" ; e3ekgt; kd667d8XT9: 6 ; Tt; JXC r DESCRI PTI ON OPTI CALLY ACTI VE

FLUOROPHENYLALANI NE DERI VATI VE AND PROCESS FOR PREPARI NG THE SAME 5 §

. TECHNI CAL FI ELD The present invention relates to (R)-N- (& m I)
fluorophenyl al ani ne which is a useful internediate for namm“ﬂmm“ mmula

medi ci ne and a process for preparing thesame. 10 BACKGROUND ARgked t 1S

consi dered that the correspondi ng (R)-2-hydoroxy-3(fluorophenyl) propionic

acids can be easily derived from (R)-N(am nocarbonyl)-fl uorophenyl al ani nes

of the invention. These (R) 15 fl ucDBFERWEIOMNI ne deri vathﬁ’waﬁmwmmnno

acid derivatives which are inportant as the conpound that y

transforned into a synthetic key internediate for fluorine-contabm ng

medi cines (refer to, for exanple, Journal of Medicinal Chem stry, Vol. 38,

pp. 5023, 1995,0BPCABLY 260TPYE HIFJ QRO PHENYLABANING BERINVASHINE AND As the

process for preparing optically active N (am nocarbonyl)-phenyl al ani ne

derivatives, especially BROCHSS JWRARDPARIMNGUTHE SAMEOf, there has been

known a method in which 5benzyl hydantoin or 5-(substituted benzyl)hydantoin

is treateed with a m croorgani smhaving the ability to selectively hydrolyze

(R -isoner 25 thereof to give the corresponding

(R) - N- (ami nocar bonyl ) - phenyl al ani RBCAENIGALIRIELDFor exanpl e, there are: (1)

a case where (R)-N-(am nocarbonyl)-phenyl al anine and (R -N - 2

(ami nocar bonyl ) -t yr oihee peasensbiiavemdony retatasi g {RbdhAghtipggatrbonylnd

5- (4- hydor oxybenzyl ) hydant oi n respectively with a m croorgani sm bel ongi ng

to the genufuBsephenglalanine sdhisB4is3x useyl intermedinierior manufacturing a

(R) - N-(am nocarbonyl ) - phenyl al ani ne was obtained by 5 treating

5- benzyl hydamditineand a proeeswieuprepamag dhgisigneo t he genus Hansenul a

(JP-A-61-71196), and (3) a case where (R)-N-(am nocarbonyl)-phenyl al ani ne

and (R)LON(ani nocarbonyl)-tyrosi ne were obtained by treating

5- benzyl hydant oi n and 5-(4- hydoroxybenzyl)hydantoin respectively with a

m cr oor gani sm 10 bel onging to thd @mﬁﬂé} 4, Chrompbact eri um or

Cel | ul ononas (JP- A-1-228489). However, there is no reporf_on preparation

and isol ation of (R)INigaspRsiderednthat thaorerssryndingi - dhsdrrogyedent

invention. In the light of the foregoing, the object of the present 15

i nvention i flUrophRHIORIONIY affitc afBBNS - ERBIY ostsEiach E"r‘ﬂme (&Nt he

process for preparing the _same. DI SCLOSURE OF. | NVENTI ON As a result our

i ntensi ve i ArBEPGHNGHE)-flyorepbepylalapines of the invention. These (B-

15 fluorophenylalanine derivatives are amino acid derivatives which are
important as the compound that can be easily transformed into a
synthetic key intermediate for fluorine-containing medicines (refer to,
for example, Journal of Medicinal Chemistry, Vol.38, pp.5023, 1995;
JP-A-61-260099; JP-A-9-208541; and WO-A-97/38009).

20 As the process for preparing optically active N-
(aminocarbonyl)-phenylalanine derivatives, especially (R)-configuration
compounds thereof, there has been known a method in which 5-
benzylhydantoin or 5-(substituted benzyl)hydantoin is treated with a
microorganism having the ability to selectively hydrolyze (R)-isomer

25 thereof to give the corresponding (R)-N-(aminocarbonyl)-phenylalanine
derivative. For example, there are:

(1) a case where (R)-N-(aminocarbonyl)-phenylalanine and (R)-N-



" 20 above-nentioned problem we have found a m croorgani smhaving the
ability to selectively hydrolyze (R)-isonmer of 5-(fluorobenyl)hydantoin,

