer and
nore consi stent taste and odour profile since it does not contain the
inpurities present in natural nenthol. There is always a need for new
processes for the production of (-)-nenthol and simlar conpourids. SUMVARY
OF THE | NVENTI ON According to the invention there is provided a process of
separating a single desired stereoisonmer froma racem c m xture of elght
stereoi sonmers of a conpound of the fornmula Il ONII | wherein R~
represents an isopropanol group, an isopropyl group or an isopropylene
group, including the steps of: {1 ) contacting the racemc mxture ~in a
suitabl e organic solvent with an esterifying agent and a stereospecific
enzyme whi ch stereosel ectively esterifies the -OH group of the desired
stereoi sonmer, for a tine sufficient

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. lIts 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.




WO 02/04384 -3 27 DEC 2004 PCT/1B01/01008 to convert a desired percentage
of the desired stereoisomer to a conpound of the formula IVO ~-OR4 R~ IV
wherein R~ is as defined above and R4 is an al kyl or an aryl gr@ubD[tCozggNe
a first reaction product including the conpound of the formula IV, the

or gani c WO 0284384 t he unconverted stereoi sonmers of the conpeyngowdiobde .
formula I'll, excess esterifying agent and by-products of the reaction; and
(2) separating the conpound of the fornula IV fromthe first reaction,
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 the.

by- products of the reaction to give a second reaction product including the
conpound of the formula |IV.and the unconverted stereoi soners of the
conmpound dPrgeperamtiaally, | naturshndan®) (eynthedicar anemigolt hareorrp@mpldtew t he

fornula I\, Fer%r&;@%b SeAnd;LRantd o RANCLed ERKIY ol il Ll (reagt | on

product contai ni verted stereoi soners” o of the
formula | |Hr0dq?¥iedfp)f6<b@é3@tof Mpteovemaynthietn merehdriadd v purel uarheismaré urt her

step, steRdndkstdH:’ tasteV¥Y WolH3RMie dinked! BES 290 ntain the impurities
present in natural menthol.
There is always a need for new processeé 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 sterecisomers of a

compound of the formula Il

OH
R4

111
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



PCT/ 1 B01/ 01008 (3) racem zing the unconverted stereoi soners of the conpound
~of the formula Ill in the third reaction product to give a fourth reaction
- product containing a mxture of all eight stereoisonmers of the ZthBﬁn&Mﬁ
t he forntiP&2013%4and recycling the fourth reaction productP¢Dimbt@pigl). The
“process or' the invention preferably includes a further step, step (4) of:
(4) hydrolysing the conpound of the formula IV to give the desired

st ereoi sonmer of the conmpound of the formula Ill. In the process of the
invention, when R, is an isopropanol group or an isopropylene group, before
or after step (4), the conpound of the farmula IV or the desired

st ereoi soner of the conpound of the fornmula Il may be subjected to a
reduction step to convert R to an isopropyl group. The process of the

i nvention prefter atriveri acHedes péreefitabb ovi i steepsd Ppsrcdisobferstoep (1) of :

(a) reacting f rmula | OR3 wherein R2 represents a.

met hyl or a h?ﬁr xyﬁggﬁgﬁfabgﬁﬁﬁpand R3 represents H, a base netal, a
benzyl group or an ally( group, with an al kylating agent in the presence of

a catalyst to give a conpound off the . formula I WO 02/04384 -5 R~ OR3
2 7 Cc C 2004 PCT/1B01/01008 rl] wherein RlL, R2 and R3 areas defined above;
and (b) hydrogenating the conpound.of the forrmula Il in the presence of a

xture ¢f the ght stereoi sonmers of the
DESCRI PTI ON EMBODI MENTS

catalyst to give a racenc
conpound of the formula |11

o Ry,

R4

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

to give a first reaction product including the compound of the formula 1V,
the organic solvent, the unconverted stereocisomers 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) s;:-parating 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 }V.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 1.

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




The crux of the invention is a process of separating a single desired
stereoi soner of a Conpound of the fornmula. Il froma racemc m xture of
the ei ght stereoisoners of the conpound of the formula 111, by 27 DEC 2004
esterif using a stereospecific enzyne. This proce form
part of“gﬁ{?ﬂé@g%ér process as .described below. The first stslgp,fB%? % of
the process is to al kylate a conmpound of the formula I to yield a corrpound
of the formula I, using an al kyl ati ng agent such as propyl ene, i sopr.opanol
or acetone, in the presence of a catal yst. 2 7 DE C 20041 WO 02/04384
PCT/1B01/01008 -6 The catalyst may be a,evvis acid catalyst such as Al Cl3,
SnCl 4, BF3, ZnC 2 or Fed 3; or a Brransted acid such as HG, HF, HZSO4 or
H~P04; ar a suitable supported catal yst such as Envirocat EPIC which is a
pol yphosphgri Fac%%gn Nthd §HcFHPlQértted %er@ﬂi‘ébﬁ%?@tofE% 10mMaLRY sy ferric
chloride on a sup P or a solid horic acid; or a suitable zeolite
catal yst whi cfPringla Wenghefiairt E?@CE%H ﬁ[ t tospiep g EpUeipapéot BfadHEH out i n
the presence 95nt§m$r@ H%&tu?@@halﬁ%l%xt%MrgélbﬁﬁE%doﬁmevg&Epo@wcgof the
di chl or onet hane, chl orof orm or | or oet hane, but the presence of a
solvent is nofOT@SJ?e'th”ﬁlfeCM'@%tr@JPU%W%OEQF‘?qL@Ht%ﬁFPé -a batch reaction
or as a continuous gas or liquid phase reaction. In step (a), the reaction
tenperature during and after the reacti on may be any tenperature bel ow
450C. St eph¢ B)ocreEy obBedarEntieuPERraPly iRglidesya éﬁ@@f stgR. Figer(f) eft nosphere such
as argon e.h ”h}dr@%‘xﬂ e cermatidofnd herrh@aMW ad dive RREf BEaRlly mcresol,
e

and t hus oun of the fornmula Il is @referably thymol. At the end of
step (a), thes@ﬁ%%ﬁrqf@%mdﬁt%@&w dtled, and any sol vent present
is removed. The required conpound of the fornmula Il is isolated fromthe

reaction m xture, for exanple by distillation. The unreacted al kyl ating
agent andnr %Pf%sﬁyofp%dﬁé?@'oﬁawrb@ ReciscPRASPRIORERY BHHP ThéMsecond

step, st eeoﬁ%bylgﬁeb%wb@@eégr iffor stdp (4 0HERHIR AP AR @lIat lveorf ormul a 11
to a racemc nixture of the eight stereojsoners of the conBound of the

formul a 11 desie piReeerras ‘Efr“rhpu§?W§°H%PB@§HOQB§’adUé‘?ayab§ pighied catal yst .
Wo 02/ 04’(%824redhct20n7st$@ 2804rt R, 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 |

