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PROCESO PARA LA PREPARACION DE ESTERES DIHIDROXI Y
SUS DERIVADOS

La presente invencién concierne con un proceso estéreo selectivo

para la preparacion de ésteres di-hidroxi, y sus derivados.

De acuerdo con un primer aspecto de la presente invencion, se

proporciona un proceso para la preparaciéon de un compuesto de férmula

(D

OH OH
R—g (X)—CO,R

Formula 1

que comprende

a) lareduccion estéreo selectiva de un compuesto de férmula (2)

L
HO (X)—COR

Formula 2

para producir un compuesto de formula (3), y

OH OH

HO\)\)\(X)——COZR

Férmula 3



b) la esterificacion del compuesto de formula (3) en presencia de un
compuesto de formula R"-O-COR' y una enzima lipasa o hidrolasa
asi para formar el compuesto de formula (1); o

¢) la esterificacion de un compuesto de formula (2) en presencia de un
compuesto de féormula R"-O-COR' y una enzima lipasa o hidrolasa

asi para formar el compuesto de formula (4), y

R—C" (X)—CO,R

Formula 4

d) lareduccién estéreo selectiva de un compuesto de formula (4) para
producir un compuesto de formula (1)

donde

X representa un grupo en enlazante de hidrocarbilo opcionalmente

sustituido

R y R" cada uno independientemente representa un grupo hidrocarbilo

opcionalmente sustituido, y

R' representa un grupo hidrocarbilo opcionalmente sustituido,

preferiblemente un grupo alquilo opcionalmente sustituido.

Los grupos hidrocarbilo representados por X, R, R' o R" pueden
sustituirse por uno o mas sustituyentes, y pueden per-sustituirse, por
ejemplo per-halogenado. Ejemplos de sustituyentes incluyen halo,

especialmente fliior y cloro, alcoxi, tal como C;4alcoxi, y oxo.



Preferiblemente, X representa un grupo de formula -(CH;),- donde
n es desde 1 a 4, y mas preferiblemente ain X representa un grupo de
formula -CH,—.

R" puede ser un grupo alquilo, tal como un grupo C; alquilo, o un
grupo alquilcarbonilo, tal como un grupo C, alquilcarbonilo, por ejemplo
un grupo CH3(C=0)- o CF3(C=0)-. R" es mas preferiblemente atn un
grupo vinilo o isopropenilo.

R preferiblemente representa un grupo C;4 alquilo, el cual puede
ser lineal o ramificado, y puede sustituirse por uno o mas sustituyentes.

Mas preferiblemente, R representa un grupo t-butil.

R' puede representar un alquilo sustituido, a menudo un grupo C4
alquilo, tal como un grupo CFs;- 0o CF3CH,-, pero es preferiblemente un
grupo C4 alquilo no sustituido, y mas especialmente un grupo metilo.

La reduccion estéreo selectiva de los compuestos de las formulas
(2) o (4) emplean preferiblemente métodos de reducciéon quimica o
microbiana, tal como hidrogenacién, hidrogenacion de transferencia,
reduccion de hidrido de metal o deshidrogenasas. Ejemplos de un proceso
adecuado de hidrogenacion tal como el descrito en Helv. Chim. Acta 69,
803, 1986 (incorporado aqui a modo de referencia) incluyen el uso de
entre 0,01 y 10% (p/p) de catalizadores tales como platino, paladio o
rodio en soportes heterogéneos tales como carbono, alimina, silice usando
hidrogeno molecular a entre 1 y 10 bar en un solvente tal como metanol,
etanol, t-butanol, dimetilformamida, t-butilmetiléter, tolueno o hexano.
Alternativamente se pueden usar catalizadores de hidrogenacion
homogéneos tales como aquellos descritos en EP0583171 (incorporada

aqui a modo de referencia).



Ejemplos de adecuados procesos de hidrogenacion de transferencia
quimica incluyen aquellos descritos en Zassinovich, Mestroni y Gladiali,
Chem. Rev. 1992, 92, 1051 (incorporados aqui a modo de referencia) o
por Fuji y otros en J. Am. Chem. Soc. 118, 2521, 1996 (incorporados aqui
a modo de referencia). Preferidos procesos de hidrogenacion de
transferencia quimica emplean complejos chiral ligados de metales de
transicion, tales como rutenio o rodio, especialmente complejos chiral
ligados de diamina neutrales aromaticos de rutenio. Preferiblemente, dicha
hidrogenacion de transferencia quimica emplea‘ un ééido, especialmente
una sal de formato tal como formato de trietilamonio, como la fuente de

hidrégeno.

Se pueden usar reactivos de hidrido de metal tal como aquellos
descritos en Tet.1993, 1997, Tet. Asymm. 1990,1, 307, (incorporado aqui
a modo de referencia), o J. Am. Chem. Soc. 1998, 110, 3560 (incorporado

aqui a modo de referencia).

Ejemplos de adecuadas reducciones microbianas incluyen contactar
el compuesto de formula (2) o (4) con un organismo que posee las
propiedades de un microorganismo seleccionado a partir de Beauveria
preferiblemente Beauveria bassiana, Pichia preferiblemente Pichia angusta
o Pichia pastoris, trehalophila, haplophila 0 membranefaciens, Candida
preferiblemente Candida humicola, solani, guillermondii, diddenssiae o
friedrichii, Kluyveromyces preferiblemente Kluyveromyces
drosophilarum, o Torulaspora, preferiblemente Torulaspora hansenii. La
reduccion puede lograrse contactando los compuestos de las formulas (2)
0 (4) con una enzima extractada de los siguientes microorganismos. Mas
preferiblemente, los compuestos de formulas (2) o (4) son contactados con

un microorganismo seleccionado de Pichia angusta, Pichia pastoris,



Candida guillermondii, Saccharomyces carisbergensis, Pichia trehalophila,
Kluyveromyces drosopliarum y Torulospora hansenii, o un extracto de los

siguientes organismos.

La invencién preferiblemente comprende la produccién de un
compuesto de formula (3) reduciendo selectivamente un compuesto de
formula (2) usando células completas de o extractos de los
microorganismos anteriormente mencionados, preferiblemente Pichia
angusta, Pichia pastoris, Candida guillermondii, Saccharomyces
carlsbergensis, Pichia trehalophila, Kluyveromyces drosopliarum vy

Torulospora hansenii.

La invencion se lleva a cabo mas preferiblemente usando células
completas de los organismos puesto que evita la necesidad de separar la

enzima deseada y proporciona co-factores para la reaccion.

Cualquiera de las especies de arriba puede usarse pero en muchas
modalidades, se ha encontrado que altas conversiones y alta selectividad
pueden lograrse mediante el uso de la enzima o las células completas de

Pichia éngusta.