. and have established the present invention. Namely, the present invention
relates to (R)-N-(am nocarbonyl)-fl uorophenyl al ani ne of the general formula
(r): -3 Xi O~\OHHNNH 2. X O5_wherein X1 and X2 are hydrogen atom
or fluorine atom In the present invention, preferable exanple of (R)-N
(am nocar bonyl ) - f | uor ophenyl al ani ne i ncl udes (R)-N-(am nocarbonyl)

(2- 1 uor opheigincd=atonsl) -(oshhé avéreosbtaiaryl by ((2chtingr o AT
(R) - N-(am n(?ggr bonyl ) - 4)- ?Iaﬁygrophenyl ) al ani ne Scf)r l(!:R)l-% heipihg

(am nocar boantl) 5{(&-Uydofdudraarhydiyideaaltai respettivélgrwithha atiesestganiyent i on
relates to a process for preparing

(R) - N- (ani nbelatiging |tp-theugemps ByditiLa iR F6-6849®neral formula (1) 15 Xi
O\VOHHNNHZ (1) 2, / X O 20 wherein X1 and X2 are hydrogen atom or

fl uori ne at@ha lwastrwheredRp-N-{dminobartmny)lrpientydalanific twas gitairéd for nul a
(I1): XL O25 ~NH (I1) / HN / X2 ~O - 4 wherein X1 and X2 are as

def i ned sabotreating b-lzenznihydenbain witht henigbodrganism beloaging ¢b \theygtmmis/ze
(R -isonmer thereof or a mcroorgani smhaving the ability. In the
above- ment i bimecsemuda ddB;A i bf7drlfb)e aexdanpl e of the
(3) a case where (R)-N-(aminocarbonyl)-phenylalanine and (R)-N-
(aminocarbonyl)-tyrosine were obtained by treating 5-benzylhydantoin
and 5-(4-hydoroxybenzyl)hydantoin respectively with a microorganism
10 belonging to the genus Agromyces, Chromobacterium or Cellulomonas
(JP-A-1-2284809).
However, there is no report on preparation and isolation of
(R)-N-(aminocarbonyl)-fluorophenylalanine of the present invention.
In the light of the foregoing, the object of the present

15 invention is to provide (R)-N-(aminocarbonyl)-fluorophenylalanine and

the process for preparing the same.

DISCLOSURE OF INVENTION
As a result of our intensive investigations to resolve the
20 above-mentioned problem, we have found a microorganism having the
ability to selectively hydrolyze (R)-isomer of 5-(fluorobenyl)hydantoin,
and have established the present invention. Namely, the present
invention relates to (R)-N-(aminocarbonyl)-fluorophenylalanine of the

general formula (I):



" 5-enzyme or microorgani smincludes a microorgani smbelong to the genus
Baci | | us, Alcaligenes or Pseudononas, or an enzyne derived from such

. mcroorganism In the above-nentioned process, nore preferabl e exanple of
the enzynme or mcroorgani smincludes Bacillus sp., Alcaligenes faecalis to
or Pseudononas putida, or enzynme derivedgfromthe mcroorganism In the
above-nenti oned process, further nore preferable exanple of the enzyne or
m croorgani smincludes Bacillus sp. KNK108 (Depositary authority:

I nternational Patent O gani sm Depositary (kFOD), Nat i onal Institute of
Advanced | ndustrial Science aXd Technol ogy;; Al ST 15 Tsukuba Center 6, 1-1,
H gashi 1- Chone Tsukuba-shi, araki - ken, pan; Date of deposit: July 2,
1981; Accession nunber: FERM B cal i ggqpes faecalis I FO 13111 or
Pseudononas putida | FO 12996; ed fron{l) he m croorgani sm

L)

Further, in the above-nentionedqurstess, N | e 20 compound of the
general formula (I1) X1 Ol {¥(11) / HN /]| X2 25 O wherein X1 and X2 are
hydrogen atom or fluorine at'om - 5 is gne which is obtained by reacting

a fluor@benzal dehyde of the general formula (I11): Xi O\ \H5 F (I11) X2
wherein X1 and X2 are as _defined above, with hydantoin in the presence of a
base, and twhereed¥iangl Xierechydmgen atprs-qif fluorisieemtorhi dene) hydant oi n of
the general formula (I1V): XI ONH (IV) / HN / Xz
X In the present invention, preferable example of (R)-N-
(aminocarbonyl)-fluorophenylalanine includes (R)-N-(aminocarbonyl)-
(2-fluorophenyl)alanine, (R)-N-{aminocarbonyl)-(3-fluorophenyljalanine,
10 (R)-N-(aminocarbonyl)-(4-fluorophenyl)alanine or (R)-N-
(aminocarbonyl)-(3,4-difluorophenyl)alanine.
Further, the present invention relates to a process for

preparing (R)-N-(aminocarbonyl)-fluorophenylalanine of the general

formula (]) :

