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BACKGROUND ART
While several technologies have heretofore been reported
15 for the microbiological reduction of phenoxyacetone
derivatives, it is known that, when bakers' yeast, for instance,
is employed, the S-compounds are preferentially produced as
generally accounted for by the Prelog rule (Acta. Chem. Scand.,
48 (6), 506, 1994). Thus, microorganisms known to have the
20 ability to reduce phenoxyacetone derivatives with R-
selectivity are very few and there has not been found a
microorganism capable of achieving strictly R-selective
reduction as yet. For example, the technology for R-selective
reduction which comprises using a microorganism of the genus
25 Thermoaerobacter is known but the optical purity of the product
is 90% ee at most (Japanese Kokai Publication Hei-8-266292).
The technology for R-selective reduction of 2-acetonyloxy-
3,4-difluoronitrobenzene which comprises using a
microorganism of the genus Corynebacterium is also known but
30 the optical purity of the product is only about 88.4% ee
(Japanese Kokai Publication Hei-5-68577). Also known is the
technology for R-selective reduction of 2-acetonyloxy-3,4-
difluoronitrobenzene which comprises using a fungal strain but
the optical purity of the product is only about 84 to 94% ee

35 and, in addition, the substrate concentration that can be used
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(Japanese Kokai Publication Hei-5-68577). Also known is the technology for
iRiseIectlve reduction of 2-acetonyloxy-3,4- difluoronitrobenzene which
conprises using a fungal strain but the optical purity of the product is
only about 84 to 94%ee 35 and, in addition, the substrate concentration
that can be used *@00002* 2 is so low that the productivity is also

i nevitably | ow (Japanese Kokai Publicatfon Hei-3-183489). \Wen microbial
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10 partly because the optical purity of the product is not
sufficiently high and partly because the technology requires
a costly purified enzyme (USP 5385833).
Thus, those reduction technologies utilizing a
microorganism or the like invariably have room for improvement
15 in order that they may be successfully exploitedon a commercial
scale because 1) the optical purity of the product is not as
high as required of any starting material for pharmaceuticals,
2) the low substrate concentration entails low productivity,
and/or 3) a costly purified enzyme is required.
20
SUMMARY OF THE INVENTION
The inventors of the present invention conducted
intensive investigations for producing (R)-2-hydroxy-1-
phenoxypropanederivatives,whichareofvalueasintermediates
25 of pharmaceuticals, especially 3,4-difluoro-2-((R)-2-
(hydroxypropyloxy) )nitrobenzene which is of use as an
intermediate of synthetic antimicrobials, with high optical
purity and good efficiency and discovered a carbonyl reductase
capable of reducing phenoxyacetone derivatives, which are
30 available at low cost, to (R)-2-hydroxy-l-phenoxypropane
derivatives with high R-selectivity and good efficiency. The
present invention has been accordingly developed.
The present invention, therefore, is directed to a
process for producing an (R) -2-hydroxy-l-phenoxypropane

35 derivative of the general formula (1):



20 SUMVARY OF THE | NVENTI ON The inventors of the present invention
.conducted intensive investigations for producing (R)-2-hydroxy-I-
phenoxypr opane deri.vatives, which are of value as internediates 25 of
phar maceutical s, especially 3,4-difluoro-2-((R)-2-
(hydr oxypropyl oxy))nitrobenzene which is, of use as an internediate of
synthetic antimcrobials, with high optf%a] purity and good efficiency and
di scovered a carbonyl reductase capable of reducing phenoxyacet one
derivatives, which are 30 available at |ow cost, to
(R) - 2-hydroxy- | - phenoxypropane derivatives with high R-selectivity and
good efficiency. The esent invention has been accordingly devel oped. The
present invention, t fore, is directed to a process for producing an
(R) - 2- hydr oxy-1| - phenokypropgre 35 d )vative of the general formula (1): 3
wherein R represents he y group a substituted phenoxy group, 5
whi ch conprises a Step o~reduci ng a phenoxyacetone derivative of the
general formula (2): (2) wherein Ris as defined above, 10 with a carbonyl
reduct ase derived froma m croorgani smof the genus Candida or a culture
broth or pnicessiedRcukbpueeebtots mienexyrignoner gank sTbhaivi Figt eheo@iad%y to
el aborate ggkgﬁgarbonyl reduct ase, and a step of recovering the product
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(R -2 hydr ' -‘phenoxypr opane derivati've of said general formula_ 15 (1).
The preBentwhiimleAEMBR LIPS SnOWEPsef i TRING T8t RRPRODEARE ERBF IESCRIFH YN OF

THE I NVENTI{Nthe general formula (2):

O

R (2)

wherein R is as defined above,
10 with a carbonyl reductase derived from a microorganism of the
genus Candida or a culture broth or processed culture broth of
a microorganism having the ability to elaborate said carbonyl
reductase, and a step of recovering the product (R)-2-
hydroxy-1l-phenoxypropane derivative of said general formula
15 (1).
The present invention is now described in detail.

