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HX62

ENZYMATIC HYDROXYLATION PROCESS FOR THE PREPARATION
OF HMG-CoA REDUCTASE INHIBITORS
AND INTERMEDIATES THEREOF

An enzymatic hydroxylation process for the
preparation of compounds useful as HMG-CoA
reductase inhibitors and/or as intermediates in the
preparation of HMG-CoA reductase inhibitors uses a
microorganism or an enzyme derived from, or having
the structure of an enzyme derived from, said '
microorganism, which is capablé ‘'of catalyzing the
hydroxylation process.
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5 = The present invention relates to an enzymatic

hydr oxyl ati on process for the preparation of conpounds useful as
HMG- CoA reductase inhibitors and/or as internediates in the preparation
of HMG 10 CoA reductase inhibitors. The present invention
provides a nethod for the preparation of a conpound of the formula I:
15 - [err] its partially or conpletely
hydr@genated analogs or : : . HX62

-1-

ENZYMATIC HYDROXYLATION PROCESS fOR THE PREPARATION
OF HMG-CoA REDUCTASE INHIBITORS
AND INTERMEDIATES THEREOF

The present invention relates to an
enzymatic hydroxylation process for the preparation
of compounds useful as HMG-CoA reductase inhibitors
and/or as intermediates in the preparation of HMG-

10 CoA reductase inhibitors.

The present invention provides a method for
the preparation of a compound of the formula I:

15
' O
il
C
&P  ,CH,
HO (1)
its partially or completely hydrogenated an;logs or
a salt thereof, wherein
R is alkyl or aryl;

20 Z is the open chain moiety
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a salt .,thereof, wherein Ris alkyl or aryl; 20 Zis the
open chain noiety . Ho [err]

HX62

H\ /CHZ\
CH COOR3,

CH; /OI'I or

~
a” |
/CHQ

the lactone

H
CH,

// ; and

R2 is hydrogen, alkyl, ammonium, alkyl-
ammonium or alkali metal;

5 comprising the step of contacting a compound
of the formula II:

O

il
c
RN

nll'o

H %

CH;,

_ (I1),
a partially or completely hydrogenaced analog or a
10 salt thereof, wherein R, 2 and R2 are as defined
~ for formula I, with a microorganism, or with an
enzyme derived from, or having the structure of an
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and ) [err] is hydrogen atlkyl amonium alkyl - anmoni um or
al kali netal; 5 conprising the step of contacting a conpound
of "‘the formula Il

. HX62

enzyme derived from said microorganism. which is
capable of catalyzing the hydroxylation of said
compound of the formula II to yield said compound
of the formula I, and effecting said hydroxylation;
5 where said microorganism is selected from
the genera Nocardia, Amycolata, -Saccharopolyspora,
Streptomyces, Amyco.lacbpsis. Saccharothrix or
Gilbertella, pro?ided ;hat when the compound of
formula II is compactin, the microorganism is not
10 Amycolata, Nocardia or Streptomyces.

The enzymatic hydroxylation process of the
present invention provides an efficient means for
obtaining compounds of the formula I, which may
themselves exhibit HMG-CoA reductase inhibitory .

1§ activity, and/or which may be used as intermediates
in the preparatioh of other HMG-CoA reductase
inhibitors. Reduction or elimination of by-
products may be achieved by employing the
hydroxyla:xon method of the present invention,

20 which method may also be conducted under mild
reaction conditions.

The method of the present invention is
25 described further as follows.

Definiti

The terms "enzymatic process" or ®"enzymatic
method®* as used herein denote a process or method

30 employing an enzyme or microorganism.

The term "alkyl®" as used herein, alone or as
part of another group, denotes both straight and
branched chain._obtionally substituted hydrocarbons
containing 1 to 12 carbons in the normal chain,
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a partially or conpletely hydrogenat ed analog or a 10 salt thereof,

V\/nerelnR Z and [err] are as defined for formula |, with a
- m croorganism or with an enzyme derived from or having the structure
of "ap :
- HX62
o _ 4

preferably 1 to 6 carbons, such as methyl, ethyl,
propyl, isopropyl, butyl, t-butyl, iéobutyl,
pentyl, hexyl, isohexyl, heptyl, 4,4- '
dimethylpentyl, octyl, 2,2,4-trimethyl-pentyl,

S nonyl, decyl, undecyl, dodecyl, ‘the various
branched chain isomers thereof, and the like.
Exemplary substituents may include one or more
groups selected from the following: halo
(especially chloro), trihalomethyl, alkoxy (for

10 example, where two alkoxy substituents form an
acetal), aryl such as unsubstituted aryl (e.g.,
phenyl), alkyl-aryl or haloaryl, cycloalkyl such as
unsubstituted cycloalkyl or alkyl-cycloalkyl,
hydroxy or protected hydroxy, carboxyl, alkyloxy-

1S carbonyl, alkylamino, dialkylamino such as
dimethylamino, alkylcarbonylamino such as
acetylamino, amino, arylcarbonylamino, nitro,
cyano, thiol, or alkylthio. Preferred alkyl
substituents are hydroxy groups.

20 The term “alkenyl® as employed herein, alone
or as part of another group, denotes optionally
substituted straight or branched chain hydrocarbon
groups as described above for alkyl, further
containing at least one carbon to carbon double

25 Dbond.

The term “cycloalkyl® as employed herein,
alone or as part of another group, denotes an
optionally substituted, saturated homocyclic carbon
ring system, preferably containing from 1 to 3

30 rings and from 3 to 12, preferably from 3 to 8,
carbons per homocyclic ring, such as cyclopropyl,
cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
cyclooctyl, cyclodecyl. cyclodddecyl. and
adamantyl. Exemplary optional substituents include
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HX62 , - 3- enzynme derived fromsaid

m croorgani sm which is capabl e of catalyzing the hydroxylation of said
conpound of the formula Il to yield said conpound of the formula I, and
effecting said hydroxylation; 5 where said mcroorganismis
selected from - the genera Nocardia, Amycol ata, Saccharopol yspora,
Streptonyces, Amycol atopsis, Saccharothrix or . Glbertell rovi ded

t hat *when the conpound of formula I'l is_.cpnpactin, the mcroorganismis
not 10 “ Amycol ata, Nocardia or Streptonyces. The enzymatic
hydr oxyl ati on process of the present invention provides an efficient
means for obt ai ni ng conpounds of the fornula |, which may

t hemsel ves exhi bit HineCof fmogaCaliogl i givups Gy dédscribed hpovendéprondi ch
may be used as interg&dhg}gsof those groups described above as alkyl

substituents.

The term "aryl® as used herein denotes
5 monocyclic or bicyclic substituted or unsubstituted

aromatic groups containing from 6 to 12 carbons in

the ring portion, such as phenyl, biphenyl,

naphthyl, substituted phenyl, substituted biphenyl

or substituted naphthyl. Exemplary substituents

10 (preferably three or fewer) include one or more of
the following groups: alkyl such as unsubstituted
alkyl, haloalkyl or cycloalkylalkyl, halogen,
alkoxy such as unsubstituted alkoxy or haloalkoxy,
hydroxy., aryl such as phenyl or halophenyl, aryloxy

1§ such as phenoxy, alkylcarboﬁyloxy or aroyloxy.

© allyl, cycloalkyl, alkylamino, dialkylamino, amido
such as alkylcarbonylamino or arylcarbonylamino, '
amino, nitro, cyano, alkenyl, thiol, alkylcarbonyl,
or arylcarbonyl, or methylenedioxy where the

20 methylene group may be substituted by lower alkyl
group(s) (that is, alkyl groups as described above
having 1 to 6 carbon atoms), arylalkenyl group(s),
and/or alkylthio group(s).

The terms "halo®" or "halogen®* as used herein

25 denote chlorine, fluorine, bromine or iodine.

| The term “salt(s)* as employed herein refers
to acidic and/or basic salts formed with inorganic
" and/or organic bases. The nontoxic,
- pharmaceutically acceptable salts are preferred.

30 Exemplary pharmaceutically acceptable salts include
those formed from cations such as sodium,
potassium, aluminum, calcium, lithium, magnesium,
zinc and tetramethylammonium as well as those salts
formed from amines such as ammonia, ethylene-
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in-the preparation of other HMG COA reductase I nhi bitors. Reduction or

el i'm nation of by- products may be achi eved by enpl oyi ng the
hydr oxyl ati on method of the present invention, 20 which nmethod may al so be
conducted under mild . reaction conditions. - The net hod of
‘the present invention is 25 described further as foll ows.

Definitions The terns "enzymatic process"” t|c

nmet fod" as used herein denote a process or_ngthod 30 enploylné an enzyne or
m cr oof gani sm The term "al kyl" as used herein, alone or as

part of another group, denotes both straight and branched chai n,
optionally substituted hydrocarbons containing 1 to 12 carbons in the
normal chain, diamine, N-methylglucamine, lysine, arginine,

ornithine, choline, N,N'-dibenzylethylenediamine,
chloroprocaine, diethanolamine, procaine, N-
benzylphenethylamine, l-p-chlorobenzyl-2-

5 pyrrolidine-1'-yl-methylbenzimidazole,

' diethylamine, piperazine and tris(hydroxymethyl) -
aminomethane.

The term °*pharmaceutically acceptable
cation* denotes a positive counterion forming a

10 pharmaceutically acceptable salt, such as those
described above.

The term *ATCC" as used herein refers to the
accession number of the American Type Culture
Collection, 12301 Parklawn Drive, Rockville,

1§ Maryland 20852, an organism depository.
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COmpounds of the formula II to be employed
in the hydroxylation method of the present
invention may be obtained by methods known to the

5§ sgkilled artisan. Such compounds are disclosed, for
'example, in U.S. Patent No. 4,450,171.

Compounds of the formula I having the
10 following formula Ia are preferred:

no\
CH3 CH2
Neu” e’ Scoor,

0 l H]

" CH2 OH

o /7

s
R N CH,

X ! CH,

H ' (Ia)

its partially or completely hydrogenated analogs or
15 alkali metal salts thereof, wherein R is alkyl and
R2 is as defined in formula I.
A particularly preferred example is:

as Been R

\\ll\l\\ il \I\

HX62 _ -4- preferably 1 to 6 carbons, such
as net hyl, ethyl, propyl, isopropyl, butyl, t-butyl, isobutyl,
pentyl hexyl, i sohexyl, heptyl 4, 4- di met hyl pentyl, octyl,
2,2,4- trinethyl-pentyl, 5 nonyl, decyl, undecyl, dodecyl, the various
_ branched chain isoners t hereof, and the |ike. Exenpl ary substituents
may include one or nore groups selected fromthe follom%a%% hal o
(especially chloro), trihalonethyl, alkoxy_(gog 10 exanple, ere two
‘al koxy“substituents form an acetal), aryl such as ‘unsubstituted aryl
- (e.g., phenyl), alkyl-aryl or haloaryl, cycloal kyl such as
e . Material
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unsubstituted cycloal kyl or al kyl -cycl oal kyl , hydr oxy or protected
hydr oxy, carboxyl, al kyloxy- 15 carbonyl, al kylam no, dial kyl am no such as

di:mret hyl am no, - al kyl car bonyl am no such as acetyl am no, am no,
aryl carbonyl am no, nitro, cyano, thiol, or alkylthio. Preferred al kyl
substituents are hydroxy groups. 20 The term "al kenyl " as enpl oyed
herein, al one or as part of another group, denotes optio
substiituted straight or branched chain hydrocgrhon groups as descri bed
above for alkyl, further containing at | east one carbon to carbon
doubl e- 25 bond. The term "cycl oal kyl " as enpl oyed herein
al one or as part of another group, denotes an optionally substituted,
sat urat ed honocyclic carbon ring system ﬁ efera@ké\fonbaining from1
to 3 30 rings and from3 to 12, preferably f £0 8N\ % carbons per
honocyclic ring, such as cycl opropyl, cycl obufyl , cyd? tyl,
cycl ohexyl, cycl oheptyl, cycl ooctyl, cyclodecJI, cycl ododecyl, and
adamantyl . Exenpl ary optional substituents incIud@H{ ’,OH

' H

C
]

-

Methyl Pravastatin

its partially or complétely hydrogenated analogs or
alkali metal salts thereof.

5 .

Compounds of the formula II having the
following formula IIa are preferred for use as the
starting material:

Hq-\ '
CH;, CH3
TH/ “cu”  Scoor,
0 CH, OH
c /7
e
R \\~O gﬂz
A CH,
10 ' (ITa).
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HX62 , - 5- one or nore al kyl groups as
descri bed above, or one or nore of those groups described above as

al kyl substituents. The term"aryl" as used herein denotes 5
nonocyclic or bicyclic substituted or unsubstituted aromati c groups
containing from6 to 12 carbons in the ring portion, such as phenyl,

bi phenyl , - napht hyl, substituted phenyl, substituted biphenﬁ# or
substituted naphthyl. Exenplary substituent;;éul (preferablyn¥ ee or
fewer) “i ncl ude one or nore of

its partially or completely hydrogenated analogs or
alkali metal salts thereof, wherein R is alkyl and
R? is as defined in formula II. A particularly
preferred example is

Hoy S 4P
CH . .
' OH

’,OH

Methyl Compactin

its partially or completely hydrogenated analogs or
alkali metal salts thereof.

10 Compounds of the formula I, or any compound
described herein, in which one or more of the
double bonds is absent, may be obtained by
hydrogenating the corresponding compound in which
such bonds are present according to methods known

15 to the skilled artisan. ' _

- ' Any of the products of the present method
may be isolated and purified by known methodologies
such as by filtering off cells or cellular
materials where appropriate, extraction,

20 crystallization, thin layer or column
chromatography, high performance liquid
chromatography and the like.
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the fol l ow ng groups: al kyl such as unsubstituted al kyl , hal oal kyl or
cycl,oal kyl al kyl , hal ogen, al koxy such as unsubstituted al koxy or

hat oal koxy, hydroxy, aryl such as phenyl or hal ophenyl, aryloxy 15

such as phenoxy, al kyl carbonyl oxy or aroyl oxy, - allyl, cycl oal kyl,

al kyl am*no, dial kyl am no, am do such as al kyl carbonyl am no or

aryl carbonyl am no am no, nitro, cyano, alkenyl, thiol, alkylcarbonyl,

or aryl carbonyl, or nethyl enedi oxy where the_20 nethylene gﬁ%éé may be
substituted by Iomer al kyl group(s) (tﬁa@ols al kyl groups as descri bed
above having 1 to 6 carbon atons), aryl al kenyl group(s), and/ or

al kyl thi o group(s). The terns "hal 0" or "hal ogen as used herein’

Faal (5" Cas empl oyed herel B RRPT SeRictdied Spowm, or BRtRYIc,| 1o or med
Wi th inorganic anempacsagaan@ methyl pravassatdn ere refgnmedoteutically
acceptabl e salts areh&&eiar 68dtnéOacX ¥B¥miIof M@%ubbaahby awsepéab' e

um num  calci um | AR GRFDEgheGToNR of Chas, CofpouBdeats: 91 Shfont um as
wel | as those sal§s alkafllir medalrsaltinforms, theh compoumndsi arecrieférred
to herein as the salt form.

As discussed below, the use of an aqueous
medium is preferred in conducting the hydroxylation
method of the present invention. It is therefore

10 preferred to prepare, or to employ as starting
materials, those compounds in which Z is the open
chain moiety as defined above since such compounds
are relatively more water soluble than the
corresponding compounds in which Z is a lactone

15 moiety. Compounds of the formula II in which 2 is
a lactone moiety may, for example, be hydrolyzed to
the open chain form prior to use in the process of
the present invention. -

20 E 1 Mi s
The enzyme orlmicroorganism employed in the
method of the present invention-mﬁy be any enzyme
or microorganism, regardless of origin or purity,
having the ability to catalyze the conversion as
25 described herein. Genera of microorganisms
suitable as sources of catalyzing enzymes include
{ Nocardia, Amycolata, Saccharopolyspora, |
f Streptomyces, Amycolatopsis, Saccharothrix or
L Gilbertella. |
| 30 Exemplary species suitable for use in the
present invention include Amycolata autotrophica
such as ATCC 35204, Streptomyces californicus such
as ATCC 15436, Amycolatopsis mediterranei such as
ATCC 21411, Saccharothrix australensis such as ATCC

This Sheet Has Been Re
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HX62 _ - 6- di am ne, N-net hyl gl ucam ne,
| ysi ne, arginine, ornithine, choline N,N -dibenzyl et hyl enedi am ne,
chl oroprocai ne, di et hanol am ne, procaine, N benzyl phenet hyl am ne,
1- p-chl or obenzyl -2- 5 pyrrolidine-1 -yl-nethyl benzi m dazol e,

di ethylam ne, piperazine and tris(hydroxymethyl)- am nonet hane.

HX62
- 11 -

31497, Gilbertella persicéria such as ATCC 38591,
Saccharopolyspora hirsuta such as ATCC 27875, 27876
or 20501, Saccharopolyspora erythraea such as ATCC
11635, and the like. Particularly preferred are

5 Amycolata autotrophica such as ATCC 35204 and
Saccharopolyspora hirsuta such as ATCC 20501.

With respect to the use of microorganisms,
the method of the present invention may be carried
out using any microbial cellular material having

10 the ability to catalyze the conversion as described
herein. The cells may be used in the form of
intact wet cells or dried cells such as
lyophilized, spray-dried or heat-dried cells.

