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4 According to a first aspect of the present invention, there is provided a process for
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5
OH OH
.0
R—C (X)—CO,R
O
Formula 1
which comprises either a) the stereoselective reduction of a compound of formula (2)
OH O
HO (X)—CO,R
10 Formula 2
to produce a compound of formula (3), and
OH OH
HO (X)—CO,R
Formula 3
15
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as those descrg BesteiaBly represents a C, alkyl group, which may be linear or branched, and
may be substituted by one or more substituents. Most preferably, R represents a {-butyl
group. (

20 R' may represent a substituted alkyl, often C, alkyl group, such as a CF,- or
CF;CH,- group, but is preferably an unsubstituted C, alkyl group, and most especially a
methyl group.

The stereoselective reduction of the compounds of formulae (2) or (4) preferably
employ chemical or microbial reduction methods, such as hydrogenation, transfer

25 hydrogenation, metal hydride reduction or dehydrogenases. Examples of a suitable
hydrogenation process such as that described in Helv. Chim. Acta 69, 803, 1986
(incorporated herein by reference) include the use of between 0.01 and 10% (w/w) of
catalysts such as platinum, palladium or rhodium on heterogeneous supports such as
carbon, alumina, silica using molecular hydrogen at between 1 and 10 bar in a solvent

30 such as methanol, ethanol, t-butanol, dimethylformamide, t-butylmethylether, toluene or
hexane. Alternatively homogenous hydrogenation catalysts such as those described in
EP0583171 (incorporated herein by reference) may be used.

Examples of suitable chemical transfer hydrogenation processes include those
described in Zassinovich, Mestroni and Gladiali, Chem. Rev. 1992, 92, 1051

35 (incorporated herein by reference) or by Fuji et al in J. Am. Chem. Soc. 118, 2521, 1996
(incorporated herein by reference). Preferred chemical transfer hydrogenation processes
employ chiral ligated complexes of transition metals, such as ruthenium or rhodium,
especially chiral diamine-ligated neutral aromatic ruthenium complexes. Preferably, such
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The invention is most preferably carried out using whole cells of the organisms as
this avoids the need to separate the desired enzyme' and provides co-factors for the

25 reaction.

Any of the above species may be used but in many embodiments, it has been
found that high conversions and high selectivity can be achieved by the use of the
enzyme or whole cells of Pichia angusta.

In general a co-factor, normally NAD(P)H (nicotinamide adenine dinucleotide or

30 nicotinamide adenine dinucleotide phosphate) and a system for re-generating the co-
factor, for example glucose and glucose dehydrogenase, are used with the enzymes to
drive the reaction. As suitable co-factors and reduction mechanisms are present in the
whole cells it is preferred to use the whole cells in a nutrient medium which preferably
contains a suitable carbon source, which may include one or more of the following: a

35 sugar, e.g. maltose, sucrose or preferably glucose, a polyol e.g. glycerol or sorbitol, citric
acid, or a lower alcohol, for example methanol or ethanol. .

If whole cells are intended to grow during the reaction nitrogen and phosphorus
sources and frace elements should be present in the medium. These may be those
normally used in culturing the organism.
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20 Purified enzymes may be isolated by known means suitably by centrifuging a
suspension of disintegrated cells and separating a clear solution from debris, separating
the desired enzyme from the solution for example by ion exchange chromatography
suitably with elution from the column with liquid of increasing ionic strength and/or by
selective precipitation by the addition of an ionic material, for example ammonium

25 sulphate. Such operations may be repeated if desired to enhance purity.

The microbial reduction of compounds of formula (2) or (4) is particularly
preferred, and this process forms a second aspect of the present invention.
In the esterification of compounds of formula (2) or (3) it is preferred to

transesterify with another ester, which is present in at least mole equivalence with respect

30 to the alcohol and is suitably a vinyl ester (as the by-product, acetaldehyde is not involved
in a back-reaction). Alternatively an anhydride such as acetic anhydride or trifluoroacetic
anhydride, or an ester such as ethylacetate or a fluorinated ester such as
trifluoroethylacetate may be used. It is preferred that the regiospecific esterification
reaction be carried out in an organic solvent containing less than 1% (w/w) water such as

35 acetonitrile, ethylacetate, tetrahydrofuran, tert-butylmethylether, toluene, butanone,
pentanone or hexanone at a temperature of preferably 20 to 75°C, more preferably 25 to
50°C. The esters are preferably esters of lower alkanoic acids having 2 to 8 carbon
atoms, or substituted derivatives thereof. Optionally an inert atmosphere may be
employed, for example a flow of nitrogen may be passed through the solution.
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This process for the preparation of compounds of formula (5) forms a fourth
aspect of the present invention.