Rz

ORs

[

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




PCT/ 1 B01/ 01008 The catal yst may be any catal yst typically used in I

- honpbgeneous catal ytic hydrogenati ons such as Pd(OAc)2 or in heterogenous
catal yti c hydrogenations such ~ as supported palladium platihdnbttheddium
rut heni ufy dGkel . sponge nickel and 2Cu0O. Cr203. The preferred catalyst is
‘a nickel catalyst. The catalyst |oading may be from 0, 01 F&T289%/19f%f er abl y
from0,5 to 5% 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
hydr ogenati on, for exanple a hydrocarbon or aqueous caustic. Step (b) is
preferably carried out at an el evated tenperature of from 80C to 30DC
i nclusive, preferably from 160C to 200C inclusive. Step (b) is carried out
usi ng a hydrogen pressure which is bel ow 50 bar) preferably between 5 and
35 bar inclusive. Wen the conpound of the fornula Il is thynol, there is
formed a racem c m xture of the four pairs of diastereoneric isonmers of
" menthol, viz ()-nmenthol, ()-isonenthol, ()-neonenthol and (}-neoisonenthol,
as well as two internediates ()-nmenthone and (}-isonenthone. At the end of
step (b), the catalyst is renoved, e g by filtration, or is deactivated,
and any solvent present is renpved. R2The next step of the process of t he
invention, step (1), is the key stgp of the process. WO 02/0438-t g
c m xture of the eight stereoisoners
of the compound of the formula I frem t he hydrogenation step (step (b))
is contacted in a suitable organjc solvent with an esterifying agent and
wWth a stereospecific enzynme whij¢ch sterg¢osel ectively esterifies the -OH
group of the desired stereoisone P onpound of the formula Ill, for .a
time sufficient to convert a desireq percerfffage of the desired stereoisoner
to a conmpound of the formula IV) to|give a first reaction product including
the conpound of the formula IV, thergrganic solvent, the unconverted
st ereoi soners of the conmpound of the fornula |11, excess esterifying agent,
and by-products of the reaction. Thgyreaction is a stereosel ective
esterification of a desired stereoisonmer of the conpound of the fornula
111, with WHiQemtmeRzeherRe@Eeseﬂeémamfaﬁdwe g@pound of the formula 111

renainlng tial nchanged,  al.thou anount s of the ot her

st er eoi so Wﬁcogﬁ@hx%gheescf Of’f”%a"fbve %éme'ﬁ‘zbrh@ PORBFSRACH P the compound
of the fornulax&ﬂimlm @ine i 5 oprenpy | mxtwEPYF thBeeightpaias seREfesPEEs to

ment hol whi ch conS|stsﬁ§% emﬁptletereoisoners The desired stereoi soner of
ment hol is the - oung h can be selectively esterified using a
suitable enzyne to the (-)-nmenthyl ester. The suitable organic sol vent may

be any sohﬁggé R ﬁq5ﬁ% SHJ@NT nzyme catal ysed esterification
reactlons——rncﬁudrgg~r303@i§ne*~n—§eptane decane; nethyl cycl ohexane;
t-butyl nethyl ether; xyleéne; kerosene (C5-Co6 parafflns kerasol 60/ 115),
{C7- @8 paraffins, sol 12 f.an hexane exane; benzene;
but anol; to ugﬁg;orgé%rﬁﬂaﬁé% pﬂ%%agtgqsegg %c tsmgle RS :
stereoisomer of a compound of the formula lll from.a racemic mixture of the

eight sterecisomers of the compound of the formula {li, by esteriﬁcaﬁon 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 vield a compound of the formula I, using an alkylating agent such as

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




The preferred organic solvent is n-heptane. The anount of the organic
sol vent used relative to the racem c m xture of the conpound of the fornula

I1l is preferably in the range of from5%to 80%racemc m tpquLt%&S%to ’

20% or gani ¢ solvent on a vol une basis. 27 DEC 2004 WO 02/ 04384

PCT/ | BOIW§130883%4hen the organic sol vent is n-heptane, thepcangni/gons xture -
is preferably used in an amount of 20% v/v in the n-heptane. The
esterifying agent may be any suitable esterifying agent such as for exanple
vinyl acetate; butyl acetate, octanoic acid, isopropenyl acetate, vinyl

butyrate, ethyl lactate and ethyl acetate. The preferred esterifying agent

is vinyl acetate. The esterifying agent-vay be used in an nolar ratio to
t he desired stereoisonmer of the conpound of the fornmula Il of 0,5:1 up to
30:1. The _preferred nolar ratio of the esterifying agent to the desired

st er eoi soﬂ%? GalyHenao hp Gulrryis Rcidatanit rurFa as ¥1CksSabeuBFR:ZnCGkhen vi nyl
acetat e i gebfedrassiiiiasbel fthngs 8gentr, Hheo LRz IR, S o Séﬁ{a%%SDGCI fic
enzyme which stereosel ectively esterifies the -OH group of e -conmpound of
t he” f or nup&PRqried Oﬁﬁ@ygmﬁésr%vl%@f&%@wwédsﬁ RHyrhoaphe iy awd gasi sm - or
secreted obed et e Ok is B £rRAUMIARESA QLS lx Gfa LH% BC

avai l able commercially in sem -purified or purifie orm’ Croor gani sns
can al so BBOSRHGUr@sd: /r 8 suiteile 207lite £3talyst whrighlisctee drefairedisktalyshzyme t hr ough
the process of. genetic engineering of the m croorganism Exanples of
enzynmes and m croorgani sns that are capable of performng this esterifying
process i RERIE MHORR CaXRA Yt imigeIrrpwesee obgtselvasbsinh ay atcbipsioaledke

activity. sSyédabl LagheYsmBShERs)! &%ofo%%r%&l&@éﬁh%gj bRANEPre&ipUTES
supplied b‘y Fl uka: Candi da cylindracea |ipase, |ipase Hog pancreas, |ipase
Pseudonon@’s? FPI@Ftds eehgssentiglase Aspergillus oryzae, |ipase Rhizopus WO
02/04384 - 1 01 ' ~s 21 DEC 2004