DETAILED DESCRIPTION OF THE INVENTION
Referring to the above formulas (1) and (2), R represents
20 a phenoxy group or a substituted phenoxy group, and the
substituted phenoxy group includes p-nitrophenoxy, p-
aminophenoxy, p-chlorophenoxy, p-bromophenoxy, 3,5-
dinitrophenoxy, 2,3-difluoro-5-nitrophenoxy, etc. and is
preferably 2,3-difluoro-5-nitrophenoxy.
25 Referring to the phenoxyacetone derivative of the general
formula (2) which is used as the startingmaterial in the present

invention, it is known that 2-acetonyloxy-3,4-



Referring to the above formulas (1) and (2), R represents 20 a phenoxy

"group or a substituted phenoxy group, and the substituted phenoxy group

i ncl udes p-nitrophenoxy, p- am nophenoxy, p-chlorophenoxy, p-bronophenoxy,

3,5- dinitrophenoxy, 2,3-difluoro-5-nitrophenoxy, etc. and is preferably

2,3-d|fluoro-5-nitrophenoxy. 25 Referring to the phenoxyacetone derivative

of the general fornula (2) whichis usedl as the starting material in the

present invention, it is known that 2-acetonyloxy-3,4 4

di f1 uoronitrobenzene, for instance, can be easily synthesized by reacting
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such as cell fusion or gene manipulation canﬁélso be employed.
Such genetically engineered producer strain can be typically
acquired by the method which comprises a step of isolating
15 and/or purifying the particular enzyme and determining either
the whole or a part of its amino acid sequence, a step of
acquiring a DNA sequence encoding said enzyme based on said
amino acid sequence, a step of introducing this DNA into a
different host microorganism to construct a recombinant strain
20 of microorganism, and a step of growing the recombinant strain
to let it produce the objective enzyme (WO 98-35025). By way
of example, there can be mentioned the transformant cell line
obtainable by such a transformation using a plasmid, said
plasmid containing a DNA encoding.for said cérbonyl reductase
25 and a DNA encoding for an enzyme capable of regenerating the
coenzyme on which said carbonyl reductase is dependent. The
preferred, among such transformant cell lines, are the
transformant cell line in which said enzyme capable of
regenerating the coenzyme is glucose dehydrogenase, the
30 transformant cell in which said glucose dehydrogenase is
derived from Bacillus megaterium, the transformant cell line
in which said plasmid is pﬁTSlG, and the transformant cell line
obtained by the transformation of an Escherichia coli strain.
The more preferred example is E. coli HB101l (pNTS1G), Accession
35 No. FERM-BP5835 [deposited with: National Institute of



of .exanple, there can be nentioned the transformant cell |line obtainable
by 'such a transformation using a plasmd, said plasm d containing a DNA
encodi ng for said carbonyl reductase 25 and a DNA encoding for an enzyme
capabl e of regenerating the coenzyne on which said carbonyl reductase is

dependent. The preferred, anong such transformant cell lines, are the
transfornmant cell line in which said enf&ne capabl e of regenerating the
coenzynme is glucose dehydrogenase, the 30 transformant cell in which said
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| i quor, V\/ne:ft Yan,” yeast - extr 7 Inorganic salts such as magnesi um
sul fate, corresponding esters, 01ls, e.g. rapeseed o0il, soybean oil,

etc.; nitrogen sources such as ammonium sulfate, sodiumnitrate,
15 peptone, casamino acids, corn steep liquor, wheat bran, yeast
extract, etc.; inorganic salts such as magnesium sulfate,
sodium chloride, calcium carbonate, potassium
monohydrogenphosphate, potassium dihydrogenphosphate, etc.;
and other nutrients such as malt extract, meat extract, etc.
20 can be employed. Cultivation is carried out under aerobic
conditions, and the cultural time is usually about 1 to 5 days,
the medium pH is 3 to 9, and the incubation temperature is 10
to 50 C.
The reaction can be conducted by adding the substrate
25 phenoxyacetone derivative, coenzyme NADP, and a culture broth
or processed culture broth of a microorganism to a suitable
solvent and stirring the mixture under controlled pH condition.
The reaction is carried out at 10 to 70 °C and pH 4 to 10. The
substrate charge concentration is 0.1 to 90% (w/v) and the
30 substrate can be added in bolus or continuously. This reaction
can be carried out batchwise or continuously.