25 Example 1
Preparation of (3R,58) t-butyl 3.5.6-trihydroxyhexanoate.

To a stirred 250m! round bottom flask 20ml acetoniirile, 0.405g (0.662mmoles) of
di-mu-chlorobis[(p-cymene)chlororuthenium (I1)], and 0.492g (1.34mmoles) (1S,28)-(+)-N-
(4-toluenesulfonyl)-1,2-diphenylethylenediamine were charged. The solution was de-

30 oxygenated by sparging with nitrogen and thereafter maintaining a ftrickle. A de-
oxygenated solution of 26g (0.119mol) optically pure (5S) t-butyl 3-keto-5,6-
dihydroxyhexanoate in 15ml acetonitrile was charged to the reaction vessel and the
solution stirred at ambient temperature for 20 minutes. 65ml of a 5:2 (mol/mol) mixture of
distilled formic acid and triethylamine were then added over a period of 10 minutes and
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used directly in the next stage.

Preparation of (4R.6S)-6-[(acetyloxy)methyl]-2.2-dimethyl-1,3-dioxane-4-acetic acid, 1,1~
20 dimethylethylester.

To a stirred 1 litre round bottom flask 78.7g (3R,5S) t-butyl 6-acetoxy-3,5-
dihydroxyhexanoate, 800ml of 2,2-dimethoxypropane and 5.7g p-toluenesulfonic acid
were charged. After 35 minutes thee reaction mass was concentrated to half its volume
and 300m! of dichloromethane and 300ml of 1M sodiumbicarbonate added. The organic

25 layer was separated and the aqueous layer washed thrice more with 150mi ethylacetate.
The organic fractions were combined, dried over sodium sulfate and the volatiles removed
by distillation under vacuum. 92g of a crude oil was obtained. This was purified first by
passing through a short column of flash silica and ‘eluting with hexane and then
hexane:ethylacetate 85:15 (v/v), and then crystallising the material 3 times from hexane

30 to give 22.17g (4R,6S)-6-[(acetyloxy)methyl]-2,2-dimethyl-1,3-dioxane-4-acetic acid, 1,1-
dimethylethylester which by chiral GC was determined to be 99.9%de.

Preparation of (4R,6S)-6-(hydroxymethyl]-2.2-dimethyl-1.3-dioxane-4-acetic acid, 1.1-
dimethylethylester.

35 To a 500mi stirred round bottom flask 22.17g of (4R,6S)-6-[(acetyloxy)methyl}-2,2-
dimethyl-1,3-dioxane-4-acetic acid, 1,1-dimethylethylester, 250m! methanol and 5.05g
crushed potassium carbonate were charged. The reaction was stirred for 35 minutes until

the hydrolysis was complete, then the potassium carbonate was removed by screening,
the reaction mass concentrated and 150mi 5% (w/w) brine and 150ml toluene added. The



The aqueous | ayer was washed thrice nore with 90m ethyl acetate, the
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13CNMR to be 5.2: 1 (3R 5S) : (3S:5S)7 The material was used crude in the
next reaction but could be purified by colum chromatography. 10
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(4R, 6S)-6-[ (acetyl oxy) met hyl ] - 2, 2-di net hyl -1, 3-di oxane-4-acetic acid. 1, 1-
20 di net h@l{ﬁ&ﬂi%héester. To a stirred 1 litre round bottom flask 78.7g

(3R 5S) tPRibpargtiorbel68) texybly!H-acktdwyeh- bvd[bwearke’@he@rﬁﬁfhﬂ of

2,.2- di et hoxy PrORAfeANthom 1uls bBATBIKIMAE haffelich 33516 0FORhAEY) (st e

35 1 th
30000 ot B BNDE A HAREY ST BRAIORs. ANTIL SHPLYEPEAA chabE) Lot mrks)
organi ¢ 2hnyl ayetteasd OS2 ¢ft the sapporterrligs cChigizimgare Wagited 2thino®snmée