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 Il 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 |l 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 |} to a racemic mixture of the eight sterecisomers of the compound of

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




PCT/ 1 BO1/ 01008 niveus, |ipase Rhizonucor miehei, |ipase Candi da antarctica,

- |ipase Micor javanicus, |ipase Rhizopus arrhizus, |ipase P thvz@é
roqueforti, |lipase Candida lipolytica, |ipoprotein |ipase sp.,
type B, WDpeptstein |ipase Pseudononas cepacia, |ipoprot ep@r/llg(gﬁ,w,a

Chr ormbact eriumviscosum esterase Bacillus thernoglucosidasius, esterase
Baci | | us stearot hernophilus, esterase Micor m ehei, esterase hog liver;

Enzynes supplied by Altus: Candi da rugosa | i pase, Iipase Mucor. m ehei,
Candi da antarcitica B |ipase, Candida antarctica A |ipase, Chiro-CLEC CR-,
Chiro-CLEC-CR (slurry), porcine liver esterase, Penicillin acyl ase,

Subtilisin Carlsberg, Chiro-CLEC BL (sl Lr|7ry), Chiro- CLEC-PC (slurry),
Chiro- CLEC-EC (slurry), Aspergillus oryzae protease, Pepti CLECTR (slurry);

Enzynmes su Qubi,nant at.al ysi s 001-07) ESL-001-01,
~ ESL-001- Olﬁ%t(ﬁ%lgbl ser)anﬁﬁftagffict I%QJ_SETS’OT lOE@mOESEe cestiEnzymes
suppl i ed biyBoednEtinge sudihas el @i c)Cor mwéregéﬁol(&@u@%my@@g%@ns Chi razyne

LS (Candid n Chi razyne Bur khol deri a), Chirazyme
L6 (Por ci ngu%a%l%r eéé?ﬁe%ﬁ’?‘%d Sﬁbq}f“u%f@%r%@ém@ﬁzﬁﬁg S?EBBGFG? ed by

G st - Br ocadieke! aNd@CoXeGr5t er ase, Li pomax, Genzyne, Lipoprotein |ipase;
Enzymes supplied by Novo: Novozyne 868, Novozynme 435, immobilised Candi da
antarctica |ipase, Nagase enzyne) Lipase A-10FG (Rhizopus javanicus); -
Enzynes suppd pretertad setsipst:is Aminke! o&¥8ystAmano PS, Amano PSD, Amano AKD11,
Amano AKD111l. The preferred enzyne is Anmano AK |ipase enzynme supplied by

|~ Amano of Japan. The enzyne may be used either in the free formor

i mobi | | zetheeatalystpading mayhsgormn O\iHi to ROMa prdferadh ot amicemussear th. 27
DEC 2004 WO 02/04384 PCT/1B01/01008 ] ]_ The enzyne is pr eferably used in
an amount of from7 g/l to 60g/1 of the reaction mxture, i.e the racemc
m xt ure of SteRdbeMgitbeseariediosbwih or ofitholtea sowpount zéolvdre |§ oseémlnta 11, the
sui tabl e h i_on step is
pr ef er abl 36%%;8%%6 %)au\f\éné t?@%l&%g?j%ﬁ?%&% IQ?WO %%@%‘ E?Trog% |plrfl%l usive 'and
at at nospH¥ErcaghomeIAIECHS é%%iﬁ'ﬁe When the enzynme is Anano AK, the
preferred reaction tenperature is about 50C) The resolution reaction is

continued for a time sufficient to convert a desired percentage of the
desired st¥peéPsEmIFeRDY Karedmpbahansievetrs feorraiplrd bf oo 84& teonpound of

t he for mulzobd.inEiey, dtdi¥sablyifrdr® 186 lalpeci@lsi@ds much as possible of the
desired stereoisoner is converted to the conpound of the fornula IV w thout

the reaction proceeding to the esterification of the other stereoisoners

present | thé;hE{bf aﬁemr@d%mt UK aTh)erb@e%Cbl'é%@urté m;dtﬁxspﬁaf:ﬁ/f Bplpygr about 24
hours or r%%a%\% %t e reaction is perforned in batch node. , The next

step, step PeERE BIoteA IFUSMee i nvention is to separate the first

reaction product fromthe enzynme so that the enzynme can be recycled. This

may be achjeved for exanple by_cenirjfugation or hy filtration.
y When %Le compourgg) o? the}/formu}a Il'is Thymol, there lg formed a racemic

mixture of the four pairs of diastereomeric isomers of menthol, viz (+)-menthol,
(¥)-isomenthol, (%)-neomenthol. and . (*)-neoisomenthol, as well as two

intermediates (x)-menthone and (x)-isomenthone.

At the end of step (b), the_éatalyst 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.




