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represented by fornulagvoRotOMBARSION: AGED HAVING PHENYL GROUP

FIELD OF THE INVENTION

This invention relates to a biological process for
producing an optically active a-~hydroxycarboxylic acid having
.a phenyl group. More particularly, it relates to a process
for producing an optically active a-hydroxycarboxylic.acid
having a phenyl group as represented by formula (I) shown
below, by thé action of a microorganism capable of
asymmetrically hydrolyzing a nitrile group of a racemic o~
hydroxynitrile represented by formula (II) shown below. The
optically active a-hydroxycarboxylic acid of formula (I) is
of industrial importance as a starting material for
synthesizing pharmaceuticals and agrochemicals, such as
antibiotics or drugs acting on the sympathetic nervous
system, and,as‘amresolving reagent.

QACKGROUND OF THE INVENTION

Known processes for producing an optically active o-
hydroxycarboxylic acid having a phenyl group include optical
resolution.of racemates by crystallization or chromatography
and asymmetric synthesis through organdchemical procedures.
These processes generally involve compliqated operations,
only to attain a low yield of a product.

To overcome these problems, biological.processés
utilizing microorganisms have been proposed. For example, it

has been proposed to_asymmetrically hydrolyze substituted or
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optically active [err]- hyd#oxycarboxyllc acid of formul'a &) is of

i ndustrial inportance as #&:tarting material for synthesi‘#ng

phar maceuti cal s and agrochenicals, such as antibiotics or drugs acting on
the synpathetic nervous system and as a resolving reagent. BACKGROUND OF
THE | NVENTI ON Known processes for producing an optically active a-

hydr oxycar boxyl i c aci d having a phenyl group include optical resolution of
racenmates by crystallization or chronatography and asymetric synthesis

thr ough or gaaehals il UL SEMAY T REPGRANAS ARG A Yurdiil¥fkutea

conpl i cated operatlons onl'y t
mandelamide by the action of a microorganism belonging to the

genus Alcaligenes, Pseudomonas, Rhodopseudomonas,
Corynebacterium, Acinetobacter, Bacillus, M cobactexrium,
Rhodococcus or Candida to obtain optically active mandelic
acid or derivatives thereof as disclosed in European Patent
Publication No. 0 348 901 A (corresponding to JP-A-2-84198
{the term "JP-A" as used herein means an "unexamined
published Japanese patent application”")) and Applied and
Environmental Microbiology, Vol. 57, pp. 3028-3032 (1991).
It is also known to obtain a predominant proportion of R(-)-
mandelic acid or a derivative thereof directly from racemic
mandelonitrile or a derivative thereof by the action of a
microorganism belonging to the genus Pseudomonas,

Alcaligenes, Acinetobacter, Caseobactexr, Nocardia, Bacillus,

Brevibacteriqﬂ or Aureobacterium, as disclosed in U.S. Patent
5,223;4lé (corresponding to JP-A-4-218385, JP-A-4-99495 and
JP-A-4-99496). -

In these biological processes, discovery of a new
microorganism with higher activity and higher optical
selectivity would produce a great industrial benefit.

. SUMMARY OF THE INVENTION

The present inventors searched extensively for a
microorganism capable of producing an opticaliy active a-

hydroxycarboxylic acid having a phenyl group with industrial
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To overcone t hese problen&x bi ol ogi cal processes utilizi ng~m croorgani snms
have been proposed. For egnhple, it has been proposed to asymetrically
hydrol yze substituted or 2 unsubstituted nmandelonitrile or substituted
or unsubstituted mandel am de by the action of a m croorgani smbelonging to
t he genus Al caligenes, Pseudononas, Rhodopseudononas, Corynebacterium

Aci net obacter, Bacillus, Mycobacterium Rhodococcus or Candida to obtain
optically active mandelic

advantages. They found that a novel microorganism belonging
to the genus Gordona isolated from soil is effective.

The present invention relates to a process for
predominantly producing an optically active a-hydroxy-

carboxylic acid having a phenyl group as represented by

/gé;?}—(CHz)n—fH—COOH (1)

X OH

formula (I):

wherein X repfesents a hydrogen atom, a hydroxyl group, an
aliphatic saturated alkyl group having from 1 to 3 carbon
atoms, an aliphatic saturated_alkoxy group having from 1 to 3
carbon atoms, a thiocalkyl group, a halogén atom, a phenyl
group, a phenoxy group, an amino group or a nitro group,
which is bonded to the o-, m-,=or p-position; and n
represents .0, 1 or 2,

which comfrisés-reacting a microorganism capable of
asymmetrically hydrolyzing a nitrile group of a racemic a-

hydroxynitrile represented by formula (II):

@'—(CHZ)n--(lJH—CN (1)

X - , OH

wherein X and n are as defined above,
and wherein said microorganism belongs to the genus Gordona
or treated cells thereof, with a racemic a-hydroxynitrile

represented by formula (II) or a mixture of an aldehyde
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aC|d or derivatives theregf as disclosed in European Patent Publication No.
0 348 901 A (correspondi g+t o JP-A-2-84198 (the term"JP3A' as used herein
means an "unexam ned published Japanese patent application")) and Applied
and Environnental M crobiology, Vol. 57, pp. 3028-3032 (1991). It is also
known to obtain a predom nant proportion of R(-)- mandelic acid or a
derivative thereof directly fromracem c mandelonitrile or a derivative

t her eof by the action of a nicroorganisn1be|onging to the genus

Pseudomonas, f:GAAnNIRg AY RalP3Y e o dirk a BRGid S,
Brevi bacterlum or ur%%gcterlum asttgsc osed . Pat ent 5a 3,141#156is
(correspondi Ry A stk AghedhESdedidhr.A- 4- 99495 and

' The present invention is based on the fact that the

Ea—hydroxynitrile of formula (II) is easiiy racemized in a

meutral to basic agueous medium at the dissociation

N,

iequilibrium between the a-hydroxynitrile and the
%orresponding aldehyde and prussic acid. The inventors found
that the u—hydrbxynitrile of formula (II) can be directly
converted to an optically active a-hydroxycarboxylic acid
having a phenyl group represented by formula (I) with
predominance over a D-form or an L-form by couplkﬁﬁ/E;;“
above-mentioned ;gggmization”reactioqwsystemmwith_the"angez
megt;gggg_m;g:ggggggigm. The teém "with predomiﬁance“ ag )

used herein means that a D-form or an L-form is obtained from

a racemic compound in a yield of from 50 to 100% based on the

amount of reac¢tant according to formula (II). p

P

DETAILED DESCRIPTION OF THE INVENTION

The microorganism which can be used in the present
invention belongs to the genus Gordona and'is cépable of
asymmetrically hydrolyzing a nitrile group of a racemic a-
hydroxynitrile of formula (II) to'produce and accumulate in a
high concentration an optically active a-~hydroxycarboxylic
acid having a phenyl group ;épresented by formula (I).

The microorganism typically includes Gordona terrae

MA-1 which the inventors isolated from soil and deposited

with National Institute of Bioscience & Human Technology
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JP—A—4 99496). In these b%ploglcal processes, discovery of. a new

m eroorgani smw th hi ghefzactivity and hi gher optical se}ect|V|ty woul d
produce a great industrial benefit. SUMVARY OF THE | NVENTI ON The present

i nventors searched extensively for a mcroorgani smcapabl e of producing an
optically active [err]- hydroxycarboxylic acid having a phenyl group with
I ndustri al 3

(formerly, Fermentation Research Institute), Agency of
-Industrial Science & Technology under deposit receipt number
FERM BP-4535. Morphological and physiological properties of

this strain are described below.

MA~):
Shape: polymoxrphic bacillus
Gram’s stain: | +
Spore: -
Motility: -
Oxidase: -
Catalase: . +
Color of colony: pink to orange
Rod-coccus cycle: +
Extension of peripheral observed
cells of colony:
Formation_of aerial hypha not observed
Behavior toward oxygen aerobic
Diamino aéid of cell wall: meso~diaminopimelic acid
Glycolyl test: + (glycolyl type)

Sugar composition of cell wall:

Arabinose: +
Galactose: ' +
Existence of quinone: - _ MK-9 (H3)

Adenine decomposition: -
Tyrosine decomposition: -

Urea decomposition: : +
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advant ages.