with 150 ' , over
sodi um sPPas Wes AGbR oy rape L ST, Idifties ST e bR o2
of a crude gdiel 2.98gsolob eraida &l thatias Qhﬁéactﬁjtsﬁﬂl B ANMR jest( 5%)ytertpiw§§i6rﬁ?etqw&gh a
short colhyarox@f3-kdtetsdxanbhteca and el uting with hexane and then
hexgpe: et hyl acetate 85:15 (v/v), and then crystallising the material 3
rrgg from hexane 30 to give 22.17g
(4R 6S) - EfampieBy| oxy) net hyl ] - 2, 2- di et hyl - 1, 3- di oxane-4-acetic acid, 1,1-
E',' et hylt %&@ﬁéﬁg(@@@ trbmwblsrei{nh@‘ﬁow xeRbLE M nﬁd tg ged99 9%le. t
reparation o - | Xa etic
ned e r%%a&gﬁ EYE ST 8osief et e oot oh s ficpdtic
22.17¢g ofTr(aatRoaSMaﬁii@‘ a@@ﬁyWeagyovm inyd BraainBiostah@tmyili-farn®nikdroyates: i-theet i ¢
o o ST TR S TAROY | SO b P
o O G oBRpTalag) | esse SRR T ) e B, P sgetilggam
scr eeni ngEEAt 2 Fearotriasterhdsse cedﬁmems rsatuéidn,ah dni (B sroleB6r( wonthinbd ipee likad
150m - t ol ¢iedts, A4e8 80210 MNnS0,.4H,0, 0.1 g; ZnSO,.7H,0, 0.1 g; CaCO,, 1.8 g.

25 Each of 4 fermenters were charged with 250 ml of medium and sterilised by
autoclaving. The pH was adjusted to 4.5 using 7 molar ammonium hydroxide solution,
the temperature was set to 28°C, the air flow set at 300 ml/minute and the agitator speed
set to 1200 rpm. Fermenters were inoculated with cells taken from agar plates (2% agar)
comprising the same medium as described above except that the glucose concentration

30 was 20 gllitre. Following 22 hours growth in the fermenters the bioreduction reaction was
started by the addition of (5S) t-butyli 3-keto-5,6-dihydroxyhexanoate; two of the
fermenters were charged with 3.75 ml each and the other two charged with 5 ml each.

The reaction was continued for a further 78 hours until 100% conversion of

35 substrate. During this period the culture was fed with a 50% solution of glucose at a rate
of 1-3 grams glucose/litre culture/hour to maintain cell viability and provide a source of
reducing power. Reactions were terminated by removal of the cells by centrifugation. To

the recovered cell-free supernatant was added sodium chloride to a final concentration of

20% w/v and the mixture extracted three times with an equal volume of acetonitrile. The



WO 01/85975 PCT/ GB01/01915 7 organic |layer was separated and the aqueous
washed twice nore with 250mL toluene. The organic |ayers were conbi ned,
washed t wee1/sidsnes with 15% (ww) brine and the solvent pemeBedodys vacuum
distillation to give 17.78g of clear oil, which was determned to be >99%
(4R, 6S) - 6- (hydr oxynet hyl ] -2, 2-di met hyP- 1, 3- di oxane- 4-acetic acid, 1,1- 5

di net hyl et hyl ester. Exanple 2 Preparation of (5S) tert-butyl

6- acet oxy- 5- hvdr oxy- 3- ket ohexanoate. To a stirred 250m round bottom fl ask

h (0. 06nol 5 10 t t - but
B ot moPaley AR SRR werd, ohiB b it Bl i suin PO tG 13RS es)
vi nyl aceeampeedmrtied rem@edfpre%ere;mmomﬁam@vapqmt@e(w;nen* ket hemperatDrg 435Q)de 20
mnutes tgy 4 VRESH Pae mewvaﬁ hmesra@ﬁﬁpld?gthar&oam ﬂ/dh'w aédch%aétedﬁomsl by

glhiﬁ Iath ZH ggr under ut?llotglt {t%@g{%yﬁ%xaa{@@fl O%;JJ t%in & astereomenc\:,\%xcess of

hydr &xy- :Bdcbbbthemnuﬁsels gmnlﬁxmeptabje:belémepar ation of (3R 5S) t-butyl
3,5,6-tri hydroxyhexanoate Pi chi a angusta NCYC R230 (deposited under the
provi si qns—of—tteTBudapest—Fyeaty on May 18t", 1995) was grown in a Braun
Bi ost at |C®XPgriment <=|di?éFﬂr@‘Pm§r3Ws emin the 20 follow ng medium (per litre):
gl ucose |40 g; MySD4 extess @) KpS04, 0.21 g; KH2PO4, 0.69 g, H3PO4
(concentfrateq), 1|ni, %ﬁﬁlsr ektract (Oxoid), 2 g; FeSO4.7H20, 0.05 g;
anti f oarp—-EEA-142 Foa¥irBster , trace elenments solution, 1 m (this

sol uti orl conBai ned per99.6tre | CuSO4. 5H20, 0.02 g; MS04.4H20, 0.1 g;