En general un co-factor, normalmente NAD(P)H (nicotinamida
adenina di-nucleétido o nicotinamida adenina di-nucleétido fosfato) y un
sistema para regenerar el cofactor, por ejemplo glucosa y glucosa
deshidrogenasa, se usan con las enzimas para dirigir la reaccion. Como
adecuados co-factores y mecanismos de reduccion estan presentes en las
células completas se prefiere usar las células completas en un medio
nutriente que contiene preferiblemente una adecuada fuente de carbono,

que puede incluir uno o mas de lo siguiente: una azicar, por ejemplo,



maltosa, sacarosa o preferiblemente glucosa, un poliol por ejemplo,
glicerol o sorbitol, acido citrico, o un alcohol inferior, por ejemplo metanol

o etanol.

Si las células completas pretenden crecer durante la reaccion de
fuentes de nitrogeno y fosforo y elementos de trazas pueden estar
presentes en el medio. Estos pueden ser aquellos normalmente usados en

el cultivo del organismo.

El proceso puede llevarse a cabo agregando un compuesto de
formula (2) o (4) a un cultivo del organismo que crece en un medio capaz
de soportar el crecimiento a una suspension de las células vivas en un
medio que contiene preferiblemente una fuente de carbono pero que falla
en uno O mas nutrientes necesarios para el crecimiento. Las células
muertas pueden también usarse tepiendo en cuenta que las necesarias
enzimas y co-factores estan presentes, si es necesario ellos pueden

agregarse a las células muertas.

Si se desea las células pueden ser inmovilizadas en un soporte que
es contactado con un compuesto de formula (2) o (4) preferiblemente en
presencia de una adecuada fuente de carbono como se describié

previamente.

El pH es adecuadamente 3,5 a 9, por ejemplo 4 a 9, preferiblemente
por lo menos 6,5 y mas preferiblemente por lo menos 5,5. Muy
adecuadamente un pH de 4 a 5 se usé. El proceso puede adecuadamente
llevarse a cabo a una temperatura de 10 a 50°C, preferiblemente 20 a 40°C
y mas preferiblemente 25 a 35°C. Se prefiere operar bajo condiciones

aerébicas si células completas vivas de los organismos anteriormente



mencionados estan presentes. Una velocidad de aeracion equivalente a
0,01 a 1,0 volimenes de aire medida a temperatura y presion estandares
por volumen del medio de cultivo por minuto se emplea adecuadamente a
las anteriormente mencionadas condiciones de pH y temperatura pero se
apreciara que es posible considerable variacion. Similares condiciones de
pH, temperatura y aeracion pueden usarse durante el crecimiento de los

organismos si se lleva a cabo separadamente del proceso.

Enzimas purificadas pueden aislarse mediante medios conocidos
adecuadamente por centrifugacion de una suspension de células
desintegradas y separando una solucioén clara de desechos, separando la
deseada enzima de la solucion por ejemplo mediante cromatografia de
intercambio de iones adecuadamente con levigado a partir de la columna
con liquido de resistencia i6nica incre_inentada y/b por precipitacién
selectiva mediante la adicién de un material iénico, por ejemplo sulfato de
amonio. Dichas operaciones pueden repetirse si se desea para mejorar la

pureza.

La reduccion microbiana de los coinpuestos de formula (2) o (4) se
prefiere particularmente, y este proceso forma un segundo aspecto de la

presente invencion.

En la esterificacion de los compuestos de formula (2) o (3) se
prefiere transesterificar con otro éster, el cual estd presente en por lo
menos mole equivalencia de mol con respecto al alcohol y es
adecuadamente un éster de vinilo (como el producto colateral, el
acetaldehido no estd involucrado en wuna reaccién posterior).
Alternativamente un anhidrido tal como anhidrido acético o anhidrido

trifluoroacético, o un éster tal como etilacetato o un éster fluorinado tal



como trifluoroetilacetato puede usarse. Se prefiere que la reaccién de
esterificacion regioespecifica sea llevada a cabo en un solvente organico
que contiene menos de 1% (p/p) de agua tal como acetonitrilo, etilacetato,
tetrahidrofurano, tert-butilmetiléter, tolueno, butanona, pentanona o
hexanona a una temperatura de preferiblemente 20 a 75°C, mas
preferiblemente 25 a 50°C. Los ésteres son preferiblemente ésteres de
acidos alcanoicos inferiores que tienen 2 a 8 itomos de carbono, o sus
derivados sustituidos. Opcionalmente una atmosfera inerte puede
emplearse, por ejemplo un flujo de nitrégeno puede pasarse a través de la

solucion.

Las enzimas pueden proporcionarse como tales o como células
completas que las comprenden. Se prefiere que puedan ser inmovilizadas
en forma tal de facilitar su separacion del producto y, si se desea,
reutilizadas.

Enzimas preferidas incluyen lipasas tales como lipasa pancreatica
Porcine, lipasa Candida cylindracea, lipasa Pseudomonas fluorescens,
Candida antarctica fraccion B tal como la disponible bajo la marca
comercial Chirazyme L2, aquellas de Humicola lanuginosa por ejemplo
que se vende bajo la Marca Comercial Lipolase o aquellas de
Pseudomonas por ejemplo la que se vende bajo la Marca Comercial SAM
I y mas preferiblemente aquellas de Candida antarctica, por ejemplo la

vendida bajo la Marca Comercial Chirazyme.

Los compuestos de formula (1) donde R' es CHs, R es hidrocarbilo
opcionalmente sustituido, X es <(CHy),- y n es 1 a 4 forman un tercer
aspecto de la presente invencion. Preferiblemente, R es t-butil y mas

preferiblemente atn, X es -CHy—.



Compuestos de formula (1) son intermediarios utiles para la
preparacion de compuestos farmacéuticos. Comunmente, e]loé se
reaccionan con un grupo protector para 1,3 'ﬁacciones dihidroxi tal como
2,2-dimetoxipropano para formar una acetonida tal como se describi6 en
Synthesis 1998, 1713. El grupo R'-(C=0)- puede entonces retirarse
selectivamente mediante tratamiento con una solucién alcohdlica
débilmente basica, por ejemplo, solucion de K,COs como se describio en
US 5,278,313 o una lipasa ya sea en solucién acuosa, o en solucion
organica que contiene suficiente agua para soportar la hidrélisis, para

formar un compuesto de formula (5):

X

o O

HO
(X)—CO,R

Formula 5

Este proceso para la preparacion de compuestos de férmula (5)

forma un cuarto aspecto de la presente invencion.

Ejemplo 1
Preparacion de (3R.5S) t-butil 3.5,6-trihidroxihexanoato.