The term "culture broth of amicroorganism” as used herein
means a culture broth inclusive of cells or a cellular fraction
thereof (cultured cells), and the "processed culture broth

35 thereof" includes a crude extract, lyophilized cells,



sodi um chl ori de, cal cium carbonate, potassium npnohydrogenphosphate,
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extract, nmeat extract, etc. 20 can be enployed. Cultivation is carried out
under aerobic conditions, and the cultural time is usually about 1 to 5
days, the nmediumpHis 3 to 9, and the incubation tenperature is 10 to 50
C. The reaction can be conducted by addi®hg the substrate 25 phenoxyacetone
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of a mcroorganismto a suitable solvent and stirring the m xture under
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the substrate concentration is about 0.1 to 90 weight %, the
reaction temperature is 10 to 50 C, the reaction pH is 5 to
15 8, and the reaction time is 1 to 36 hours.

The objective (R)-2-hydroxy-l-phenoxypropane
derivative can be produced at reduced cost by conducting the
above reaction using a culture broth or processed culture broth
of a transformant, said transformant being obtained by

20 introducing, into a homologous host microorganism, the carbonyl
reductase gene and the gene of the enzyme (e.g. glucose
dehydrogenase) capable of regenerating the coenzyme on which
said carbonyl reductase is dependent, for it will then be
unnecessary to provide an enzyme precursor necessary to

25 generate the coenzyme. ,

The (R)-2-hydroxy-l-phenoxypropane derivative formed as
the result of said reaction can be purified by the routine
procedure. For example, when a microorganism or the like has
been used, the (R)-2-hydroxy-l-phenoxypropane derivative can

30 be purified by removing the suspended matter inclusive of cells
by centrifugationor filtration where necessary, extracting the
supernatant or filtrate with an organic solvent such as ethyl
acetate, toluene or the like, removing the organic solvent under
reduced pressure, and subjecting the residue to distillation

35 under reduced pressure, chromatography or the like.



culture broth as well as on substrate concentration, generally the
substrate concentration is about 0.1 to 90 weight % the reaction
tenperature is 10 to 50 C, the reaction pHis 5 to 15 8, and the reaction
tineis 1to 36 hours. The objective (R)-2-hydroxy-I-phenoxypropane
derivative can be produced at reduced cost by conducting the above
reaction using a culture broth or procesked culture broth of a
transformant, said transformant being obtained by 20 introducing, into a
honol ogous host m croorgani sm the carbonyl reductase gene and the gene of
the enzyne (e.g. glucose dehydrogenase) capable of regenerating the
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exanpl e, when a mcroorganismor the |ike hHas been used, the
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Exanple 1 Ajp09r mpnaakaguekirvibask 369naad néigkd (U 1bduref wasseakried out
at 37 °C for 28 hours. To 50 ml of the culture broth obtained
were added phenoxyacetone 5 g, glucose 9 g, and NADP 4.4 mg,
and the reaction was carried out at 30 °C under constant stirring
15 for 24 hours, with the reaction system being controlled at
pH=6.5 with 5 N-aqueous sodium hydroxide solution. After
completion of the reaction, the reaction mixture was extracted
with toluene and the extract was concentrated with reduced
pressure to recover (R)-2-hydroxy-l-phenoxypropane as a
20 residue. HPLC analysis of the reaction mixture [column:
FinepakC.q.s (Nippon Bunko), eluent: acetonitrile/0.1%
phosphoric acid = 30/70, flow rate: 0.7 ml/min, detection
wavelength: 210 nm] revealed that the conversion rate was 79%.
A portion of the above concentration residue was purified by
25 silica gel column chromatography and analyzed by HPLC [column:
Chiralcel AS (Daicel Chemical), eluent: hexane/isopropyl
alcohol = 98/2, flow rate: 1 ml/min, temperature: 40 °C,
detection wavelength: 210 nm]. The optical purity was 99.7%
ee.
30

Example 2
To 50 ml of the culture broth obtained in Example 1 were

added 2-acetonyloxy-3,4-difluoronitrobenzene 2.5 g, glucose

2.97 g and NADP 2.9 mg, and the reaction was carried out at 30°C
35 under constant stirring for 23 hours, with the reaction system
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The optical purity was not less than 99% ee.