Cells may also be used in the form of treated cell

15 material such as ruptured cells or cell extracts.
The cells or cellular materials, such as isolated
fungal mycelia, may be employed in the free state
or immobilized on a support such as by physical
adsorption or entrapment. One or more species of

20 microorganism may be employed when carrying out the
instant process.

The method of the present invention may be
carried out subsequent to the grdwth of the
microorganism(s) employed, for example, by growing

25 the microorganism(s) either in the presence or
absence of a compound of the formula II starting
material, harvesting and, preferably, washing
(e.g., with water) the microbial materials, and
then contacting the microbial materials obtained

30 with the compound of the formula II starting |
material. The method of the present invention may
also be carried out by in situ fermentation and
reaction, that is, reaction in the presence of
actively growing microorganisms.
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The term "pharmaceutical ly acceptable cation" denotes a positive

counterion formng a 10 pharnaceutlcally accept abl e salt,

descrlbed above.

accessi on nunber of the Anerican Type Culture Col l ection, 12301
Parkl amn Drive, Rockville, 15 Maryland 20852, an organi sm depository.

HX62

10

15

25

- 7- HX62
- 12 -

The reaction may be conducted under
quiescent (static) conditions, or by employing
agitation. Agitation, such as shake-flask culture
or aeration and agitation, is preferably employed
when the compound of the formula II starting
material is added to actively growing cultures. 1In
such cases, an anti-foaming agent may be employed.

The growth of microorganisms may be achieved
by the skilled artisan, for example, by the use of
an appropriate medium containing nutrients such as
carbon and nitrogen sources and trace elements.
Exemplary assimilable carbon sources include
glucose, glycerol, maltose, dextrin, starch,
lactose, sucrose, molasses, soybean 0il, cotton
seed oil, etc. Exemplary assimilable nitrogen
sources include soybean meal, peanut meal, cotton
seed meal, fish meal, corn steep liquor, peptone,
rice bran, meat extract, yeast, yeast extract,
sodium nitrate, ammonium nitrate, ammonium sulfate,
etc. Inorganic salts such as sodium chloride,
phosphates, calcium carbonate, etc., may be added
to the culture medium. A minor amount of a metal
salt or heavy metal may also be added.

The same or different media may be employed
at various stages of the growth of the
microorganisms. Preferred media for the growth of
microorganisms are those described in the examples
herein, which media may be employed for the growth
of any microorganism_employed in the method of the
present invention.

Enzymes, when employed, are preferably
derived from the aforementioned microorganisms, or
they may be synthetically or otherwise prepared.
For example, they may be derived from genetically

such as those
The term "ATCC' as used hereln refers to the
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Siarting Mat eri al s . Compounds of the fornmula Il to be enpl oyed

I n_the hydroxyl ati on nethod of the present I nvention may be obtai ned by
met hods known to the 5 skilled artisan. Such conpounds are discl osed, for
exanple, in U 'S. Patent No. 4,450, 171. Preferred
Conpounds Conpounds of the fornula | having the 10 follow ng

forqula la are preferred: HX62

- 13 -

&

engineered host cells. The use of the genetically
engineered host cells themselves, or cells which
have otherwise been modified, is also contemplated
where such cells are capable of producing enzymes

5 having the structure of enzymes derived from the
above recited genera of microorganisms.

The method of the present invention may be
10 conducted in an aqueous medium, such as a buffered
aqueous medium. The aqueous phase is conveniently
water, preferably deioﬁized water, or a suitable
aqueous buffer solution, especially a phosphate
buffer solution. Use of an aqueous medium is
15 preferred for the present hydroxylation method.
The reaction in the present invention may
also be conducted in an organic medium or in a
medium which is a mixture of an organic medium and
an aqueous medium. Use of an organic or
20 érganic/aqueous medium may enhance solubilization
of the less water soluble compounds of the formula
II starting materials, such as those where 2 is a
lactone moiety. Less water soluble starting
materials may, for example, be dissolved in an
25 organic solvent such as methyl or ethyl alcohol,
and the solution added to an aqueous medium for
conversion. Liquids forming such organic media may
be immiscible in water or, preferably, may be
miscible in water. Exemplary organic media include
30 toluene, hexane, benzene, acetone,
dimethylsulfoxide, cyclohexane, xylene,
~ trichlorotrifluoroethane, alkanols such as methyl
or ethyl alcohol or butanol, and the like.
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[err] . its partially or conpletely hydrogenated anal ogs or 15 al kal

metal . salts thereof,

wherein R is al kyl and R2 is as defined in formula

[~ . A particularly preferred exanple is:

HX62

10

- 15

HX62
- 14 -

It is preferred that the starting material
is dissolved, for example, in water or an alcohol,
prior to addition to the reaction medium.

The reaction medium preferably contains
between about 0.5 to about 3 mg of a compound of
the formula II starting compound per ml of liquid
medium. The pH of the reaction medium is
preferably between about 6.0 and about 7.5.

To carry out the hydroxylation reaction of
the present invention, water or an organic alcohol,
for example, an alkanol such as methyl or ethyl
alcohol, may be added. It is preferred to employ
these materials in an amount providing a molar
excess, preferably a large molar excess, based on
the compound of formula II starting material.

The amount of microbial cells added, where
employed in the present process, is preferably an
amount ranging from about 10 to about 1000 mg per
mg of the compound of formula II starting material.
The amount of enzyme added, where employed in the
present process, is preferably an amount ranging
from about 1 to about 100 mg per mg of the compound
of formula II starting material.

The reaction medium is preferably held at a
temperature between about 27 and 40°C, and is most
preferably held between about 28 and about 34°C.
The reaction time can be appropriately varied
depending upon the amount of enzyme produced~by the
microbial cells, or used per se, and its specific
activity. Typical reaction times are between about
2.5 hours and about 72 hours. Reaction times may
be reduced by increasing the reaction temperature
and/or increasing the amount of enzyme added to the
reaction solution.
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[err] . Met hyl . Pravastatin its partially
or .conpl etely hydrogenated anal ogs or ~ alkali netal salts thereof.

HX62

e f HMG-CoA Red Iohibi
HMG-CoA reductase (3-hydroxy-3-methylglu-
taryl coenzyme A reductase, EC 1.1.1.34) is a key
enzyme in cholesterol biosynthesis. Inhibitors of
S this enzyme find utility as anticholesterolemic
agents, that is, in lowering or maintaining plasma
cholesterol levels. In addition to the treatment
and prevention of hypercholesterolemia, HMG-CoOA’
reductase inhibitors find utility in the treatment
10 and prevention of atherosclerosis, hyperli-
poproteinaemia, and/or hyperlipidemia.
Compounds of the formula II described above
may themselves exhibit HMG-CoA reductase inhibiting
~activity (e.g., methyl compactin), and/or may be
15 employed as intermediates in the preparation of-
other compounds having HMG-CoA reductase inhibiting
activity. In the latter case, the present
invention further provides a method wherein
hydroxylation is conducted according to the above-
20 described method of the present invention and,
subsequently, the hydroxylated product so formed is
employed in the preparation of an HMG-CoA reductase
inhibitor (e.g., groups are deprotected, added or
otherwise modified thereon). Preferably, the
25 inhibitor so prepared has enhanced HMG-CoA
reductase inhibiting activity relative to any such
activity the hydroxylated product from which it is
prepared may possess. .
HMG-COA reductase inhibitors obtained
30 according to the method of the present invention
may, for example, be administered to mammals,
particularly humans, by modes and in dosages
selected according to methods known to the skilled
artisan. _
R
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5 ., . Conpounds of the formula Il having the following fornula Ila
are preferred for use as the starting material: : [err]

10 , (1'ha)

HX62
- 16 - .

A particularly preferred method for the
preparation of an HMG-CoA reductase inhibitor of
the present invention is that comprising the steps

. of: -
5 (A) hydroxylating a compound of the formula

CH
P

IIa , wherein R is j,C ¢c=-— and R? is H, or

sf'l

CH;

a salt thereof with Amycolata autotrophica (ATCC
35204) or Saccharopolyspora hirsuta subspecies
- kobensis (ATCC 20501) to yield methyl pravastétin
10 having the structure:

HOy /CH:\ //O
CH cl
| OH

‘CHp OH
- ”~
CH

or the alkali metal, especially sodium or lithium,
15 salt thereof.
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HX62 i ' -9- its partially or conpletely

hydr ogenat ed anal ogs or al kali nmetal salts thereof, wherein R is alkyl
and [err] is as defined in formula II". A particularly " preferred
exanple is 5 : [err]

i HX62

The follqwing Examples illustrate preferred
embodiments of the present invention, and are not
intended to limit the scope or spirit of the
instant claims. The components of the media

5 employed in these Examples are as follows.

Medi . Media Compositi
F7 malt extract 10 g/L, yeast extract
10 10 g/L, peptone 1 g/L, dextrose 20

g/L; distilled water to one liter,
pH adjusted to 7.0 before
sterilization by autoclaving

1§ K28 Pharmamedia 25 g/L, cerelose 69 g/L,
CaCO3 9 g/L, KaHPO4 0.1 g/L, tap
water to one liter, pH adjusted to
6.8 - 7.0 before sterilization by

autoclaving
20
F4 tryptone 5 g/L, malt extract 3 g/L,
glucose 10 g/L, yeast extract 3 g/L,
distilled water to one liter,
sterilize in autoclave
25

F46 glycerol 10 g/L., maltose 40 g/L,
toasted Nutrisoy flour 30 g/L,
peptone 10 g/L, spray dried corn
steep liquor 10 g/L, MgSO4.7H20 0.5

30 g/L, tap water to one liter, pH
adjusted to 5.3 before sterilization
by autoclaving
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Met:hyl Conpactin its partial'ly or conpletely hydrogenated anal ogs or

alkali netal salts thereof. 10 conpounds of the fornmula I, or any
conmpound descri bed herein, in which one or nore of the doubl e bonds
‘i's apsent, may be obtained by hydr ogenati ng the correspondi ng conpound
in which ~ such bonds are present according to methods known 15 to the
skll]ed artisan., HX62
-1_8..
M124 cerelose 10 g/L, N2 Amine B 15 g/L,

yeast extract 10 g/L, NaCl S g/L,
CaCO3 1 g/L, tap water to one liter,
pH adjusted to 6.8 - 7.0 before

5 . sterilization by autoclaving
Mueller- beef infusion 300 g/L, casamino
Hinton acids, technical 17.5 g/L, starch
Broth 1.5 g/L, suspended in one liter

10 (Difco brand) distilled or deionized water and
heated to boiling to dissolve
completely, final pH 7.4

Trypticase . trypticase peptone 17'g/L. phytone
15 Soy Broth, peptone 3 g/L, NaCl S g/L, KaHPO4
BBL brand 2.5 g/L, dextrose 2.5 g/L, distilled
water to one liter, sterilize in
autoclave
20 Y17 yeast nitrogen base 6.7 g/L, glucose

50 g/L, Sigma adenine HC1l 0.09 g/L,

Sigma l-tyrosine 0.06 g/L, heat to

boil and mix Difco casamino acids 2

g/L, agar 20 g/L, distilled water to
25 one liter, sterilize in autoclave
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Ahy,of the products of the present nethod may be isolated and purified

by _known net hodol ogi es such as by filtering off cells or cellular
mat erial s where appropriate, extraction, 20 crystallization, thin |ayer or
“col um chr omat ogr aphy, high performance liquid chr omat ogr aphy and
the |ike.
: HX62
- 19 -
Example 1

One frozen vial of Amycolata autotrophica
(ATCC 35204) and one frozen vial of
Saccharopolyspora hirsuta subspecies kobensis (ATCC

5 20501) were thawed and used to inoculate separate
500 ml1 flasks containing 100 ml each of medium F4.
Each flask was placed on a shaker at approximately
280 rpm, at 25°C, and shaken for 72 hours.

"Aliquots of 2.5 ml apiece of the 72 hour A.

10 autotrophica culture broth were used to inoculate
six 250 ml flasks containing 50 ml of medium F7 and
six 250 ml flasks containing 50 ml of medium K28.
Similarly, aliquots of 2.5 ml apiece of the 72 hour
S. hirsuta culture broth were used to inoculate six

15 250 ml flasks containing 50 ml of medium F7 and six

250 ml flasks containing 50 ml of medium K28.
Accordingly, there were 24 flasks in total. All 24
flasks were placed on a shaker and shaken at
approximately 280 rpm at 25°C. .

20 After 24 hours of shaking, 1 ml of filter-
sterilized 5 mg/ml methyl compactin salt solution
was added aseptically to three F7 flasks and three
K28 flasks of each culture. (Salt solution was
prepared from the lactone by dissolving the lactone

25 in a minimal volume of ethanol, adding about 15 ml
of water [which produces some precipitatel],
adjusting the pH to about 11.8, incubating in a
65°C waterbath until the precipitate dissolved, and
carefﬁlly bringing the pH down to 7.5. Distilled

30 water was added to bring the calculated
concentration to S mg/ml.) Two new flasks were
added at this point, as one uninoculated flask of
each medium was dosed with the salt to control for
non-biological modifications. These flasks
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HX62 . -10 - The above structures
shown for nethyl conpactin and nethyl pravastatin are referred to
herein as the acid formof these conpounds. \Were t he carboxyl group of
t hese conpounds is in the 5 alkali -netal salt form the conpounds are
referried to herein as the salt form _As discussed bel ow, the
use of an aqueous mediumis preferred in conducting the gédroxylatlon
.met hod, of the present invention. It is theLeéBrg 10 preferr £o prepare,
or to enploy as starting materials, thos&“conmpounds in which Zis the
open chain noi ety as defined above since such conpounds are _
Telatively nmore water soluble than the. correspondi ng conpounds |n mhlch

Zis a lactone 15 W‘hbﬁbbfor@ﬁ”ﬁ@b@dﬁrﬁté&‘%ﬁgprsmhbaabl ﬁh@ !‘4%&?}1

| act one noi ety may, ﬁr xanpl e, be hydrolyze e open C

prior to use in the 5 §s of t he present invention.
Similarly, a sterile 500+ pg/ml dose of

compactin was added to three F7 and three K28

5 flasks of each culture. Two new flasks were added,
as one uninoculated flask of each medium was also
dosed with compactin. (The purpose of the
inoculated compactin flasks was to serve as
positive controls, showing that hydroxylation of

10 compactin was occurring normally. The uninoculated
flasks served as controls for possible
nonbiological alterations of substrate.)

Shaking was resumed for an additional 24
hours. All flasks then received a second dose of

15 the same salt with which they had been dosed
previously. Shaking was again resumed for 24
hours, following which eight flasks were harvested
(at time T1), including one for each culture-’
medium-substrate combination. The broths from the

20 harvested flasks were submitted for assay of
substrate and hydroxylated product.

Following an additional 24 hours of shaking,
the remaining 20 flasks were harvested (at time
T2), including 10 methyl compactin salt samples and

25 10 compactin samples. The broths were submitted
for appropriate substrate-product assay.

form
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20 -. : Enzymes and M croorgani sns The enzyne or

m cr.oor gani sm enpl oyed in the nmet hod of the present invention may be -
any enzyne or microorganism regardless of origin or purity, havi ng
the ability to catal yze the conversion as 25 described herein. Genera of
m cr’oorgani snms sui tabl e as sources of catalyzing enzyrres [ ncI ude
Nocardi a, Amycol ata, Saccharopol yspora, St rept onyces, l.at opsi s,
Saccharot hrix or Glbertella. 30 _ 2L:)1><errpl ary speC| 2uitabl e for
use in the present invention include Anycol ata autotrophica such as
ATCC 35204, Streptonyces californicus such as ATCC 15436, Anycol atopsis
nedi t erranei such as ATCC 21411, Saccharothrix austral ensis such as
ATCC The results are shown below:
(ug/g) (ug/e)
Iy Ip13 | T I2T2 |
A. awtotrophica F?7 84.0 0 474 475 503
K28 46 0 0 470 575 512 .
S. hirsuta F7 842 127 122 347 775 753
K28 412 0 O 675 750 762
None (control) F7 - 1857 - - 0 -
' K28 - 1806 - - . 0 -
Compactin Eravastatin
(ug/e) (ug/g)
L I3 Ipin T3 T3
A. autotrophica _F7 0 0 O [579 564 554
K28 0 0 O 59.8 62.4 66.7
S. hirsuta F7 17 0 0 |[71.5 77.1 829
K28 - 31 0 ) 589 63.3 63.8
None (control) F7 - 9%5 - | - 0 -
K28 - 9.2 - - 0 -
This Sheet Has Been R
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- L1 - HX62 31497, Gl bertella persicaria such as ATCC

38591, Sacchar opol yspora hirsuta such as ATCC 27875, 27876 or
20501, Sacchar opol yspora erythraea such as ATCC 11635, and the |ike.
Particularly preferred are 5 Amycol ata autotrophica such as ATCC 35204 and
Saccharopol yspora hirsuta such as ATCC 20501. Wi th respect to
the use of m croorgani sns, the nmethod of the present invention may be
carried out using any mcrobial cellular material havi ng HX62 t he
ability to catal yze the conversion as describe® - herein. The cells may
be used in the form of intact wet cells or dried cells such as
byophilized, spray-dried or heat-dried cells. Cells may al so be used in

the formof treated cell 15 nmteri al squ‘EEEEEELRred cells or cel
extracts. _

One frozen vial of Saccharapolyspora hirsuta

subspecies kobensis (ATCC 20501) was thawed and

5 used to inoculate a 500 ml flask containing 100 ml
of medium F4. The flask was placed on a shaker at
approximately 280 rpm, at 25°C, and shaken for 72
hours. |

Aliquots of the 72 hour broth were used to

10 inoculate two 250 ml flasks containing 45 ml of
medium K28. The two flasks were placed on a shaker
and shaken at approximately 280 rpm at 25°C.