A un frasco de fondo redondo agitado de 250ml se cargaron 20mi
de acetonitrilo, 0,405g (0,662mmoles) de di-mu-clorobis[(p-
cimeno)clororutenio (II)], y 0,492g (1,34mmoles) (1S,25)-(+)-N(4-
toluenosulfonil)-1,2-difeniletilenodiamina. La solucién se desoxigend
esparciendo con nitrogeno y posteriormente manteniendo un tripode. Una

solucién desoxigenada de 26g (0,119mol) opticamente pura (5S) t-butil 3-
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queto-5,6-dihidroxihexanoato en 15ml acetonitrilo se cargo al recipiente
de reaccién y la solucion se agité a temperatura ambiente durante 20
minutos. 65ml de una mezcla 5:2 (mol/mol) de acido férmico destilado y
trictilamina se agregd entonces durante un periodo de 10 minutos y la
mezcla de reaccion se agité a temperatura ambiente durante 48 horas. A
esta solucion 80ml de diclorometano y 120ml de bicarbonato de sodio
saturado se agregaron lentamente. 70g de cloruro de amonio se cargé a la
capa acusa y la capa organica se separd. La capa acuosa se lavo dos veces
mas con 90ml de etilacetato, las fracciones organicas se combinaron,
secaron sobre sulfato de sodio y el solvente se retiré para dar 21,1g de un
aceite crudo que contiene principalmente (3R,5S) t-butil 3,5,6-
trihidroxihexanoato. La relacion de diastereomeros se determin6 mediante
BCNMR para ser 5.2:1 (3R:58): (3S:5S). El material se usé crudo en la
siguiente reaccion pero puede purificarse mediante cromatografia de

columna.

Preparacion de (3R.5S) t-butil 6-acetoxi-3.5-dihidroxihexanoato.

A un frasco de fondo redondo de 11 agit;ado se cargd 700ml de
tetrahidrofurano y 70,7g (0,32mol) de (3R,5S) t-butil 3,5,6-
trihidroxihexanoato, 41 ml (0,46mol) vinilacetato y 6,3g de la lipasa
soportada Chirazyme L2®. Después de 3 horas de agitacion a temperatura
ambiente la lipasa se retir6 mediante tamizado y los volatiles se retiraron
mediante destilacion bajo vacio. La masa de aceite crudo fue de 78,7g y el
principal componente se determiné como (3R,5S) t-butil 6-acetoxi-3,5-
dihidroxihexanoato. Este material se uso directamente en la siguiente

etapa.
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Preparacion de  (4R.65)-6-[(aceliloxi)metil]-2,2-dimetil-1_3-dioxano-4-
acido acético 1.1- dimetiletilester.

A un frasco de fondo redondo de 1 litro agitado se cargaron 78,7g
(3R,5S) t-butil 6-acetoxi-3,5dihidroxihexanoato, 800ml de 2,2-
dimetoxipropano y 5,7g p-tolueno acido sulfonico. Después de 35 minutos
la masa de reaccion se concentrd a la mitad de su volumen y 300ml de
diclorometano y 300ml de 1M de bicarbonato de sodio se agregd. La capa
organica se separ0 y la capa acuosa se lavé dos veces mas con 150ml de
etilacetato. Las fracciones organicas se combinaron, secaron sobre sulfato
de sodio y los volatiles se retiraron mediante destilacién bajo vacio. 92g
de un aceite crudo se obtuvo. Esto se purificé primero pasando a través de
una columna corta de silice de destello y levigd con hexano y luego
hexano: etilacetato 85:15 (v/v), y luego se cristaliz6 el material 3 veces a
partir de hexano para dar 22,17g (4R,6S)-6-[(acetiloxi)metil]-2,2-dimetil-
1,3-dioxano-4-acido acético, 1,1dimetiletilester que mediante chiral GC se

determind como 99,9%de.

Preparacion _de (4R.6S)-6-(hidroximetil]-2.2-dimetil-1.3-dioxano-4-acido
acético, 1.1dimetiletilester.

A un frasco de fondo redondo de 500ml agitado se cargaron 22,17g
de (4R,65)-6-[(acetiloxi)metil]-2,2-dimetil-1,3-dioxano-4-acido acético,
1,1-dimetiletilester, 250ml de metanol y 5,05g de carbonato de potasio
triturado. La reaccion se agité durante 35 minutos hasta que la hidrolisis
fue completa, entonces el carbonato de potasio se retird por tamizado, la
masa de reaccion se concentrd y 150ml 5% (p/p) de salmuera y 150ml de
tolueno se agregaron. La capa organica se separ0 y la acuosa se lavo dos

veces mas con 250ml de tolueno. Las capas organicas se combinaron, se
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lavaron tres veces con 15% (p/p) de salmuera y el solvente se retird
mediante destilacion por vacio para dar 17,78g de un aceite transparente,
el cual se determiné ser >99% (4R,6S)-6-(hidroximetil]-2,2-dimetil-1,3-
dioxano-4-acido acético, 1,1-dimetiletilester.

Ejemplo 2
Preparacién de (5S) tert-butil 6-acetoxi-5-hidroxi-3-

uetohexanoato.

A un frasco de fondo redondo de 250ml agitado se cargaron 2,32g
(0,0106moles) de (5S) tert-butil 5,6-dihidroxi-3-quetohexanoato, 40ml de
tetrahidrofurano, 0,98ml (0,0106 moles) vinil acetatd y 91;2\g de la lipasa
soportada Chirazyme L2 ®. Después de 20 minutos la lipasa ge retird por
tamizado y los volatiles se retiraron por destilacién bajo vacio, para dar
2,96g de un aceite crudo que se caracterizd por NMR como (5S) tert-butil

6-acetoxi-5-hidroxi-3-quetohexanoato.

Ejemplo 3
Preparacion de (3R,58) t-butil 3,5.6-trihidroxihexanoato. , _—

Pichia angusta NCYC R230 (depositado bajo las previsiones del Tratado
de Budapest en May 18, 1995) crecid en un Braun Biostat Q sistema
multi-fermentador en el siguiente medio (por litro): glucosa 40 g; MgSO,,
1.2 g; K380, 0,21 g; KH,PO,, 0,69 g; HsPO, (concentrado), 1 ml;
extracto de levadura (Oxoid), 2 g; FeSO,.7H,0, 0,05 g; anti-espuma (EEA
142 Foammaster), solucion de elementos de trazas, 1 ml (esta solucién
contenia por litro CuSO45H,O, 0,02 g MnSO,4H,0, 0,1 g;
ZnS0,4.7TH,0, 0,1 g; CaCOs, 1,8 g.

L

'ijid/\"c,
NCY ¢ g
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Cada uno de los 4 fermentadores se cargé con 250 ml de medio y
esteriliz6 mediante autoclave. El pH se ajust6 a 4,5 usando una solucion 7
molar de hidréxido de amonio, la temperatura se establecié a 28°C, el
flujo de aire se establecio a 300 ml/minuto y la velocidad del agitador se
establecid6 a 1200 rpm. Los fermentadores se inocularon con células
tomadas de placas de agar (2% agar) que comprende el mismo medio
descrito arriba excepto porque la concentracién de glucosa fue de 20
g/litro. Después de 22 horas de crecimiento en los fermentadores la
reaccion de bioreduccion se inicié mediante la adicién de (5S) t-butil 3-
queto-5,6-dihidroxihexanoato; dos de los fermentadores se cargaron con

3,75 ml cada uno y los otros dos se cargaron con 5 ml cada uno.