They found that a novel m croorgani sm bel

Gordona isolated from soiif:is effective. The present
process for predom nantly producing an optically active [err]-hydroxy-
carboxylic acid having a phenyl group as represented
wherein X represents a hydrogen atom a hydroxyl grou

saturated al kyl group having from1l to 3 carbon atons,

ongrﬂg to the genus
invefifion relates to a

by formula (1): [err]
p, an aliphatic
an aliphatic

saturated al koxy group having from1 to 3 carbon atons, a thioal kyl group,
a hal ogen atom gcphepyhi g§eyp. a phenoxy group, an amno group or a nitro

group,

Inositol -
Maltose : -
Mannitol +
Rhamnose +
Sorbitol +

Sodium m-hydroxybenzoate -

Sodium benzoate | +
Sodium citrate +
Sodium lactate +
Testosterone +
Acetamide ' -
Sodium pyruvate +

Growth in the presence of +

0.02% sodium azide

Growth at 10°C +

Growth at~40%C +

Growth in the presence of - +

0.001% Crystal Violet

Growth in the presence of +

0.3% phenylethanol

Growth in the presence of +

5% NaC¢

Growth in the presence of +

7% NaCt . -

The above-described taxonomical properties were

examined by referring to Bergey's Manual

of Svstematic

Bacteriology (1986), J. Gen. Appl. Microbiol., Vol. 34, pp.
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which is bonded to the O- M, Or p- position; and n represents 0, 1 or 2,
whi ch conprises reacting 3 n1croorgan|sn1capable of asymmeirically
hydrolyzing a nitrile group of a racemc [err]- hydroxynitrile represented
by formula (I1): [err] wherein X and n are as defined above, and wherein
said m croorgani smbel ongs to the genus Gordona or treated cells thereof,
wth a racemc [err]-hydroxynitrile represented by fornmula (Il1) or a

m xture of an al dehyde .
341-348 (1988), and Int. J. Syst. Bacteriol., Vol. 39, p. 371

(1989). MA-1l strain was identified as belonging to Gordona
terrae. Specific examples of the compounds of formula (II)
which can be used as a substrate in the present invention
include mandelonitrile, 2-chloromandelonitrile, 3-
chloromandelonitrile, 4-chloromandelonitrile, 4-
hydroxymandelonitrile, 4-methylmandelonitrile, 4-
methoxymandelonitrile, 4-methylthiomandelonitrile, 4-
aminomandelonitrile, 4-nitromandelonitrile, 4-
aminomandelonitrile, 4-nitromandelonitile, 3-
phenoxymandelonitrile, phenyllactonitrile, 4-phenyl-c-
hydroxybutyronitrile, 3-(2-methoxyphenyl)-lactonitrile, 3-(3-
methoxyphenyl)-lactonitrile, 3-(4-methoxyphenyl)-
lactonitrile, 4-(4-fluorophenyl)-a-hydroxybutyronitrile, 4-
(2-chlorophenyl )-c-hydroxybutyronitrile, 4-(4-bromophenyl)-o~
hydroxybutyronitrile, 4-(2-trifluoromethylphenyl)-c-
hydroiybutyréﬁiéf&le, 4-(3-trifluoromethylphenyl)-o-
hydroxybutyronitrile and 4-(2-hydroxyphenyl)-c-
hydroxybutyronitrile.

Cultivation'of the microorgénism is carried out by
using usual media containing assimilable carbon sources
(e.g., glycerol, glucoée,_saccharoée, malt extract, lactose,
and fructose); assimilable nitfogen sources (e.g., casamino
acid, meat extract, and yeast extract); and inorganic

nutrients essential for growth (e.g., magnesium chloride,
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4 correspondlng to said nitrile and prussic acid in aneutral to basic
aqueous nedi um The preseﬁt invention is based on the fagt that the
[err]-hydroxynitrile of formula (11) is easily racemzed in a neutral to
basi ¢ aqueous nedium at the dissociation equilibriumbetween the
[err]-hydroxynitrile and the correspondi ng al dehyde and prussic acid. The
I nventors found that the [err]-hydroxynitrile of formula (lI1) can be
directly converted to an optically active [err]-hydroxycarboxylic acid

having a pheggéi@mog@lfgeé?Sggigguﬁycﬁfégyaé,($Anﬁéﬁgse sulfate, iron
chloride, and zinc sulfate).

To obtain increased enzyme activity, an enzyme
inducer preferably is added to the culture medium in the
initial or middle stage of cultivation in such a
concentration as not to significantly inhibit growth.
Suitable enzyme inducers include nitriles (e.g.,
cinnamonitrile, benzyl cyanide, isobutyronitrile, B-
phenylpropionitrile, benzonitrile, 2-, 3- or 4-cyanopyridine,
l-cyclohexenylacetonitrile, e~caprolactam, y-butyronitrile,
and o-aminobenzonitrile); and amides (e.g., isobutylamide,
phenylacetamide, and 4-pyridinecarboxylic acid amide).

Culturing is aerobically conductéd at a pH from 4 to
10 and a temperature from 5 to 50°C, for a period of about 1
to 7 days, until the maximum activity is reached.

The asymmetric hydrolysis reaction can be carried out

by suspeﬂding-microbial cells harvested from the culture or
treated microbial cells (e.g., dried cells, ruptured cells, a
crude or purified isolated enzyme, immobilized ﬁicrobial
cells or an immobilized enzyme) in an agqueous medium (e.g.,
water and a buffer sélution), and bringing a racemic a-
hydroxynitrile of formula (II) or a mixture of an aldehyde
correspondiné to thelnitrilé-and prussic acid in contact with
the cell suspension. The reacfion‘systeﬁ should be

maintained nearly neutral or basic in orxdexr to racemize the

a~hydroxynitrile of formula (II). That is, the pH of the
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predon1nance over a D-form or an L-form by coupling the ahove-nentioned
racen1zat|on reacti on sy@emw th the above- nentioned ni-roorgani sm The
term"w th predom nance as used herein neans that a Dformor an L-formis
obtained froma racem c conpound in a yield of from50 to 100% based on the
amount of reactant according to formula (I1). DETAILED DESCRI PTI ON OF THE

| NVENTI ON The m croorgani sm whi ch can be used in the present invention

bel ongs to the genus Gordona and is capable of asymmetrically hydrolyzing a

nitrile groupe@étfoh a6HEtEmashOYLE OBY képt! 1 8hihOAMPAAGE! b EOtBrQQECQnaDd
accunul ate in a. high concentration an optically active™a- hydroxycar oxylic
preferably 6.5 to 10.

The concentration of the substrate in the reaction
system usually ranges from 0.1 to 10% by weight, and
preferably 0.2 to 5.0% by weight in terms of the racemic -
hydroxynitrile of formula (II) based on the total reaction
system, while varying depending on the sensitivity of the
enzyme to the aldehyde corresponding to the racemic -
hydroxynitrile of formula (II) or prussic acid.

To reduce enzyme denaturation by an aldehyde, sodium
sulfite, acid sodium sulfite, sodium dithionite, potassium
sulfite, acid potassium sulfite, potassium dithionite,
ammonium sulfite, acid ammonium sulfite, and ammonium
dithionite in an amount of 1 to 1000 mM may be added.

'Thé microorganism usually is used in an amount of
0.01 to 5.0% by’yeight on a dry basis based on t@e substrate.
The reacéion-;s usually conducted at a temperature of 0 to
50°C, and preferably 10 to 30°C, for a period of 0.1 to 100
hours.

The reaction product, i.e., an optically active a-
hydroxycarboxylic acid of formula (I), can be isolated from
the reaction mixture by known procedures. For example, the
microbial cells may be removed by centrifugation, and if
desired, granular components, proteins, aﬁd polysaccharides
may be removed by ultrafiltration or the like. If desired,
the supernatant may be treated with activated carbon. Then,
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aci d haV|ng a phenyl group, represented by formula (I). The, m croorgani sm
typically includes Gordona“terrae MA-1 which the i nvent ors: i sol ated from
soi | and deposited with National Institute of Bioscience & Human Technol ogy
(formerly, Fernentation Research Institute), Agency of Industrial Science &
Technol ogy under deposit recei pt nunber FERM BP-4535. Mor phol ogi cal and
physi ol ogi cal properties of this strain are described below. NMNA- 1

the supernatant may be concentrated under reduced pressure or
éxtrécted with an organic solvent in an acidic condition,
followed by repeated recrystallization from benzene, eté., to
obtain a high purity crystal.