ZnSOA. 7H20, Q.1 g Ca¥B,4 9. PS5 Each of 4 fernenters were charged with 250
m of ngdrumand—sterttised—b aut ocl aving. The pH was adjusted to 4.5
usi ng 7 |lmol aft ammbni un®$9droxl de solution, the tenperature was set to 28C,
the air flow set at 300 mM/mnute and the agitator speed set to 1200 rpm
Fermenteré( (ol £ inoculated with cells taken from agar plates (2% agar)
conpri si Mg ane nmedi um as descrl bed above except that the glucose
concent r &trees R driowyhexanoatBours growth in the

I e[) ﬁ*t@nlt erf&cmél %nguﬁé entvmd Imor(aéﬁcsgueeta uh@ér tht @rbmg@n@bg Eﬁgsa@ébebmrbaw ok 55)
u ro exanoa
wi th % 720 3B By GRQHY X BOR Bpabl B MR aefl BRI W i olaiiF oo

was cont imediamf (eentaining; tnesitrgs gimnsg, @Atgd;| amoopbo AViEatsi b gofYeast exiract
(Oxoid), 2 g; MgS0O,.7H,0, 1.2 g; KH,PO,, 0.69 g; K,SO,, 0.21 g; FeS0,.7H,0, 0.05 g;

H;PO, (concentrated), 1 ml; EEA 142 “foammaster’ antifoam, 0.5 ml; trace elements

15 solution, 1 ml (this solution contained per litre Ca(CH,CO,),, 2.85g; ZnS0,.7H,0, 0.1 g;

MnS0QO,.H,0 0.075 g CuS0,.5H,0, 0.02 g; sulphuric acid (concentrated), 1 ml).

o p—

One fermenter was charged with 250 ml medium and sterilised by autoclaving. The pH

was adjusted to 5.0 using 2 molar sodium hydroxide solution. The temperature was set to
20 28°C, the air flow was set to 250 ml minute and the agitator speed set to 1200 rpm. The

fermenter was inoculated with 2.5ml of a suspension of cells in sterile deionised water

prepared from an agar plate of Pichia angusta NCYC R320. Following 17 hours growth

the bioreduction was started by the addition of 6.36g 5(S) t-butyl 3-keto-5,6-

dihydroxyhexanoate as an aqueous solution. At the same time a glucose feed to the
25 fermenter was started at a rate of 2g glucose L' h™.

The reaction was continued for a further 78 hours at which point 96% conversion of the

substrate had been achieved. Starting material and product were detected by HPLC

(Hichrom S5 CN-250A column, temperature 35°C, mobile phase: aqueous TFA (0.1%) :
30 acetonitrile 95:5, flow rate 1 ml min™, injection volume 5 ml, refractive index detector).
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glucose at a rate of 1-3 grans glucose/litre culture/hour to maintain cell
vi abi i t wa@ndsyrodpvi de a source of reduci ng power. Reacti POFGBOI/€1915

term nated by renmoval of the cells by centrifugation. To the recovered
cell -free supernatant was added sodiubhchloride to a final concentration of
20% w v and the m xture extracted three tinmes with an equal vol une of
acetonitrile. The WO 01/85975 PCT/ GB01/01915 8 pool ed acetonitrile
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20



di hydr oxyhexanoat e as an aqueous solution. At the sane tine a glucose feed
to the 25 fernenter was started at a rate of 2g glucose L-' W The

reacti onwas1/godmt i nued for a further 78 hours at whi ch poPar/GB6YO®ONVeEr si on
of the substrate had been achieved. Starting material and product were
detected by HPLC (H chrom S5 CN-250A%ol unm, tenperature 35C, nobile
phase: aqueous TFA (0.1% 30 acetonitrile 95:5, flowrate 1 m mn-",
injection volune 5 m, refractive index detector). WD 01/ 85975