15
)
20
wherein X! and X? are hydrogen atom or fluorine atom,
by treating 5-(fluorobenzyl)hydantoin of the general formula (II):
25

an




O wherein X and X2 are as defined above, in the presence of Raney ni ckel

or pal ladiumon activated carbon. 15 Further, in the above-nentioned

process, preferable exanple of the conmpound of the general fornmula (I11): X1

~ Ol NH(Il) 20/ HN / X ~z Owherein X1 and X2 are hydrogen atom or
“fluorine atom includes 5-(2-fluorobenzylyhydantoin,

(3-fl uorobenzyl)hydantoin, 5 - 6 (4-fluorobenzyl)hydantoin or

.5-(3, 4-di fl uorobenzyl ) hydant oi n. BEST MODE FOR CARRYI NG OQUT THE | NVENTI ON
As the conperhétedh X'hgndexreasd abUdAH&] bdvef the present 5 invention,
there is (R -N-(am nocarbonyl)-(2-fluorophenyl)al ani ne, (R

N- (am nocar kgety |én(§ni}}rﬁ@rﬁ§h'ﬁ‘f%:|thé| @vilitg. to selectively hydrolyze (R)-isomer

(R) - N- (am nocar bonyl ) - (4fl uor ophenyl ) al ani ne,

(R) - N- (ani nehafdsiot 3 thibréoddhisen drheny Ithal Asiliee.

(R) - N-(am nocar bonyl )- (2, 3-di f| uor ophenyl ) al ani ne, or

(R) - N(am nocar bonyl ) 162t 4Boviet frie@itapteahfrpated)i peefet@blEhexanipleunmthe) of
the present invention, (R)-N(am nocarbonyl)-fluorophenylal anine, is a
conpounds Whieakyfréob enidseor géhians iradltides anatfierdciigahismaselonii tealHeygaehis ve
(R)-fl uorophenyl al ani ne derivative which is useful as a starting materi al
for a nedi ciBwidng, Alealigdiees db PRetdoaigrons) i Ah @izyrhe deréwahfromvendéihon
can be obtained by (a) reacting a fluorobenzal dehyde of the general fornula
(1) wth mydaodboganismt he presence of a base to give a

5(fl uorobenzyl i dene) hydantoin of the general forrmula (1V), (b) then
reducing it in the prlasgrcabofefasnyionedkptoaesspatdm@dprafeomblectxaratpdel ofo
carbon to give a 5-(fluorobenzyl)hydantoin of the general formula (I1), (c)
further tredherenzymee nesulid¢ricogganisrinchhdew Hadiiusepgi Aloaligenas feezyhs
having the ability to selectively hydrolyze the (R)-isoner thereof or a

m cr oor t@ani emPseLidgmbhasghitidd,yor Eheymeoderived framethesimeprsoorighinidre .
explained in detail 25 hereinafter. Step (a) : This step is a condensati on
reacti on of the fluodobéheahtiehgdaentionied geneesd, fortheraniond )preifertable
hydant oi n, wher eby the 5-(fluorobenzylidene)hydantoi n of the general
fornul a (1 Vexamplstef thel enkzynmenos micacorganisys intladsssBatdius sip. KNK108
condensation, acetic acid/ sodium acetate, anmmoni um bi carbonate,

et hanol ani néDeposiiary akghoaiy bintesndtionad PasenieOugassimdepositery (IPOD),
condensation reaction can be 5 carried out at about 10 - about 120C

pref erabl y Asgienglmstitaienl Advaicethingdustriak Sdiemseaand dicchnsflogyeAIST

f1 uorobenzal dehyde to hydantoin is 0.8 - 1.2. After the reaction, the

desi r ed1pr odisskiyd | Comtsye z y! 1d eHégashiadt ehemtitsiliegbashdl basakbikeni n

wat er can be crystallized out by shifti n(i; the tenperature to the roam
t enper at ur eJapan; Date of deposit: July 2, 1981; Accession number: FERM BP-887),

f
5
5

Alcaligenes faecalis IFO 13111 or Pseudomonas putida IFO 12996, or an
enzyme derived from the microorganism.
Further, in the above-mentioned process, preferable