The present invention provides an industrially
excellent process for preparing an optically active o-
hydroxycarboxylic acid having a phenyl group represented by
formula (I) at almost quantitative selectivity and at high
optical purity.

The present invention will now be illustrated in
greater detail with reference to Examples, but it should be
understood that the present invention is not deemed to be
limited thereto. All percentages are by weight unless
otherwise indicated.

EXAMPLE 1
- Pregaration of L-3—Phenzllactic Acid
(1) Cultdring:m

Gordona terrae MA-1 (FERM BP-4535) was aerobically
cultured in a medium having the following compoéition, with
0.05% benzyl Cyanide added as an inducer, at 30°C for 72
hours. '

Medium Composition:

Glyceroli_ ' 20 g
Yeast extract 3 g
Potassium primafy phosphate 6.8 g
Sodium secondary phosphate 7.1 g
- 10 This Sheet Has Been Replaced -
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Shaﬁe: — ponnDrphlc baci I lus Gram s, stain:

+ .Spore: Motility: CX|da9e‘ Cat al ase: %+ Col or of
col-ony: pi nk to orange Rod-coccus cycl e: +
Ext ensi on of peri pheral observed cells of colony: Formation of
aerial hypha not observed Behavi or toward oxygen aerobi c
Sodium sulfate 2.8 g
Magnesium chloride | 0.4 g-
Calcium chloride _ 0.04 g
Manganese sulfate 0.03 g
Iron chloride 0.006 g
Zinc sulfate 0.003 g
Distilled water 1000 m¢
pPH = 7.5

(2) Asymmetric Hydrolysis:
Microbial cells harvested from the culture were
washed with a 50 mM phosphoric acid buffer solution (pH=8.2)
by centrifugation and suspended in the same buffer solution
containing 10 mM phenyllactonitrile at such a cell
concentration as to have optical density of 20 at 630 nm
(OD430). The cell suspension was allowed to react at 30°C for
96 hours while shaking.

After ¢ompletion of the reaétion, the microbial cells
were removed by centrifugation. The content of phenyllactic
acid in the supernatant was determined by liquid
chromatography (column: Wakosil ODS 5C18; carrier solution:
0.1M phosphoric acid:acetonitrile=3:1 by volume; monitor:

254 nm). The supernatant was adjusted to pH 12 with 6N NaOH
and extracte& twice with an-équal amount of ethyl acetate to
remove any unreacted phenyllactonitrile. The agueous layer

was adjusted to pH 1.2 with sulfuric acid and extracted twice

with an equal amount of ethyl acetate. The extract was
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Di &mi no acid of cell wal |; meso- di am nopi nelic acid G.ycolyl test:
+.(glycolyl type) Sugar £énposition of cell wall: Arablhese

+ (Gl act ose: + Exi stence of qui none: MK-9 [err]
Adeni ne deconposition: Tyrosine deconposition: - - Urea deconposition
+

evaporated to dryness in an evaporator. The.residue was
dissolved in water and analyzed on an optical resolution
column (MCI gel CRS-10W; carrier solution: 2mM
CuSO,+5H,0:acetonitrile=85:15 by volume). The results
obtained are shown below.
3-Phenyllactic Acid:

Yield: 6.5 mM (65%)

Optical Purity: 60%ee (L—fo;m)

EXAMPLE 2
Preparation of L-3—Phenzllac£ic Acid

Microbial cells harvested in the same manner as in
Example 1 were suspended in a phosphoric acid buffer solution
(pH=8.2) containing 10 mM phenylaldehyde and 10 mM potassium
cyanide to a cell concentration of ODgo = 20. The cell
suspension was allowed to react at 30°C for 96 hours with
shaking. - ..

The réaction mixture was worked-up in the same manner
as in Exémple 1. The phenyllactic acid content_and its
optical purity were determined in the same manner as in
Example 1. The results of analyses are shown below.
3-Phenyllactic Acid: |

Yield: 7.5 mM (75%)

Optical Purity: 63%ee (L-form)
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4+ + O

Ukilizability: | nosi t ol -Val t ose Manni t ol + Rhammose

Sor bi t ol

%+ Sodi um m hydr oxybenzoat e delunlbenzoate

Sodiumcitrate + Sodium | act at e + Test ost erone

EXAMPLE 3

Preparation of L-4~Phenyl-a~hydroxybutyric Acid

Microbial cells harvested in the same manner as in
Example 1 were suspended in a phosphoric acid buffer solution
(pH=8.2) containing 10 mM 4-phenyl-c-hydroxybutyronitrile to
a concentration of ODgp = 20. The cell suspension was
allowed to react at 30°C for 96 hours with shaking. Further,
the same reaction was carried out in the presence of 100 mM
sodium sulfite for reducing énzyme denaturation by the
;ldehyde. |

The reaction mixture was worked-up in the same manner
as in Example 1. The 4-phenyl—a—hydroxybutyric acid content
and the optical purity were determined in the same manner as

in Example 1. The results of analyses are shown in Table 1

below.
. " _TABLE l
Sodium Optical Purity
Sulfite Yield (L-Form)
() (2ee)
not added 7.0 (70%) - 90
added 9.0 (90%) 92
EXAMPLE 4

Preparation of D-Mandelic Acid

Microbial cells harvested from the culture in the
same manner as in Example 1 were suspended in a phosphoric

acid buffer solution (pH=8.2) containing 10 mM mandelonitrile
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Acetan1de Sodi um pyruvate + Gowth in the presgnce of +

0. 02% sodi um azi de” Growt H::at [err] + Growtdh at [err]

+ Gtowth in the presence of + 0.001% Crystal Violet Growth in the
presence of + 0. 3% phenyl et hanol G owh in the presence of + 5%
NaCl

to a cell concentration of ODgg = 20. The cell suspension
was allowed to react at 30°C for 24 hours with shaking.

The reaction mixture was worked-up in the same manner
as in Example 1. The mandelic acid content and optical
purity were determined in the same manner as in Example 1.
The results of analyses are shown below.

D-Mandelic Acid:
Yield: 9.8 mM (98%)
Optical Purity: 98%ee (D-form)
EXAMPLE 5

Preparation of D-Mandelic Acid and Derivatives Thereof

Microbial cells harvested from the culture in the
same manner as in Example 1 were suspended in a phosphoric
acid buffer solution (pH=8.2) containing each of the
substrates shown in Table 2 below to prepare a cell
suspension"(quuq= 10 to 30). The cell suspension was
allowed to react at 30°C for the time shown in Table 2, while
shaking. After the reaction, the microbial cells were |
removed by centrifugation. The content and optical purity of
mandelic acid or a mandelic acid derivative accumulated in
the supernatant were determined in the same manner as in

Example 1. The results obtained'are shown in Table 2.

- ~
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7 341-348
MA-1 strain

pP.
Speci fic exanples of the

34,
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whi'th can be used as a supstrate in the present invention.include

mandel oni trile, 2-chlorongidelonitrile, 3- chl oromandel oditrile,

4-chl oromandel onitrile, 4- hydroxymandelonitrile, 4- nethylnandelonltrlle

4- met hoxymandel onitrile, 4-nethylthiomandelonitrile, 4-

am nonmandel onitrile, 4-nitromandelonitrile, 4- am nomandelonitrile,

4-nitromandel onitile, 3- phenoxynmandelonitrile, phenyllactonitrile,

4-phenyl -[err]- hydrggyPit ¥ dvéh€ion-hds nséaﬁxaeaefybéalﬁﬁte@taulsnd

3-(3- nethoxyphenyl)-lactonitrile, 3-(4-methoxyphenyl)- lactonitri

4- (4-f1 uor ophel| refépéhte WO OPHEVEYEOBKERpLEs fhereof, it will be

(2-chl orophenyl)-[err]-hydroxybutyronitrile, 4-(4-bronophenyl)-a-
apparent to one skilled in the art that wvarious changes and

modifications can be made therein without departing from the

spirit and scope thereof.