La reaccion se continud durante adicionales 78 horas hasta el 100%
de conversion del sustrato. Durante este periodo el cultivo se alimenté con
una solucion al 50% de glucosa a una velocidad de 1 a 3 gramos de
glucosa/litro de cultivo/hora para mantener la viabilidad de las células y
proporcionar una fuente de potencia de reduccion. Las reacciones se
terminaron mediante retiro de las células por centrifugacion. A la
recuperada célula libre de sobre nadante se agregé cloruro de sodio a una
concentracion final de 20% p/v y la mezcla se extrajo tres veces con un
volumen igual de acetonitrilo. Los extractos de acetonitrilo en charcos se
secaron con sulfato de sodio anhidro y el solvente se retiré bajo presion
reducida en un evaporador rotativo (temperatura del bafio de agua 45°C)
para lograr un aceite viscoso amarillo palido. La identidad del producto de
cada reaccion es confirmé como (3R,5S) t-butil 3,5,6-trihidroxihexanoato
y el exceso diastereomérico de cada una de las muestras se da en la tabla

de abajo
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experimento €Xceso
' diastereomérico (%)
1 99,6
2 99,6
3 99,4
4 99,6
Ejemplo 4

Preparacién de (3R.5S) t-butil 3.5.6-trihidroxihexanoato.

Pichia angusta NCYC R320 (depositada bajo las previsiones del N

Tratado de Budapest en Mayo 18, 1995) crecié en un sistema multi-
fermentador Braun Biostat Q en el siguiente medio (que contiene, por
litro): glucosa, 20 g; sulfato de amonio, 10 g; extracto de levadura
(Oxoid), 2 g; MgS04.7H,0, 1,2 g; KH,PO4, 0,69 g, K>SO, 0,21 g;
FeS0O4.7H,0, 0,05 g; H;PO4 (concentrado), 1 ml; EEA 142 anti-espuma
"foammaster”, 0,5 ml; soluciéon de elementos de trazas, 1 ml (esta
solucion contenia por litro Ca(CH3CO,),, 2,85g;, ZnSO4.7H;O, 0,1 g;
MnSO4.H,0 0,075 g CUSO4.5H,0, 0,02 g; acido sulfarico (concentrado),
1 ml).

Un fermentador se cargé con 250 ml de medio y se esterlizo
mediante autoclave. El pH se ajust6 a 5,0 usando una solucién 2 molar de
hidréxido de sodio. La temperatura se estableci6 a 28°C, el flujo de aire se
establecié a 250 ml minuto™ y la velocidad del agitador se establecio a 1
200 rpm. El fermentador se inoculé con 2,5ml de una suspension de
células en agua estéril desionizada preparada de una placa de agar de
Pichia angusta NCYC R320. Después de 17 horas se inici6 en crecimiento
de bioreduccion mediante la adicion de 6,36g 5(S) t-butil 3-queto-5,6-
dihidroxihexanoato como una solucién acuosa. En el mismo momento una

glucosa se inicid una alimentacion al fermentador a una velocidad de 2g
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de glucosa L™ h'. La reaccion se continué durante adicionales 78 horas en
cuyo punto se ha logrado 96% de conversion del sustrato.ﬁ;natedal de
partida y el producto se detectaron por HPLC (co'lumna Hichrom S5 CN-
250A, temperatura 35°C, fase movil: acetonitrilo acuoso TFA (0,1%) 95:5,
rata de flujo 1 ml minuto™, volumen de inyeccion 5 ml, detector de indice
refractivo). La reaccion se termind mediante el retiro de células
centrifugando a 4 000 x g por 20 minutos. El pH del sobre nadante libre
de células recuperado se ajust6 a 7,5 usando 2M de NAOH.
MgS0,.1,6H,0 (15 % p/v basado en anhidro) se disolvié en el sobre
nadante libre de células y la solucion resultante se extractd dos veces con
un igual volumen de 2-pentanona. Las fases solventes se recogieron y el
solvente se retir6 bajo presion reducida en una evaporador rotativo a 45°C
logrando un aceite viscoso naranja. Este se volvio a disolver en 50 ml
seco, se destilo 2-pentanona y nuevamente el solvente se retir6 mediante
evaporacion rotativa para lograr t-butil 3,5,6-trihidroxihexanoato (5,08 g,
80 % obtenido aislado). El exceso diastereomérico se determiné como
sigue; una muestra de t-butil 3,5,6-trihidroxihexanoato (30 mg) se derivo
mediante la reaccion durante por lo menos 10 minutos a temperatura
ambiente en un exceso de anpighido txiﬂuorqacﬂii:p, el exceso de
anhidrido se retird bajo una corriente de nitrogeno seco y el aceite residual
se diluyd con diclorometano (1 ml). La muestra se analiz6 usando
Chiralcel Dex CB columna (25 metros) a una temperatura de 140°C
(isoterma). Los diastereomeros se levigaron a 14,4 minutos (3R,5S
diastereomeros) y 15,7 minutos (3S,5S diastereomeros). El exceso
diastereomérico de la muestra se encontré6 mediante este método como de

99,7%.
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REIVINDICACIONES

1.  Un proceso para la preparacién de un compuesto de férmula (1)

OH OH
0
R—g (X)—CO,R
Formula 1
qu}comprende ya sea
a) )a reduccion estéreo selectiva de un compuesto de formula (2)
- / d CONO e?
OH O 2
<NE
Ho Ci <
\/’\/"\m—co,g PRt
\ Qe A
Formula 2 S

para producir un compuesto de férmula (3), y

e

0 I X LT
HO (X)—COR NP

&7
, ¢
Formula 3 e

P

b) esterificacion del compuesto de férmula (3) en presencia de un
/

compuesto de formula R"-O-COR' y una enzima lipasa o hidrolasa

~ para formar asi el compuesto de férmula (1); 0

(/ c)- esterificacion de un compuesto de formula (2) en presencia de un
| compuesto de formula R"-O-COR' y una enzima lipasa o hidrolasa

para formar asi el compuesto de férmula (4), y
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B
R—¢0

, (X)—CO,R
0

Formula 4

d)  la reduccién estéreo selectiva de un coﬁpuesto de formula (4) para
producir un compuesto de formula (1)

donde

X representa un grupo enlazante hidrocarbilo opcionalmente sustituido

R y R" representan cada uno independientemente un grupo hidrocarbilo

opcionalmente sustituido, y R' representa un hidfocarbilo opcionalmente

sustituido, preferiblemente un grupo alquilo opcionalmente sustituido.

2. Un proceso de acuerdo con la reivindicacion 1, donde X representa

un grupo de féormula -CH,--.

3. Un proceso de acuerdo con cualquier reivindicacion precedente,

donde R" representa un grupo vinilo o isopropenilo.

4,  Un proceso de acuerdo con cualquier reivindicacion precedente,

donde R' representa un grupo C, alquilo sustituido o no sustituido.