20 compound of the general formula (II):

x! 0
X
F - NH 0y
x? \<o

25

wherein X' and X? are hydrogen atom or fluorine atom,



1 o The product can be used as the starting material in the follow ng step
as it i's. In addition, the product also nay be used after subjecting it to
recrystallization or other purification procedure. Step (b): This is a step
in which the 5 (fluorobenzylidene)hydantoin of the general formula (1V) is
‘reduced to Z5 the 5-(fluorobenzyl)hydantgj n of the general fornmula (I1).
The reduction 20 can be carried out either by using hydrogen iodide/red
phosphorus or hydrogen iodide in glacial acetic acid, or by catalytic

hydr ogenat i monkutvhidieid abt&ihedebyecadtingeeflabfsthenid1a8hiae ofitAwnRiHtraf

yi el d. Raney nickel, palladiumon activated carbon or platinumoxide in

al cohol i ¢ sfdrernla ¢AI): be used as the catal yst for the reduction by

catal ytic hydrogenation. Step (c): This is a step in which the

(R) - N-(am nocar bonyl ) 25 fluorophenyl al anine of the general formula (I) is
prepared by treating the 5-(fl worobenz\d)hydantoin of the general formula
(I'l') with the enzyne having the\abjilitylto selectively hydrolyze the (R

i soner of the above conpound or Xy cr ogiygani sm having the ability. The
m croor gani sm whi ch sel ecti ety ol yze (R)-i sonmer of {g

5- (fluorobenzyl)hydantoin of thedeseral fornula (I1) can be found _ g _
out, for exanple, by the follgwng nmethod. Firstly, mcrobial cells are
col l ected by centrifugation 5 mM of the culture broth of a

m croorgani sm and suspended in 2.5 m of 100nmM phosphate buffer (pH 7.0)
containing 0.01 - 1 % of 5-(4-fluorobenzyl)hydantoin, and the 5 suspension
i s shaken | wheresX'tamaé Xt agogs fdefired aBoveys. The assay of the desired
hydrolysis ability can be acconplished by properly diluting the reaction
sol uti on obwitheldydantoint hs thecpreseneedef ahbaseg and Hhest redying utlan,
centrifuging the diluted solution to renove insoluble materials such as

m crobi B} ce¢sultingd Ss(fbjenshengylidenshydantoin of Hhe@enerah ddyrmida (B: um:
YMC- Pack ODS-A (4.6 mm x 250 mm) made by YMC Inc., eluent:

wat er/ acetonitrile = 4/ 1, flowrate: 0.8 m/mn, detection: 215 nm col um
tenperature: 25C, elution tig@: 5- (4f I uorohenzyl ) hydant oi n; 9.7 m nutes,

(R - N-(am nocar bonyl ) - (4f | uof'ephenyl ) al ani pie; 8.4 m nutes, these conditions
are illustrative.) to 15 nea Qyeunt, of

N- (am nocar bonyl ) - (4-f | uoFopt uced in(fe reaction
solution. The m croorganismt e present invention is selected
from anong bacteria, actinog/cetes, nold d yeast that passed the

above- nentioned assay. For ‘exanple, as theacteria, there 20 are the

m croor gani sns bel onging to the genus Achronobacter, Aerobacter, Aerononas,
Agrobacterium Al caligenes, Arthrobacter, Bacillus, Brevibacterium

Cor ynebact emi\f&tleﬁ&@g@tge a@d‘é‘fiﬂe@lﬁaﬁ?&@eri chia, Klebsiella,
obact er’,

M cr obact eri um crococcus, Protamn Pr ot eus, Sarcina, Seratia and

Xant omonas. jf\ght Hﬁe@@hké‘%‘ﬂfa‘%’iﬁg&ié@r& furhth BLELAKLARABER el ongi ng

1
to the genus Actinonyces, Acti anes, cobacterium odocuccus and

Streptojgces. As themphfer likefife éﬁsvé-%emgséeaF;%?}:?%’%P%P{'%ﬂg'&a%ﬂpié‘e

genus Aspergill us, _ g _ 'Paecyronyces an eni‘ci yeas

there are t ] j Yol TetA enus Candi da, Hansenul a,

Pi chi a, Rho§§E%%E@gﬂgﬂgﬂﬁzgﬁ?gﬁéls.aiggégu%%iygthe m cr oor gani sns bel ongi ng
to the genus 5 Bacillus, Alcaligenes and Pseudonobnas are suitably used.
Sui t abl e exanpl es are Bacill us SPp. 4 Al cal i genes faecalis and Pseudononas
putida, and nore suitable exanpl eX
Nunmber FERM BP-887), Al caligenes fa