- 16 -~
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hydi oxybutyronitrile, 4-(2-trifluoronethyl phenyl)-a- hydpoxybutyronltrlle
4-(3-trifluoronethyl phenyk)-a- hydroxybutyronitrile and -

4- ¢ 2- hydr oxyphenyl ) -a- hydroxybutyronitrile. Cultlvatlon of t he

m croorganismis carried out by using usual nedia containing assimlable
carbon sources (e.g., glycerol, glucose, saccharose, malt extract, |actose,
and fructose); assimlable nitrogen sources (e.g., casamno acid, neat

extract, andyy@psts extAfekn;1gnd inorganic nutrients essential for growt h
(e.0., nagne3|un1chlor|de
1. A process for predominantly producing an
optically active a-~hydroxycarboxylic acid having a phenyl

group, as represented by formula (I):

@—(CHZ),,-(I:H-COOH )

X OH

wherein X represents a hydrogen atom, a hydroxyl group, an
aliphatic saturated alkyl group having from 1 to 3 carbon
atoms, an aliphatic saturated alkoxy group having from 1 to 3
carbon atoms, a thioalkyl group, a halogen atom, a phenyl
group, a phenoxy group, an amino group or a nitro group,
which is bonded to the o-, m-, or p-position; and n
represents 0, 1 or 2,

which comprises reacting a microorganism capable of
asymmetrically hydrolyzing a nitrile group of a racemic «-

hydroxynitrile répresented by formula (II):

X OH

wherein X and n are as defined above,

and wherein said microorganism belongs to the genus Gordona
or treated cells thereof, with a racemic a-hydroxynitrile
repfesented by formula (II) or a mixture of an aldehyde
corresponding to said nitrile and prussic acid in a neutral

to basic aqueous medium.
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8 -sodi um sul f at e, cal ci um-chl ori de, manganese sulfate, irqn chloride, and
zinC sulfate). To obtainiincreased enzynme activity, an e#dzyme inducer

preferably is added to the culture nmediumin the initial or mddle stage of
cultivation in such a concentration as not to significantly inhibit growh.

Sui tabl e enzyne inducers include nitriles (e.g., cinnanonitrile, benzyl

cyani de,

| sobutyronitrile, [err]- phenylpropionitrile, benzonitrile, 2-, 3-

or 4-cyanopyridine, 1-cyclohexenylacetonitrile, [err]-caprolactam
[err]-butyronitrile,2. A process as claimed in Claim 1, wherein said

microorganism is Gordona terrae MA-1 (FERM BP-4535).

3. The process as claimed in Claim 1, wherein a-
hydroxynitrile is a member selected from the group consisting
of mandelonitrile, 2-chloromandelonitrile, 3-chloromandelo-
nitrile, 4-chloromandelonitrile, 4-hydroxymandelonitrile, 4-
methylmandeionitrile, 4-methoxymandelonitrile, 4-methylthio-
mandelonitrile, 4-aminomandelonitrile, 4-nitromandelonitrile,
3-phenoxymandelonitrile, phenyllactonitrile, 4-phenyl-a-
hydroxybutyronitrile, 3-(2-methoxyphenyl)-lactonitrile, 3-(3-
methoxyphenyl)-lactonitrile, 3-~(4-methoxyphenyl)-lacto-
nitrile, 4-(4-fluorophenyl)-c-hydroxybutyronitrile, 4-(2-
chlorophenyl ) -a~hydroxybutyronitrile, 4-(4-bromophenyl)-c-
hydroxybutyronitrile, 4-(2-trifluoromethylphenyl)-a-hydroxy-
butyronitrile, 4-~(3-trifluoromethylphenyl)-a-hydroxybutyro-
nitrile ang'4—(2—hydroxyphenyl)4a-hyd:oxybutyronitrile.

4. fﬂe’;rocess as claimed in Claim 1, wherein the
reaction occurs in a sysfem having a pH of 4 to 11.

5. The process as claimed in Claim 1, wherein the
yield of the compound according to formula (I) in the

reaction is 50 to 100% based on the amount of the a-

hydroxynitrile according to formula (II).

6. The process as Claimed in Claim 1, wherein the
reaction occurs in the presence of a member selected from the
group consisting of sodium sulfite, acid sodium sulfite,

sodium dithionite, potassium sulfite, acid potassium sulfite,

- i



_and o- anlnobenzonltrlle),\and am des (e.g., |sobutylan1d6‘ phenyl acet am de,
and: 4- pyri di necar boxyl i c3a¢id ani de). Culturlng i s aerobi®ally conducted at
a pHfrom4 to 10 and a tenperature from5 to [err], for a period of about
1 to 7 days, until the maximum activity is reached. The asymetric

hydrol ysis reaction can be carried out by suspending mcrobial cells
harvested fromthe culture or treated mcrobial cells (e.g., dried cells,
ruptured cel b8tags$hiMdgiehibBHEkE] CHmindal e duaRa e, 4D Rikro#@ 4T CF ObI al
cells or an Trobilized enzyne) in an aqueous nedlun1(e g., water and a

buf f er solutggmfltapdahalagmaglamragenuanatehydroxyn|tr|Ie of formula (I1)
or a mxture of an al dehyde

IIIIIIII IHIII IIIII HIII ll IIII
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Correspondlng to the nityile and prussic acid in contact<w th the cel
suspensi on. The reaction- “§yst em shoul d be mai nt:ai ned nearry neutral or
basic in order to racemi ze the [err]-hydroxynitrile of formula (I11). That
is, the pH of the reacti on system should be kept within a range of 4 to
11, and preferably 6.5 to 10. The concentration of the substrate in the
reaction systemusually ranges fromO0.1 to 10% by wei ght, and preferably
0.2 to 5.0% by weight in ter "ap¥rRATT (G GHE BESCLOSURE

A biological process for predominantly producing an
optically active a-hydroxycarboxylic acid having a phenyl
group directly from a racemic a~hydroxynitrile or a mixture
of an aldehyde corresponding to the nitrile and prussic acid
as a substrate is disclosed, comprising reacting a
microorganism belonging to the genus Goxrdona with the
substrate in a neutral to basic aqueous medium. A desired
optically active a-hydroxycarboxylic acid having a phenyl
group can be obtéined quantitatively at a high optical

purity.

- 20 -
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varyi ng depending on the sensitivity of the ae,"t"c)mmez‘za’}“d hyt@epaged 1§
correspondi ng to the racen c a- hydroxynitri Lefioftsfiofpul apdaet ?om>p%£§sr
acid. To reduce enzyne denaturation by an al deflytlesiss@) umsdl.f.i epagzdi.d.
sodiumsul fite, sodiumdithionite, potassuun1ss-ﬁi@ﬁxtaciﬁgpdﬂbﬁaipq$d .....
sulfite, potassiumdithionite, ammoni um sul fifte, acid amoni u n
ammonium dithionite in an anount of 1 to 100Q o Lﬂu?%ﬁkggﬁjg%ﬁ F

i croorgani smusual |y i R PRBBHT i A
dry basis based on thg 2 Y@}&Bomf@%ﬁ%ﬂﬁ % E! Wed at a

tenperature of 0 to

hydroxynltrl le of fornula (I11) based on the fot aR‘El‘ieéﬁhsbmsy?z‘%{ﬁ \Mﬁql%

N?YLC

FIELD OF THE INVENTION

This invention relates to a biological process for
producing an optically active a-~hydroxycarboxylic acid having
a phenyl gfoup. More particularly, it relates to a process
for producing an optically active a-hydroxycarboxylic acid
having a phenyl group as represented by formula (I) shown
below, by the action of a microorganism capable of
asymmetrically hydrolyzing a nitrile group of a racemic a-
hydroxynitrile represented by formula (II) shown below. The
optically abtive a-hydroxycarboxylic acid of formula (I) is
of industrial importance as a starting material for
synthesizing pharmaceuticals and agrochemicals, such as
antibiotics or drugs acting on the sympathetic nervous
system, and as a resolving reagent.