A maj or advantage of the process of the invention is that it is possible to
recycle the enzyne a nunber of tines to the resolution step, so as to.

i nprove the econom cs of the process. The necessity for enzyne’ reﬁgﬁlfz ma
‘be eliniqgted_bx use of the enzyme in a continuous system\me%ﬁn 00
enzyne iSO P4 hed within a reactor. The racenic nixture BETARE/@eifpound of

-

the formula |11, the organic solvent and the ', esterifying agent as
descri bed above, are fed into the reactor, wherein the 27 DEC 2004 W
02/0-t38.1 PCT/1B01/(1(18. | desired stereoisorrier of the conpound of
the, formula Ill is esterified to the conmpound of the forrmula 1V to form
the first reaction product. The first re&ction ~ | product typically exits
the reactor at a simlar rate to the inlet feed, for further processing.
The enzyne may typically be retained within the reactor through ', the use

of menbr aré, ragemisymidtiwelsf teseightsierepisemarssaippe compavret ofdhe fevmuar ough
stabl | | sahy AhR¥né 1RRfsde n%érpgteﬁl@%lpggﬁf SERacBhR 4 Shithle Yoddle PrOCESS

of the invention 1sto Tenove 1 C SO e excess esterifying
agent and saignbyiphr @duesterifying gdené andswdbndl sterecspasificpenziuns Which udi ng the

conpound I°"EReFaMR eyl el O UARRRUCEE M RLE FEEBREREF of i3 'on i n
whi ch t he corpaning sblthenormdagiiit Her & Higpst sn#icand tpheorewcbsas desiret i fyi ng
agent, ety r%en%“ t@&? %15t€r%815591'é?% %fcfoni’ﬁonﬁwla ? E m@;QEIvCPA um as a

single st eam and recyc to suita torage later re-use.
The next givepa fs‘s‘epefécz)mcgro@#dtlfhéucbrr\@)éf&§0®ﬁ?0tlh@ qfr’ib@ri@ﬂnmﬁall’d tee separ at e

the compoupdh 6l JMdh dnd irkbQMBEBCsBREAM S a5 LA BRAAUAL Ledyd ng a third

reaction pr ct containing the unconverted stereoi somers of the conmpound
of the foferoiuda lil, lexcedy esterfyag aoewnammby-peoducts @kairdsgtian.stillation. In the
conpound of the formula 1V, when R~ is not an isopropyl group, the R group
can, through a reduction process, be converted to an isopropyl group,

ei ther at Thiirsasticigie, a siere@@ys@tq@eaﬂertﬂéam@foa gesigedoftetchisostr &f thyr oup as
descri bed comp*ash% u'r@ko?mbgsml fen ke @ther PRt 08 o@fmé B&ngsw sd

st er eoi soner hyl " “ester, or subsequent to hydrolysis, in the
product i oH‘Q)fOFtTWéa Héé‘?m@a'ﬂgt%Pé@F%‘WCBP“Qﬁdnﬁ%PUQhl‘ﬁ’é‘apm@ﬂo@fseﬁf step (3)

of the pracesseplicdbgisby@ttdyOisd e boerfid ASEHSEA/RR. unconvert ed
stereoi somers in the third reaction product to give a fourth ' reaction

product containing a mxture of all eight stereoisoners of the _
When R; of the compound of the formula Il is an isopropyl group, the

compound corresponds to menthol which consists of eight sterecisomers. The
desired stereoisomer of mentho! is the (-)-isomer, which can be selectively

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

The suitable organic solvent may be any solvent typically used for enzyme
catalysed esterification reactiohs, including iscoctane; 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 lll is preferably in the range of from 5% to 80%

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




WO 02/04384 i 27 DEC 2004 PCT'/1B01/1008 -13 conpound of the formula Il
-and recycling this to the resolution step of the process. Th?o amegjrim;i on /
may be achi eved over a suitable catalyst with or w thout hyd Zjen" gas, with ‘

or w thayp gansflivent, and at atnospheric or greater pr ess}gjégé%mﬁ%’ t ggl \r/rg%t !

be carried out wth or without a solvent. If a solvent is

may be any solvent typically used for catal ytic hydrogenation, nost
typically a hydrocarbon or aqueous caustic. The catal yst used may be any !
catal yst typically used in honbgeneous catal ytic hydrogenati ons such as
Pd(QAc) Z and Ru(PPh3)3Cl12, or in heteroggneous catal ytic hydrogenations
such as supported pal |l adium platinum rhodi um ruthenium nickel, sponge
ni ckel and 2CuQ Cr203, or a solid oxide such as celite, CuQ Cr03, CoQO

Si 02, Al2 MR (A 7r Q.. . . The
reaction ﬁ?eﬁgcfﬁgr%%d ouﬁdﬁgtd g@é%értr’l};%?%teﬁ Dgp I\%éé%?eéé%%yn%&?ooc

i ncl usi ve,n pRefequBioy 2@t VA ndipengpiane. bet ween 180C and 220C i ncl usi ve. The
hydr ogen pressure may be any pressure bel ow 50 bar, preferably between 5 |
and 35 bar_inclusive. The catal yst | oadi ng may be between 0,01 and 20%

pr ef er abl Y NG EREERH T GBeah@Ma3ohe RNVt Pidtadird esferifyieg swept, stble asafed yst s
renoved oy L n VE: Nte Al .27 DEC 2004
V0 021 0- G5B 1 RCH T BB L D008 S Ty o e oy s s e et e i carri ed out
i n conj unéthoatewrt ! eeele ans ethyl agefetre hydr ogenation step, where
appropriate. The next step, step (4) of the process of the invention is to
hydrol yse_the conpound of the fornmula IV to the desired stereoisoner of the
conmpound dhetmieferiedRsterifying agenhis A @eetgie- ray be carried out in the
presence of a base which may be a salt of a | ower aliphatic al cohol such as
sodi um et hoxi de or sodium et hoxi de, a netal hydroxide such as KOH, NaCH,

or My( OH) Zheoesianiies haaees Bt PeadISRAMPH anTHeolgedetie o My drsiredrri ed out
in any sokueatisb¥Rl eRlthy cHS@ELAN hWH RIS|=S 1f 8RB PP, 1,S86H . agnbor exanpl e

a lower , aliphatic alcohol or water. Conbinations of the solvents may al so
be used. Preferred molar ratio of the esterifying agent to the desired stereoisomer 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 ll.