5. Un proceso de acuerdo con la reivindicacion 4, donde R’ representa

un grupo metilo.

6. Un proceso de acuerdo con cualquier reivindicacion precedente,

donde los compuestos de formulas (2) o (4) se reducen por contacto con
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un organismo que posee las propiedades de un microorganismo
seleccionado de Beauveria, Pichia, Candida, Kluyveromyces o

Torulaspora genera o una enzima extractada de alli.

7.  Un proceso de acuerdo con la reivindicacion 6, donde los
compuestos de formulas (2) o (4) se reduce por contacto con un
organismo seleccionado a partir del grupo que consiste de Pichia angusta,
Pichia pastoris, Candida guillermondii, Saccharomyces carlsbergensis,
Pichia trehalophila, Kluyveromyces drosopliarum y Torulospora hansenii,

0 una enzima extractada de alli.

8. Un proceso de acuerdo con cualquiera de las reivindicaciones 6 o 7,

donde se emplean células completas.

9. Un proceso de acuerdo con cualquiera de las reivindicaciones 6, 7 o
8, donde los compuestos de formulas (2) o (4) se reducen a un pH de
desde 4 a 5.

10.  Un proceso de acuerdo con cualquier reivindicacion precedente,
donde los compuestos de formulas (2) o (3) se esterifican en presencia de
una enzima seleccionada a partir del grupo que consiste de lipasa
pancreatica Porcine, lipasa Candida cylindracea, lipasa Pseudomonas
fluorescens, Candida antarctica fraccion B y lipasa de Humicola

lanuginosa.

11.  Un proceso acuerdo con cualquier reivindicacion precedente, donde

el compuesto de formula R"O-COR' es vinilacetato.

@ Un proceso para la preparacion de un compuesto de formula (5)

P



19

o O
Ho\)\)\(x)—cozR

Formula 5
que comprende:
a)  preparar un compuesto de formula (1) mediante un proceso de
acuerdo con cualquier reivindicacién precedente;
b)  reaccionar el compuesto de formula (1) con 2,2-dimetoxipropano
para formar una acetonida; y |
¢)  retirar el grupo R'-(C=0)-; donde
X representa un grupo de enlace de hidrocarbilo opcionalmente sustituido
R representa un grupo hidrocarbilo opcionalmente sustituido, y

R' representa un grupo hidrocarbilo opcionalmente sustituido,

preferiblemente un grupo alquilo opcionalmente sustituido.

13.  Un proceso de acuerdo con la reivindicacion 12, donde el R'-

(C=0)- se retira mediante tratamiento con una solucién alcoholica basica.

-

(14. Un compuesto de férmula (1): j

OH OH

R'—g'o\/K/k(x)_cozR

Férmula 1

donde R' es CHs, R es hidrocarbilo opcionalmente sustituido, X es
-(CHy),-ynes1ad.

ﬁg\}&



15.  Un compuesto de acuerdo con la reivindicacion 14, donde R es t-
butil y X es -CHy,—.

-

/\
(U Un proceso para la preparacion de un compuesto de formula (1) ‘

: OH OH
R'—g’o\/'\/k(X)—COZR
Formula 1

que comprende la esterificacion de un compuesto de formula (3)

OH OH

HO\/'\)\‘x)—CozR

Férmula 3
en presencia de un compuesto de formula R"-O-COR' y una enzima lipasa
o hidrolasa para formar asi el compuesto de formula (1);
donde
X representa un grupo enlazante de hidrocarbilo opcionalmente sustituido
R y R" representan cada uno independientemente un grupo hidrocarbilo
opcionalmente sustituido, y
R' representa un hidrocarbilo opcionalmente sustituido, preferiblemente un

grupo alquilo opcionalmente sustituido.

/’(17/.>Un proceso para la preparacion de un compuesto de formula (4)
N
OH O
. A0
R'—¢ \/'\)j\(X)—cozR
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. F

que comprende la esterificacion de un compuesto de formula (2)

HO (X)—CO,R

Formula 2

en presencia de un compuesto de formula R"-O-COR' y una enzima lipasa
o hidrolasa para formar asi el compuesto de formula (4);

donde

X representa un grupo enlazante de hidrocarbilo opcionalmente sustituido
R y R" representan cada uno independientemente un grupo hidrocarbilo
opcionalmente sustituido, y

R' representa un hidrocarbilo opcionalmente sustituido, preferiblemente un

grupo alquilo opcionalmente sustituido.

18. Un proceso de acuerdo con cualquiera de las reivindicaciones 16 o

17, donde R' es CH;3, R es t-butil y X es -CH,-.

19. Un proceso de acuerdo con cualquiera de las reivindicaciones 16,

17 o0 18, donde R" es un grupo vinilo o isopropenile.

20. Un proceso de acuerdo con una cualquiera de las reivindicaciones
16 a 19, donde la enzima se selecciona a partir del grupo que consiste de
lipasa pancreatica Porcine, lipasa Candida cylindracea, lipasa
Pseudomonas fluorescens, Candida antarctica fraccion B y lipasa de

Humicola lanuginosa.
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EXTRACTO
PROCESO FOR LA PREPARACION DE ESTERES DIHIDROXI Y
SUS DERIVADOS

Se proporciona un proceso para la preparacion de un compuesto de
formula (1)

OH OH
R—C” (X)—CO,R

Formula 1

donde R y R' representan grupos hidrocarbilo opcionalmente sustituidos y
X representa un grupo enlazante de hidrbcarbﬂo. El proceso comprende
ya sea la reduccion estereo selectiva del grupo queto en un precursor
queto dihidroxi seguido por la esterificacion selectiva de un hidroxi
primario, o la esterificacion selectiva de un hidroxi primario de un

precursor queto dihidroxi seguido por la reduccion estereo selectiva del

grupo queto.
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PROCESS FOR THE PREPARATION OF DIHYDROXY ESTERS AND DERIVATIVES
THEREOF

The present invention concerns a stereoselective process for the preparation of

dihydroxy esters, and derivatives thereof.
According to a first aspect of the present invention, there is provided a process for

the preparation of a compound of formula (1)

OH OH
.0
e ()—CO,R

Formula 1

which comprises either a) the stereoselective reduction of a compound of formula (2)

OH O
HO (X)—CO,R
Formula 2
to produce a compound of formula (3), and
OH OH
Ho\/'\/'\(X)—-cozR
Formula 3

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

c) 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
compound of formula (4), and -

(X)—CO,R

Formula 4

ol
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d) the stereoselective reduction of a compound of formula (4) to produce a

compound of formula (1)

wherein
X represents an optionally substituted hydrocarbyi linking group
R and R" each independently represent an optionally substituted hydrocarby! group, and
R’ represents an optionally substituted hydrocarbyl, preferably an optionally substituted
alkyl group. .
Hydrocarbyl groups represented by X, R, R' or R" may be substituted by one or
more substituents, and may be per-substituted, for example perhalogenated. Examples
of substituents include halo, especially fluoro and chloro, alkoxy, such as C,_alkoxy, and
0X0.