BACKGROUND OF THE INVENTION

Known processes for producing an optically active a-
hydroxycarboxylic acid having a phenyl group include optical
resolution of racemates by crystallization or chromatography
and asymmetric synthesis through organochemical procedures.
These processes generally involve complicated operations,
only to attain a low yield of a product.

To overcome these problemé, biological.processes
utilizing microorganisms have been proposed. For example, it

has been proposed to asymmetrically hydrolyze substituted or
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[err], and preferably 10 to [err], for a period of 0.1 to 100 hours. The
reaction product, i.e., an optically active a- hydroxycarboxylic acid of
formula (1), can be isolated fromthe reaction m xture by known procedures.
For exanple, the mcrobial cells nay be renoved by centrifugation, and if
desired, granular conmponents, proteins, ara polysacchari des may be renoved
by ultrafiltration or the like. |If desired, the supernatant nmay be treated
wi th activated carbon. Then,

unsubstituted mandelonitrile or substituted or unsubstituted
mandelamide by the action of a microorganism belonging to the
genus Alcaligenes, Pseudomonas, Rhodopseudomonas,

Co ebacterium, Acinetobacter, Bacillus, M cobacterium,
Rhodococcus or Candida to obtain optically active mandelic
acid or derivatives thereof as disclosed in European Patent
Publication.No. 0 348 901 A (corresponding to JP-A-2-84198
(the term "JP-A" as used herein means an "unexamined
published Japanese patent application")) and Applied and
Environmental Microbiology, Vol. 57, pp. 3028-3032 (1991).

It is also known to obtain a predominant proportion of R(-)-
mandelic acid or a derivative thereof directly from racemic
mandelonitrile or a derivative thereof by the action of a
microorganism belonging to the genus Pseudomonas,
Alcaligenes, Acinetobacter, Caseobacter, Nocardia, Bacillus,
Brevibacterium or Aureobacterium, as disclosed in U.S. Patent
5,223,416 (corresponding to JP-A-4-218385, JP~A-4-99495 and
JP-A-4-99496).

In these biclogical processes, discovery of a new
microorganism with higher activity and higher optical
selectivity would produce a great industrial benefit.

SUMMARY OF THE INVENTION

The present inventors searched extensively for a

microorganism capable of producing an optically active o~

hydroxycarboxylic acid having a phenyl group with industrial

-
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10 the supernatant may be concentrated under reduced pressure or extracted
with an organic solvent in an acidic condition, foll owed by repeated
recrystallization frombenzene, etc., to obtain a high purity crystal. The
present invention provides an industrially excellent process for preparing
an optically active a- hydroxycarboxylic &cid having a phenyl group
represented by fornula (1) at alnobst quantitative selectivity and at high
optical purity. The present invention will now be illustrated in greater

detail wth pabgheAEEs.O FHEYPE6ENdPEhat!t aSHEVEE M€croorganism belonging
to the genus Gordona isolated from soil is effective.
The present invention relates to a process for
predominantly producing an optically active a-hydroxy-

carboxylic acid having a phenyl group as represented by

@-(CHZ)“-(IJH—COOH (1)

X OH

formula (I):

wherein X represents a hydrogen atom, a hydroxyl group, an
aliphatic saturated alkyl group having from 1 to 3 carbon
atoms, an aliphatic saturated alkoxy group having from 1 to 3
carbon atoms, a thioalkyl group, a halogen atom, a phenyl
group, a phenoxy group, an amino group or a nitro group,
which is bonded to the o-, m~, or p-position; and n
represents 0, 1 or 2,

which comprises reacting a microorganism capable of
asymmetrically hydrolyzing a nitrile group of a racemic a-

hydroxynitrile represented by formula (II):

@—(Cﬁz)n’?H—CN (11)

X OH

wherein X and n are as defined above,
and wherein said microorganism belongs to the genus Gordona
or treated cells thereof, with a racemic a-hydroxynitrile

represented by formula (II) or a mixture of an aldehyde

This i3 ihe replacement shoet

2 4 SEP 3%

{ate:



understood that the present invention is not deemed to be linmited thereto.
Al'l percentages are by weight unless otherw se indicated. EXAMPLE 1
Preparation of L-3-Phenyllactic Acid (1) Culturing: Gordona terrae MA-1
(FERM BP- 4535) was aerobically cultured in a nedium having the foll ow ng
conposition, wth 0.05% benzyl cyani de added as an inducer, at [err] for 72
hours. Medi um Conposition: dycerolt 20 g

corresponding to said nitrile and prussic acid in a neutral
to basic aqueous medium.

The present invention is based on the fact that the
‘a-hydroxynitrile of formula (II) is easiiy racemized in a
neutral to basic aqueous medium at the dissociation
equilibrium between the a~hydroxynitrile and the

, %orresponding aldehyde and prussic acid. The inventors found
that the a—hydrbxynitrile of formula (II) can be directly
converted to an optically active d—hydroxycarboxylic acid
having a phenyl group represented by formula (I) with
predominance over a D-form or an L-form by couplirg the
above-mentioned racemization reaction system with the above-

mentioned microorganism. The term "with predominance" as

used herein means that a D-form or an L-form is obtained from
a racemic compound in a yield'of from 50 to 100% based on the
amount of reactant according to formula (II).

DETAILED DESCRIPTION QOF THE INVENTION

The microorganism which can be used in the present
invention belongs to the genus Gordona and is capable of
asymmetrically hydrolyzing a nitrile group of a racemic a-
hydroxynitrile of formula (II) to produce and accumulate in a.
high concentration an optically active'a—hydroxycarboxylic
acid having a phenyl group represented by formula (I).

Thé microorganism typically includes Gordona terrae
MA-1 which the inventors isolated from soil and deposited

with National Institute of Bioscience & Human Technology
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Yeast extract 3 g Potassium primry

phosphat e 6.8 g Sodi um secondary phosphate

7.1 9 Sodi um sul fate 2.8 g Magnesi um
chl ori de 0.4 g Calciumchloride

0. 04 g Manganese sulfate 5 ' 0.03 g Iron chloride
0.006 g Zinc sulfate 0.003 ¢

(formerly, Fermentation Research Institute), Agency of
Industrial Science & Technology under deposit receipt number
FERM BP-4535. Morphological and physiological properties of

this strain are described below.

MA-1:

Shape: polymorphic bacillus
Gram’s stain: +
Spore: -

 Motility: -
Oxidase: ' -
Catalase: +
Color of colony: pink to orange
Rod-coccus cycle: +
Extension of peripheral observed
cells of colony:
Formation of aerial hypha not observed
Behavior toward oxygen aerobic
Diamino acid of cell wall: meso—diamindpimelic acid
Glycolyl test: + (glycolyl type)

Sugar composition of cell wall:

Arabinose: +
Galactose: +
Existence of guinone: MK-9 (H,)

Adenine decomposition: -
Tyrosine decomposition: -

Urea decomposition: +
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Distilled water 1000 M pH = 7.5 (2) Asymmetric
Hydrol ysis: Mcrobial cells harvested fromthe culture were washed with a
50 nM phosphoric acid buffer solution (pH=8.2) by centrifugation and
suspended in the sanme buffer solution containing 10 mM phenyllactonitrile
at such a cell concentration as to have opical density of 20 at 630 nm
[err]. The cell suspension was allowed to react at [err] for 96 hours
whi | e shaking. After conpletion of the reaction, the mcrobial cells were

renmoved by centrifeyqatlagiysEye content of phenyllactic

Inositol -
Maltose -
Mannitol +
Rhamnose +
Sorbitol ' +

Sodium m-hydroxybenzoate -

Sodium benzoate +
Sodium citrate +
Sodium lactate +
Testosterone +
Acetamide -
Sodium pyruvate +
Growth in the presence of +

0.02% sodium azide

Growth at 10°C +
Growth at 40°C +
Growth in the presence of - +

0.001% Crystal Violet

Growth in the presence of +
0.3% phenylethanol '