After 24 hours of shaking, methyl compactin
salt was dissolved in water to provide a solution

1§ which was filter-sterilized. A portion of this
solution was added to one of the K28 flasks. Six
hours later, an identical portion was added to the
same flask. The second K28 flask also received a

.portion as did a third uninoculated K28 flask. All

20 three flasks were placed on the shaker and shaking
resumed for 18 hours. |

The first flask then received a third dose.
Six hours later, the first flask received a fourth
(and final) dose; the second flask received a

25 second (and final) dose; and the uninoculated flask
received a second (and final) dose.

Foliowing an additional 42 hours of shaking,
the three flasks were harvested and all of the
broths were submitted for assay of methyl compactin

30 and methyl pravastatin. The results are shown
below:
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Y

The, cells or cellular materials, such as isolated fungal nycelia, may
be enployed in the free state or imobilized on a support such as by
physi cal adsorption or entrapnment. One or nore species of 20
m croorgani sm nmay be enpl oyed when carrying out the I nstant process.
The net hod of the present invention may be carried out subsequent to
the growth of the m cr oor gani sn(s) enpl oyed, for exanple §¥ grow ng 25
.the'm croorganisn(s) either in the presence ?5 _ absence ofX conmpound of
the formula Il starting materi al, harvesting and, preferably, washing
(e.g., with water) the mcrobial materials, and then contacting the
‘m crobial materials obtained 30 with the conpound of the fornula I
starting material. The nmethod of the present invention nay - al so be
carried out by in siftorgrneprartl ana Te [IBEI iﬁﬁi F§} reaqtion in
the presence of act if’éﬂgfﬁgrow M .
Flask 1 0 284.8
Flask 2 0 251.5
No-cells control 418.6 ' 0
BXAMPLE 3
5 ‘One frozen vial each of Amycolata

autotrophica (ATCC 35204), Streptomyces
californicus (ATCC 15436), Amycolata
hydrocarbonoxydans (ATCC 15104), Amycolata
mediterranei (ATCC 21411), Amycolatopsis fastidiosa

10 (ATCC 31181) and Saccharopolyspora hirsuta '
subspecies kobensis (ATCC 20501) were thawed and
used to inoculate 500 ml germinator flasks
containing 100 ml of medium F7. All flasks were
placed on a shaker at approximately 280 rpm, at

1S 25°C, and shaken for 72 hours.

' 10 ml aliquots from each germinator flask
were used to inocuiate separate flasks each
containing 120 ml of medium K28. All flasks were
then returned to the shaker. -

20 _ After 24 hours, 500 pg/ml of filter
sterilized compactin (acid form) was added to each
flask. Again the flasks were returned to the
shaker.

24 hours later, 15 ml aliquots were removed

25 from each flask and frozen for later assay (T1). A
second 500 pg/ml dose of sterile acid-form
compactin was added to each flask and the flasks'
were returned to the shaker.
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HX62 : -12 - : The reacti on may be

conduct ed under qui escent (static) conditions, "by enpl oyi ng
agitation. Agitation, such as shake-fl ask culture or aeration and
agitation, is preferably enployed 5 when the conpound of the formula I
starting material is added to actively growing cultures. In such
cases, an anti-foam ng agent may be enpl oyed. . The growt h of

.m croorgani sne may be achi eved by the skhlled artisan, fBK62xanple, by
the use of 10 an appropriate nedi um cont ai ni futrients such as car bon
and nitrogen sources and trace el enents. Exenpl ary assim | abl e carbon
‘sour ces i ncl ude gl ucose, glycerol, naltose, dextrin, starch,

24 hours after that, a second 15 ml aliquot
sample was removed from each flask and frozen for
later assay (T2):; and 24 hours after that, a final
15 ml aliquot was removed from each flask and

5 frozen for later assay (T3). '_

All samples were thawed and submitted for

assay. The results are shown in the tables below:

Culture _ T3

| Compactin | Pravastatin | Conversion
|A.bydrocarbonoxydans 439 0 =
A.mediterranei 21 142 28%
A.fagtidiosa 376 0 =
S.hirsuta 40 201 40%
Controls:

A.autotrophica 68 110 22%
S.californicus 0 75 15%
Culture _ T2

Compactin | Pravastatin | Conversion

A.hydrocarbonoxydans 767 0 -
A.mediterranei 15 282 28%
A.fastidiqsa 191 0 -
S.hirsuta 19 399 40%
Controls:

A.autotrophica Trace 293 29%
S.californicus | 0 167 17%

L




| act ose, sucrose, nol asses, soybean oil, cotton 15 seed oil, etc.

Exenpl ary assim | able nitrogen sources include soybean neal, peanut
meal , cotton seed neal, fish neal, corn steep |iquor, peptone, rice
bran, neat extract, yeast, yeast extract, sodiumnitrate, ammoni um
- nitrat’e, amoniumsulfate, 20 etc. Inorganic salts such as sodium
chl ori de, phosphates, cal cium carbonate, etc., may be added to the
.culfure nmedium A minor anount of a metal salt or heavy HX62 may al so
be added. - The sane or different n%ala may be enpl oyed 25 at
various stages of the growh of the m croorgani snms. Preferred nmedia for
‘the growt h of m croorgani sns are those described in the exanpl es
herein, which nmedia may be enpl oyed for the growh of any m croorgani sm
enpl oyed in the net pog_ortne 30 pr ESEM] T Vet o ErrzyTeSS
when enpl oyed, are ' 1. tioned
ni croor gani sns, or BYd\Riskats P | RS sion
For exanpl e, they 1t e ‘
A, hydrocarbonoxydans 812 0 =
A.mediterranei 21 290 29%
A. fastidiosa 711 0 -
S.hirsuta Trace 394 39%
Controls:
lA.autotrophica 3 276 28%
S.californicus 2 157 16%
EXAMPLE 4
5 46-hour cultures of Saccharopolyspora

hirsuta subspecies koberisis (ATCC 20501) (grown at
~ 28°C) and Amycolata autotrophica (ATCC 35204)
(grown at 25°C) were used to inoculate flasks of
various media (S50 ml media/250 ml flask). 5 ml of
10 innoculum were used per flask.

S. hirsuta was inoculated into two separate
flasks of each of the following media: F7, F46,
K28, M124, Mueller Hinton, trypticase soy broth
(TSB) and Y17. One flask of each medium was placed

15 on a shaker at approximately 280 rpm, at 25°C, and
another flask of each medium was placed on a shaker
at approximately 280 rpm, at 28°C. An additional
flask each of F7 medium and K28 medium was
inoculated and placed in a water bath shaker at

20 32°c. _

A. auch;qpbicé was inoculated into two
separate flasks each of F7 medium and K28 medium.
One inoculated flask of egch medium was placed on a
shaker at approximately 280 rpm., at 25°C, and one
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HX62 . : - 13 - engi neered host cells. The use
of .the genetically engi neered host cells thenselves, or cells which
have- ot herwi se been nodified, is also contenplated where such cells are
capabl e of producing enzynes 5 having the structure of enzynes derived from
the - above recited genera of m croorgani sns. A

Reacti on Conditions The nmet hod of the present invention may be
.10 conducted in an aqueous medi um such as azguffered agl®¥62s nedi um

The aqueous phase is conveniently -

inoculated flask of each medium was placed on a
shaker at approximately 280 rpm, at 28°C.
After 24 hours, a 500 ug/g dose of filter
sterilized compactin (acid form) was added to each
5 flask. The flasks were returned to the shakers at
the same temperature.
24 hours later, a 10 ml aliquot was removed
from each flask and frozen for later assay (Ti). A
second 500 pug/g dose of sterile acid-form compactin
10 was added to each flask and the flasks were again
returned to the shakers at the same temperature.
After an additional 48 hours, a second 10 ml
aliquot was taken (T2). The T; samples were thawed
and submitted with the T2 samples for assay. The
15 results are shown in the table below:
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wat-er preferably deionized water, or a suitable aqﬁeous buffer

sol.ution, especially a phosphate buffer solution. Use of an aqueous
mediumis 15 preferred for the present hydroxyl ation nethod. The
reaetion in the present invention may al so be conducted in an organic
mediumor in a medi um which is a mixture of an organi ¢ nedi um and

an aqueous nedium Use of an organic or 20 organi c/aqueous nedi um may
.enhance sol ubilization of the | ess water | ubl e conpound®X6& the
formul a Il starting materials, such as THtse where Z is a | act one
noiety. Less water soluble starting materials may, for exanple, be

‘di ssol ved in an 25 organic solvent such as nmethyl or ethyl alcohol, and
the solution added to an aqueous nedi um for conversion. Liquids form ng

such organic nedia n& DE T SCTH e water o, prererarty—rmay—ire
mscible in water. E%énp#é?&"%ﬁganic nedda i.ncl ude 30 toluene, hexane,
benzene, acetone, Ml S Addaig ) “coxi de, [cycl ohexane, Xxylsgne,
trichlorotrifluoroeﬂhane, al kanol s such s net hyl or ethyl al cohol or
butanol , and the |iKe. (£rozen and

thawed)

Compactin Pravastatin Conversion

| F7/25° 432 | 40 8% _
| F7/28° 154 168 34%
F7/32° 450 43 9%
F46/25° 516 10 2%
Fd46/28° 494 17 3%
K28/2S° 179 147 29%
K28/28° 105 _ 18¢ 37%
K28/32° 211 100 20%
1124/25° 180 139 288
M124/28° 103 191 38¢
Mueller-Hinton/25° . 496 38 8%
.Muonor-ﬂintonlza’ 402 43 9%
TSB/25° 358 74 15%
| TSB/28° 211 163 33%
¥17/28° 60S -
¥17/28° 533 0 -
A. autotrophica 334 Ss1 10%
(control) F7/25°
A. autotrophica 111 108 22%
{control) F7/28° '
A. autotrophica 242 79 16%
{control) K28/25° ' |
A. autotrocphica : 60 127 25%
(control)
| x28/28°

T




HX62 .
the starting naterial

-14 -

is dissolved,

for exanple,

It is preferred that
in water or an

al cohol prior to addition to the reaction nedi um The
reaction nedium preferably contains 5 between about 0.5 to about 3 ng of a

coapoend of the formula Il starting conmpound per m of liquid
medi um The pH of the reaction nmediumis preferably bet about 6.0
and about 7.5. To carry out the_hﬁgnpxylation re on of
8. bhirsuta _
Medium/Temp.°C 2 {pet frozemn)
Cmet: in Pravastatin Conversion
F7/25° 5 452 458
| F7/28° Trace 550 558
F7/32° Trace 570 57%
F46/25° 965 0 -
| Pg6/28° 999 0 -
K28/25° 0 405 41t
K28/28° . | '] 40S 41
K28/32° : 288 29¢
M124/25° 233 323 32%
M124/28° 286 ) 303 30%
Mueller-Hinton/25° 827 121 128
Mueller-Hinton/28° 716 81 8%
TSB/2S° 465 238 248
TSB/28° 163 289 _29%
¥17/28° 1086 0 -
¥17/28° 881 0 -
A. autotrophica Trace 266 27¢
(control) F7/25°
A. autotrophica ' 0 220 22%
(control) F7/28°
JA. autotrophica 2 266 27%
| K28/25° '
A. autotrophica Trace 257 26%
(control) K28/ 28°
i




10-t he present invention, water or an organic al cohol, for exanple, an

al kanol such as nethyl or ethyl al cohol, may be added. It is preferred
to_enpl oy these materials in an anmount providing a nolar excess,

- preferably a large nol ar excess, based on 15 the conpound of fornula I
starti'ng materi al . The armount of mcrobial cells added, where
enpl oyed .in the present process, is preferably an annunhﬁ{ glng from

_about 10 to about 1000 ngy per mg of the f&ﬁpound of for starting
material. 20 The anmpunt of enzyne added, whefe enployed in the pr esent
process, is preferably an anount ranging fromabout 1 to about 100 ngy
‘per ng of the conpound of fornmula Il .starti.ng material . The

reaction mediumis preferably heId at a 25 tenperature bet ween about 27 and
40[err]C, and is nof [ ' ' 28 and about '
34[err] C The rp ried dependi ng
upon the anmount of Fesdtamyred.ed 9ty tlHeravastardunsal]l cells, or used per

se, and its specifif 30 activity. Typicdl cti ngs are between about
2.5 hours and about} 72 hours. Reactlon tlnggahagga‘y reduced by

I ncreasing the reac 4ng the anmount of

(3¢ & d

enzyne added to the
P7/25° 19.0 : 1
[F7/28° 13.2 : 1
F7/32° 13.3 : 1
F46/25° 0.3 : 1
F46/28° 0.4 : 1
K28/25° 15.7 : 1
K28/28° 10.0 : 1
K28/32° 10.1 : 1
M124/25° 8.4 : 1
M124/28° 9.2 : 1
Mueller-Hinton/25° 3.9 : 1
Mueller-Hxnton/28° 4.6 : 1
TSB/25° 4.8 : 1
TSB/28° 9.6 : 1
Y17/25° -
¥17/28° -
A. autotrophica 4.2 1
F7/25°
A. autotrophica 5.4 : 1
(control) F7/Z§§
A. autotrophica 4.4 : 1
(control) K28/25° _
A. autotrophica 4.5 : 1
(control) K28/28°_ '
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reaction sol ution. HX62

15- Preparati on of HVG CoA Reductase Inhibitors

HVG- CoA reduct ase (3-hydroxy- 3-net hyl gl u- taryl coenzynme A reductase _
EC 1.1.1.34) is a key enzynme in chol esterol biosynthesis. Inhibitors of
5 this enzynme find utility as antichol esterol enic agents, that is. in

| owering or nmaintaining plasm ) HX62

- 30 -

EXAMPLE S5

67-hour cultures of various microorganisms
grown in F4 medium at 25°C were used to inoculate

'S 250 ml flasks containing 50 ml of medium F7 and 250
ml flasks containing S0 ml of medium K28. S5 ml of
inoculum were used per flask. The organisms used
were Cellulomonas cellulans (ATCC 12830), Oerskovia
xanthineolytica (ATCC 27402), Promicromonospora

10 citrea (ATCC 15908), Saccharomonospora viridis
(ATCC 15736), Saccharopolyspora hirsuta (ATCC
27875), Saccharothrix australensis (ATCC 31497) and
Streptomyces halstedii (ATCC 13449).
Saccharomonospora viridis and S. hirsuta (ATCC

15 27875) conversion flasks were placed on a shaker at
approximately 280 rpm, at 28°C; the other cultures
were placed on a shaker at Approximately 280 rpm,
at 25°C. A Saccharopolysporoa hirsuta subspecies
kobensis (ATCC 20501) control was used for both

20 25° and 28°C.

After 24 hours, a S00 pug/g dose of compactin
was added to each flask.

24 hours later, a second 500 ug/g dose of
compactin was added to each flask.

25 After 96 hours, a 15 ml aliquot was taken
from each flask and frozen at -50°C for later
assay. .

The samples were thawed and submitted for
assay. The results are shown in the table below:
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‘chol est er ol

| evel s.

In addition to the treatrent

hyper chol esterol em a, HMG CoA
treatnment 10 and prevention of atherosclerosis,
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and prevention of
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B
roducts

C. cellulans

/F7

25°C

1107

C. cellulans

/K28

25°C

1072

Oerskovia
xanthineolyt.
/F7

2s°C

1116

Oerskovia
xanthineolyt.
/K28

25°C

citrea/K28

austral./K28

halsted. /K28

Promicro.

citrea/F7

2s5°C

1119

Promicro.

25°c

1309

Saccharo-
thrix

austral./F7

25°C

63

478

43%

3.1 :1

Saccharo-
thrix

25°C

465

42%

4.6 : 1

Streptomyces

halsted. /F?

25°C

887

Streptomyces

25°C

1114

Saccpolysp.
hirsuta

20501/F7

25°C.