| FO 12996. to For cultivation éa P
i imtationNg |ong a hese

nutritious source can be used th
m croorgani sns can utilize. For e cHN sources including sugars

such as gl ucose, sucrose and nalXose, organic aégds such as lactic acid,
acetic acid, citric acid and propionic acid, alcohols such as

m cr gor gani sns, generally, any

wherein X' and X? are hydrogen atom or fluorine atom,

includes 5-(2-fluorobenzyljhydantoin, 5-(3-fluorobenzyl)hydantoin, 5-



15 et hanol and gl ycerin, carbon hydrides such as paraffin, oils and fats
such as” soy ' bean oil and colza oil, or a m xture thereof can be m xed, and
. nitrogen sources including amoni um sul fate, ammoni um phosphate, urea,
yeast extract, neat extract, peptone and corn steep |iquor can be m xed.
Further, nutrition sources such as other g norganic salts and 20 vitam ns
may be suitably m xed. Furthernore, it is preferred to adaptively enhance
the desired enzynme by adding 0.05 - 0.8 % of various pyrimdine nucleic
aci d bases @F-flilwebbedeyl)hgtantsin or Svid, #adifluordaehayhkyddheoipyri m di ne
nucl eic acid bases having a high enzyme 25 inducing effect include uracil,
cytosine and thym ne, and their derivatives include di hydrouracil,

di hydrot hym di ne and the |ike. Anbng hydant oi ns, hydantoin,

DL- 5- net hyl hydant oi BESH MO®E iBRRLARRYING OWTITHBIINNVENEION ti vati on of
m croorgani sm can be carried out under conventional conditions. For

exanpl e, the cul tivafisotheawmpouadr pEdhougeratrad fprmuflad(l} of thed paesent
tenperature of 20C - 50C for 10 - 96 hours 5 under aerobic condition. In

t he casé whisrvergiqm, ghenddaz(R))y Nyl@aminsicarbenyha@+Bdomphenpbalanineor(@mni sm
generally, the culture broth of the above-nentioned n croorgani smas such
as wel | as ¥N-@snbwmarboayihei-Evforophepyl)atanineor {REN-tavinocartmmyihés-
when an ingredient in the culture broth affects 1 o the reaction '

unf avor abl yfluprophepyhalaniag, (B)-Nsamingessbanyde(d, 4 -diskwrophenylalaainag
the culture broth, for exanple, centrifuging the culture broth or a
processed ptddNcteramagearbebyAr(%3diluorephsnybedariaesr oducorof ni dRVal
cells of the above nentioned mcroorganismis not particularly limted to
speci fi ¢ on@miircarbonyd)-(kids4 drifbiprophenydedaniigd ei t her by dehydration
procedure using acetone or di phosphorus pentaoxi de, or by drying procedure
usi ng désiccator or & errErRMRd c@) | oft ridig edrasent sipvastien:, R Nobi al
cells treated with |ytic enzynme, inmgbilized mcrobial _ cells, or_ cell-free
extract sanfpreirpganbesylbilugrephgnylsianing iscsempaiuid yhichreamebe used
enzynme 20 catal yzing hydrolysis_purified fromcultu roth m used. In
hydr ol ysi s A8 oR1 SgHting anatsialy o o eRtisatobartiyr) {@agﬂf)mmhﬁ%yf) Mfdled
ina lunp at, an early. stage of .the reaction, or mnmay be stepw se adde
wecording +detRetgrahIE 15 pResil fe on S AT BRAer I (PE AT BB o | s
general ly 1P - 70C, 25 preferably 20 - 65C, and the pH at the tinme of
reaction islkCL 11, preferably 7 - 10. The concentration of m croorganism

in the reaction sol utjon . . .
15 tI"he compound (I) of the present invention can be obtained by

(a) reacting a fluorobenzaldehyde of the general formula (III) with
hydantoin in the ©presence of a base to give a 5-
(fluorobenzylidene)hydantoin of the general formula (IV), (b) then
reducing it in the presence of Raney nickel or palladium on activated
20 carbon to give a 5-(fluorobenzyl)hydantoin of the general formula (II),
(c) further treating the resulting S-(fluorobenzyl)hydantoin with an
enzyme having the ability to selectively hydrolyze the (R)-isomer thereof
or a microorganism having the ability.
The above-mentioned steps will be explained in detail
25 hereinafter.
Step (a): This step is a condensation reaction of the

fluorobenzaldehyde of the general formula (III) with hydantoin, whereby



" --11 may be suitably deternined depending on its ability to reduce the
substrate, and the concentration of the substrate in the reaction solution
.is preferably 0.01 - 50 % (WV), nore preferably 0.1 - 30 % Generally, the
reaction is carried out wwth shaking or stirring. 5 The reaction tine is
suitably determ ned dependi ng on substrate concentration, m croorgani sm
concentration and other reaction conditions. It is generally preferred to
set each condition so that the reaction nmay be conpleted fox 2 - 168 hours.