Growth in the presence of +
5% NaC¢
Growth in the presence of +
7% NaCt

The above-described taxonomical properties were

examined by referring to Bergey's Manual of Systematic
Bacteriology (1986), J. Gen. Appl. Microbiol., Vol. 34, pp.
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acid in the supernatant was determ ned by |iquid chromatography (col um:
Wakosi| ODS 5C18; carrier solution: 0.1M phosphoric acid:acetonitrile=3:1
by vol une; nonitor: 254 nn). The supernatant was adjusted to pH 12 with 6N
NaOH and extracted twice with an equal anount of ethyl acetate to renobve
any unreacted phenyllactonitrile. The aquébus | ayer was adjusted to pH 1.2
with sulfuric acid and extracted twice with an equal anobunt of ethyl

acet at e. The3 extract was . 12 .
41-348 (1988), and Int. J. Syst. Bacteriol., Vol. 39, p. 371

(1989). MA-1 strain was identified as belonging to Gordona
terrae. Specific examples of the compounds of formula (II)
which can be used as a substrate in the present invention
include mandelonitrile, 2-chloromandelonitrile, 3-
chloromandelonitrile, 4-chloromandelonitrile, 4-
hydroxymandelonitrile, 4-methylmandelonitrile, 4-
methoxymandelonitrile, 4-methylthiomandelonitrile, 4-
aminomandelonitrile, 4-nitromandelonitrile, 4-
aminomandelonitrile, 4-nitromandelonitile, 3-
phenoxymandelonitrile, phenyllactonitrile, 4-phenyl-a-
hydroxybutyronitrile, 3-(2-methoxyphenyl)-lactonitrile, 3-(3-
methoxyphenyl )-lactonitrile, 3-(4-methoxyphenyl)-
lactonitrile, 4;(4-fluorophenyl);a-hydroxybutyronitrile, 4-
(2-chlorophenyl )-a-hydroxybutyronitrile, 4-(4-bromophenyl)-c-
hydroxybutyronitrile, 4-(2-trifluoromethylphenyl)-o-~
hydroxybutyronitrile, 4-(3-trifluoromethylphenyl)-c-~
hydroxybutyronitrile and 4-(2-hydroxyphenyl)-c-
hydroxybutyronitrile,

Cultivation of the microorganism is carried out by
using usual media containing assimilable carbon sources
(e.g., glycerol, glucose, saccharose, malt extract, lactose,
and fructose); assimilable nitrogen sources (e.g., casamino
acid, meat extract, and yeast extract); and inorganic

nutrients essential for growth (e.g., magnesium chloride,
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evaporated to dryness in an evaporator. The residue was dissolved in water
and anal yzed on an optical resolution colum (M gel CRS-10W carrier
solution: 2mM [err]:acetonitrile=85:15 by volune). The results obtained are

shown bel ow. 3-Phenyllactic Acid: Yield: 6.5 nM (65% Optica

Purity: 60%e

(L-form EXAMPLE 2 Preparation of L-3-Phe8yllactic Acid Mcrobial cells
harvested in the sane manner as in Exanple 1 were suspended in a phosphoric

acid buffer solution

sodium sulfate, calcium chloride, manganese sulfate, iron

chloride, and zinc sulfate).

To obtain increased enzyme activity, an enzyme

inducer preferably is added to the culture medium in the

initial or middle stage of cultivation in such a

concentration as not to significantly inhibit growth.

Suitable enzyme inducers include nitriles (e.g.,

cinnamonitrile, benzyl cyanide, isobutyronitrile, B-

phenylpropionitrile, benzonitrile, 2-, 3- or 4-cyanopyridine,

l-cyclohexenylacetonitrile, e-caprolactam, y-butyronitrile,

and o-aminobenzonitrile); and amides (e.g., isobutylamide,

phenylacetamide, and 4-pyridinecarboxylic acid amide).

Culturing is aerobically conducted at a pH from 4 to

10 and a temperature from 5 to 50°C, for a period of about 1

to 7 days, until the maximum activity is reached.

The asymmetric hydrolysis reaction can be carried out

by suspending microbial cells harvested from the culture or

treated microbial cells (e.g., dried cells, ruptured cells, a

'

crude or purified isolated enzyme, immobilized microbial

cells or an immobilized enzyme) in an aqueous medium (e.g.,

water and a buffer solution), and bringing a racemic a-

hydroxynitrile of formula (II) or a mixture of an aldehyde

corresponding to the nitrile and prussic acid in contact with

the cell suspension. The reaction system should be

maintained nearly neutral or basic in order to_racemize the

a~-hydroxynitrile of formula (II). That is, the pH of the
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(pH=8.2) containing 10 nM phenyl al dehyde and 10 mM pot assi um cyanide to a
cell concentration of [err] = 20. The cell suspension was allowed to react
at [err] for 96 hours with shaking. The reaction m xture was worked-up in
t he same manner as in Exanple 1. The phenyllactic acid content and its
optical purity were determned in the sam® manner as in Exanple 1. The
results of anal yses are shown bel ow. 3-Phenyllactic Acid: Yield: 7.5 nM
(75% Optical Purity: 63%e (L-form

reaction system should be kept within a range of 4 to 11, and

preferably 6.5 to 10.

The concentration of the substrate in the reaction
system usually ranges from 0.1 to 10% by weight, and
preferably 0.2 to 5.0% by weight in terms of the racemic o-
hydroxynitrile of formula (II) based on the total reaction
system, while varying depending on the sensitivity of the
enzyme to the aldehyde corresponding to the racemic a-
hydroxynitrile of formula (II) or prussic acid.

To reduce enzyme denaturation by an aldehyde, sodium
sulfite, acid sodium sulfite, sodium dithionite, potassium
sulfite, acid potassiﬁm sulfite, potassium dithionite,
ammonium sulfite, acid ammonium sulfite, and ammonium
dithionite in an amount of 1 to 1000 mM may be added.

The microorganism usually is used in an amount of
0.01 to 5.0% by weight on a dry basis based on the substrate.
The reaction is usually conducted at a temperature of 0 to
50°C, and preferably 10 to 30°C, for a period of 0.1 td 100
hours.

The reaction product, i.e.,.an optically active a-
hydroxycarboxylic acid of formula (I), can be isolated from
the reaction mixture by known procedures. For example, the
microbial cells may be removed by centrifugation, and if
desired, granular components, proteins, and polysaccharides
may be removed by ultrafiltration or the like. If desired,

the supernatant may be treated with activated carbon. Then,
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13 EXAMPLE 3 Preparation of L-4-Phenyl-[err]-hydroxvbutyric Acid M crobi al
cells harvested in the sanme nmanner as in Exanple 1 were suspended in a
phosphoric acid buffer solution (pH=8.2) containing 10 nv

4- phenyl -[err]-hydroxybutyronitrile to a concentration of [err] = 20. The
cell suspension was allowed to react at f€r] for 96 hours with shaking.
Further, the sane reaction was carried out in the presence of 100 nM sodi um
sulfite for reducing enzyne denaturation by the

the supernatant may be concentrated under reduced pressure or
extracted with an organic solvent in an acidic condition,
followed by repeated recrystallization from benzene, etc., to
obtain a high purity crystal.

The present invention provides an industrially
excellent process for preparing an optically active a-
hydroxycarboxylic acid having a phenyl group represented by
formula (I) at almost quantitative selectivity and at high
optical purity.

The present invention will now be illustrated in
greater detail with reference to Examples, but it should be
.understood that the present invention is not deemed to be
limited thereto. All percentages are by weight unless
otherwise indicated.

EXAMPLE 1

Preparation of L-3-Phenyllactic Acid

(1) Culturing:

Goraona terrae MA-1 (FERM BP-4535) was aerobically
cultured in a medium having the following composition, with
0.05% benzyl cyanide added as an inducer, at 30°C for 72

hours.