PCT/ GB01/ 01915 9 The reacti on was tgﬁ EIZ ted by the renoval of cells by
centrifuging at 4000 x g for 20 mn —=The pH of the recovered cell-free
supernatant was adjusted to 7.5 using 2M NaOH MSOH. 1.6H20 (15 % w v
based on qanhy J i I per nat ant and the
resul ti ng1asol %?nﬁé%@?gﬁﬁ%rﬁ&} %{bc{.é%ﬁﬁhgﬁaéﬁﬁg @zol ume of 2 5

pent anone. The sol vent phases were col |l ected and the sol vent renoved under
reduced pressure in a rotary evapor rOHt 45C yi el di ng an orange vi scous
oil. This was re- dissolved ip_ 0 ; ?d)_siéé ked 2-pentanone and again

t he sol vent was renoved by rot ary evaporation t afford t-butyl

3,5,6-tri hydroxyhexanoate (5.08 g, 80 % isolated yield). D astereoneric
excegs was deternmined as follows; a §amyae! of t-butyl 3,5,6 10

tri hydroxyhexanoate (30 ng) was derivatised by reaction for at |east 10

m nutes at,.room tenperature in an excess of. trifluoroacetjc anhydride,
excess anylt FRPTRES SARA)LRE SIRbSPIeE e PAFOBE! ASPTRPEPCGEREYA (Phe
residual oil diluted with dichloronethane (1 m). The sanple was anal ysed
using a Chiralcel Dex CB colum (250HetYe) at a tenperature of 140C
(isothermal). The di astereoner sﬂ@l\ylgd/lht 14.4 mnutes (3R 5S di astereoner)
is and 15.7 mnutes (3S,5S diaster eorrer).<x)l'ﬁgod? astereoneri c excess of the
sanple was found by this nethod to be 99. 7% 20 WO 01/85975 PCT/ GB01/ 01915
10 CLAIMS 1. A process for the prepanaa2on of a conpound of formula (1)

OH 95| R-C- (X)-C2R 11 O

to produce a compound of formula (3), and

OH OH
HO (X)—CO,R
Formula 3
15 b) Esterification of the compound of formula (3) in the presence of a compound of

formula R"-O-COR' and a lipase or hydrolase enzyme thereby to form the
compound of formula (1); or

) Esterification of a compound of formula (2) in the presence of a compound of
formula R"-O-COR' and a lipase or hydrolase enzyme thereby to form the
20 compound of formula (4), and
OH O
R'—(I%'O\/k/U\(X)——COZR
0]
Formula 4
d) the stereoselective reduction of a compound of formula (4) to produce a
25 compound of formula (1)
wherein

X represents an optionally substituted hydrocarbyl linking group



5 Formula | which conprises either a) the stereosel ective reduction of a
conpound of forrmula (2) OHOHO -1I- IL(X)-CO2R Fornmula 2 10 to

produce aveongehd of fornmula (3), and OH OH HOA(X) - CO2RCFeBoubd@18 15 b)

Esterification of the conpound of fornmula (3) in the presence of a conpound
of formula R'-OCOR and a |lipase orlhydrol ase enzyme thereby to formthe

conpound of fornmula (1); or c) Esterification of a conpound of formula (2)

in the presence of a conpound of fornmula R'"-O-COR and a |ipase or

hydr ol ase, enzype thereby to . formth 20. coppound, of . f or mul 4), and OH O
Ttk (o RoKBaut Gendenty Prisefan SoisraB B Rrstact i 57
conpound Rifrepresenmis san( dptianallyp sohiittded hy@bcarbyip praierably drooptivrelly Bubsthigiedi n - X
representaﬁkf,@qroggjt ionally substituted hydrocarbyl |inking group WO 01/ 85975
PCT/ GB01/ 01915 11 R and R' each independently represent an optionally
substituted hydrocarbyl group, and R represents an optionally substituted
hydr ecar /| , pk ploeessagecoatingtmt claimal, vheseib Xtrepresents agdryp offiocupla -6Hz. A
process according to claiml, wherein X represents a group of formula -CHz

. 3. A process_ accordi ng to either gr ecedi nP_cI aijm wherein R' represents a
vinyl or 3is op"} BIRSAST 2§ Q?GEQ to either preceding claim, wherein R" represents a vinyl or

isopropenyl group.

10 4. A process according to any preceding claim, wherein R' represents a substituted
or unsubstituted C, 4 alkyl group.