Further, i ntlog d&r(flupriobenegtidenejhldntoin oloft ke s gesieral eforwabky - GV uld e
organi c solvent such to as nethanol, ethanol, acetone, tetrahydrofuran,

di net hyl sul ébraicedandnt hkid irkactian, zs adbdeldase for the condensation, acetic

(R) - N- (am nocar bonyl ) -fl uor ophenyl al ani ne produced by hydrol ysis reaction
can be obt aaokly sodineracetates anymerdium bécanbrmads, riltanolagaimesor fthertikde
reaction solution by centrifugation or filtration, 15 adjusting the pH of

t he reacti ooasdbaitised ioal aqicowmnaohidriter iThy ¢hredersationrenction oantlme
collect the precipitated crystals. (R -N

(am nocédr booginied |awtr apradoutal Gni aboudnl 8°Gbpetfeeabiynabbgh FRAC +yathyut
further purification, for exanple, by recrystallization procedure. Next,

t he present 126V@nt i drhev prefeerak ptrwilaedratiodefaithe byl\kirolearzaldfhyeleantd es,
but the present invention is not Iimted thereto. EXAMPLE 1 To the m xture
of 25 g (0. bh§danitein d6 MBlantloRn, Aftery the. 2zactidr) thie dedingdr pvedrat dehyde
and 125 m of water was added 39.5 g (0.5 25 nol e) of ammoni um bi carbonat e
over 10 ni n(fleerobemeyliceme) hydantoinuwhichasisr bardlyegohubledithataterveam be
heating and stirring. The reaction solution was cooled to the room

t enper at ur ecrygiallizes puddoytshifting xhenwtgmperatarredtothe npshcemperatesed
water and dried, whereby 43.5 g (yield: 84 % of . )

5- ( 4- f | Yor obbeAtadateddty Berisschasdbe shatling matexmipnghe Hllowing step as

5- (2- Fl uor obenzyl i dene) hydant oi n was obtai ned in an anmpunt of 40 g (yield:
77 % in th¥ sandnprddedone the prodacinglse may be used after subjecting it to

recrystallization or other purification procedure.
Step (b): This is a step in which the 5-
(fluorobenzylidene)hydantoin of the general formula (IV) is reduced to
15 the 5-(fluorobenzyl)hydantoin of the general formula (II). The reduction
can be carried out either by using hydrogen iodide/red phosphorus or
hydrogen iodide in glacial acetic acid, or by catalytic hydrogenation, but
the latter method is preferable from the viewpoint of yield. Raney nickel,
palladium on activated carbon or platinum oxide in alcoholic solvent can
20 be used as the catalyst for the reduction by catalytic hydrogenation.
Step (c): This is a step in which the (R)-N-(aminocarbonyl)-
fluorophenylalanine of the general formula (I) is prepared by treating the
5-(fluorobenzyl)hydantoin of the general formula (II) with the enzyme
having the ability to selectively hydrolyze the (R) isomer of the above
25 compound or the microorganism having the ability.
The microorganism which selectively hydrolyze (R)-isomer of

the 5-(fluorobenzyl)hydantoin of the general formula (II) can be found



" except that the same anpunt of 2-fluorobenzal dehyde was used instead of
4-fl uorobenzal dehyde. 1o EXAMPLE 3 5-( 3- Fl uorobenzyl i dene) hydant oi n was

. obtained in an anount of 41 g (yield: 79 % in the same procedure as in
Exanpl e 1 except that the sanme amount of 3-fluorobenzal dehyde was used

i nstead of 4-fluorobenzal dehyde. 15 EXAMBLE 4

5-(3,4-Di fl uorobenzyl i dene) hydantoin was obtained in an anmount of 38 g
(yield: 68 %9 in the sane procedure as in Exanple 1 except that 38 g (0.27
mol e) of 3, dutli fdruexanmgrieabytethed follegings atkthodi nRiestdly omicrobial cells are
4-fl uorobenzal dehyde. EXAMPLE 5 5- (4-Fl uorobenzyl i dene) hydant oi n was