15 INDUSTRIAL APPLICABILITY
According to the process of the present invention,
(R) -2-hydroxy-l-phenoxypropane derivatives which are of great
use as intermediates of pharmaceuticals can be produced with
high optical purity and good efficiency.
20



m xture was extracted with toluene and the extract was concentrated with
reduced pressure to recover 3,4-difluoro 5
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that the conversion rate was 80% A portion of the above concentration
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be producegndidk yd¥dhrptdGalvarunid b fanthaertheafdll ciemayla 200)% CLAIMS 1. A

process _for producing an (R)-2-hydroxy-I- phenoxypropane derivative of the
generalsfornula (1): 5 OH wherein R represents a phenoxy group or a
substituted phenoxy p which conprises a step of reducing a
phenoxyacet one derivagive |0 of the general formula (2): 0 (2) wherein R

is as defined above,
| R (1

wherein R represents a phenoxy group or a substituted phenoxy

group,

which comprises a step of reducing a phenoxyacetone derivative
10 of the general formula (2):

o)
R (2)

wherein R is as defined above,

with a carbonyl reductase derived from a microorganism of the
15 genus Candida or a culture broth or processed culture broth of

a microorganism having the ability to elaborate said carbonyl

reductase and

a step of recovering the product (R)-2-hydroxy-1-

phenoxypropane derivative of said general formula (1).

20
2. The process for producing according to Claim 1
wherein R is 2,3-difluoro-5-nitrophenoxy group.
3. The process for producing according to Claim 1 or
25 2

wherein said microorganism of the genus Candida is Candida
magnoliae.



w th a carbonyl reductase derived froma mcroorganismof the 15 genus
"Candi-da or a culture broth or processed culture broth of a m croorgani sm
having the ability to el aborate said carbonyl reductase and a step of
recovering the product (R)-2-hydroxy-I- phenoxypropane derivative of said
general formula (1). 20 2. The process for producing according to Claim1l
wherein Ris 2,3-difluoro-5-nitrophenox¥0group. 3. The process for
produci ng according to aiml or 25 2 wherein said mcroorgani smof the
genus Candida is Candida nagnoliae. 10 5 4. The process for producing
according to Claim3 wherein said mcroorgani smof the genus Candida is

Candi d [ | FOO705. 5. Th f I I to d ai
Tor 9 wherern odd MRt BEPEARFSEPRaSTRIEhETaBrrrre Rg EFaEL i
car bonyl r edextesise sterd weid facorgaa irsine redortgenicemust Qansligen s (RoskdS da i s

a transfor |le i@ @l ai nable by a transformation using a plasmd,
sai d plasngggggﬁﬁﬁ%%ing a encodi ng sai d carbonyl reductase and a DNA

encodi n§ an enzyne capabl e of regenerating a coenzynme on which said

carbonyl reductaseg i sTHepgpEests ASr 6prddec Pi®CesSo f @In@riosiuTlagn dccor di ng
to Caim5 _ wherein said enzynme capabl e of regenerating a coenzyne is a

gl ucose deﬁydrogenase. ‘
wherein said microorganism having the ability to elaborate said

carbonyl reductase derived from a microorganism of the genus
10 Candida is a transformant cell line obtainable by a

transformation using a plasmid,

said plasmid containing a DNA encoding said carbonyl reductase

and a DNA encoding an enzyme capable of regenerating a coenzyme

on which said carbonyl reductase is dependent.

15
6. The process for producing according to Claim 5
wherein said enzyme capable of regenerating a coenzyme is a
glucose dehydrogenase.
20 7. The process for producing according to Claim 6
wherein said glucose dehydrogenase is derived from Bacillus
megaterium.

8. The process for producing according to any of Claims

25 5 to 7
wherein said carbonyl reductase is derived from Candida

magnoliae.

9. The process for producing according to Claim 8
30 wherein said carbonyl reductase is derived from Candida

magnoliae IFO0705.

10. The process for producing according to any of Claims

5 to 9
35 wherein said plasmid is pNTSI1G.



20 .7. The process for producing according to Caim6 wherein said glucose
.dehydrogenase is derived fromBacillus negaterium 8. The process for
produci ng according to any of Claine 25 5 to 7 wherein said carbonyl
reductase is derived from Candida nagnoliae. 9. The process for producing
according to Claim8 30 wherein said carbonyl reductase is derived from
Candi da nmmgnolias | FO0O705. 10. The proédéss for producing according to any
of Clainms 5 to 9 35 wherein said plasmd is pNIS1G 11 11. The process for
produci ng according to any of Clains 5 to 10 wherein said transformnt
cells are transformant Escherichia 5 coil cells. 12. The process for

produci ng accordi,ng t i erej id.t ; t aid
transformant E cog i’ Hgfglgf%éww%%ggée I SlfHdIBB arﬂ?%scféﬁné

5 to 1l

wherein said transformant cells are transformant Escherichia

5 coli cells.

12. The process for producing according to Claim 11
wherein said transformant cells are said transformant E. coli
HB101 (pNTS1G) FERM-BP5835 cells.

10