The enzyme may be contained within a microorganism, or secreted into a

medium required for microorganism.growth, or may be availabie 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 capabl'e 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



The reaction tenperature may be any tenperature below the boiling point of
the chosen solvent or the reflux tenperature of the mixture at the pressure [
at which the reaction is carried out. In the conpound of the f YHHngg mﬁ

where R~ i-s an isopropyl group, hydrolysis of this conmpound ((=) t hyl

ester) MEMES84 n the production of (-)-menthol. As a finetT/stepiodshe

desired isoner of the conpound of the fornmula Il ( may be purified to the |
desired purity by, for exanple, distillation or crystallisation. . i
Experimental Wrk The results of various experinents carried out in ‘
relation to the process of the invention are set out below Example 1 ' i
m Cresol (2,0 g) and o-phosphoric acid-04 nol e.g 8,5 g) were placed in a'
round bottom flask and heated to 85C. |sopropanol (1,11 g) was added WO
02/ 04384 -15 n 2 7 D E C 2004 PCT/1B01/01008 dropw se over 30 m nutes. The
react i on "W&RHs; Hipase dyflizaimucsr 28igheianidash Eanditniaatapttase lipade antced into

t ol uene ( e e e d _organic .fraction

i ndi cat eég@ar{%%% c nversﬁ?%%éﬁbf %hé%%éoﬁ %% {P—’then%l um Oq}‘rﬁoéT’Z PRYFol (4, 20
g), cycl éhandigre lipsigtied, )lipapthtEnslipese F(@Udﬁn@)wammpe taced hp@prate%OO m Parr

aut ocl av chamber was flushed with Nz
(g) bef oﬁegg ?rSS?QOﬁB%%g%—FE % 8?%?% faéel'ﬁ MUY S RS ed to 180C
and t he reetriesdBagdiys amerowewcomdmma@derb@e Exdilosrsseardthermeplalison was then
al I oned tthéggQ%MLgorrrg Mt SERETAtHL qWF; he pressure inside the reactor was

rel eased an e reac oh m xture tered to give a m xture of nent hol
st er eoi scﬁféfs’@%l&@%l@@m&’eﬁﬁuﬁnc@m@mlrus;@i}%lseﬂs&eclﬁpa\%etlylutar mehdiol s) .
Exampl e 3J r d a pase
(Pl ukay ., o e e e P A PR RE e e
(Al tus), CGhimtCHEGIGR Calirgberdritaaliverspstermspe Rgnidilirs aoylpzaeSphtiisease and

pont anc 6 ReRCak Co6s. 79T Her & BtaaC T eom vl RRRPRATAES 1) and

vi nyl acédlatng, 6§mer:@8’U§szﬁep@t‘aﬁsgopagt@ui@'ﬁﬁbmrw al s were incubated at 30C

or 37C feh,2n é&@ QM- E%%@/sirse Bof. b?méélh d‘? Ure by
centrlfugatlon Ies vvere ana 8 romato ra
i ndi vi duaSLf&dkOt wif ét&?ﬂlséragﬁLd?mt% Ecerh*@@faﬂ&ﬁ%lnﬁowé i dentl fi ed as t hat

of (-)- ”EHEWES%‘Bbﬁ’éo%?%&e%ﬁ@éﬂrﬁ%nﬁ%%hdrﬂ%zgﬁékfgﬁg&&%({r@sem'0” time

of a, standard sa -)-nenth acetate Lyophi l'i sed
Amano AKSR-a %B’u%’ﬁ%a@fI@@T’%@%eﬁ@taﬁtﬁasér@ﬁzym wesiratta¢ néd from Amano

Phar macetircRbia&fs), ChaRahe LEQPeRM BhRdebd)dWiflazyme 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. ?




27 DEC 2004 WO 021 (138.1 PCT/1BOL1/ 01008 -16 nenthol was produced by the

* hydrogenation of thynol. The nenthol contained four diastereoneric pairs of
ment hol s) nanely ()-menthol (51 %, ()-isomenthol (14%, ()-n@opdritth@004
(29% angdo(gpraeqi sonmenthol (2% . A volunme of 1 m was add%%T@Bo§fﬁbfd bat ch
reactors. Vinyl acetate (54 p,1) was added at a 2:1 nolar ratio to
(-)-nmenthol. Heptane was added as solvent to a final reaction volune of 5
m . These reactors were incubated in silicon oil baths at 50C and stirred
on a stirring hot plate. Batch tines, unless otherwi se stated were 24
hours. The reaction mxture was then centrifuged to separate the products
fromthe enzyne. The supernatant was analysed by GC (% m analysis). O the
avai lable (-)-nenthol, 100% was converted to (-)-nenthyl acetate, at an ee
of 98% The enzynme was recgcled a total of 150 tinmes by washing with

heptane andSadHYAY 1 BEFTeblstIest B @ni FoPdntnentred 19/ vp iiAg/asking e and

hept ane) add@bn a¥Rile! BEXEE QaceMicampiitt &f thaenghy kiefs8tSherseauingl ent to
185 g of ucedatg)% this process. Exanple 5 Amano AK

;-)-mant hol was Bro? Ar

|i pase enZHMBOWRS CHISBITVER {n th e G e7Ive ™ A thsHeFpilyEor e addi ng
Celite 538géhth a ratio of 1:2). The mi xture was frozen at -80C for 5

m nutes and then freeze-dried for 24 hours to produce i mobilized enzyne. A
substrate m xture containing 15,5% (v/v) of liquid nmenthol and 5,5% (v/v)

vinyl acetrat eeaictioh99%k W Miefdthbin-daeiiane aesteRiRPALRor @ PO-Kl4r e was
punped t hrough 5 colums arranged in series packed with i mobil]jsed enzyne.