obt ai ned i ncalbectedunty otenbrifugatien d.of 75 Unli roft Hhesarmeltprocddotle af ian
Exanple 1 25 except that 21 g of ethanol am ne was used instead of amoni um
bi car bonat emicreorganistxanvedE sispaidad dnrdbendyef 46Ae)Myphosphatedsatfer

di ssolved in _an anount of 20 g (0.097 nole) in 500 m of tetrahydrofuran,
and 8 g of (FH %.Phicoadriningn0dtt i-vhedf G hdiuerebenybiydentnin,sahdt fhem.
The 5 m xture was hydrogenated with stirring at 25C under atnospheric
pressur & f oPUSBERBIGsS entnla tastiwaberat $q<é°rceﬁor02f~ ddayeas e apsdy of
tetrahydrofuran. The filtrate was concentrated under reduced pressure to
cryst al | i zetlstidesineddhpdselysis abHityetan 1zoacesmplishedeby wropgalyediluging t he
m xture was heated up to 90C to dissolve the solid, product. to The sol ution
was cool ed Bverreagtioni gatution teletained, aftendhst tpactigmaindery shaking: with o)
of the precipitated 5-(4-fluorgbenzyl)hydantojn was obtained by filtration.
1H NMVR ( Divestashpdigfiran, wentgifpging the dilgted solutipn tp, pemoye” mgplublel o

2H), 4.32 ] , .92(m, 2H) 15 EXAMPLE 7 5-(2-Fl benzyl ) hydant oi
\(IVETS ollj% ai nealart(ﬁp@w aﬁwﬁh@sgﬂq@%ak 9¢1é$,danéos%epéingh€¥e§ rﬁghletgg%&)@d%i’i%agl in n

Exanpl e 6 t .that 5(2-f) benzyl i dene) hydant oj d, i pstead of
o (40 ) uoRBBBiSSy (Felitenny i BRRE ARSKRRA(OIBE tc280 JBry) ety By (M 1)

285 (m 1 P ERNMBRE Waiss/aCemitiie subhLy Pty bate: - SHALTBR: SOSRRHON an
o o a8l sl R AL ORI Sl SRS © e
Lo 0o S R it N VG0, PP T it Robiresti 27
fluorophenyl)alanine; 8.4 minutes, these conditions are illustrative.) to
15 measure the amount of N-(aminocarbonyl)-(4-fluorophenyljalanine
produced in the reaction solution.

The microorganism to be used in the present invention is
selected from among bacteria, actinomycetes, mold and yeast that
passed the above-mentioned assay. For example, as the bacteria, there

20 are the microorganisms belonging to the genus Achromobacter,
Aerobacter, Aeromonas, Agrobacterium, Alcaligenes, Arthrobacter,
Bacillus, Brevibacterium, Corynebacterium, Enterobacter, Erwinia,
Escherichia, Klebsiella, Microbacterium, Micrococcus, Protaminobacter,
Proteus, Sarcina, Seratia and Xantomonas. As the actinomycetes, there

25 are the microorganisms belonging to the genus Actinomyces,
Actinoplanes, Micobacterium, Rhodocuccus and Streptomyces. As the

mold, there are the microorganisms belonging to the genus Aspergillus,



" 5-(3,4-Difluorobenzyl )hydantoin was obtained in an anount of 20 g (yield:
91.5 %" in the sane procedure as in Exanple 6 except that 22 g (0.097 nole)
. of 5-(3,4-difluorobenzylidene)hydantoin was used instead of
5-(4-fluorobenzylidene)hydantoin. 10 1H NVR (DMSO-d6 b ppm : 10.55 (s,
1H), 7.92 (s, 1H), 7.35 (m 1H), 7.25 (mg 1H), 7.05 (mIH), 4.35 (m 1H),
2.95 (dd, 2H) EXAMPLE 10 ( 1 ) Preparation of nedium 15 The |iquid nedium
containing the foll ow ng conposition was prepared, poured into each 500 m

Sakaguchi ' _SP&éé\?ﬂ@rh cds Vnd® mnidfituml andssuphectrRAstO $hE&AM are the
sterilization at 120C for 20 m nutes. Medium conposition: Meat extract 2.0