180

532

48%

_—
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may, for exanple, be adm nistered to mammals, particul arly humans, by
nodes and in dosages sel ected according to nethods known to the skilled
artlsan HX62
- 16- A particularly preferred nmethod for the preparation of
an -HV& CoA reduct ase i nhi bitor of the present invention is that
conprising the steps

T - HX62

Saccpolysp. 25°c 73 511 46% 9.2 : 1
hirsuta ATCC
20501/K28
F7 blank | 25°C 1281 0 - -

K28 blank 25°C 1208 0 : - -
Saccharomon. | 28°C 1213 0 - -
viridis/F7
Saccharomon. 28°C 1147 0 - ' -
viridis/K28

(1]
|

Saccharopoly. 28°C S15 92 8t 1.6
hirsuta | '
ATCC
27875/E7 _
Saccharopoly. 28°C 410 194 p¥:13 2.0 : 1
hirsuta

ATCC 27875/K28
“

Saccharopoly. 28°C 35 565 51% 12.8 : .1
hirsuta
ATCC

20501/F7

Saccharopoly 28°C 44 520 47% 8.7 : 1

hirsuta

ATCC 20501/K28
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of: .5 . (A) hydroxyl ating aconpound of the formula

CH2 Ila , wherein Ris [err] is H or a salt thereof with
Amycol at a aut ot rophi ca (ATCC 35204) or Saccharopol yspora hirsuta :
subspeci es kobensis (ATCC 20501) to yield nethyl pravastatin 10 having
t he structure: [err]
_ HX62
. - 33 -
EXAMPLE 6

Eight ATCC Mucorales fungi and one

' Staurophoma sp. ATCC 14288 were inoculated from

5 well-grown slants into germinator flasks of medium

. F4 (100 ml F4/500 ml flasks) and placed on a slow
shaker (about 200 rpm) at 25°C. The eight
Mucorales fungi were Absidia ramosa (ATCC 11613),
Circinella muscae (ATCC 16008), Cunninghamella

10 echinulata var. echinulata (ATCC 36190),
Cunninghamella echninulata var. elegans (ATCC
. 8688A), Gilbertella persicaria (ATCC 38591),
Rhizomucor miehei (ATCC 26912), Rhizopus
oligosporus (ATCC 22959) and Rhizopus stolonifer
1S (ATCC 14037). | '

' After 72 hours of shaking, the growth in all
the germinator flasks looked good except for the C.
echinulata var. echinulata broth which was one
large solid fungal mass. This was discarded. The

20 * seven remaining Mucorales flasks, and the one
Staurophoma flask, were each used to inoculate
bioconversion flasks (containing 50 ml medium per
250 ml flasks) of medium F7 and of medium K28. 2
ml of inoculum were used per flask. All flasks

25 were placed on a regular speed (about 280 rpm)
shaker at 25°C.

After 24 hours, all flasks received 500
pg/ml dose of compactin, including two uninoculated
flasks, one each of media F7 and K28. All flasks

30 were returned to the shaker at 280 rpm and 25°C.

After an additional 24 hours, all flasks
received a second 500 pg/ml dose of compactin and
were then returned to the shaker.

-

—

Has Been RTlaced

"



or the alkali.netal

HX62

10

15

30

especially sodiumor lithium 15 salt thereof.
-17-

HX62
- 34 -

Forty-eight hours later, samples of 15 to 20
ml were taken from each flask and assayed. The
results were as follows:

Gilbertella persicaria F7 - compactin 621
Mg/g; pravastatin 274 Mg/g: pravastatin:by-products
ratio 2.3:1; and

K28 - compactin 822 ug/g:; pravastatin 54
Mg/g; pravastatin:by-products ratio 3.4:1.

Two of the other cultures showed, at best,
trace levels of pravastatin (Absidia and Rhizopus
oligosporus). All the others were negative for
pravastatin.

EXAMPLE 7

Saccharopolyspora hirsuta subspecies
kobensis (ATCC 20501) inocula that were two days,
three days and four days old in F4 medium (100 ml
F4 medium per 500 ml flask, each inoculated with a
frozen vial) were used to inoculate bioconversion
flasks of medium K28 (50 ml K28 per 250 ml flask).
Three flasks of medium K28 were inoculated from
each germinator flask, using 5 ml of inoculum. 1In
addition, inoculum from the three day old
germinator flask was used to inoculate K28 medium
flasks in triplicate with different volumes of
inoculum. Specifically, 0.25 ml, 1.0 ml, 2.5 ml,
7.5 ml and 10 ml volumes were used. All flasks
were placed on a shaker at approximately 280 rpm,
and 28°C.

After 24 hours, a 500 pg/ml dose of

-compactin sodium salt was added to each flask.

| After an additional 24 hours, 1,000 ug/ml
compactin sodium salt dose was added to each flask.

eet Has Been Rei
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The .fol l.ow ng Exanples illustrate preferred enbodi nents of the present
I nvention, and are not intended to |imt the scope or spirit of the

i nst ant claims. The conmponents of the nedia 5 enployed in these Exanples
are-as foll ows. Medi-um Medi a Conpositions F7

malt ekXtract 10 g/L, yeast extract 10 10 g/ L, peptone 1

- g/L,, dextrose 20 g/L, distilled water to one liter,

.pH adj usted to 7.0 before sterilization HﬁxéﬁtoclaV|ng

15 K28 Phar mamedi a 25 g/L, cer&l33e"69 g/L,
[err] 9 g/L, [err] 0.1 g/L, tap ' _ water to one liter, pH
adj usted to 6.8 - 7.0 before sterilization by

Forty-eight hours later, 25 flasks were

harvested and sent for assay.

The results are as

follows:
Age of Vel. and % | Compactin Pravastatin | Conversion
Inoculum Inoculum Bg/9 wg/g
(Av. of 3) (Av. of 3)
48 hours |5 ml (10%) Trace 597 40%
72 hours 0.25 ml 1084 138 9%
(0.5 %)
72 hours | 1 ml (2%) 901 211 14%
72 hours 2.5 ml 224+ 692 468
_ (5%)
72 hours 5 ml Trace** 6§76** 45%
(10%)
72 hours 7.5 ml 10 609 41%
(15%)
' 72 hours 10 md Trace 694 a6e
(20%) '
96 hours |5 ml (108) | Trace 700 a7%
no - 1201 0 -
inoculum
5
* Result of averaging one flask with 672 ug/g
- compactin with two flasks showing trace amounts
* & Avérage of two flasks; the possibly
10 contaminated third flask was disregarded

s
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aut ocl avi ng 20 F4 tryptone 5 g/L, malt extract 3 g/L,

gl ucose 10'g/L, yeast extract 3 g/L, ﬁ% Etilled water to
one liter,, sterilizeggn_autoclave 25 F46

gl ycerol 10 g/L. nmaltose 40 g/L, toasted Nutrisoy flour
30 g/L, peptone 10 g/L, spray dried corn

steep liquor 1CL4I¥S: [err] 0.5 30 g/L, tap water to one
diter,«pH adj ust ed to 5.3 before sterilization

by aut ocl avi ng

l. A method for the Preparation of a
compound of the formula I:

0

It

-
2O\

2 o

CH, '

HO
(I)

its partially or completely hydrogenated analog or
a salt thereof, wherein

R is alkyl or aryl;
Z is the open chain moiety

HC\ ICHZ\

cH - COOR,

CH,

\cf/,OH | or .

g |
P

the lactone

CH,

This Sheet Has Been Rep
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HX62 - - 18- . ML24 ' cerel ose 10

g/L, N\ Amne B 15 g/L, - yeast extract 10 g/L, Nad 5
o/ L, [err] 1 g/L,.tap water to one liter,
pH adjusted to 6.8 - 7.0 before 5 sterlllzatlon by _
aut’oclavi ng Muel | er - beef |nfu5|on 300 g/L, casam no H nt on
acids, technical 47.5 g/L, starch Broth' . 1.5 g/L, suspended in
.one lider 10 (Difco brand) distilled or deionized water anHxé2
" heated to boiling to dissolve - 37 - conpletely, final pH 7.4
~ Trypticase ~ trypticase peptone 17 g/L, phytone 15 Soy Broth,

peptone 3 g/L, Nad 5 g/L, [err]
: R2 is hydrogen, alkyl, ammonium, alkyl-
ammonium or alkali metal;
comprising the step of contacting a compound
of the formula II:

. 0
| i

. o
AN

310

CH;

(I1),

a partially or completely hydrogenated analog or a
salt thereof, wherein R, Z and R2 are as defined
for formula I, with a microorganism, or with an
enzyme derived from, or having the structure of an
enzyme derived from, said microorganism, which is
capable of catalyzing the hydroxylation of .said
compound of the formula II or salt thereof to yield
said compound of the formula I or salt thereof, and
effecting said hydroxylation:

where said microorganism is selected from
the genera Nocardia, Amycolata, Saccharopolyspora,
Streptomyces, Amycolatopsis, Saccharothrix or
Gilbertella, provided that when the compound of
formula II is compactin, the microorganism is not
Amycolata, Nocardia or Streptomyces.

2. The method of clgim 1, wherein Z is said
open chain moiety.

3. The method of claim 2, wherein R is
_ alkyl.
—_— ' _ : Sheet Has Been Replace
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BBL brand 2.5 g/L, dextrose 2.5 g/L, distilled

water to one liter, sterilize in autoclave 20 Y17

. yeast nitrogen base 6.7 g/L. glucose ' 50 g/L, Sigma
adenine HCO 0.09 g/L, Sigma 1-tyrosine 0.06 g/L, heat
to- = boi | and mix Difco casami no acids 2

'g/L, agar 20 g/L. distilled water to 25 one liter,
sterilize in autoclave ' HX62

HX62 ' - 38 -

4. The method of claim 1, wherein a
compound having the following formula:

CHICHZ\C//O
~
OH
S OH

or a partially or completely hydrogenated analog,
or an alkali metal salt thereof, is prepared.

5. The method of claim 1, wherein the
compound of formula II is contacted with a
microorganism.

6. The method of claim 5, wherein said
microorganism is Amycolata autotrophica ATCC 35204,
Streptomyces californicus ATCC 15436, Amycolatqpsis
mediterranei ATCC 21411, Saccharothrix australensis

. ATCC 31497, Gilbertella persicaria ATCC 38591,
Saccharopolyspora hirsuta ATCC 2787S,
Saccharopolyspora hirsuta ATCC 27876,
Saccharopolyspora hirsuta ATCC 20501 or
Saccharopolyspora erythraea ATCC 11635.
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Exanmple 1 One frozen v

Anycola}a aut ot rophi ca (ATCC 35204) and one frozen vial of
Sacchar opol yspora hirsuta subspeci es kobensis (ATCC 5 20501) were thawed

anc used to inocul ate separate

total. Al 24

m of filter-

i al of

500 m flasks containing 100 m each of

medi uth F4. Each flask was placed on a shaker at approxi mately 280
rpm at 25[err]C, and shaken for 72 hours. Aliquots of 2.5 m apiece of
the 72 hour A 10 autotrophica culture broth were used to iHK6Rul ate

six 250 m flasks containing 50 m of mediud%7 and six 250 m flasks
.containing 50 m of medium K28. - Simlarly, aliquots of 2.5 nl api ece of
‘the 72 hour S. hirsuta culture broth were used to inoculate six 15 250
m flasks containing 50 m a 0 m. flas
containing-50 m of medi umﬁ28nﬁ"(L 5{\@’&5‘%& gg é?‘?”mtﬁér wierein ng"ﬁsasks in

f | Rigaeoonganisim ded Amrcalshakautartophita ATOC 35204
approxi mately 280 rpip adacicHSFdpdiyspora mrsucéf&?éc%oib}lrs of shaki ng, 1

8. The method of claim 1, wherein the

compound of formula II is dissolved in water or an
alcohol before it is contacted with a microorganism

or with an enzyme.

9. The method of claim 1, wherein the step
of contacting a compound of the formula II with a
microorganism or with an enzyme is conducted in an

aqueous med;um.

10. Thé method of claim 9, wherein about

0.5 to about 3 mg of a compound of the formula
is contained in each ml of aqueous medium.

11. The method of claim 9, wherein the
of the aqueous medium is between about 6.0 and

about 7.S.

12, The method of claim 9, wherein the

II

PH

temperature of the agqueous medium is between about

27 and 40°C.

13. The method of claim 12, wherein the
temperature of the aqueous medium is between about

28 and 34°C.

14. The method of claim 1, wherein the
of contacting a compound of the formula II wit
microorganism or with an enzyme continues for
between about 2.5 and about 72 hours.

step
h a

%* [ L M H * :
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sterilized 5 ng/n{ met hyl conpactin salt solution was added aseptically

lactone.

tosthree F7 flasks and-three K28 fl asks of each culture. (Salt solution
was prepared fromthe | actone by dissolving the lactone 25 in a

m nfmal vol ume of ethanol, adding.about 15 m of wat er !mhich produces
some preci,pitate], - adj usting the pH to_ about 11.8, in ing in a
65[err]C waterbath until the precipjtaté€ dﬁb§blved, and careful ly
»bringisng the pH dowmn to 7.5. Distill.ed 30 water was added to bring the

cal cul at ed . concentration to 5 ng/nml.) Two new fl asks were added at
4 his point, as one'uninogyl at flas f each, medi um was_dpsed with the
salt to control .for %(gjr']- b?gﬁelb%?gn%ﬁi?*%i%ns"%%%ﬁ ?I%k&’e

| 16. The meéthod of claim 15, wherein the
compound of the formula II is hydrolyied before it
is contacted with a microorganism or with an
enzyme. : ' .

| 17. The method of claim 1, wherein said
compound of the formula I' is employed in the -
preparation of an HMG-CoA reductase -inhibiter.

18, a me:héd_fcr the preparation of an HMG-
- CoA reductase inhiﬁi:dr,-éénprising the step of .
hydroxylating a cempound of the fermula II, or salc
thereof, according te :he'méthdd of claim 1 to
vield a compound of the formula I,:or salt thereof.

19. * Use of ;-compound. prepared according to the
‘méthod of claim 1, for manufagturing a'meqic;ment for lowering

or majntaihing plasma cholesteral levels in a mammalian subject.

20. Use of-a compound,'prgpared:according to the.
method of Claim 1, effective for treating atherosclerosis,
for manufacturing.a_méﬁic;meqt treating atherosclerosis in

a mammalian subject.
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~ sane as the i nOClﬁEdP'eﬁCED SHL?I Si{n Betoyiptian s paged|. ﬁi)@%pmi.i%

[err]/m dosé anpasgd i n. WA Soa gwe:d b t hr de B Clzam() t hr pageld28? & pag
fl asks of eac’}?)b an i rmg&j aggé<s4ﬂe e addedl Drawing®) Opﬁwddm..nﬁﬁwzﬁ ed—
flask of eack%ﬁé "WM PAEFSu dosed=wi { h CoNpE Bbsta (Thep@gbﬁpm@, 9£gr—tﬁhe‘
i nocul at ed cdqrighBeawing(s)| :pared was foPaged ve'a positive control sz 1 Rﬁ

that hydroxyl|a inesiraef L:Qpagednpactol pageds--ecfurrirg E}éﬂ@

uni nocul at ed 1l anQQ)QPr ved as.controbsd for ﬁ%’wﬁ%ﬂ‘h

alterations of substrate.) Shaki ng was resuned f §K62n add| tional
24 hours. Al flasks then received a second dose of 15 the sane salt
wi th which they had been dosed PIAEVeyS sl y. Shaking was again resuned
for 24 hours, follow ng which ei gﬁg—ggasks wer e harvested (at tine

[err] .including one ENENEACIT HYDROKCLATION PROCESS FOR THE PREPARATION
OF HMG-CoA REDUCTASE INHIBITORS
AND INTERMEDIATES THEREOF

U7

An enzymatic hydroxylation process for the
preparation of compounds useful as HMG-CoA
reductase inhibitors and/or as intermediates in the
preparation of HMG-CoA reductase inhibitors uses a
microorganism or an enzyme derived from, or heving
the structure of an enzyme derived from, said
microorganism, which is capable of catalyzing the
hydroxylatiop process.