A

5. A process according to claim 4, wherein R’ represents a methyl group.

i5 6. A process according to any preceding claim, wherein the compounds of Formulae
(2) or (4) are reduced by contact with an organism possessing the properties of a
microorganism selected from Beauveria, Pichia, Candida, Kluyveromyces or Torulaspora
genera or an enzyme exiracted therefrom.

20 7. A process according to claim 6, wherein the compounds of formulae (2) or (4) are
reduced by contact with an organism selected from the group consisting of Pichia
angusta, Pichia pastoris, Candida guillermondii, Saccharorhyces carlsbergensis, Pichia
trehalophila, Kiuyveromyces drosopliarum and Torulospora hansenii, or an enzyme
extracted therefrom. ‘

25
8. A process according to either of claims 6 or 7, wherein whole cells are employed.

9. A process according to any one of claims 6, 7 or 8, wherein the compounds of

formulae (2) or (4) are reduced at a pH of from 4 to 5.

30 , '
10. A process according to any preceding claim, wherein the compounds of formulae
(2) or (3) are esterified in the presence of an enzyme selected from the group consisting
of Porcine pancreatic lipase, Candida cylindracea lipase, Pseudomonas fluorescens
lipase, Candida antarctica fraction B and lipase from Humicola lanuginosa.

35
11. A process according to any preceding claim, wherein the compound of formula R"-
O-COR' is vinyl acetate.

12. A process for the preparation of a compound of formula (5)



10 4. A process according to any preceding claim wherein R represents a
substituted or unsubstituted C,_6 al kyl group. 5. A process according to
claim4, wher/gidms R represents a nmethyl group. 15 6. A prpCES&BORCOOF di ng to
any preceding claim wherein the conpounds of Fornmulae (2) or (4) are
reduced by contact with an organi sm pbbsessing the properties of a

m cr oor gani sm sel ected from Beauveria, Pichia, Candida, Kl uyveronyces or
Torul aspora genera or an enzyne extracted therefrom 20 7. A process
according to claim6, wherein the co unds of formulae (2) or (4) are
reduced by contact with an organisn1§gfected fromthe group consisting of
Pichia angusta, Pichia pastoris, Cgnhdigla guillernondii, Saccharomyces

carl sbergensis, Pichia trehalqgﬁb/géxﬁf;yveronyces drosopllarun1and

Torul ospora hansenii, or an enzy ragedo,Rerefrom 25 8. A process
according to either of clains 6 or 7, wherein whole cells are enployed. 9.
A process according to any one of AEs6, 7 or 8, wherein the conpounds
of formulae (2) or (4) are reduced at a pHof from4 to 5. 30 10. A
process according to any preceding claim wherein the conmpounds of fornulae
(2) or (3jhigh eofipiieisi fied in the presence of an enzyne selected fromthe

group consi stin of Porci,n an [ ase acea |ipase,
Pseudonori spr?':faﬁ'gg@sc@munp ﬁ?p@“%éiﬁ@aaf F%?E‘fq(:@ 1‘93‘& ¥r8ﬁe‘g“ HamiPase
f r omEHuni readtingl thewgmpesad ogformula ) pritic2 gglirmethoxyfirogarteotoaioym Eneaetinidg;
claim whgyein the conpound of fornmula R'- OG-COR is vinyl acetate. 12. A
process fqr the eparat BQ&]éS a conmpound of formula (5) WO 01/85975

PCT/ GBO1/ i@*fgvm exgroep X’X)- C2R Formula 5 which conprises: a)
prepari ngvtgereionpound of fornula (1) by a process according to any pr ecedi ng

clai m b)x represents an optionally substituted hydrocarbyl linking group
10 R represents an optionally substituted hydrocarbyl group, and
R' represents an optionally substituted hydrocarbyl, preferably an optionally substituted
alkyl group.