Preferably, X represents a group of formula -(CH,),- where n is from 1 to 4, and
most preferably X represents a group of formula -CH,-.

R" may be an alkyl group, such as a C,¢ alkyl group, or an alkylcarbonyl group,
such as a Cyalkylcarbonyl group, for example a CH;(C=0)- or CF;(C=0)- group. R" is
most preferably a vinyl or isopropenyl group.

R preferably 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 t-butyl
group. {

R' may represent a substituted alkyl, often C,; alkyl group, such as a CF,- or
CF3CH,- 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
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 beiween 1 and 10 bar in a solvent
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
(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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a chemical transfer hydrogenation employs an acid, especially a formate salt such as
triethylammonium formate, as the hydrogen source.

Metal hydride reagents such as those described in Tet.1993, 1997, Tet. Asymm.
1990,1, 307, (incorporated herein by reference), or J. Am. Chem. Soc. 1998, 110, 3560
(lncorporated herein by reference) can be used.

Examples of suitable mlcroblal reductions include contacting the compound of
formula (2) or (4) with an organism possessing the properties of a microorganism
selected from Beauveria preferably Beauveria bassiana, Pichia preferably Pichia angusta
or Pichia pastoris, trehalophila, haplophila or membranefaciens, Candida preferably
Candida humicola, solani, guillermondii, diddenssiae or friedrichii, Kluyveromyces
preferably Kiuyveromyces drosophilarum, or Torulaspora preferably Torulaspora hansenii.
The reduction may be achieved by contacting the compounds of formulae (2) or (4) with
an enzyme exitracted from the foregoing microorganisms. Most preferably, the
compounds of formulae (2) or (4) are contacted with a microorganism selected from
Pichia angusta, Pichia pastoris, Candida guillermondii, Saccharomyces carisbergensis,
Pichia trehalophila, Kluyveromyces drosopliarum and Torulospora hansenii, or an extract
from the foregoing organisms. '

The invention preferably comprises producing a compound of formula (3) by
selectively reducing a compound of formulae (2) using whole cells of or extracts from the
aforementioned microorganisms, preferably Pichia angusta, Pichia pastoris, Candida
guillermondii, Saccharomyces carisbergensis, Pichia trehalophila, Kluyveromyces
drosopliarum and Torulospora hansenii.

The invention is most preferably carried out usmg whole cells of the orgamsms as
this avoids the need to separate the desired enzyme and provides co-factors for the
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
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
sugar, e.g. maltose, sucrose or preferably glucose, a polyol e.g. giycerol 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 trace elements should be present in the medium. These may be those
normally used in culturing the organism.

f

P
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The procéss may be carried out by adding a compound of formula (2) or (4) to a
culture of the growing organism in a medium. capable of supporting growth or to a
suspension of the live cells in a medium which preferably contains a carbon source but
which lacks one or more nutrients necessary for growth. Dead cells may also be used
providing the necessary enzymes and co-factors are present; if necessary they may be
added to the dead cells. ,

If desired the cells may be immobilised on a support which is contacted with
compound of formula (2) or (4) preferably in the presence of a suitable carbon source as
previously described.

The pH is suitably 3.5 to 9, for example 4 to 9, preferably at most 6.5 and more
preferably at most 5.5. Very suitably a pH of 4 to 5 is used. The process may suitably be
carried out at a temperature of 10 to 50°C, "preferably 20 to 40°C and more preferably 25
to 35°C. It is preferred to operate under aercbic conditions if live whole cells of the
aforesaid organisms are present. An aeration rate equivalent to 0.01 to 1.0 volumes of air
measured at standard temperature and pressure per volume of the culture medium per
minute is suitably employed at the aforesaid conditions of pH and temperature but it will
be appreciated that considerable variation is possible. Similar pH, temperature and
aeration conditions may be used during growth of the organisms if this is carried out
separately from the process.

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
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
to the alcohol and is suitably a vinyl ester (as the by-product, acetaldehyde is not invoived
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
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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The enzymes may be provided as such or as whole cells comprising them. It is
preferred that they be immobilised so as to facilitate their separation from the product
and, if desired, re-use.

Preferred enzymes include lipases such as Porcine pancreatic lipase, Candida
cylindracea lipase, Pseudomonas fluorescens lipase, Candida antarctica fraction B such
as that available under the trade mark Chirazyme L2, those from Humicola lanuginosa for
example that sold under the Trade Mark Lipolase or those from Pseudomonas for
example that sold under the Trade Mark SAM 1l and more preferably those from Candida
antarctica, for example that sold under the Trade Mark Chirazyme.

Compounds of formula (1) wherein R' is CH;, R is optionally substituted

hydrocarbyl, X is -(CH,),- and n is 1 to 4 form a third aspect of the present invention.

Preferably, R is t-butyl and most preferably, X is -CH,-.

Compounds of formula (1) are useful intermediates for the preparation of
pharmaceutical compounds. Commonly, they are reacted with a protecting group for 1,3-
dihydroxy moieties such as 2,2-dimethoxypropane to form an acetonide as described in
Synthesis 1998, 1713. The group R'-(C=0)- may then be selectively removed by
treatment with weakly basic alcoholic solution eg K,CO, solution as described in
USS5,278,313 or a lipase either in aqueous solution, or in organic solution containing
sufficient water to support hydrolysis, to form a compound of formula (5):

X

o O

Ho A j9—cor

Formula 5
This process for the preparation of compounds of formula (5) forms a fourth
aspect of the present invention.

Example 1
Preparation of (3R.58) t-butyl 3.5,6-trihydroxyhexanoate.

To a stirred 250ml round bottom flask 20ml acetonifrile, 0.405g (0.662mmoles) of
di-mu-chlorobis[(p-cymene)chlororuthenium (11)], and 0.492g (1.34mmoles) (1S,2S)~(+)-N-
(4-toluenesulfonyl)-1,2-diphenylethylenediamine were charged. The solution was de-
oxygenated by sparging with nitrogen and thereafter maintaining a trickle. 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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the reaction mixture stirred at ambient temperature for 48 hours. To this solution 80m}
dichloromethane and 120ml saturated sodium bicarbonate were slowly added. 70g
ammonium chloride was charged to the aqueous layer and the organic layer separated.
The aqueous layer was washed thrice more with 90ml ethylacetate, the organic fractions
combined, dried over sodium sulfate and the solvent removed to give 21.1g of a crude oil
containing mainly (3R,5S) t-butyl 3,5,6-trihydroxyhexanoate. The ratio of diastereomers
was determined by *CNMR to be 5.2 : 1 (3R:5S) : (3S:5S). The material was used crude
in the next reaction but could be purified by column chromatography.