This is the replacement sheet
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medi um substrate conbi nati on. The broths fromthe 20 harvested fl asks were

submtted for assay of, substrate and hydroxyl ated product.
Fol | owi ng an additional 24 hours of shaking, the renmaining 20 flasks
were harvested (at tinme T2), including 10 nethyl conpactin salt sanples
and 25 10 conpactin sanples. The broths were submtted for
appropriate substrate-product assay.
HX62 -21- The results are shown bel ow

HX62

-1-

ENZYMATIC HYDROXYLATION PROCESS FOR THE PREPARATION
OF HMG-CoA REDUCTASE INHIBITORS
AND INTERMEDIATES THEREOQF

The present invention relates to an
enzymatic hydroxylation process for the preparation
of compounds useful as HMG-CoA reductaée inhibitors
and/or as intermediates in the preparation of HMG--

10 CoA reductase inhibitors.

The present invention provides a method for
- the preparation of a compound of the formula I:

15
)
I
R/c\
0 . Z
il CH,
HO _ (1)
its partially or completely hydrogenated analogs or
a salt thereof, wherein
R is alkyl or aryl;
20 _ Z is the open chain moiety

This is the replacement sheet
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e

Cul ture Medi um Conpactin
[err] A auLQLQQ__Qg F7 8.4 0 O 474 475 503
K28 0 470575 512 S. hirsuta F7 842 127 122
347 775 75’§usSheetH eenRe ]aced K28 412 0 O 675 750 762 None
(control) II - 1857 - - 0 - K28
- 1806 - Qulture Medi um Met hyl Met hyl
(ug/ [err] [err] A. autotrophica F7 0 0
0 57 9 56.4 55.4 : K28 0 0 0 59.8 9%.4 66. 7

_ o5 _

HOy  CHa
. CH COOR;
N / or
H/'

the lactone

H
CH,

// ; and

R? is hydrogen, alkyl, ammonium, alkyl-
ammonium or alkali metal;

5 comprising the step of contacting a compound
of the formula II:

0

il

c
R/ N

e}

CHy

(II),
a partially or completely hydrogenated analog or a
10 salt thereof, wherein R, 2 and R2 are as defined
for formula I, with a microorganism, or with an
enzyme derived from, or having the structure ‘of an
s sment sheet
is is te replace

Date:



S. hirsuta F7 1.7 O 0 71.5 77.1 82.9 K28
3.1 0 0 58.9 63.3 63.8 None (control) F7 - 96.5 -

- 0 - K28 - - 90.2- - 0 -

HX62 _ ' -22-

HX62

enzyme derived from said microorganism, which is
capable of catalyzing the hydroxylation of said
compound of the formula II to yield said compound
- of the formula I, and effecting said hydroxylation;
5 where said microorganism is selected from
the genera Nocardia, Amycolata, -Saccharopolyspora,
Streptomyces, Amycolatopsis, Saccharothrix or
Gilbertella, provided that when the compound of
formula II is compactin, the microorganism is not
10 Amycolata, Nocardia or Streptomyces.

The enzymatic hydroxylation process of the
present invention provides an efficient means for
obtaining compounds of the formula I, which may .
themselves exhibit HMG-CoA reductase inhibitory

15 activity, and/or which may be used as intermediates
in the preparation of other HMG-CoA reductase
inhibitors. Reduction or elimination of by-
products may be achieved by employing the
hydroxylation method of the present invention,

20 which method may also be conducted under mild
reaction conditions.

_ The method of the present invention is
25 described further as follows.

Definiti

The terms "enzymatic process*® or "enzymatic
method" as used herein denote a process or method

30 employing an enzyme or microorganism. .

The term *"alkyl®* as used herein, alone or as
part of another group, denotes both straight and
branched chain, optionally substituted hydrocarbons
containing 1 to 12 carbons in the normal chain,

This is the replacement sheet
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One frozen vial of Saccharapol yspora hirsuta subspeci es kobensis (ATCC
20501) was thawed and 5 wused to inoculate a 500 mM flask containing 100 n

of medium F4. The flask was placed on a shaker at approxi mately 280
rpm’ at 25[err]C, and shaken for 72 hours. Aliquots of the
72 hour broth were used to 10 inoculate two 250 ml flasks containing 45 ni
of medi um K28. The two fl asks were placed on a shaker and shaken at
approximately 280 rpmat 25[err]C After 24 hours of shaking,
met hyl conpactin salt was dissolved in water to providegggsol ution 15
which was filter-sterilized. A portion of -this sol uti on was added to:
one of the K28 flasks. Six hours | ater, an identical portion was added
to the same flask. The second K28 flask al so received a portion as

did a third uninoculated K28 flask. Al 20 three flasks were placed on
t he shaker and shaki rRFeferapdy bl foicarbopsursuch as methyl, ®hyili,rst fl ask

then received a thirdprinsd., 1sopﬁ§pymom§y1at@.rbutyle isoBhtyl, ask received a
fourth (and fi nalaenqL%.e hgﬁ(;l sel%%@l%hashemy ei Y;?SI a
dzmethylpentyl. octyl, 2,2,4- trzmethyl—pentyl,

5 nonyl, decyl, undecyl, dodecyl, the various
branched chain isomers thereof, and the like.
Exemplary substituents may include one or more
groups selected from the following: halo
(especially chloro), trihalomethyl, alkoxy (for

10 example, where two alkoxy substituents form an
acetal), aryl such as unsubstituted aryl (e.g.,
phenyl), alkyl-aryl or'haloaryl, cycloalkyl such as
unsubstituted cycloalkyl or alkyl-cycloalkyl,
hydroxy or protected hydroxy, carboxyl, alkyloxy-

15 carbonyl, alkylamino, dialkylamino such as
dimethylamino, alkylcarbonylamino such as

~acetylamino, amino, arylcarbonylamino, nitro,
cyano, thiol, or alkylthio. Preferred alkyl
substituents are hydroxy groups.

20 The term °*alkenyl® as employed herein, alone
or as part of another group, denotes optionally
substituted straight or branched chain hydrocarbon
groups as described above for alkyl, further
containing at least one carbon to carbon double

25 Dbond.

The term "cycloalkyl® as employed herein,
alone or as part of another group, denotes an
optionally substituted, saturated homocyclic carbon
ring system, preferably containing from 1 to 3
30 rings and from 3 to 12, preferably from 3 to 8,
carbons per homocyclic ring, such as cyclopropyl,
~ cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
cyclooctyl, cyclodecyl, cyclododecyl, and
adamantyl. Exemplary optional substituents include
| This is the replacement sheet
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25 second (and final) dose; and the uninocul ated fl ask received a
second (and final) dose. Fol | ow ng an additional 42 hours of
shakj ng, . the three flasks were harvested and all of the brot hs were
submtted for assay of nethyl conpactin 30 and nethyl pravastatin. The
results are shown bel ow:

HX62 . : -23-

HX62

one or more alkyl groups as described above, or one
or more of those'groups described above as alkyl
substituents. _

The term *aryl®* as used herein denotes

5 monocyclic or bicyclic substituted or unsubstituted
aromatic groups containing from 6 to 12 carbons in
the ring portion, such as phenyl, biphenyl,
naphthyl, - substituted phenyl, substituted biphenyl
or substituted naphthyl. Exemplary substituents

10 (preferably three or fewer) include one or more of
the following groups: alkyl such as unsubstituted
alkyl, haleoalkyl or cycloalkylalkyl, halogen,
alkoxy such as unsubstituted alkoxy or haloalkoxy,
hydroxy, aryl such as phenyl or.halophenyl, aryloxy

15 such as phenoxy, alkylcarbonyloxy or aroyloxy,
allyl, cycloalkyl, alkylamino, dialkylamino, amido
such as alkylcarbonylamino or arylcarbonylamino,;
amino, nitro, cyano, alkenyl, thiol, alkylcarbonyl,
or arylcarbonyl, or methylenedioxy where the

20 methylene group may be substituted by lower  alkyl
group(s) (that is, alkyl groups as described above
having 1 to 6 carbon atoms), arylalkenyl group(s),
and/or alkylthio group(s). ' '

The terms "halo® or *halogen*® as used herein

25 denote chlorine, fluorine, bromine or iodine.

The term *"salt(s)* as employed herein refers
to acidic and/or basic salts formed with inorganic
and/or organic bases. The nontoxic,
pharmaceutically acceptable salts are preferred.

30 Exemplary pharmaceutically acceptable salts include
those formed from cations such as sodium,
potassium, aluminum, calcium, lithium, magnesium,
zinc and tetramethylammonium as well as those salts
formed from amines such as ammonia, ethylene-

This is the replacement sheet
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Sampl e Met hyl Conpactin Methyl pravastatin Flask 1

0 284. 8 Fl ask 2 0] 251.5
No-cel I's control 418.6° 0

EXAMPL 3 5 One frozen vial each of Anycol ata aut ot r ophi ca
(ATCC 35204), Streptonyces cal i fornicus (ATCC 15436), Anycol ata

hydr ocar bonoxydans ( ATCC 15104), Anycol ata nmedi terranei (ATCC 21411),

Anmycol atopsis fastidiosa 10 (ATCC 31181) and Saccharopol yspora hirsuta

subspeci es kobensis (ATCC 20501) were -t hawed and

m germ nator flasks contai ning .100 m.-of srediumF7. Al

used t.Qynocul ate 500
q%SFIasks wer e

pl aced on a shaker at approximately 280 rpm at 15 25C, and shaken for 72
hour s. 10 mM aliquots fromeach germ nator fl ask

diamine, N-methylglucamine, lysine, arginine,
‘ornithine, choline, N,N'-dibenzylethylenediamine,
chloroprocaine, diethanolamine, procaine, N-
benzylphenethylamine, l-p-chlorobenzyl-2-

5 pyrrolidine-1'-yl-methylbenzimidazole,
diethylamine, piperazine and tris (hydroxymethyl) -

aminomethane.

The term °*pharmaceutically acceptable
cation® denotes a positive counterion forming a
10 pharmaceutically acceptable salt, such as those

described above.

The term *"ATCC" as used herein refers to the
accession number of the American Type Culture
Collection, 12301 Parklawn Drive, Rockville,

15 Maryland 20852, an organism depository.

This is the replacement sheet
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were used to inocul ate separate flasks each ~cont ai ni ng 120 m of medi um

K28. Al flasks were then returned to the shaker. 20 After 24
hours, 500 [err]/m of filter sterilized conpactin (acid form was
added to each flask. Again the flasks were returned to the
shaker . 24 hours later, 15 m aliquots were renoved 25 from
each flask and frozen for |later assay [err] A second 500 [err]/m
dose of sterile acid-form conpactin was added to each flask and the
fl asks were returned to the shaker.

HX62

-7 -
: ing M 121

Compounds of the formula II to be employed
in the hydroxylation method of the present
invention may be obtained by methods known to the

5 skilled artisan. Such compounds are disclosed, for
' example, in U.S. Patent No. 4,450,171.

Compounds of the formula I having the
10 following formula Ia are preferred: '

CHa CH>
ce”” ~cE”  coor,

MO
()
3

[ S ]

H _ (Ia)

its partially or completely hydrogenated analogs or
15 alkali metal salts thereof, wherein R is alkyl and
R2 is as defined in formula I.
A particularly preferred example is:

This is the replacement sheet

Date: 2 1 AUG \_9,%

s
IV syt
e



HX62 : - 24- 24 hours after that, a

second 15 nml ali quot sanpl e was renoved fromweach flask and frozen for
| ater assay [err] and 24 hours after that, a final 15 m aliquot was
renmoved fromeach flask and 5 frozen for later assay [err] Al l
sanpl es were thawed and submitted for assay. The results are shown in
the tabl es bel ow Culture [err]
Conpactin Pravastatin Conversion A. hydr ocar bonoxydans 439
0 : _ A. medi terranei 21 142 yvga 28%
A. fastidiosa 376 0 -8 - - S. hirsuta
40 201 40% Control s: A. aut ot r ophi ca - 68
110 22%

H CH, 0

(\CH/ \c//

Methyl Pravastatin

its partially or completely hydrogenated analogs or
alkali metal salts thereof.

5 _
Compounds of the formula II having the
.following formula IIa are preferred for use as the
starting material:
HO\
CH> CH,
ci” “cu”  Scoor,
Q | i
i CHz OH
c /
7~
RN 0 CH,
i ! CH;
10 ' (ITa)

This is the replacement sheet
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S.californicus 0 75 15% Cul ture

[err] Conpactin Pravastatin Conversion
A. hydrocar bonoxydans 767 0 - A. nmediterrane
15 282 28% A. fastidiosa 191 0
- S. hirsuta 19 399 40% Control s:
A. aut ot r oghi ca Tr ace 293 29% S.californicus
0 167 17%
HX62
-9 -

its partially or completely hydrogenated analogs or
alkali metal salts thereof, wherein R is alkyl and
R? is as defined in formula II. A particularly
preferred example is

Methyl Compactin

its partially or completely hydrogenated analogs or
alkali metal salts thereof. .
10 Compounds of the formula I, or ény compound
described herein, in which one or more of the
double bonds is absent, may be obtained by
hydrogenating the corresponding compound in which
such bonds are present according to methods known
15 to the skilled artisan.
any of the products of the present method
may be isolated and purified by known methodologies
such as by filtering off cells or cellular
materials where éppropriéte. extraction,
20 crystallization, thin layer or column
chromatography, high performance liquid

chromatography and the like. This is the replacemem sheet
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HX62 - 25- Cul ture

[err] Conpactin Pravastatin Conversion
A. hydr ocar bonoxydans 812 0 - A. nmedi terrane
21 290 29% A. fastidiosa ' 711 0
- S. hirsuta Trace 394 39% Control s:
A. aut ot r ophi ca 3 276 28% S.californicus
2 157 16% . EXAMPLE 4
HX62
- 10 -

The above structures shown for methyl
compactin and methyl pravastatin are referred to
herein as the acid form of these compounds. Where
the carboxyl group of these compounds is in the

5 alkali metal salt form, the compounds are referred
to herein as the salt form.

As discussed below, the use of an aqueous
medium is preferred in conducting the hydroxylation
method of the present invention. It is therefore

. 10 preferred to prepare, or to employ as starting
materials, those compounds in which Z is the open
chain moiety as defined above since such compounds
are relatively more water soluble than the
corresponding compounds in which Z is a lactone

1§ moiety. Compounds of the formula II in which 2 is
a lactone moiety may, for example, be hydrolyzed to
the open chain form prior to use in the process of
the present invention.

20 : - - Enzymes and Microorganisms
The enzyme or microorganism employed in the
method of the present invention may be any enzyme
or microorganism, regardless of origin or purity,
having the ability to catalyze the conversion as

25 described herein. -Genera of microorganisms
suitable as sources of catalyzing enzymes include
Nocardia, Amycolata, Saccharopolyspora,
Streptomyces, Amycolatopsis, Saccharothrix or
Gilbertella.

30 Exemplary species suitable for use in the
present invention include Amycolata autocrqphica'
such as ATCC 35204, Streptomyces californicus such
as ATCC 15436, Amycolatopsis mediterranei such as
ATCC 21411, Saccharothrix australensis such as ATCC

This i& the replacement aj:heet_
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5 46- hour cul tures of Saccharopol yspora hi rsuta subspeci es
kobensi s (ATCC 20501) (grown at 28C) and Anycol ata aut otrophi ca (ATCC
35204) . (grown at 25C) were used to inoculate flasks of vari ous
media (50 mM nedia/250 m flask). 5 m of 10 innoculum were used per fl ask.
S. hirsuta was inoculated into two separate . flasks of each of the
follow ng nedia: F7, F46, K28, ML24, Mueller H nton, trypticase soy
broth (TSB) and Y17. One flask of each nedium was placed 15 on a shaker
at approximately 280 rpm at 25[err]C, and anot her fl agke9f each nmedi um
was placed on a shaker at approxi matekyi£80 rpm at 28[err]C. An

addi ti onal fl ask each of F7 nedium and K28 nedi um was I nocul at ed
and placed in a water bath shaker at 20 32C. A. autotrophica
was i noculated into two separate flasks each of F7 nedi um and K28

medi um, One |noc&l%ﬁlxiqﬂ%ﬁﬂ(téﬂléaﬁﬁﬁﬁéarﬂﬁ1%ﬁﬁh|ﬂﬁaé§§Coheiﬁl shaker

at approxi mately 280sipdhardboldsporanbiita such as ATCC 27875, 27876
or 20501, Saccharocpolyspora erythraea such as . ATCC
11635, and the like. Particularly preferred are

5 Amycolata autotrqphiéa such as ATCC 35204 and
Saccharopolyspora hirsuta such as ATCC 20501.

With respect to the use of microorganisms,
the method of the present invention may be carried
out using any microbial cellular material having

10 the ability to catalyze the conversion as described
herein. The cells may be used in the form of
intact wet cells or dried cells such as
lyophilized, spray-dried or heat-dried cells.

Cells may also be used in the form of treated cell

15 material such as ruptured cells or cell extracts.
The cells or cellular materials, such as isolated
fungal mycelié. may be employed in the free state-
or immobilized on a support such as by physical
adsorption or entrapment. One or more species of

20 microorganism may be employed when carrying out the
instant process.

The method of the present invention-may be
carried out subsequent to the growth of the
microorganism(s) employed, for example, by growing

25 the microorganism(s) either in the presence or
absence of a compound of the formula II starting
material, harvesting and, preferably, washing
(e.g., with water) the microbial materials, and
then contacting the microbial materials obtained

30 with the compound of the formula II starting .
material. The method of the present invention may
also be cérried out by in situ fermentation and
reaction, that is, reaction in the presence of

actively growing microorganisms. . |
This is the replacement sheet
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HX62 - 26- i nocul ated fl ask of each nedi um

was placed on a shaker at approximately 280 rpm at 28[err]C

After 24 . hours, a 500 [err]/g dose of filter sterilized conpactin (acid
form was added to each 5 flask. The flasks were returned to the shakers
at the sane tenperature. 24 hours later, a 10 m aliquot was
r enoved fromeach flask and frozen for |later assay [err] A second
500 [err]/g dose of sterile acid-formconpactin 10 was added to each fl ask
and the flasks were again returned to the shakers at t ane

t enper at ur e. After "an additional {48_hours, a se 10 m

The reaction may be conducted under
quiescent (static) conditions, or by employing
agitation. Agitation, such as shake-flask culture
or,ae;ation and agitation, is preferably employed

5 when the compound of the formula II starting
material is added to actively growing cultures. 1In
such cases, an anti-foaming agent may be employed.