Medium Composition:

Glycerolt ' 20 g
Yeast extract | 3 g
Potassium primary phosphate 6.8 g
Sodium secondary phosphate 7.1 g
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al dehyde. The reaction m xture was worked-up in the sane manner as in
Exanpl e 1. The 4-phenyl-[err]-hydroxybutyric acid content and the opti cal
purity were determned in the same manner as in Exanple 1. The results of
anal yses are shown in Table 1 below. TABLE 1 Sodi um

Optical Purity Sulfite Yield 11 (L-Form (mV)

gg@e) not added 7.0 (70% 90 added 9.0 (90%
Sodium sulfate 2.8 g
Magnesium chloride 0.4 g
Ccalcium chloride ' 0.04 g
Manganese sulfate 0.03 g
Iron chloride 0.006 g
Zinc sulfate 0.003 g
Distilled water 1000 me

pH = 7.5
(2) Asymmetric Hydrolysis:

Microbial cells harvested from the culture were
washed with a 50 mM phosphoric acid buffer solution (pH=8.2)
by centrifugation and suspended in the same buffer solution
containing 10 mM phenyllactonitrile at such a cell
concentration as to have optical density of 20 at 630 nm
(ODg3o) - The cell suspension was allowed to react at 30°C for
96 hours while shaking.

After completion of the reaction, the microbial cells
were removed by centrifugation. The content of phenyllactic
acid in the supernatant was determined by liquid
chromatography (column: Wakosil ODS 5C18; carrier solution:
0.1M phosphoric acid:acetonitrile=3:1 by volume; monitor:

254 nm). The supernatant was adjusted to pH 12 with 6N NaOH
and extracted twice with an equal amount of ethyl acetate to
remove any unreacted phenyllactonitrile. The aqueous layer

was adjusted to pH 1.2 with sulfuric acid and extracted twice

with an equal amount of ethyl acetate. The extract was
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EXAMPLE 4 Preparation of D-Mandelic Acid Mcrobial cells harvested fromthe
culture in the same manner as in Exanple 1 were suspended in a phosphoric
acid buffer solution (pH=8.2) containing 10 mM nandel onitrile 14 to a
cell concentration of [err] = 20. The cell suspension was allowed to react
at [err] for 24 hours with shaking. The A&action mxture was worked-up in

t he sane manner

evaporated to dryness in an evaporator. The residue was
dissolved in water and analyzed on an optical resolution
column (MCI gel CRS-10W; carrier solution: 2mM
CuSO,+5H,0:acetonitrile=85:15 by volume). The results
obtained are shown below.
3-Phenyllactic Acid:

Yield: 6.5 mM (65%)

Optical Purity: 60%ee (L-form)

EXAMPLE 2
Preparation of L-3-Phenyllactic Acid

Microbial cells harvested in the same manner as in
Example 1 were suspended in a phosphoric acid buffer solution
(pH=8.2) containing 10 mM phenylaldehyde and 10 mM potassium
cyanide to a cell concentration of ODgo = 20. The cell
suspension was.allowed to react af 30°C for 96 hours with
shaking.

The reaction mixture ﬁas worked-up in the same manner
as in Example 1. The phenyllactic acid content and ifs
optical purity were determined in the same manner as in
Example 1. The results of analyses are shown below.
3-Phenyllactic Acid:

Yield: 7.5 mM (75%)

Optical Purity: 63%ee (L-form)
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as in Exanple 1. The mandelic acid content and optical purity were

determ ned in the same manner as in Exanple 1. The results of anal yses are
shown bel ow. D-Mandelic Acid: Yield: 9.8 mM (98% Optical Purity: 98%e
(D-form EXAMPLE 5 Preparation of D Mandelic Acid .and Derivatives Thereof

M crobial cells harvested fromthe culturé3in the same manner as in Exanple
1 were suspended in a phosphoric acid buffer solution (pH=8.2) containing
each of the substrates shown in Table 2 below to prepare a cell :

EXAMPLE 3

Preparation of L-4-Phenyl-a-hydroxybutyric Acid

Microbial cells harvested in the same manner as in
Example 1 were suspended in a phosphoric acid buffer solution
(pH=8.2) containing 10 mM 4-phenyl-a-hydroxybutyronitrile to
a concentration of ODg, = 20. The cell suspension was
allowed to react at 30°C for 96 hours with shaking. Further,
the same reaction was carried out in the presence of 100 mM
sodium sulfite for reducing enzyme denaturation by the
aldehyde.

The reaction mixture was worked-up in the same manner
as in Example 1. The 4-phenyl-a-hydroxybutyric acid content
and the optical purity were determined in the same manner as

in Example 1. The results of analyses are shown in Table 1

below.
TABLE 1
Sodium Optical Purity
Sulfite Yield (L-Form)
(m) (%ee)
not added 7.0 (70%) 90
added 9.0 (90%) 92
EXAMPLE 4

Preparation of D-Mandelic Acid

Microbial cells harvested from the culture in the
same manner as in Example 1 were suspended in a phosphoric

acid buffer solution (pH=8.2) containing 10 mM mandelonitrile
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suspension ([err] = 10 to 30). The cell suspension was allowed to react at
[err] for the time shown in Table 2, while shaking. After the reaction, the

m cr obi al

cells were renoved by centrifugation. The content and opti cal

purity of mandelic acid or a nmandelic acid derivative accunmul ated in the
supernatant were deternmined in the sane ndfiner as in Exanple 1. The results
obt ai ned are shown in Table 2. 15

to a cell concentration of ODgy = 20. The cell suspension
was allowed to react at 30°C for 24 hours with shaking.

The reaction mixture was worked-up in the same manner
as in Example 1. The mandelic acid content and optical
purity were determined in the same manner as in Example 1.

The results of analyses are shown below.

D-Mandelic Acid:

Yield: 9.8 mM (98%)
Optical Purity: 98%ee (D-form)
EXAMPLE 5
Preparation of D-Mandelic Acid and Derivatives Thereof
Microbial cells harvested from the culture in the
same manner as in Example 1 were suspended in a phosphoric
acid buffer solution (pH=8.2) containing each of the
substrates shown in Table 2 below to prepare a cell
suspension (0ODg = 10 to 30). The cell suspension was
allowed to react at 30°C for the time shown in Table 2, while
shaking. After the reaction, the microbial cells were
removed by centrifugation. The content and optical purity of
mandelic acid or a mandelic acid derivative accumulated in
the supernatant were determined in the same manner as in

Example 1. The results obtained are shown in Table 2.
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WHAT IS CLAIMED IS: 1. A process for predomnantly producing an optically
active [err]-hydroxycarboxylic acid having a phenyl group, as represented
by formula (1): [err] wherein X represents a hydrogen atom a hydroxyl
group, an aliphatic saturated al kyl group having from1l to 3 carbon atons,
an aliphatic saturated al koxy group havingtdrom1 to 3 carbon atons, a
t hi oal kyl group, a hal ogen atom a phenyl group, a phenoxy group, an am no

group or a nitro grOUﬁhlﬂQ'Eﬂe'§n@@ﬁ€§9ntﬁaéhﬁe8n ddscrPbeld- PRSEELQNL AR N
represents 0, 1 or

with reference to specific examples thereof, it will be

apparent to one skilled in the art that various changes and
modifications can be made therein without departing from the

spirit and scope thereof.
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whi ch conprlses reactln a n1croorgan|sn1capable of asymetrically

hydr ol yzi ng a ni ’Eﬁ'ﬁ‘ ﬁ racemc [err]- hydroxym trile represented
by forrmula (I1): lﬁﬂ?eumln are as deiined=abower— Fre—wer ei n
sai d microorganis e genus Gordona |prfHi8 SE’CE‘ﬁHééIBE&N er eof ,
with a racemic [err]-hydroxynitrile reprek@nted fpy forBERIAGED ) or Jja

m xture of an al dehyde corresponding to said nit¥sFEand prussic acid in a
pPH 6.5 to 10WHAT ISaQUeIMEDNEGi:UM

1. A pfocess for predominantly producing an
optically active a-hydroxycarboxylic acid having a phenyl

group, as représented by formula (I):

@—(CHZ)H~(IZH—COOH -

X OH

wherein X represents a hydrogen atém, a hydroxyl group, an
aliphatic saturated alkyl group having from 1 to 3 carbon
atoms, an aliphatic saturated alkoxy group having from 1 to 3
carbon atoms, a thioalkyl group, a halogen atom, a phenyl
group, a phenoxy group, an amino group.or a nitro group,
which is bonded to the o-, m-, or p-position; and n
represents 0, 1 or 2,

which comprises reacting a microorganism capable of
asymmetrically hydrolyzing a nitrile group of a racemic a-

hydroxynitrile represented by formula (II):

-@‘(CHZ){?H-CN' 1)

X OH

wherein X and n are as defined above,

and wherein said microorganism belongs to the genus Gordona
or treated cells thereof, with a racemic a~hydroxynitrile
represented by formula (II) or a mixture of an aldehyde
corresponding to said nitrile and prussic acid in a neutral

to basic agqueous medium.