Preparation of (3R,58) t-butyl 6-acetoxy-3.5-dihydroxyhexanoate.
To a stirred 1i round bottom flask 700ml tetrahydrofuran and 70.7g (0.32mol) of

(3R,58) t-butyl 3,5,6-trihydroxyhexanoate, 41ml (0.46mol) vinylacetate and 6.3g of the .
supported lipase Chirazyme L2 ™ were charged. After 3 hours stirring at ambient
temperature the lipase was removed by screening and the volatiles removed by distillation
under vacuum. The mass of crude oil was 78.7g and the major component was
determined to be (3R,5S) t-butyl 6-acetoxy-3,5-dihydroxyhexanoate. This material was
used directly in the next stage.

Preparation of (4R.6S)-6-[(acetyloxy)methyl]-2.2-dimethyl-1,3-dioxane-4-acetic acid, 1.1-
dimethylethylester.

To a stirred 1 litre round bottom flask 78.7g (3R,5S) t-butyl 6-acetoxy-3,5-
dihydroxyhexanoate, 800m! 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 300ml of dichloromethane and 300mi of 1M sodiumbicarbonate added. The organic
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 obtgined. 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
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-(hydroxymethyi]-2.2-dimethyl-1.3-dioxane-4-acetic _acid, 1.1-
dimethylethylester.

To a 500ml 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
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organic layer was separated and the aqueous washed twice more with 250ml toluene.
The organic layers were combined, washed three times with 15% (w/w) brine and the
solvent removed by vacuum distillation to give 17.78g of clear oil, which was determined
to be >99% (4R,6S)-6-(hydroxymethyl]-2,2-dimethyl-1,3-dioxane-4-acetic acid, 1,1-
dimethylethylester.

Example 2

Preparation of (5S) tert-buyl 6-acetoxy-5-hydroxy-3-ketohexanoate.
To a stirred 250ml round bottom flask were charged 2.32g (0.0106moles) (5S)

tert-butyl 5,6-dihydroxy-3-ketohexanoate, 40ml tetrahydrofuran, 0.98ml (0.0106 moles)
vinyl acetate and 0.22g of the supported lipase Chirazyme L2 ™. After 20 minutes the
lipase was removed by screening and the volatiles removed by distillation under vacuum,
to give 2.969 of a crude oil that was characterised by NMR as (5S) tert-butyl 6-acetoxy-5-
hydroxy-3-ketohexanoate.

Example 3
Preparation of (3R.58) t-butyl 3,5,6-trihydroxyhexanoate.

Pichia angusta NCYC R230 (deposited under the provisions of the Budapest
Treaty on May 18", 1995) was grown in a Braun Biostat Q multi-fermenter system In the
following medium (per litre): glucose 40 g; MgSQO,, 1.2 g; K;SO,, 0.21 g; KH,PO,, 0.69 g,
HsPO, (concentrated), 1 ml; yeast exiract (Oxoid), 2 g; FeSO,.7H,0,- 0.05 g; antifoam
(EEA 142 Foammaster), trace elements solution, 1 m! (this solution contained per litre
CuS0,.5H,0, 0.02 g; MnSO,.4H,0, 0.1 g; ZnSO,.7H,0, 0.1 g; CaCO,, 1.8 g.

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

The reaction was continued for a further 78 hours until 100% conversion of
substrate. During this period the culture was fed with a 50% solution of glucose at a rate
of 1-3 grams glucosellitre 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 chioride to a final concentration of
20% w/v and the mixture extracted three times with an equal volume of acetonitrile. The
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pooled acetonitrile extracts were dried with anhydrous sodium sulfate and the solvent
removed under reduced pressure in a rotary evaporator (water bath temperature 45°C) to
yield a viscous pale yellow oil. The identity of the product from each reaction was
confirmed as (3R,58) t-butyl 3,5,6-trihydroxyhexanoate and the diastereomeric excess of
each of the samples is given in the table below.

experiment | diastereomeric
excess (%)
1 99.6
2 99.6
3 99.4
4 99.6
Example 4

Preparation of (3R,5S) t-butyl 3,5,6—trihydroghexahoate.
Pichia angusta NCYC R320 (deposited under the provisions of the Budapest Treaty on

May 18", 1995) was grown in a Braun Biostat Q multi-fermenter system in the following
medium (containing, per litre): glucose, 20 g; ammonium sulfate, 10 g; Yeast exiract
(Oxoid), 2 g; MgS0O,.7H,0, 1.2 g; KH,PO,, 0.69 g; K,SO,, 0.21 g; FeSO,.7H,0, 0.05 g;
H3P'C)4 (concentrated), 1 ml; EEA 142 “foammaster” antifoam, 0.5 ml; trace elements
solution, 1 ml (this solution contained per litre Ca(CH,CO,),, 2.85g; ZnS0,.7H,0, 0.1 g;
MnSO,.H,0 0.075 g CuS0,.5H,0, 0.02 g; sulphuric acid (concentrated), 1 ml).

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
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 delonised 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
fermenter was started at a rate of 2g giucose 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%) :
acetonitrile 95:5, flow rate 1 ml min™, injection volume 5 ml, refractive index detector).
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The reaction was terminated by the removal of cells by centrifuging at 4000 x g for 20
minutes. The pH of the recovered cell-free supernatant was adjusted to 7.5 using 2M
NaOH. MgSO,.1.6H,0 (15 % w/v based on anhydrous) was dissolved in the cell-free
supernatant and the resulting solution was extracted twice with an equal volume of 2-
pentanone. The solvent phases were collected and the solvent removed under reduced
pressure in a rotary evaporator at 45°C yielding an orange viscous oil. This was re-
dissolved in 50 ml dry, distilled 2-pentanone and again the solvent was removed by rotary
evaporation to afford t-butyl 3,5,6-trihydroxyhexanoate (5.08 g, 80 % isolated yield).
Diastereomeric excess was determined as follows; a sample of t-butyl 3,5,6-
trihydroxyhexanoate (30 mg) was derivatised by reaction for at least 10 minutes at room
temperature in an excess of frifluoroacetic anhydride, excess anhydride was removed
under a stream of dry nitrogen and the residual oil diluted with dichloromethane (1 mil).
The sample was analysed using a Chiralcel Dex CB column (25 metre) at a temperature
of 140°C (isothermal). The diastereomers eluted at 14.4 minutes (3R,5S diastereomer)
and 15.7 minutes (35,58 diastereomer). The diastereomeric excess of the sample was
found by this method to be 99.7%.
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CLAIMS
1. A process for the preparation of a compound of formula (1)
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

o AN s0—co

Formula 2

to produce a compound of formula (3), and

OH OH

HO\/k)\(X)——CczR

Formula 3

b) Esterification of the compound of formula (3) in the preéence of a compound of
formula R"-O-COR' and a lipase or hydrolase enzyme thereby to form the
compound of formula (1); or

c) 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
compound of formula (4), and

53
.0
R-C ()—CO,R

1
o

Formula 4

d) the stereoselective reduction of a compound of formula (4) to produce a
compound of formula (1)

wherein

X represents an optionally substituted hydrocarbyl linking group
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1

R and R" each independently represent an optionally substituted hydrocarbyi group, and
R’ represents an optionally substituted hydrocarbyl, preferably an optionally substituted

alkyl group.
2. A process according to claim 1, wherein X represents a group of formula -CH,-.