The growth of microorganisms may be achieved
by the skilled artisan, for example, by the use of

10 an appropriate medium containing nutrients such as
carbon and nitrogen sources and trace elements.
Exemplary assimilable carbon sources include
glucose, glycerol, maltose, dextrin, starch,
lactose, sucrose, molasses, soybean oil, cotton

15 seed o0il, etc. Exemplary assimilable nitrogen

" sources include soybean meal, peanut meal, cotton
seed meal, fish meal, corn steep liquor, peptone,
rice bran, meat extract, yeast, yeast extract.
sodium nitrate, ammonium nitrate, ammonium sulfate,

20 etc. Inorganic salts such as sodium'éhloridei
phosphates, calcium carbonate, etc., may be added
to the culture medium. A minor amount of a metal
salt or heavy metal may also be added.

The same or different media may be employed

25 at various stages of the growth of the
microorganisms. Preferred media for the growth of
microorganisms are those described in the examples
herein, which media may be emplbyed for the growth
of any microorganism employed in the method of the

30 present invention. _

Enzymes, when employed, are preferably
derived from the aforementioned microorganisms, or
they may be synthetically or otherwise prepared.
.For example} they may be derived from genetically

e replacement s_heet _
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aiiquot was taken [err] The [err] sanples were thawed and submtted
with the T2 sanples for assay. The 15 results are shown in the table belomr
HX62, , . =27 - S. hirsuta

HX62
- 13 -

engineered host cells. The use of the genetically
engineered host cells themselves, or cells which
have otherwise been modified, is also contemplated
where such cells are capable of producing enzymes

5 having the structure of enzymes derived from the
above recited genera of microorganisms.

The method of the present invention may be

10 conducted in an aqueous medium, such as a buffered
aqueous medium. The aqueous phase is conveniently
water, preferably deionized water, or a suitable
aqueous buffer solution,. especially a phosphate
buffer solution. Use of an aqueous medium is

15 preferred for the present hydroxylatién method.

The reaction in the present invention may

also be conducted in an organic medium or in a
medium which is a mixture of an organic medium and
an aqueous medium. Use of an organic or '

20 organic/aqueous medium may enhance solubilizatioh
of the less water soluble compounds of the formula
II starting materials, such as those where-Z is a
lactone moiety. Less water soluble starting
materials may, for example, be dissolved in an

25 organic solvent such as methyl or ethyl alcohol,
and the solution added to an aqueous medium for
conversion. Liquids forming such organic media may
be immiscible in water or, preferably, may be
miscible in water. Exemplary organic media include

30 toluene, hexane, benzene, acetone, '

- dimethylsulfoxide. cyclohexane, xylene,

trichlorotrifluoroethane, alkanols such as methyl
or ethyl alcohol or butanol, and the like.

e rspia.cement sheet
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Medi um Tenp.[err] C [err]

(frozen and t hawed)
Compacti.n Pravastatin Conver si on F7/25[ err]

432 40 8% F7/28[err] 154
168 34% F7/32[err] 450 43
9% F46/ 25[err] 516 10 2%
F46/ 28[ err] 494 17 3%

K28/ 25[err] - 179 147 29%

K28/ 28[ err ] | 05 . qq . 184 HX62 370
K28/ 32[ err] 211 100 20%
ML24/ 25[ err] 180 139 _ 28%
ML24/ 28[ err ] 103 191 38%

Miel | er - Hi nt on/ 25[ err] It is Pdéferred that the Itarting mat:erial8g/6

'I\I'/gg} |2§{-elr_"r ]nt on/ 28] erirs] dissolved, g@% example, in w73:3er or an alcohoi.g(ﬁ;

TSB/ 28[ err] . prior to additiion to the reactigm medium. 33%

Y17/ 25[ err] The re&&ion medium preferdbly contains * -

5 between about 0.5 to about 3 mg of a compound of
the formula II starting compound per ml of liquid
medium. The pH of the reaction medium is
preferably between about 6.0 and about 7.5.

To carry out the hydroxylation reaction of

10 the present invention, water or an organic alcohol,
for example, an alkanol such as methyl or ethyl
alcohol, may be added. It is preferred to employ
these materials in an amount providing a molar
excess, preferably a large molar excess, based on

15 the compound of formula II starting material.

The amount of microbial cells added, where
employed in the present process, is preferably an
amount ranging from about 10 to about 1000 mg per
mg of the compound of formula II starting material.

20 The amount of enzyme added, where employed in the
present process, is preferably an amount ranging
from about 1 to about 100 mg per mg of the compound
of formula II starting material.

The reaction medium is preferably held at a

25 temperature between about 27 and 40°C, and is most
preferably held between about 28 and about 34°C.
The reaction time can be appropriately varied
depending upon the amount of enzyme produced by the
microbial cells, or used per se, and its specific

30 activity. Typical reaction times are between about
2.5 hours and about 72 hours. Reaction times may
be reduced by increasing the reaction temperature
and/or increasing the amount of enzyme added to the
reaction solution. ‘

| This is the replacement sheet
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Y17/ 28 _
aut ot rophi ca

533 0 - A
334 51 10% (control)

F7/ 25[ er.r ] A. autotrophica ' 111 108
22% (control) F7/28[err] A. autotrophica ' : 242
79 16% (control) K28/ 25[err] A. autotrophica

60 127

10

15

25

30

25% (control) K28/28

' HX62
- 15 -

HMG-CoA reductase (3-hydroxy-3-methylglu-
taryl coenzyme A reductase, EC 1.1.1.34) is a key
enzyme in cholesterol biosynthesis. Inhibitors of
this enzyme find utility as anticholesterolemic
agents, that is, in lowering or maintaining plasma
cholesterol levels. In addition to the treatment
and prevention of hypercholesterolemia, HMG-CoA’
reductase inhibitors find utility in the treatment
and prevention of atherosclerosis, hyperli-
poproteinaemia, and/or hyperlipidemia.

Compounds of the formula II described above
may themselves exhibit HMG-CoA reductase inhibiting
activity (e.g., methyl compactin), and/or may be
employed as intermediates in the preparation of
other compounds having HMG-CoA reductase inhibiting
activity. In the latter case, the present
invention further provides a method wherein
hydroxylation is conducted according to the above-
described method of the present invention and,
subsequently; the hydroxylated product so formed is
employed in the preparation of an HMG-CoA reductase
inhibitor (e.g., groups are deprotected, added or
otherwise modified thereon). Preferably, the
inhibitor so prepared has enhanced HMG-CoA
reductase inhibiting activity relative to any such
activity the hydroxylated product from which it is
prepared may possess.

HMG-CoA reductase inhibitors obtained
according to the method of the present invention
may, for exampie, be administered to mammals,
particularly humans, by modes and in dosages
selected according to methods known to the skilled
artisan. .

is the replacement sheet
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HX62 - 28- S. hirsuta Medi um Tenp

[err]C [err] ( not frozen)
Conpactin Pravastatin Conver si on F7/ 25[ err] 65
452 45% F7/28[err] Trace 550
55% F7/ 32[ er] Trace 570 57%
F46/ 25[ err] 965 0 _
F46/ 28[ err] 999 0. _
K28/ 25[ err] 0 _ 405 41%
16 HX62

A particularly preferred method for the
preparation of an HMG-CoA reductase inhibitor of
the present invention is that comprising the steps
of:

5 (A) hydroxylating a compound of the formula

CH
P 2

IIa , wherein R is g,¢ ¢ — and R2 is H, or

chs\“ l
CH;
a salt thereof with Amycolata autotrophica (ATCC
35204) or Saccharopolyspora hirsuta subspecies
kobensis (ATCC 20501) to yield methyl pravasté.tin
10 having the structure: .

H\ /CH:\ //O
CH C\
OH

or the alkali metal, especially sodium or lithium,
15 salt thereof.

This is the rep\acemen’t sheet
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K28/ 28[ err]
K28/ 32[ err]
ML24/ 25[ err]
ML24/ 28[ err ]

Muel | er - H nton/ 25[ err]
Muel | er - H nton/ 28[ err]
TSB/ 25[ err]

TSB/ 28[ err] -
Y17/ 25[ err]
Y17/ 28[ err]

aut ot r ophi ca

0

5
233
286
827
716
465
363

1086

881

Trace

F7/25[err] A autocrophica

22% (control) F7/28[err]
266 ' 27% K28/ 25] err

10

15

30

405 41%
288 29%
323 32%
303 30%
121 ' 12%
81 8%
238 24%
289 29%
0 HX{62 _
-17 - 0 : _ A .
266 27% (control)
0 220

A it 861 PN Examples illustrate’preferred

embodiments of the present invention, and are not
intended to limit the scope or spirit of the

instant claims.

The components of the media

employed in these Examples are as follows.

Medium

F7

K28

F4

F46

Media C ‘s

malt extract 10 g/L, yeast extract
10 g/L, peptone 1 g/L, dextrose 20
g/L, distilled water to one liter,
pH adjusted to 7.0 before
sterilization by autoclaving

Pharmamedia 25 g/L, cerelose 69 g/L,
CaCoO3 9 g/L, KzHPO4 0.1 g/L, tap
water to one liter, pH adjusted to
6.8 - 7.0 before sterilization by
autoclaving .

tryptone 5 g/L, malt extract 3 g/L,

glucose 10 g/L, yeast extract 3 ‘g/L,

distilled water to one liter,
sterilize in autoclave

glycerol 10 g/L, maltose 40 g/L,
toasted Nutrisoy flour 30 g/L,
peptone 10 g/L, spray dried corm
steep liquor 10 g/L, MgSO4.7H20 0.5
g/L, tap water to one'liter, pPH

adjusted to 5.3 before sterilization-

by autoclaving

This is the rep\acement
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A. autocrophica Trace 257 26%
(control) K28/28[err]

HX62 _ _ _ - 29- - S. hirsuta Ratio, T2
Medi um Tenp. C  Pravastatin all other
products
HX62
- 18 -
M124 cerelose 10 g/L, NZ Amine B 15 g/L,

yeast extract 10 g/L, NaCl 5 g/L,
CaCO3 1 g/L, tap water to one liter, -
pH adjusted to 6.8 - 7.0 before

5 sterilization by autoclaving
Mueller- beef infusion 300 g/L, casamino
Hinton . acids, technical 17.5 g/L, starch
Broth 1.5 g/L, suspended in one liter

10 (Difco brand) distilled or deionized water and
heated to boiling to dissolve
completely, final pH 7.4

Trypticase . trypticase peptone 17 g/L, phytone
15 Soy Broth, peptone 3 g/L, NaCl 5 g/L, K2HPOq
BBL brand 2.5 g/L, dextrose 2.5 g/L, distilled
water to one liter, sterilize in-
autoclave
20 Y17 yeast nitrogen base 6.7 g/L, glucose

50 g/L, Sigma adenine HCl 0.09 g/L,

Sigma l-tyrosine 0.06 g/L, heat to

boil and mix Difco casamino acids 2

g/L, agar 20 g/L, distilled water to
25 _ one liter, sterilize in autoclave

This is the replacement sheet
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F7/ 25 19.0 : 1 F7/28[err] 13.2 : 1 F7/32[err]

13.3 : 1 F46/25[err] 0.3 : 1 F46/28[err] 0.4 : 1
K28/ 25[ err] 15.7 : 1 K28/28 10.0 : 1
K28/ 32[ err] 10.1 : 1 ML24/25 8.4 : 1
ML24/ 28[ err ] 9.2 : 1 Mieller-H nton/25[err] 3.9 : 1
Muel | er - Hi nt on/ 28 4.6 . 1 TSB/ 25[err] . 4.8 : 1 TSB/ 28
9.6 : 1 Y17/25[err] - Y17/ 28[err] A autotrophica
4.2 : 1 F7/25 A autotrophica 5.4 : 1 (control) F7/28[err] A
aut ot r ophi ca 4.4 : 1 (control) KZ%SZS HX62

Example 1

One frozen vial of Amycolata autotrophica
(ATCC 35204) and one frozen vial of _ _
Saccharopolyspora hirsuta subspecies kobensis (ATCC

5 20501) were thawed and used to inoculate separate
500 ml flasks containing 100 ml each of medium F4.
Each flask was placed on a shaker at approximately
280 rpm, at 25°%, and shaken for 72 hours.

Aliquots of 2.5 ml apiece of the 72 hour A.

10 autotrophica culture broth were used to inoculate
six 250 ml flasks containing 50 ml of medium F7 and
six 250 ml flasks containing 50 ml of medium K28.
Similarly, aliquots of 2.5 ml apiece of the 72 hour
S. hirsuta culture broth were used to inoculate six

1§ 250 ml flasks containing 50 ml of medium F7 and six
250 ml flasks containing 50 ml of medium K28.
‘Accordingly, there were 24 flasks in total. All 24
flasks were'placed on a shaker and shaken at
approximately 280 rpm at 25°C. o .

20 After 24 hours of shaking, 1 ml of filter-
sterilized 5 mg/ml hethyl compactin salt solution
was added aseptically to three F7 flasks and three
K28 flasks of each culture. (Salt solution was
prepared from the lactone by dissolving the lactone

25 in a minimal volume of ethanol, adding about 15 ml
of water [which produces some precipitate],
adjusting the pH to about 11.8, incubating in a
65°C waterbath until the precipitate dissolved, and
carefully bringing the pH down to 7.5. Distilled

30 water was added to bring the calculated
concentration to S mg/ml.) Two new flasks were
added at this point, as one uninoculated flask of
each medium was dosed with the salt to control for
non-biological modifications. These flasks

s is the replac‘ement shest
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A. autotrophica 4.5 : 1 (control) K28/ 28[err]

HX62 - 30- _ 67-hour cultures of
vari ous m croorgani sms grown in F4 nediumat 25C were used to inoculate
5 250 nl flasks containing 50 m of nedium F7 and 250

HX62
- 20 -

henceforth were treated the same as the inoculated
flasks.

Similarly, a sterile 500+ pg/ml dose of

. compactin was added to three F7 and three K28
5 flasks of each culture. Two new flasks were added,
as one uninoculated flask of each medium was also
dosed with compactin. (The purpose of the
inoculated compactin flasks was to serve as
positive controls, showing that hydroxylation of
10 compactin was occurring normally. The uninoculated
flasks served as controls for possible
nonbiological alterations of substrate.)

Shaking was resumed for an additional 24
hours. All flasks then received a second dose of

15 the same salt with which they had been dosed
previously. Shaking was again resumed for 24
hours, following which eight flasks were harvested
(at time T1), including one for each culture-
medium-substrate combination. The broths from the

20 harvested flasks were submitted for assay of -
substrate and hydroxylated product.

Following an additional 24 hours of shaking,
the remaining 20 flasks were harvested (at time
T2), including 10 methyl compactin salt samples and

25 10 compactin samples. The broths were submitted
for appropriate substrate-product assay.

This is the r.eplacement sheet

Date: o 1 4G 1395



m flasks containing 50 m of nediumK28. 5 ml of
per flask. The organi sns used

Cer skovi a
(ATCC 15908),

hirsuta (ATCC
Streptonyces hal st edi

shaker at approximately 280 rpm

xant hi neol yti ca (ATCC 27402),

Sacchar ononospora viridis

27875),

hi rsuta subspeci es
25[err] C and 28[err]C.

conpactin

500 [-err]/g dose of

After 96 hours,

-50[err] C for
submitted.for

| at er
a

t he ot her

Af ter

was added to each fl ask.

at 25[etriC
kobensi s (ATCC 20501) control

Prom cr ononospora 10
(ATCC 15736),
Saccharot hrix austral ensis (ATCC 31497) and
(ATCC 13449).

I nocul um wer e used
were Cel | ul ononas cel l ul ans (ATCC 12830),

citrea
Sacchar opol yspor a

Sacchar ononospora viridis and S.
hirsuta (ATCC 15 27875) conversion flasks were placed on a shaker at
approxi mately 280 rpm at 28C,

cul tures

24 hours,
24

wer e ygrkaced on a

hours | ater,

confRR tresuhts axeriahows badews| ask. 25
fromeach flask and frozen at

a 15 m aliguot was taken

A Sacchar opol yspor oa
was used for
a 500 [err]/g dose of

both 20

a second

and

) [ eq { a
| o liR® | Meding | CHmoaRiR 1, “BRfvaslitht
- (ie/g) (uglz) -
LT |1 11
A. autotrophica F7 84.0 0 474 475 503
K28 46 0 0 470 575 512
1s. hirsuta F7 842 127 122 | 347 775 753
K28 412 0 0 675 750 762
None (control) - F7 - 1857 - - 0 -
: K28 - 1806 - - 0 -
Culture Medium Methyi Methyl
Compactin Pravastatin
(ug/e) - (uglg)
Ip T2 I;ﬁ__IzA_TJ- -
A. awtotrophica F7 0 0 0 |s719 s64 554
K28 0 0 0 [598 624 667
S. hirsuta F7 17 0 0 |71.5 771 829
' K28 31 0 0 |589 633 63.8
None (control) F7 - 965 - - 0 -
K28 - 902 - - 0 -
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HX62
Pravastatin
Prava-

- 31- Cul ture/ Tenp. Conpactin

Conversion Ratio Medi um

10

15

30

statin

HX62
- 22 - -

EXAMPLE 2

One frozen vial of Saccharapolyspora hirsuta
subspecies kobensis (ATCC 20501) was thawed and
used to inoculate a 500 ml flask containing 100 ml
of medium F4. The flask was placed on a shaker at
approximately 280 rpm, at 25°C, and shaken for 72
hours. '

Aliquots of the 72 hour broth were used to
inoculate two 250 ml flasks containing 45 ml of
medium K28. The two flasks were placed on a shaker
and shaken at approximately 280 rpm at 25°C.