The t enper @Y Gr BCbEIVERE B APHNSULSORIPMY frRed &t VBIRD @ aiE 1r oduct was

anal ysed Agfanbhe fies Fféﬁ‘érﬂﬂ:l @bction tefpeidiile iaesb@tsp-by GC analysis. O the
avai l able (-)-nmenthol, 100% was converted to (-)nmenthyl acetate at an ee of

98% In a 206 day period an anount of (-}-nenthyl acetate equivalent to 101

g of menthed reanutphaaefon BTEBLLEE tbrengy BB uRerP 6 dda esh Ry dédres :
i mmobi li zed enz 4384 -17 2 Z D 2004 P CT/1 B(11

me _system WO 02/ 0 ~ C

J (110( 18 BREREPE 67 N BFOIaCcHEBRISRBIh b e F8mPadng of ins EFmekoliZe ) and
NaOH (6, O elcorfhdmdn®rl the iasnph avedGenerally, eart @dsirabd theatzedmbten 68C.
(-)-Ment hyl etate (30,5 15 nol) was then a%:lédtoth reactor and the
reaction %%%S?Eg? ol rtgﬁsqaeﬁ'rggisgérga's?@ﬁéﬁcﬁi’Y’ﬁﬁeéist.o I."PW&’PFQ@ ¥CNEnal ysi s
i ndi cat edfoambi@ Ar eshsatnestlayttionc ptoat ediafdo ahd esadrgiaalormenttholothdexanpl e 7
(-)-Ment hotl Eilgqloo Eg% and Ni tél%% were placed in round bottom fl ask and
heat ed at>FEIYKFoP & eAL0ME FG7ELC T58E'8d to 25C, the reaction mixture was
sanpl ed. Quantitative m'manalysis 17%thynol, .23% nenthol s and 54%
ln‘egt -T-O.n E Wectr%a% e k”&%&@%@ Q5T 9% Nl 0L 282 whe R OFL 4R8B4 - | 11 CLAIMG

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 {ll, the organic solvent and the

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




PCT/1B01/ 01008 1 A process of separating a single desired stereoisoner from
a racemc mxture of eight stereoisoners of a conpound of the forn&ﬁ‘| }&b
OH Il wherein R, represents an isopropanol group, an |sopropyl (S an
|sopropyl§ e group, including the steps of: (1) contact the racem c m xture
inasuY gani ¢ solvent with an esterifying agent amdTaB01/01008, -
stereospecific enzyne which stereoselectively esterifies the -OH group of
the desired stereoisonmer, for a time sufficient to convert a desired
percentage of the desired stereoisonmer to a conmpound of the formula IV QO
'"OR4 R~ IV wherein R is as defined above and R4 is an alkyl or an aryl
group, 27 DEC 2004 WO 02/ 0a38-1 PCT/I1-BQ1/ 01008 -19 to give a first
reaction product including the conpound of the fornmula IV, the organic

sol vent, the unconverted stereoi soners of the conmpound of the fornula II1,
excess est eesifag pigrerjeaTneant ey prroprigtdsofothet foemuliaaltit is osstesfied (othesepar ati ng

the compoungdnof, ide: hOudHl bl IWid EATAELALslor sactlon producl e 2 A process

according to claim1 wherein s conpris 1 (2) (a)
separ at i ngPtasect typisally exitt tf@nrepcfgdata simi(amraﬂaetoethzynﬂét feed) (d)futigsrovi ng from

the first i ,. the exces terifying
agent , and}13 ,S‘;%EE%,Q@ Wh%ﬂ%ﬁ\zgm%pﬁ ? rezli'gtb?g!ﬁt\é i YV{% PRy E‘H t?‘@’é’@bi on
product i ntbleumemj ntleh'eb!@@ﬁ‘p}cmr’m immobhisaficr onid a sIqua:mdwdtd?i@l,umﬁmU@ht ed

st er eoi so of formula I'll ; and (2)(c) separating the
EBmQét %%{r&’%’@ﬂ{'ﬁ% nd (2)(c) separating .

conpound t he m t he second reaction product leaving a third
reaction product containing the unconverted stereoisoners of the conpound

of the for i 1 or clal i ncl udi ng
t he step, tgsldlstgteeg (S%pog)@&gscg)tﬁggcge%%%gtﬂ?ﬁ 9e”m88d ?t"sa“’g?zt Boi somer s
of the con‘b’@ah‘é SivarhethBoregba eblerifying agent tanidr ahyr b&@tqdmmqon@@l@tato give a

fourth I eacding BLOMICHEORE Pl MM RJ0k: BRI BLONt \PLELSRL sOmer s of

t he conpoun mul a recycling the f SUP eac A pr oduct
to step (1nconavertqst seermisaoesralithg compelnd of Biei fochuldiiig Thie m»epe after

step (3) QUarried 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 stereoisomers of the compound of

the formula Ill. 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
beiow. This results in the production of the desired sterecisomer of menthyl
ester, or subseguent 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 stereoisomers of the




-~ (4) hydrolysing the conpound or' the fornmula IV to give the desired S
- stereoi somer of the conpound of the formula I11. WO 02/04384 -20 i 27 DEC |
2004 PCT/1B01/01008 5 A process according to claim4 wherein 2Wiebt &-2004 an |
i sopr opawelo2@iyp or an isopropyl ene group, before or after step (4), the
conpound of the formula IV or the desired stereoisorner of“TVh1¢%PHSound of |
the formula Il is subjected to a reduction step to convert R to an

i sopropyl group. 6 A process according to any one of clains 1 to 5

including the follow ng steps, prior to step (1) of: (a) reacting a

conpound of the formula | R2 OR3 1 wherein Rz represents a nethyl or a

hydr oxymet hyl group, and R3 represents H3-a base netal, a benzyl group or \
an allyl group, with an alkylating agent in the presence of a catalyst to
gi ve a conpound of the formula Il RR3 R~ LI wherein R~ is as defined in
claim 1 antPRCUNdOREEafeMEe tleancheatyelipovibis mnthe resiDtioR/B4388the2l 2 1 D E

- C 2004 PCTpioBEsl. 01008

"

The racemisation may be achieved over a suitable catalyst with or without
hydrogen gas, with or without a solvent, and at atmospheric or greater

pressure.
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 agueous caustic.