This is the replacement sheet
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Gordona terrae N 35). 3. The process §
wherein [err]- h S a menber sel ected |
consi sting of na -chl oronmandel onitril & shilg
nitrile, 4-ch|oronande|on|trlle, 4- hydr ox{fandel onitril e, 4-
nmet hyl mandel onitrile, 4-nmethoxymandelonitrile, 4-nethylthio-
mandel onitrile, 4-am nomandelonitrile, 4-nitromandelonitrile,
3- phenoxymandel onitriz e, pheryddsstamidlaimed 4iphelyim| B rdherein said
hydr oxybutyronitrile, 3-(2-nethoxyphenyl)-lactonitrile, 3-(3-
microorganism is Gordona terrae MA-1 (FERM BP-4535).

18 2. A process “as clalrreW aim1l, wherein said,

3. The process as claimed in Claim 1, wherein a-
hydroxynitrile is a member selected from the group consisting
of mandelonitrile, 2-chloromandelonitrile, 3-chloromandelo-
nitrile, 4¢-chloromandelonitrile, 4-hydroxymandelonitrile, 4-
methylmandelonitrile, 4-methoxymandelonitrile, 4-methylthio-
mandelonitrile, 4-aminomandelonitrile, 4-nitromandelonitrile,
prhenoxymandelonitrile, phenyllactonitrile, 4-phenyl-c-
hydroxybutyronitrile, 3-(2-methoxyphenyl)-lactonitrile, 3-(3-
methoxyphenyl)-lactonitrile, 3-(4-methoxyphenyl)-lacto-
nitrile, 4-(4-fluorophenyl)—a—hydroxybutyronitrile, 4-(2-
chlorophenyl)-a?hydroxybutyronitrile, 4-(4-bromophenyl )-c-
hydroxybutyronitrile, 4-(2-trifluoromethylphenyl)-a-hydroxy-
butyronitrile, 4-(3-trifluoromethylphenyl)-a-hydroxybutyro-
nitrile and 4-(2-hydroxyphenyl)-a-hydroxybutyronitrile.

4. The process as claimed in Claim 1, wherein the
reaction occurs in a system having a pH of 4 to 11.

‘5., The process as claimed in Claim 1, wherein the
yield of the compound according to formula (I) in the
reaction is 50lto 100% based on the amount of the a-
hydroxynitrile according to formula (II).

6. The process as claimed in Claim 1, wherein the
reaction.occurs in the presence of a member selected from the
group conéisting of sodium sulfite, acid sodium sulfite,

sodium dithionite, potassium sulfite, acid potassium sulfite,

| ARRN R AR AL | Thi e e esncEen
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met hoxyphenyl ) -1 actonitrile, 3-(4-nmethoxyphenyl)-Ila i
4- (4-fluorophenyl)-[err]-hydroxybutyronitrile, 4- (24TH55%EETHASBEEN \
chl orophenyl ) -[err]-hydroxybutyronitrile, 4-(4- brOHVphenymﬁpq&ﬁﬁqf

hydr oxybutyronitrile, 4-(2-trifluoronethyl phenyl) - [ &~=fydr oxy-
butyronitrile, 4-(3-trifluoronethyl phenyl32[err]-hydroxybutyro- nitrile and
4- (2- hydroxyphenyl)-[err]-hydroxybutyronitrile. 4. The process as clained
in Gaiml, VYo dmed e shofe ! amimay sh Beos di @i d Cardbiah (1) in
the reactionis 50 to 100% based on the anount of the [err]- hydroxynitrile

according to wrfite, (drid .anmonliin Mideisshidse clained in Gaim1l, wherein
the reaction occurs in the presence of a nenber selected fromthe
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group consisting of sodiumsulfite, acid sodiumsulfite, sodiumdithionite,
potassiumsulfite, acid potassiumsulfite, 19 potassiumdithionite,
anmonium sul fite, acid amonium sulfite, and ammoniumdithionite.

20

PROCESS FOR PRODUCING OPTICALLY ACTIVE
o-HYDROXYCARBOXYLIC ACID HAVING PHENYL GROUP

ABSTRACT OF THE DISCLOSURE

A biological process for predominantly producing an
optically active a-hydroxycarboxylic acid having a phenyl
group directly from a racemic a-hydroxynitrile or a mixture
of an aldehyde corresponding to the nitrile and prussic acid
as a substrate is disclosed, comprising reacting a
microorganism belonging to the genus Gordona with the
substrate in a neutral to basic agueous medium. A desired
optically activelaehydroxycarboxyliq aéid having a phenyl
group can be obtéined quéﬁtifativéiy'at a:high optical

purity.
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WHAT IS CLAIMED IS:
1. A process for predominantly producing an
optically active ac-hydroxycarboxylic acid having a phenyl

group, as represented by formula (I):

@—(CHz)n-(IIH-COOH (1)

X OH

wherein X represents a hydrogen atom, a hydroxyl group, an
aliphatic saturated alkyl group having from 1 to 3 carbon
atoms, an aliphatic saturated alkoxy group having from 1 to 3
carbon atoms, a thiocalkyl group, a halogen atom, a phenyl
group, a phenoxy group, an amino group or a nitro group,
which is.bonded to the o-, m-, or p-position; and n
represents 0, 1 or 2,

which comprises reacting a microorganism capable of
asymmetrically hydrolyzing a nitrile group of a racemic a-

hydroxynitrile represented by formula (II):

_@—(C.Hz)n-lcﬁ-cn (11)

X OH

wherein X and n are as defined above,

and wherein said microorganism belongs to the genus Gordona
or treated cells thereof, with a racemic a-hydroxynitrile
represented by formula (II) or a mixture of an aldehyde

corresponding to said nitrile and prussic acid in a pH 6.5 to

10 -aqueous medium.

L



REPLACEMENT SHEET

18 MAY 1998

18

2. A process as claimed in Claim 1, wherein said
microorganism is Gordona terrae MA-1 (FERM BP-4535).

3. The process as claimed in Claim 1, wherein a-
hydroxynitrile is a member selected from the group consisting
of mandelonitrile, 2-chlo£omandelonitrile, 3-chloromandelo-
nitrile, 4-chloromandelonitrile, 4-hydroxymandelonitrile, 4-
methylmandelonitrile, 4-methoxymandelonitrile, 4-methylthio-
mandelonitrile, 4-aminomandelonitrile, 4-nitromandelonitrile,
3-phenoxymandelonitrile, phenyllactonitrile, 4-phenyl-c-
hydroxybutyronitrile, 3-(2-methoxyphenyl)-lactonitrile, 3-(3-
methoxyphenyl)-lactonitrile, 3-(4-methoxyphenyl)-lacto-
nitrile, 4-(4-fluorophenyl)-a-hydroxybutyronitrile, 4-(2-
chlorophenyl)-a-hydrdxybutyronitrile, 4-(4-bromophenyl )-c-
hydroxybutyronitrile, 4-(2-trifluoromethylphenyl)-a~hydroxy-
butyronitrile, 4—(3-trifluoromethylphenyi)-a-hydroxybutyro-

nitrile and 4—(2-hydroxyphehyl)-a—hydroxybutyronitrile.

L.

4. The process as claimed in Claim 1, wherein the
yield of the compound according to formula (I) in the
reaction is S0 to 100% based on the amount of the a-

hydroxynitrile according to formula (II).

5. The process as claimed in Claim 1, wherein the
reaction occurs in the presence of a member selected from the
group consisting of sodium sulfite, acid sodium sulfite,

sodium dithionite, potassium sulfite, acid potassium sulfite,

* C L ] S *
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potassium dithionite, ammonium sulfite, acid ammonium

{sulfite, and ammonium dithionite.

N

L