After 24 hours of shaking, methyl compactin
salt was dissolved in water to provide a solution
which was filter-sterilized. A portion of this
solution was added to one of the K28 flasks. Six
hpurs later, an identical portion was added to the
same flask. The second K28 flask also received a

.portion as did a third uninoculated K28 flask.. All

three flasks were placed on the shaker and shaking
resumed for 18 hours.

The first flask then received a third dose.
Six hours later, the first flask received a fourth
(and final) dose; the second flask received a
second (and final) dose; and the uninoculated flask
received a second {(and final) dose.

Following an additional 42 hours of shaking,
the three flasks were harvested and all of the
broths were submitted for assay of methyl compactin
and methyl pravastatin. The results are shown
below: '

This is the replacement sheet
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by- products

C. cellul ans 25[err] C 1107 0 [F7 C
cel l ul ans 25[err]C 1072 - 0 - /K 28

- Cer skovi a 25[err]C 1116 0 ~_ xant hi neol yt.

/| F7 Car skovi a 25[err] C 688 0 B

xant hi neol yt. '/ K28 Prom cro . 25[err] C - 1119 B @)
citreal F7 prom cro. 25[err] C 1309 0

citrea/ K28  Saccher o- 25 C 63 478 uxe2 43%

3.1 1 - 23 -

Sample Methyl Compactin | Methvl pravastatin
- _luglg) ug/e)
Flask 1 : 0 284.8
Flask 2 0 - 251.5
No-cells control 418.6 ' 0
EXAMPLE 3
-5 ‘One frozen vial each of Amycolata

autotrophica (ATCC 35204), Streptomyces
californicus (ATCC 15436)..Amycolata

- hydrocarbonoxydans (ATCC 15104), Amycolata
mediterranei (ATCC 21411), Amycolatopsis fastidiosa

10 (ATCC 31181)'and Saccharopolyspora hirsuta
subspecies kobensis (ATCC 20501) were thawed and
used to inoculate 500 ml germinator flasks
containing 100 ml of medium F7. All flasks were
placed on a shaker at approximately 280 rpm, at

1§ 25°C, and shaken for 72 hours.

10 ml aliquots from each germinator flask
were used to inoculate separate flasks each
containing 120 ml of medium K28. All flasks were
then returned to the shaker. '

20 After 24 hours, 500 pg/ml of filter
sterilized compactin (acid form) was added to each
flask. Again the flasks were returned to the
shaker.

24 hours later, 15 ml aliquots were removed

25 from each flask and frozen for later assay (Tl); A
second 500 pg/ml dose of sterile acid-form
compactin was added to each flask and the flasks'

were recturned to the shaker.’

' t
This is the rep\acement ghee
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thrix austral

/| F7 Sacchar o- 25[err] C 465 42%
4.6 1 thrix austral /K28 Streptomyces 25[err] C 887
O halsted. /F7 Streptomyces 25[err] C 1114 O hal st ed.
/ K28 Saccpol ysp. 25[err] C 180 532 48%
9.4 :1  hirsuta 20501/ F7
HX62
- 24 -
24 hours after that, a second 15 ml aliquot
sample was removed from each flask and frozen for
later assay (T2): and 24 hours after that, a final
) 15 mi aliquot was removed from each flask and
5 frozen for later assay (T3).
All samples were thawed and submitted for
assay. The results are shown in the tables below:
Culture’ T1
' Compactin | Pravastatin | Conversion
LA. hydrocarbonoxydans 439 0 -
| A.medi terranei 21 142 _28%
A.fastidiosa 376 0 -
S.hirsuta 40 201 40%
Controls:
A.autotrophica _68 110 22%
S.californicus 0 _I5_ 158
Culture T2
Compactin | Pravastatin | Conversion
A. hydrocarbonoxydans 767 0 -
A.mediterranei 15 __ 282 28%
A fastidiosa 191 0 -
S.hirsuta 19 339 40%
Controls:
A.autotrophica Trace 293 29%
| S.californicus 0 _167 17%
This is the replacement sheet
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HX62
511
25[ e
0

rr]C.

46%
1281

10

15

20

innoculum were used per flask.

- 32- Saccpol ysp. "25[err] C 73
9.2 -1 hirsuta ATCC 20501/ K28 - F7 bl ank
0 K28 bl ank 25[err] C 1208
HX62
- 25 - )
Culture T3
Compactin | Pravastatin | Conversion
A.hydrocarbonoxydans 812 0 -
| A.mediterranei 21 290 29%
A.fastidiosa 711 0 -
S.hirsuta Trace 394 39%
Controls:
A.autotrophica 3 276 28%
S.californicus _2 157 16%
EXAMPLE 4
46-hour cultures of Saccharopolyspora
hirsuta subspecies kobensis (ATCC 20501) (grown at
28°C) and Amycolata autotrophica (ATCC 35204)
(grown at 25°C) were used to inoculate flasks of
various media (50 ml media/250 ml flask). 5 ml of

S. hirsuta was inoculated into two separate

flasks of each of the following media:

F7, F46,

K28, M124, Mueller Hinton, trypticase soy broth

One flask of each medium was placed
on a shaker at approximately 280 rpm, at 25°C, and

another flask of each medium was placed on a shaker

(TSB) and Y17.

at approximately 280 rpm, at 28°C.

flask each of F7 medium and K28 medium was
inoculated and placed in a water bath shaker_at

32°C.

An additional

A. autotrophica was inoculated into two
separate flasks each of F7 medium and K28 medium.
One inoculated flask of each medium was placed on a
shaker at approximately 280 rpm., at 25°C, and one

.Th'\s is e

- f
raptacement sheé
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Sacchar onon.
28[err] C

_ . Saccharopol y. 28[err] C 515 92 8%

28[err]C 1213

1147

1.6 1 hirsuta

194
35
Sacchar opol y

1
565

8%

10

15

0 - viridis /K28

ATCC 27875/ F7 Saccharopol y. 28[err] C

2.0 1 ATCC 27875/ K28 Sacchar opoly. 28C

O viridis/F7 Sacchdronon.

410

51% 12.8 1 hirsuta ATCC 20501/ F7
28[err]C 44 520 47% 8.7

HX62
- 26 -

inoculated flask of each medium was placed on a
shaker at approximately 280 rpm, at 28°C.

After 24 hours, a 500 pHg/g dose of filter
sterilized compactin (acid form) was added to each
flask. The flasks were returned to the shakers at
the same temperature.

24 hours later, a 10 ml aliquot was removed
from each flask and frozen for later assay (T1). A
second 500 pug/g dose of sterile acid-form compactin
was added to each flask and the flasks were again
returned to the shakers at the same temperature.

After an additiocnal 48 hours, a second 10 ml
aliquot was taken (T2). The T1 samples were thawed
and submitted with the T2 samples for assay. The
results are shown in the table below:

This is the replaceme

Date:
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hirauta ATCC 20501/ K28

HX62
fungi

and one

-33-

Ei ght ATCC Mucor al es

St aur ophona sp. ATCC 14288 were inocul ated from

HX62
- 27 -
8. bhirsuta
Medium/Tenp.°C T1
' (frozen and
thawed)
Compactin Pravastatin Conversion
| F7/25° 432 40 8%
F7/28° 154 168 34%
F7/32° 450 43 9%
F46/25° 516 10 23
F46/28° 494 17 s
K28/25° 179 147 29%
K28/28° 105 __184 378
K28/32° 211 100 20%
[M124/25° 180 139 28%
M124/28° 103 191 ' 3ss
Mueller-Hinton/25° 496 38 8%
.Huollcr-!!intonpa' 402 - 43 9%
| TSB/25° 358 74 15%
| TSB/28° 211 163 - .__33%
¥17/25° 605 0 -
¥17/28° 533 0 -
A. autotrophica 334 51 10%
{control) F7/25°
A. autotrophica 111 108 22%
- {(control) F7/28°
A. autotrophica 242 79 ~16%
{control) K28/25°
A. autotrophica 60 127 25%
{control)
| k28/28°

This is the replacement gheet
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5 well-grown slants into gerninator flasks of medium

m flasks) and placed on a sl ow

ei ght

. Mucoral es fungi
nmuscae (ATCC 16008),

Cunni nghanel | a

shaker

10

echi nul ata var.

F4 (100 m F4/500
(about 200 rpnm) at 25[err]C. The
wer e Absidia ranpsa (ATCC 11613),

Crcinella

echi nul ata (ATCC

36190), Cunni nghanel | a echni nul ata var. el egans (ATCC 8688A) ,

Gl bertella persicaria (ATCC 38591), Rhi zomucor m ehei (ATCC 26912),
Rhi zopus - ol i gosporus (ATCC 22959) and Rhi zopus stol onifer 15 (ATCC
14037). After 72 hours of shaking, the growth i ngpgdd t he
germ nator flasks | ooked good except for thegC- echi nul ata var
echi nul ata broth which was one | arge solid fungal mass. This -was

di scarded. The 20 seven remai ning Micoral es fl asks,

and the one
St aur ophona fl ask, were each used to inocul ate

bi oconver si on flasks

(containing 50 ni dium per 250 ol flasks) of oedium E7 and af n
K28. 2° m  of incqungguy@g used per [flask. Al flasks 25 were placed dn
a regul ar speed. (abdut” 280 rpm shalkger at 2h[err]C. After 44
hours, all flasks: r¢g : e
two uni nocul at ed Compactin Pravastatin Conversion
| F7/25° 65 452 45%
F1/28° Trace S50 55%
F7/32° Trace 570 57%
Fd46/25° 965 0 -
| Fq6/28° 999 0 -
K28/25° 0 405 413
K28/28° 0 405 41%
K28/32° 5 288 29%
M124/25° 233 323 _32%
M124/28° _286 303 30%
Mueller-Hinton/25° 827 121 _12%
Mueller-Hinton/28° 716 81 8%
TSB/25° 465 238 _24%
TSB/28° 363 289 29%
¥17/2S° 1086 0 -
Y17/28° 881 0 -
A. autotrophica Trace 266 27%
| {control) F7/25°
A. autotrophica 0 220 22%
| (control) F7/28°
A. autotrophica 2 266 27%
K28/25°
A. autotrophica Trace 257 26%

| (control) K28/28°

This i
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fl asks,

one each of nedia F7 and K28.

shaker at 280 rpm and 25C.

fl asks

received a second 500 [err]/m dose of conpactin and

then returned to the shaker.

HX62
| at er,
The

sanpl es of 15 to 20

-34-

All flasks 30 were returned to the
24 hours, all

After an additi onal

wer e

Forty-ei ght hours

HX62
- 29 -
8. hirsuta Ratio, T2
Xedium/Temp. °C Pravastatin:
all other
products ‘
F7/25° 19.0 : 1
F7/28° 13.2 ;1
F7/32° _ _13.3 : 1
F46/25° 0.3 : 1
F46/28° 0.4 : 1
K28/25° 15.7 : 1
K28/28° 10.0 : 1
K28/32° 10.1 : 1
M124/25° 8.4 : 1
M124/28° 9.2 : 1
Mueller-Hinton/25° 3.9 : 1
Mueller-Hinton/28° 4.6 : 1
TSB/25° 4.8 : 1
TSB/28° 9.6 : 1
{xa7/25° -
¥17/28° -
A. autotrophica 4.2 : 1
|F7/25°
A. autotrophica 5.4 : 1
(control) F7/285
A. autotrophica 4.4 : 1
(control) K28/25°
A. autOerphica 4.5 : 1
§contr61) K28/28°'
This is the €

m were taken fromeach flask and assayed.
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results were as follows: Gl bertella persicaria F7 - conpactin
621 5 [err]/g; pravastatin 274 [err]/g; pravastatin:by-products ratio
2.3:1; and K28 - conpactin 822 [err]/g; pravastatin 54

[err]/g; pravastatin:by-products ratio 3.4:1. Two of the other
cul tures showed, at best, 10 trace |evels of pravastatin (Absidia and

Rhi zopus ol igosporus). Al the others were negative for

pravastatin. EXAMPLE 7 .15

Sacchar opol yspora hirsuta subspeci es kobensi s (ATCC 205@dd5 i nocul a t hat
were two days, three days and four days ffd in F4 nmedium (100 ni F4
medi um per 500 ml flask, each inoculated with a 20 frozen vial) were used
to i nocul at e bi oconversi on flasks of nmedium K28 (50 ml K28 per 250 m

fl ask). Three flasks of medi um K28 were inocul ated -from each
germnator flask, using 5 m of inocul unBXAMRLE Saddition, inoculumfrom
the three day old 25 germinator flask was used to inocul ate K28 nedi um

flasks in triplicate with different vol unmes aof . ) )
67-hour cultures of various microorganisms

grown in F4 medium at 25°C were used to inoculate

S 250 ml flasks containing 50 ml of medium F7 and 250
ml flasks containing 50 ml of medium K28. 5 ml of
inoculum were used per flask. The organisms used
were Cellulomonas cellulans (ATCC 12830), Oerskovia
xanthineolytica (ATCC 27402), Promicromonospora

10 citrea (ATCC 15908), Saccharomonospora viridis
(ATCC 15736), Saccharopeolyspora hirsuta (ATCC
27875), Saccharothrix australensis (ATCC 31497) and
Streptomyces halstedii (ATCC 13449).
Saccharomonospora viridis and S. hirsuta (ATCC

15 27875) conversion flasks were placed on a shaker at

' approximately 280 rpm, at 28°C; the other cultures
were placed on a shaker at approximately 280 rpm,
at 25°C. A Saccharopolysporoa hirsuta subspecies
kobensis (ATCC 20501) control was used for both

20 .25°C and 28°C. '

After 24 hours, a 500 pug/g dose of compactin
was added to each flask. :

24 hours later, a second 500 pug/g dose of
compactin was added to each flask.

25 After 96 hours, a 15 ml aliqudt was taken
from each flask and frozen at -50°C for later
assay. _

The samples were thawed and submitted for
assay. The results are shown in the table below:

is the replacement sheet
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I noculum Specifically, 0.25 M, 1.0 m, 2.5 n, 7.5 mM and 10 m

vol umes were used. All flasks were placed on a shaker at approximtely
280 rrpm -30 and 28C. After 24 hours, a 500 [err]/m dose of
conpactin sodiumsalt was added to each fl ask. After an
additional 24 hours, 1,000 [err]/m conpactin sodium salt dose was
added to each flask. :

HX62 , - 35-

HX62
- 31 -

. Culture/ . | Temp. | Compactin | Pravastatin | Conversion | Ratio
Medium . ‘ Prava-

statin:

roducts
C. cellulans 25°C 1107 1] - -

/F1

C. cellulans | 25° 1072 0 - -
/K28
oerskovia 25°C 1116 0 - -

xanthineolyt.
/F7

Oerskovia 25°C 688 0 - | -
xanthineolyt.
/K28
Promicro. 25°C 1119 0 - -

citrea/F7

Promicro. 25°C . 1309 0 - -
citrea/K28

Saccharo- 25°C 63 478 43% 3.1 :1
thrix '
austral./F?7

Sacchare- 25°C 0 465 42% 4.6 : 1
thrix .
austral./K28

Streptomyces | 25°C 887 0 - -
halsted./F7

Streptomyces | 25°C | 1114 0 - -
halsted. /K38 '

Saccpolysp. 25°cC 180 532 48% 9.4 : 1
hirsuta | .
ATCC
20501/F7

This is the replacement sheet
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Forty-eight hours later, 25 flasks were harvest ed and sent for assay.