The catalyst used may be any catalyst typically used in homogeneous catalytic

hydrogenations such as Pd(OAc), and Ru(PPh3)sCly, or in heterogeneous‘
catalytic hydrogenations such as supported paliadium, platinum, rhodium,
ruthenium, nickel, sponge nickel and 2CuQ.Cr,O;, or a solid oxide such as ' ;
celite, CuO, CrOs, CoO, SiO,, Al,O;, Ba(OH),, MnO, Al(iOPr),, LnO,, ZrO and | i

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%. ‘

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

present is removed.




(b) hydrogenating the conpound of the formula Il in the presence of a B
catalyst to give a racemc mxture of the eight stereoisorners of the
compound of the fornmula Ill. 7 A process according to any one of '{:|[&:[]TQOQA

to 6 wherein in step (1) the . solvent is selected fromthe group
conmsh"ﬁ%”%{ﬁ“ﬁéooctane n- hept ane; decane; nethyl cycl ohegameql/tiodsutyl - |
nmet hyl ether; xylene; kerosene; pentane; cycl ohexane; hexane; benzene; |
but anol ; tol uene; isopropanol; ethyl |actate; and acetone. 8 A process
according to claim?7 wherein in step (1) the solvent is nheptane. 9 A

process according to any one of clains 1 to 8 wherein in step (1) the ‘
esterifying agent is selected fromthe.jgroup consisting of vinyl acetate, - ‘
butyl acetate, octanoic acid, isopropenyl acetate, vinyl butyrate, ethyl ‘
| actate and ethyl acetate. 10 A process according to claim9 wherein in o
step (1) Imra&msatfcw mgp aga@/rtie tesind oyl inaaeh@iction Withstep gBES S tascording to 7 |
any one g}d rqs { 8 wher ei n. t\n step (1) the esterifying agent is used . |
in a nol aP FRTEL R VaRSi FPRPPSEET eoi somer of the compound of the fornula
[1l of 0,5:1 to 30:1 inclusive. 12 A process according to any one of clains.
1to 11 ere| i.n ste the stereospecific enz s,selected fromthe
group cong} s‘f’?3 o°'6P a'?ﬁdé@éa?fé |pﬁ%cre§8e‘§ tﬁ?dﬁ%“é’.‘t'qn %a@ehmalyﬁ%l%?eas | i pase

Pseudonormawdoluudrcesmelfl@'mulla pa&etmsw'@uldtmoabme;f the Ras@oBhd ZHpUS ni veus,

[ MU
| aoan codhé SHRSE T A ekt aR R e R S0 b, PRt s R e e or ¢
| i pase C&ﬂﬁhl’dmay m&aﬁmamerwpnamanaaw&&en aEsEdFL&b)rmﬁ)étﬁOﬁdé bpol ytica,

l'i poprotein |ipase. Pseudonpnas sp.. t p te se Pseudononas
cepaci a, Pp‘b‘gbre Oéﬁ'cﬁe 1§ P F%@%%'&Hg'gﬁsuﬁp\lfi 'ggéﬁ Qggt@g}ée ®Baci I | us

t her nogl weose dassus jchestieifad¥¢ Baci |l | us st ear ot hernophil us, esterase Micor
m ehei, esterase hog |iver, Candida rugosa |ipase, |ipase Micor m ehei,
Candi da antarcitica B |ipase, Candida antarctica A |ipase, Chiro-CLEC CR
Chi r o- CLEGeGRatsdrurtay) be parredneut! invaaty ecm@rtatse:,caﬂgemsedi lith ihydaﬂydnsase,

Subtilisin rlsher Chi.r oCL sl u LIo- (sl ng

Chir o- CLEPC?’ﬁ%a S‘rgy)as Aspeerxgﬁq?usgo yz aﬂ)'cg?té OI-:r'fS)épt |rCI‘f‘/§% TR (slurry),
ESL- 001- @bmtﬁﬁimﬁiwmwd}\mmﬁmbyblssere udesL-001- 02, ESL 001- 03, ESL-001- b,
Chirazyne L4 (Pseudononas sp.), Chirazyme L5 (Candida antarctica fraction
A)., Chirazyme L1 (Burkholderia), Chirazyne L6 (Porcine pancreas),

Chi r azy n@hkeaChinr ezyreeatl@, milapeoxentepyteeztase pelowptwenailinge pepiref

Li popr ot ) 3 i da
antarcti 08 PiaRat g S0 B RS R AER BRuE e BRI cREREERE TS ammno
AYS, ArrammldﬁShemm'no iPSiyiedowtno AKD11, and Anmano AKD111. 13 A process
according to any one of clains 1 to 12 wherein in step (1) the enzyne is
Amano AK |ipase enzyne. 14 A process according to any one of claims 1 to 13
wher ei n Irr thestaeppqUby ¢ftiee StrewEoypadiefs B énay neoprepyigedtp, mydmlysieount  of from
1 g/l to V¢ re of the eight
st er eoi soﬁ@rggsémhmwés@g%e%h Qﬁ?m ﬁgdh;sgrr‘ ?r{uel %’la@ii%%eﬁ]éssrﬂ%ﬁgl e organic
solvent and the esteri fy| ng agent. 15 A process according to any one of
claims 1 ' e of from
200 1o 1006 sl g The'aSiyeR, ey omng RolteEtniLde % b RIRERRN e 21 1 e
2004 WO paififtizg4he p@q‘qum.gjmomo@g e.xg@ple d!stxllatlon or crystallisation.