13. A process according to claim 12, wherein the R'-(C=0)- is removed by treatment
15 with a basic, alcoholic solution.

14. A compound of formula (1):

OH OH
0
R—C (X)—CO,R
O
Formula 1
20
wherein R’ is CH; , R is optionally substituted hydrocarbyl, X is -(CH,),- and nis 1 to 4.
15. A compound according to claim 14, wherein R is t-butyl and X is -CH,-.
25 16. A process for the preparation of a compound of formula (1)
OH OH
.0
R—C (X)—CO,R
0]
Formula 1

which comprises esterification of a compound of formula (3)



5 reacting the conpound of formula (1) with 2, 2-di nmet hoxypropane to form an
acetonide; and c) renoving the group R-(C=0-; wherein X represents an
opti onal Iwosuksrsit ut ed hydrocarbyl linking group 10 R repe®&B0l/6198H
optionally substituted hydrocarbyl group, and R represents an optionally
substituted hydrocarbyl, preferably a® optionally substituted alkyl group.
13. A process according to claim12, wherein the R-(C=0- is renoved by
treatment 15 with a basic, alcoholic solution. 14. A conpound of formula
(1): HOH R-CO(X)-C2R O Forgyl L 20 wherein R is CH3 , Ris
optional 'y substituted hydrocarhyl,JX i}s -(C#)r; and nis | to 4. 15 A
conmpound according to claim 14, rern i-sCoh,Rutyl and X is -CH2-. 25 16.
A process for the preparation of a conpound of formula (1) OH OH
R-CO(X)-CO2R 11 O Formula | whigh,g98prises esterification of a
conmpound of forrmula (3) WO 01/85975 PCT/ GB01/01915 13 OH OH

HO ~(X)-COZR Fornmula 3 in the presence of a conpound of formula

R'- O COR'in @glpreséhd@asiea esmpatthdadfdsenule RZI0TEOR' Bad eblipate of aydrolaBe ebeymeund

of for ”“'tﬁer%ﬂs?/ to f?)rﬁ%‘%ﬁé gé)rﬂpound of formula (1);
5 wherein
X represents an optionally substituted hydrocarbyl linking group
R and R" each independently represent an optionally substituted hydrocarbyl group, and
R' represents an optionally substituted hydrocarbyl, preferably an optionally substituted

alkyl group.
10 ,
17. A process for the preparation of a compound of formula (4)
OH O
.0
R—~C (X)—CO,R
O
Formuia 4
15 which comprises esterification of a compound of formula (2)
OH O
HO (X)—CO,R
Formula 2
in the presence of a compound of formula R"-O-COR' and a lipase or hydrolase enzyme
20 thereby to form the compound of formula (4);

wherein

X represents an optionally substituted hydrocarbyl linking group

R and R" each independently represent an optionally substituted hydrocarbyl group, and

R' represents an optionally substituted hydrocarbyl, preferably an optionally substituted
25 alkyl group. |

18. A process according to either of claims 16 or 17, wherein R' is CH;, R is t-butyl
and X is -CH,-. ‘



X represents an optionally substituted hydrocarbyl Iinking group R and R
each independently represent an optionally substituted hydrocarbyl group,
and R me@poes®m s an optionally substituted hydrocarbyl , pOr/eBer/etdny an
optionally substituted alkyl group. 10 17. A process for the preparation
of a conmpound of formula (4) OHORMC'O (X)-CRR 11 O Formula 4 15
whi ch” conprises esterification of a conmpound of fornmula (2) OHO

HO -1-_A(X)-COZR Forrmula 2 in the presence of a conmpound of formula

R'-O COR ase or rolase en hereby . to.farmthe conpound
of Tor mul - 5 PIABELRESrg o Pol S B 2155 Bor Aicry Be ibetat BF & argell GEar by)
| i nki ng ds@uppeRybgreulR’ each i ndependent!y represent an optionally
substituted hydr ocar byl group, and R represents an optionally substituted
hydr ocar ef er abl n.optionally sub t|t e | group. 18. A
process cor d& PSS e%/c‘tcﬂ@r‘?gio @P)ﬁi‘??é ?Lfg ;J'ts &?nég n iﬂge 8’-\53,’”‘?{ Fs

t - bubyl seledted frem- BEl group\@oDSiE 8D D6 Héfa'mm@mcﬁr@aﬁmtipasm CGehdida pylindiessa .
accor di ngj taéé qfﬁéu@@r‘?roﬁ&s ﬁu&bé‘&nQQQag indldh aMBRYiEA '?raE"trorl E &hd h;@é& chfm

i soprope ro rocess according to any one of clains 1

wher ei n ﬂﬁﬁ“gﬂi§§%@rssas sel ected fromthe group consisting of Porcrne
pancreatic |ipase, Candida cylindracea |ipase, Pseudononas fl uorescens

| i pase, Candida antarctica fraction B and |ipase from Hum col a | anugi nosa.