The results are as fol | ows: Age of Vol . and % Conpactin
Pravastatin Conver si on | nocul um | nocul um [err]/g
[err]/g (Av. of 3) (Av. of 3) 48 hours 5
m (10% Trace - 597 40% 72 hours 0.25 m
1084 138 . 9% 72 hours 1 m (2% 901
211 14% 72 hours 2.5 m 224* 692
46% 72 hours 5m Trace** 676** ﬁ&§%) (1 0%
) - - 32 -
Saccpolysp. 25°C 73 511 46% 9.2 : 1 '
hirsuta ATCC
|__20501/K28
F7 blank 25°C 1281 0 - -
K28 blank 25°C 1208 0 - -
Saccharomon. 28° 1213 0 - -
_viridis/F]
Saccharomon. 28°¢C 1147 0 . -
viridis/Ka28
Saccharopoly. 28°C S15 92 8% 1.6 : 1
hirsuta
ATCC
|___27875/F7 _
Saccharopoly. | 28°C 410 194 18% 2.0 : 1
hirsuta
ATCC 27875/K28
Saccharopoly. 28°C 35 565 S1s 12.8 : 1
hirsuta
ATCC
20501/F7
Saccharopoly 28°C 44 520 -47% -] 8.7 : 1
hirasuca
ATCC 20501/K28

This is tﬁe rep\acemem gheet
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72 hours 7.5 m 10 609 41% (15%

72 hours 0m Tr ace 694 46% (2 0%) 96
hours 5-m (10% Trace 700 47% no
1201 0 i noculum 5 * Result of averaging one flask
with 672 [err]/g. conmpactin with two fl asks showi ng trace anounts
** Average of two flasks; the possibly 10 contaminated third flask was
di sregar ded . '
HX62
- 33 -
EXAMPLE 6

Eight ATCC Mucorales fungi and one

Staurophoma sp. ATCC 14288 were inoculated from

S well-grown slants into germinator flasks 6f medium
F4 (100 ml F4/500 ml flasks) and -placed on a slow
shaker (about 200 rpm) at 25°C. The eight
Mucorales fungi were Absidia ramosa (ATCC 11613),
Circinella muscae (ATCC 16008), Cunninghamella

10 echinulata var. echinulata (ATCC 36190),
Cunninghamella echninulata var. elegans (ATCC

. 8688a), Gilbertella persicaria (ATCC 38591),

Rhizomucor miehei (ATCC 26912), Rhizopus
oligosporus (ATCC 22959) and Rhizopus stolonifer

15 (aTCC 14037). '

After 72 hours of shaking, the growth in all
the germinator flasks looked good except for the C.
echinulata var. echinulata broth which was one
large solid fungal mass. This was discarded. The

20 sevén remaining Mucorales flasks, and the one
Staurophoma flask, were each used to inoculate
bioconversion flasks (containing 50 ml medium per
250 ml flasks) of medium F7 and of medium K28. 2
ml of inoculum were used per flask. All flasks

25 were placed on a regular speed (about 280 rpm)
shaker at 25°C. _ '

After 24 hours, all flasks received 500
pg/ml dose of compactin, including two uninoculated
flasks, one each of media F7 and K28. all flasks

30 were returned to the shaker at 280 rpm and 25°C.

After an additional 24 hours, all flasks
received a second 500 Hg/ml dose of compactin and
were then returned to the shaker.

This is the replacement sheet
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- 36 - CLAI M

-the formula I:

10

15

20

25

30

1. A nethod for the preparation of a conpound of

[err]

HX62
- 34 - .

Forty-eight hours later, samples of 15 to 20
ml were taken from each flask and assayed. The
results were as follows:

Gzlbertella perszcar1a F7 - compactin 621
ug/g, pravastat1n 274 pg/g; pravastatin:by-products
ratio 2.3:1; and

K28 - compactin 822 Hg/g:; pravastatin 54
Mg/g; pravastatin:by-products ratio 3.4:1.

_Two of the other cultures showed, at best,
trace levels of pravastatin (Absidia and Rhizopus
oligosporus). All the others were negative for
pravastatin.

- BXAMPLE 7

Saccharopolyspora hirsuta subspecies
kobensis (ATCC 20501) inocula that were two days,
three days and four days old in F4 medium (100 ml
F4 medium per 500 ml flask, each inoculated with a
frozen vial) were used to inoculate bioconversion
flasks of medium K28 (50 ml K28 per 250 ml flask).
Three flasks of medium K28 were inoculated -from
each germinator flask, using 5 ml of inoculum. 1In
addition, inoculum from the three day old
germinator flask was used to inoculate K28 medium
flasks in triplicate with different volumes of
inoculum. Specifically, 0.25 ml, 1.0 ml, 2.5 ml,
7.5 ml and 10 ml volumes were used. All flasks
were placed on a shaker at approximately 280 rpm,
and 28°C.

After 24 hours, a 500 pg/ml dose of
compactin sodium salt was added to each flask.

After an additional 24 hours, 1,000 pg/ml

compactin sodium salt dose was added to each flask.

Tmsistheremacmnen

t shest
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its partially or conpletely

R is al kyl
[err]

10

or aryl;

compactin with two flasks showing trace amounts

* %

Average of two flasks: the possibly

contaminated third flask was disregarded

This is the repl

Date:

hydr ogenat ed anal og or a sale thereof wherein
Z is the open chain noi ety . -
HX62
HX62
- 35 -

Forty-eight hours later, 25 flasks were
harvested and sent for assay. The results are as
follows:

Ag--of Vol. and & | Compactin Pravastatin | Conversiocn
Inoculum Inoculum ue/g Wg/g
(Av. of 3) | (Av. of 3)
48 hours 5 ml (10%) Trace 597 40%
72 hours 0.25 ml 1084 138 9%
(0.5 %)
72 hours | 1 ml (2%) 901 211 14%
72 hours 2.5 ml 224+ 692 a6s
(5%)
72 hours 5 ml Trace** 676** 45%
(10%)
72 hours 7.5 ml 10 609 41%
(15%)
" 72 hours 10 m1 Trace 694 46t
(20%) '
96 hours |5 ml (108) | Trace 700 473
no - 1201 0 -
inoculum
* Result of averaging one flask with 672 pg/g

acement sheet

2 1 AUG 1336



-37- R2 is hydrogen, alkyl, ammonium al kyl- ammoni um or al kal
net al ; conprising the step of contacting a conpound of the formula
I1: [err]

a partially or conpletely hydrogenatg%ﬁ
anal og or a salt thereof, wherein R, Z and [err] . are as pgflned

: HX62
- 36 - .
CLAIMS:

1. A method for the preparation of a
compound of the formula I:

0 =0

7N

1Ye]

CHj

HO (1)

its partially or compietely hydrogenated analog or
a salt thereof, wherein

R is alkyl or aryl;
Z is the open chain moiety

"N A

COOR,
CHz\ OH or
g |

_CH

the lactone

- o T

; and This s the replacement sheet

A O
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for formula.l, with a mcroorganism or with an enzyne derived from or
havi ng the structure of an enzyne derived from said m croorgani sm which

i s capabl e of catal yzing the hydroxylation of said conpound of the fornula
Il or salt thereof to yield said conpound of the fornmula I or salt thereof,
and effecting said hydroxylation; : where said mcroorganismis

sel ected fromthe genera Nocardia, Anycolata, Saccharopol yspor a,

St rept omyces, Anycol atopsis, Saccharothrix or Glbertella, provided that

when the conpound-of fornula II- is conpactin, the mi croorganismis not
Amycol ata, Nocardia or Streptonyces. _ 372 The met hod®§2 cl ai m 1,
wherein Z is said open chain noiety. 3. The method of claim?2

wherein R is alkyl.

R2 is hydrogen, alkyl, ammonium, alkyl-
ammonium or alkali metal;

comprising the step of contacting a compound
of the formula II: |

o]

c
RN

2l le]

CHj

¢Ix),

a partially or completely hydrogenated analog or a
salt thereof, wherein R, Z and R2 are as defined
for formula I, with a microorganism, or with an
enzyme derived from, or having the structure of an
enzyme derived from, said microorganism, which is
capable of cataiyzing the hydroxylation of .said
combound of the formula II or salt thereof to yield
said compound of the formula I or salt thereof, and
effecting said hydroxylation; . -

where said microorganism is selected from
the genera Nocardia, Amycolata, Saccharopolyspora,
Streptomyces, Amycolatopsis, Saccharothrix or
Gilbertella, provided that when the compound of
formula II is compactin, the microorganism is not
Amycolata, Nocardia or Streptomyces.

2. The method of claim 1, wherein Z is said
open chain moiety.

3. The method of claim 2, wherein R is
alkyl.
e o | This is the replacament snet

LT RN




HX62 -38 - 5 4. The nethod of claim1, wherein
a conpound having the following fornula: J[err]

HX62
- 38 -

4. The method of claim 1, wherein a
compound having the following formula:

| c
O AN
CH c{
_ oH
CH, /QH

or a partially or completely hydrogenated analog,
or an alkali metal salt thereof, is prepared.

5. The method of claim 1, wherein the
compound of formula II is contacted with a
microorganism.

6. The method of claim 5, wherein said
microorganism is Amycolata autotrophica ATCC 35204,
Streptomyces californicus ATCC 15436, Amycolatopsis
mediterranei ATCC 21411, Saccharothrix australensis

- ATCC 31497, Gilbertella persicaria ATCC 38591,
Saccharopolyspora hirsuta ATCC 27875,
Saccharopolyspora hirsuta ATCC 27876,
Saccharopolyspora hirsuta ATCC 20501 or
Saccharopolyspora erythraea ATCC 11635.

s is the replacement gheet
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or a partially or conpletely hydrogenated anal og, or an alkali netal salt
thereof, is prepared. 5. The nethod of claiml1, wherein the
conmpound of forrmula Il is contacted with a m croorgani sm 6. The
-method of claimb5, wherein said microorganismis Anycol ata autotrophica
ATCC 35204, Streptonyces californicus ATCC 15436, Amycol atopsis

medi terranei ATCC 21411, Saccharothrix austral ensis

HX62
- 39 -

7. The method of claim 6, wherein said
microorganism is Amycolata autotrophica ATCC 35204
or Saccharopolyspora hirsuta ATCC 20501.

8. The method of claim 1, wherein the
compound of formula II is dissolved in water or an
alcohol before it is contacted with a microorganism
or with an enzyme.

9. The method of claim 1, wherein the step
of contacting a éompound of the formula II with a
microorganism or with an enzyme is conducted in an
aqueous medium. '

"10. The method of claim 9, wherein about
0.5 to about 3 mg of a compound of the formula II
is contained in each ml of aqueous medium.

- 11. The method of claim 9, wherein the pH
of the aqueous medium is between about 6.0 and
about 7.5.

12. The method of claim 9.'wherein the

temperature of the aqueous medium is between about
27 and 40°C.

13. The method of claim 12, wherein the

temperature of ;he aqueous medium is between about
28 and 34°C.

14. The method of claim 1, wherein the step
of contacting a compound of the formula II with a
microorganism or with an enzyme continues for
between about 2.5 and about 72 hours.

This is the replacemgnt sheel
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ATCC 31497, Gl bertella persicaria ATCC 38591, Saccharopol yspora hirsuta
ATCC 27875, Saccharopol yspora hirsuta ATCC 27876, Saccharopol yspora hirsuta
ATCC 20501 or Saccharopol yspora erythraea ATCC 11635

HX62 - 39- 7. The net hod of
claln16, whérein said m croorgani smis Amycol ata aut otrophi ca ATCC
35204 ) '
‘ : HX62
- 40 -~

15.- The method of claim 1, wherein Z is the
’ lactone. : '

16. The méthod of claim 15, wherein the
compound of the formula II is hydrolyzed before it
is contacted with a microorganism or with an
enzyme. . .

17; The method of <claim 1, wherein said
compound of the formula I' is employed in the s
preparacion of an HMG-Cod reductase-inhibjiter.

18. A me:héd_fcr the preparaticn of an HMG-
. Coa reductasé inhibiter, .comprising the step of .
hydroxylating a canpcund of the formula II, er salc
thereof, according to the’ me:hod of claim 1 to
yield a compound of the formula I,:.0r sa;:,chereof.

: 19. ' Use of &-compound, prepared according to the
‘méthod of claim 1, for manufacturing a he@ic;ment for lowering

or maintaining plasmé cholesteral levels in a mammalian subject.

Y, .. . .

20. Use of a compound, prepared.according to the
method of Claim 1, effactive for treating atherosclerosis,
for manufactur1ng 3 medicament treating atheroscleros1s in

a mammalian subJect

I
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or Saccharopol yspora hirsuta ATCC 20501 | - 8. The met hod of

ctaim.1, eorpotnd—of formula It ﬁ,ﬁ Sﬂ‘“ﬁ 1=-=§r~~=--—-;
an . al HEMA@EDOSHEETSS c8® actpd with a o e ?
an enzyfe. . The nethpd of cl ai naE P"t‘l P‘f‘?&ds gﬂij‘"’-"ed

of cont EDeﬂyrlﬁIOOGWpMG ftﬂtmeq ermula Il with Claim(s; o Begegarr ehpaged .-
wi th an|efiewmas) s :pagstucht .dtalpﬁg@m'.‘:.... aqueous |mebPgYing(s) : paged .. to pageto....
The et ?ﬁija'tm s??u MaSed mQ.rtgl _______ - 400-5 tjolhfbstract nypageda ~conpegedd-..
of the f%é LS con 4 n each m |of .aqueous nedi u ]UDE[; 1997
11. The f\'PﬁS@C'of "PRA%n o PSP nrhb pH oDATE: GR|RECEPTE]]. UM 1.S...

bet ween apout—60amd— apout 7. 5.

15.. ’I“a.e met:..od of claim l. wherein Z is the
" lactone. '

16. The method of claim 1S, wherein the
compound of the formula II is hydrolyzed before it
is contacted with a microcrganism or with an
enzyme. ' ) '

17. The method of claim 1, wherein saici-
compound of the formula I' is employed in the ~
preparation of an HMG-CoA reductase-inhibitor

18. A mechod for the preparaticn of in HMG-
- 'CoA reductase inhi.iir.a'r. .comprising the step of -

. hydroxylating a dompound of the formula II, or salt
thereaf, according te the m_ét_hdd of claim 1.to
vield a compound of the formula I,:or salt therect.

19. - Use_cf ?aj-co_mpcund', prepared according to the
‘méthod of claim 1, for manufacturing a medicament for Towering

or maintaining plasma cholesteral Tevels in a mammalian subject.

20. Use of a compound, prepared according to
the method of claim 1, for the manufacture of a
medicament for treating atherosclerosis in a

mammalian subject.
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12. .The nmethod of claim9, wherein the tenpera%qgﬁigfgﬁxg
medi um i s bet ween about 27 and 40[err]C.
met hod -of "€l ai m 12, wherein the t enper at ur e gﬂ%‘;:%’@é‘o@ég‘r% %ﬂ‘ﬁgﬂ"w
bet ween about 28 and 34[err]C. krofT pagsd.
claim1, wherein the step of contacting a c nﬁ%ﬁ%@wﬁgﬁﬁh@%ﬁ6¥nuﬁapr&ﬁitz
with a m croorgani smor with an enzyne contﬂn&bﬁﬂﬁﬁbi pagasei-wéepaged ..
about 2.5 and about 72 hours. L W S 20 FEB 1938
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; and
R? is hydrogen, alkyl, ammonium, alkyl-
ammonium or alkali metal;

5 comprising the step of com:act::.ng a compound
of the formula II:

0

Il

c
RN\

10

CH;

(L1,
a partially or ccmplecely hydrogenaced analog or a
10 salt thereof, wherein R, Z and R2 are as defined

for formula I, with a microorganism, or with an
enzyme derived from, or having the scructure of an
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- 40 - 15. The net hod of claim1l1. wherein. Z is the |actone.
16. The nethod of claim1l5; wherein : the conpound of the formula Il
i s hydrol gzdd before it is contacted with a micreorganism or wth an

enzyne. 17. The nethod of claiml. wherein said conpound of
the formula | is enployed in the preparation of an HM5 - COA reductase
I nhi bitor :
- 36 -
CLAIMS:

] 20
L. A method for the preparacion of a

compound of the formula
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ics parciall . T hydc
tially or cemplecely hycrogenaced analog or

& salc thereof, whersin
R is alkyl or aryl;

Z i.s' the open. chain moiety
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i8. A nmethod for the preparation of an HVMG COA reductase inhibitor: - %"
conprising .thé step of hydroxylating a <conpound of the formula Il -or -~
sal t- thereof, according to the nmethod of claim1 to yield a ‘conpound

of the formula | or salt t her eof 19. Use of a conpound for the

manuf act ur e of a nedi cament, wherein said conpound is pr epar ed
according to the nethod of cIa|n11 and wherein said nedi canment is useful
for | owering or mai nt ai ni ng plasm chd%sterol levels in a mamal i an
subj ect. 20. Use of a conpound for the manuf act ur e of a

medi canent, , wherein said compound is prepared according to the method
of claim1l, and ° whergqign. saud ngénggtcyigyspful or.tr atln

at heroscl erosi.s _in a marmal i an "Su ==
" laczana.

15. The methed of claim 13, wherein che
compaund cf the forzula II is hydsolyzed befare i:

is coatacted witk a2 microcs ganism ¢z wizh an
enzyme.

17. Tte method of claim 1, whersin said
compsund ¢f tha formula I' is employed iz the -
preparactisn of an EMG-Cod reductase inhinisar.,

18, a ue::".ad far the preparazcicn of an Hv«
CcA reductase :....‘:i:-.icc" -camprising che stap o .
hydrexylazing a c..m::ot.. ¢f the farmula II, or salc
thereql, aczaozdinag 2o tl-.e methed of claim 1 to

‘.J‘ia d & Cmnycud Qf :.'Ze :3"’1“_'13 l“:cr —31- :ha,. f

19. Use of a compound for the manufacture
of a medi?:ame,nt, wherein said compound is
prepared according to the method of claim 1, and
wherein said medicament is useful for lowering
or maintaining plasma cholesterol levels in a

mammalian subject.

20. Use of a compound for the manufacture
of a medicament, whefein said compound 1is
prepared according to ﬁhe method of claim 1, and
wherein said medicament is useful for treating

atherosclerosis in a mammalian subject.
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