Experimental Work
The results of various expériments 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



16 A process according to any one of clainms 2 to 15 wherein after step._

- (2)(a) the stereospecific enzynme is recycled to step (1). 17 A process
according to any one of clainms 2 to 15 wherein in step (1) they DEC 2004

st er eospgf] §lasgnzyme is used in a continuous systemwherein the | st

‘specific enZyme is retained within a reactor and wherein |r‘FT§'t88H"1|°°“( 2)(a)
the first reaction product exits the reactor |eaving behind .the enzyne. |
18 A process according to any one of clainms 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 tenperature below the boiling point of the solvent or the
refl ux terrperature of the mixture of reatdants at the pressure at which the
reaction is carried out. 19 A process accordi ng to any one of clainms 1 to
18 where| n |n t he co%)ound thel\]f ormula Ill1, R represents an isopropyl

gr oup. NS RY S M TR RE-7M TP 'i\?laB]G/NB']a‘?W‘?MCPIQBﬂd?M 281G, 7and the

] 7W/] 7|Vb] 7Nﬂda?M Plas¥] éXrdctdd Shio7 Milale’ MBO) fdiB45 MR analysis of the

88( 8#. #. xxx888888<8 8~88xx

xpxxxxppxxﬁmy%?] <9295’E’£‘:| |r|a[:€<‘1”| %@%&%é@dyﬂ%ygw%@awaq ~~~~| | XX

8 ~ ~ ~ ~
<L xx 91 e ﬁxéé@p ?f%?r? X%%ﬁ?i?ég@%a@ R T
<I|<ll<ll <$d>o<m<mrxddtcbdlda\lel xddchion lonkmbeBX| SrdeSbebux tHex hamiyl @kl x| | X<LX,§X
kA T AR TR NN b e i R

QA @*. #. ~xhetted X< Bb*&éﬁslthé FEFH O Wt <8l| W eE< B T SEEF F<E FRERS STRE S>> <<>>>>>
<<<>>>>>>>>>>>>>>><<>>>>>>>>>999~~<L99 ~DPP~>09P| ????~??~??>????7~><><<<8<<<

<<<cccc<<ISELN YRS hep Allowed 0 639l 49 lemperatis, 1o pressure inside e <
~<>?7?>| 77%2&3?#\?&%%?%%?21d~rh%>%§&ﬂ&8?ﬂp@re{ Vi@ ( Give a mixture of

@@ @t. #. x00p?pp<g’ pppp X~2~22X @ 2=2~222227| 222>2~27~2?~| ?2~~~ppX
pxxxxxxxpﬁBgQLBg&%%%f%?g%EgE@ &5‘5@%& by %)@Q%@?’??Wb%}%mxﬂ ?2~27227727
2222~22~2222~DK: rUC4A5 FUC

CC(CH. #. "~ ?7<<?<<?<<=220X< 22-~22222~-2222~2272~| 22227 _ 72X~ XXX XXX XXX XXX XXX XXX XXX

e e e et SRl kga oo oo o
] ca] ca] ca]rs=apcapoas (ﬂa])xea]:@&] h:;m]sea(}cwla].c;as]mammadc@/aa]seaaﬁcta]spas]mai]sma] ca] ca] caj
cal (_:a] cal @r&%]z?ga](ﬁﬂls%,a A)ssp\g,}g-lfl%s oryzae protease and PeptiCLEC-TR slurry

(Altus) were weighed. To this cyclohexane, hexane, pentane or heptane

(962,72 nl) were added. lsomeric‘ menthol (23 pl) and vinyl acetate (14,28 )

were also 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
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10%0%& () - %%/l%g‘at(éc"@':arﬁ%l&oﬁ%d(c)n_a stirring hot plate. Batch times, unless otherwise

stated were 24 hours. The reaction mixture was then centrifuged to separate

the products from the enzyme. The supernatant was analysed by GC (%m/m
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 (5 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 mentho! and
5,5% (viv) vihyl 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 (-)—mehthol, 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.
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Example 6

A solution of methanol (50,1 g), water (50,21 g) and NaOH (6,03 g, 0,15 mol)
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 % menthyl 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 sampied.

Quantitative m/m analysis 17% thymot, 23% menthols and 54% menthones

with a % (+)-menthol/(x)-menthol of 22%.
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CLAIMS

1 A process of separating a single desired sterecisomer from a racemic

mixture of eight stereoisomers of a compound of the formula [l

OH

R4

341
wherein Ry 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
stereoéelecﬂvely esterifies the -OH group of the desired
stereocisomer, for a time sufficient to convert a desired percentage

of the desired stereoisomer to a compound of the formula IV

Ry

v
wherein R, is as defined above and Ry is an alkyl or an aryl group,
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products of the reaction; and

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

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

(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 IV and the unconverted stereoisomers of the compound

of formula Il ; 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 M.

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 sterecisomers of the

compound of the formula lll 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

sterecisomer of the compound of the formula I1l.
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5 A process accarding to claim 4 wherein when R, is an isopropanol group
or an isopropylene group, before or after step (4), the compound of the
formula IV or the desired sterecisomer of the compound of the formula il

is subjected to a reduction step to convert R, to an isopropyl "group.

8 A process according to any one of claims 1 to 5 including the following
steps, prior to step (1) of:

(a) reacting a compound of the formula |

Rz

OR;

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

R

OR,
R4

11

wherein R, is as defined in claim 1 and R, and Rj are as defined above; and
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(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 formuia 1li..

7 A process according to any one of claims 1 to 6 wherein in step (1) the .
solvent is selected from the group consisting of isooctane; n-heptane;
decane; methyl cyclohexane; t-butyl methyl ether: xylene; kerosens;
pentane; cyclohexane; hexane; benzene; butanol; toluene; isopropanol;

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 (o claim 9 wherein in steb (1) the esterifying agent is

vinyl acetate,

117 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 Iil 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 sélec:ted 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
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Iipolytica, lipoprotein lipase Pseudomonas sp., type B, lipoprotein lipase
Pseudomonas tepacia, lipoprotein lipase Chromobaderium viscosum,
esterase Bacillus thermoglucosidasius, esterase Bacillué'
stearothermophilus, esterase Mucor miehéi, esterase hog liver, 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 Carisberg, Chiro-
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, Chirézyme
L4 (Pseudomonaé sp.), Chirazyme L5 (Candida antarctica fraction A),
Chirazyme L1 (Burkholderia), Chirazyme L6 (Porcine pancreas),
Chirazyme L7, Chirazyme L8, Naproxen.ester_ase, 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 sterecisomers of the

compound of the formula lll, 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.
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1 HSYE ( 4 G12335 G78Yding =9 R CDERGHIIIKISNNEP 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 leavmg behind the
enzyme. : '

18 A process according to any one of claims 4 to 17 wherein in step (4) the
hydrolysns 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 lll, R+ represents an isopropy! group.