3. A process according to either preceding claim, wherein R" represents a vinyl or
isopropenyl group.

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

Y

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

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 extracted therefrom.

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

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.

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.

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)

"
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X

o O

HO (X)—CO,R

Formula 5

which comprises:

a) preparing a compound of formufa (1) by a process according to any preceding claim; b)
reacting the compound of formula (1) with 2,2-dimethoxypropane to form an acetonide;
and '

c) removing the group R'-(C=0)-;

wherein

X represents an optionally substituted hydrocarbyi linking group

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 freatment
with a basic, alcoholic solution.

14. A compound of formula (1):

OH OH
R—C” (X)—CO,R

Formula 1
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,-.

16. A process for the preparation of a compound of formula (1)

OH OH
R—C ~N(X)—CO,R

Formula 1
which comprises esterification of a compound of formula (3)
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OH OH

"o (X)—CO,R

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);

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.
17. A process for the preparation of a compound of formula (4)

OH O

'OM(X)—CozR

Formula 4

R'—-('.?
o

which comprises esterification of a compound of formula (2)

OH O

HO\)\/U\(X)—COZR

Formula 2

in the presence of a compound of formula R"-O-COR' and a lipase or hydrolase enzyme .

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

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,-. '
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19. A process according to any one of claims 16, 17 or 18, wherein R" is a vinyl or
isopropenyl group.

20. A process according to any one of claims 16 to 19, wherein the enzyme is
selected from the group consisting of Porcine pancreatic lipase, Candida cylindracea.
lipase, Pseudomonas fluorescens lipase, Candida antarctica fraction B and lipase from

Humicola lanuginosa.
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Avecia Limited INTERNATIONAL PRELIMINARY

Intellectual Property Group EXAMINATION REPORT

Hexagon House, P.0. Box 42
Manchester M9 878

GRANDE BRETAGNE (PCT Rule 71.1)
Date of mailing
(day|month year) 15/01/2002
Applicant’s or agent’s file reference IMPORTANT NOTIFICATION
SMC 60423/W0

International application No.

International filing date (day/month/year) Priority date (day/month/year)
01/05/2001 09/05/2000

PCT/GB 01/ 01915

Applicant

AVECIA LIMITED et al.

The applicant is hereby notified that this International Preliminary Examining Authority transmits herewith the interna
preliminary examination report and its annexes, if any, established on the international application. 1

MINDER CREATED et

2. A copy of the report and its annexes, if any, is being transmitted to the International Bureau for communication to all §
elected Offices. : a
| 2
Y
>
2
3. Where required by any of the elected Offices, the International Bureau will prepare an English translation of the repo j.'; (bu‘g
not of any annexes) and will transmit such translation to those Offices. B
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g =
4. REMINDER Iy
[ §
d DOf e

The applicant must enter the national phase before each elected Office by nerforming certain acts (filing translations 4 §
paying national fees) within 30 months from the priority date (or later in some Offices)(Article 39(1))(see also the reniffeer

sent by the International Bureau with Form PCT/IB/301).

Where a translation of the international application must be furnished to an elected Office, that translation must contain a
translation of any annexes to the international preliminary examination report. It is the applicant’s responsibility to prepare

and furnish such translation directly to each elected Office concerned.

For further details on the applicable time limits and requirements of the elected Offices, see Volume II of the PCT Applicant’s
Guide.

Name and mailing address of the IPEA/ Authorized officer

European Patent Office

D-80298 Munich
. g)» Tel. (+49-89) 2399-0, Tx: 523656 epmu d VELEZ M
Fax: (+49-89) 2399-4465 Tel. (+49-89) 2399 2828

Form PCT/IPEA/416 (July 1992) P20473
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INTERNATIONAL PRELIMINARY EXAMINATION REPORT

(PCT Article 36 and Rule 70)

Applicant’s or agent’s file reference - FOR FURTHER ACTION See Notification of Transmittal of International
SMC 60423 /W0 A Preliminary Examination Report (Form PCT/IPEA/416)

International application No. International filing date (day/month/year) Priority date (day/month/year)
PCT/GB 01/ 01915 01/05/2001 09/05/2000
International Patent Classification (IPC) or national classification and IPC
C12P7/62
Applicant

AVECIA LIMITED et al.

1.  This international preliminary examination report has been prepared by this International Preliminary Examining
Authority and is transmitted to the applicant according to Article 36.

2. This REPORT consists of a total of 2 sheets, including this cover sheet.

This report is also accompanied by ANNEXES, i.e., sheets of the description, claims and/or drawings which have
been amended and are the basis for this report and/or sheets containing rectifications made before this Authority
(see Rule 70.16 and Section 607 of the Administrative Instructions under the PCT).

These annexes consists of a total of sheets.

3. This report contains indications relating to the following items:

I IE Basis of the report
It I:l Priority
I IX] Non-establishment of opinion with regard to novelty, inventive step and industrial applicability
v [:I Lack of unity of invention
A Reasoned statement under Article 35(2) with regard to novelty, inventive step or industrial applicability;
citations and explanations supporting such statement
A2 D Certain documents cited
vil I___| Certain defects in the international application

VIIL D Certain observations on the international application

Date of submission of the demand Date of completion of this report
19/11/2001 10/01/2002
Name and mailing address of the IPEA/ Authorized officer
European Patent Office COUCKE A O M
D-80298 Munich
O Tel. (+29-89) 23990, Tx: 523656 epmu d
Fax: (+49-89) 2399-4465 Tel. (+49-89) 2399 2828

Form PCT/IPEA/409 (cover sheet) (July 1998)
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L Basis of report

1.  The basis of international preliminary examination report is the application as originally
filed.

lll. Non-establishment of opinion with regard to novelty, inventive step and industrial
applicability

2.  The question of whether the claimed invention appears to be novel, to involve an
inventive step, or to be industrially applicable has not been and will not be the subject
of the international preliminary examination (Article 34 (4) (a) (i) (i) PCT; see also
international search report) in respect of:

2.1 Applications having an unnecessary plurality of independent claims (generally not more
than 1 independent claim in the same category is necessary; Article 6 PCT);

2.2 unsearched subject-matter (Article 17 (2) (a), Rule 66.1 (e) PCT).

V. Reasoned statement under Article 35(2) with regard to novelty, inventive step or
industrial applicability; citations and explanations supporting such statement

3. To the extent that the international preliminary examination has been carried out (see item
lil above), the following is pointed out (Article 35 (2) and (3) (b) and Rule 70.7 and 70.8 (ii)
PCT):

In light of the documents cited in the international search repon, it is considered

that the invention as claimed in the independent claims meets the criteria mentioned
in Article 33 (1) PCT, i.e. it appears to be novel, to involve an inventive step and to be
industrially applicable.

Form PCT/409PE1 (EPO-March 2001)
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