20 Proextr agficodtghn@sm@ BeldigiAg-tdHER g@nnencurn%ﬁab, Hanbbhilly PleHid)
Cultivation . harvest Bacillus sp. KNK 108 (Accessi on nunber: FERM BP- 887)

was cul ti vargedotortllamndToripstsli um having the sanme conposition as in (1)
- 15 in a cotton plugged | arge-sized test tube at 37C for 18 hours. One m
of the culture brothAbewei il ulthtednivrobhgarisaisimbplogipangd ton thel genangd
cultivated at 37C for 24 hours. The obtained culture broth was centrifuged
to harvest Buaecilhbs,alAledigenesamthd Rsetidombnas ared Issiitable GsedsheSubable 100
m of physiological saline and then suspended in 100 ml of 50 nmM phosphate
buf fer (pH &anpl¢SprelBiiallysisp. Akntligenesifaecals bhidnBseudpaosiosputfida,
m crobial cells was poured into 200 m 4-necked round bottomflask and 1 g
of 5-(4 lo ahdanobesnylatiydéxanopleswas Baciddstsipe kYK 108BHAcoessioneNwasber
subjected to reaction at 37C for 20 hours during which the reaction
sol uti on WaEERNIBPtBT)y Aldatigénes tfaeddlis HIOUL3 hy tiramd Rsudbimenas gatidoon,
the reaction solution was adjusted to pH 7.0 with 1N hydrochloric acid, and
centrifugedlROQ I'298@e i nsol uble materials such as microbial cells. The 15
resul ting supernatant was adjusted to pH 4.0 with 1 N hydrochloric acid,
and 0.80 g (Yield: 80o¥ cufitivaopr efi pﬁem emhi¢R)orgaasmisocgeberally),- (@hy
f1 uorophenyl)al ani ne was obtained by filtration. [a)D2o = _31.5 (c=2, 1N
NHA0H) 1H NWRtribeBs ¢ougcppmn: be. a8edswitut ZimSation 29 losglas(these) ,
5.60 20 (s, 1H), 4.30 (m 1H), 3.00 - 2.80 (dd, 2H

microorganisms can utilize. For example, carbon sources including

sugars such as glucose, sucrose and maltose, organic acids such as

lactic acid, acetic acid, citric acid and propionic acid, alcohols such as

15 ethanol and glycerin, carbon hydrides such as paraffin, oils and fats

such as soy bean oil and colza oil, or a mixture thereof can be mixed, and

nitrogen sources including ammonium sulfate, ammonium phosphate,

urea, yeast extract, meat extract, peptone and corn steep liquor can be

mixed. Further, nutrition sources such as other inorganic salts and

20 vitamins may be suitably mixed. Furthermore, it is preferred to

adaptively enhance the desired enzyme by adding 0.05 - 0.8 % of various

pyrimidine nucleic acid bases or their derivatives, or various
hydantoins.

The pyrimidine nucleic acid bases having a high enzyme-

25 inducing effect include uracil, cytosine and thymine, and their

derivatives include dihydrouracil, dihydrothymidine and the like.

Among hydantoins, hydantoin, DL-5-methylhydantoin and the like are



A portion (20 ng) of the thus-obtained

(R) - N(am nocar bonyl ) - (4-fl uorophenyl)al anine was dissolved in 1 m of 1 N
sul furic acid, and 10 ng of sodiumnitrite was added thereto. The m xture
was subjected to reaction at the roomtenperature for one hour. 25 The
‘reaction solution was anal yzed using HPL% wher eby the optical purity of
the product was found to be at | east 99 /ee HPLC anal ysi s condition -
.16 Columm: Crownpak-CR (made by DAI CEL CHEM CAL | NDUSTRIES, LTD.) El uent:
aqueous per gifiggple. acid solution adjusted to pH 1.5 Flowrate: 0. 5 m/ mn
5 Colum tenperature: 0 - 5C; Detection wave |ength, 210 nm EXAVPLE 11

(R) - N- (am nocar bonyl YFi&-cdulltioaEiBReHY kﬂx@'r@@t%’afh@ﬁi/ caé BB &riricdloutuiihidér of
at | east 99 %e was obtained in an anount 0.85 g 10 (yield: 78 % in the

sane procedwogvestichdbavrdicioh®. PxeaiarhPRY, tAkcalltigation ¢ae ¥ ¢orridOoldl 11
was used instead of Bacillus sp. KNK 108 (Accession nunber: FERM BP-887).
EXAVPLE 12 B3 4 BH Bf (darihacelr Aoaytempdrdtreraf@ety )30 ahifore 1i0av Ogghairs
optical purity of at |east 99 %e was obtained in an anount of 0.9 g
(yield: 83 Ynder abmlsarmmmditioadure as in Exanple 10 except that
Pseudononas putida | FO 12996 was used instead of Bacillus sp. KNK 108
(Accessi on nunber: FHRMIBP-c38¢)whefe BXEMrbfobERzyl)hydantoin is reacted with
(R) - N- (am nocar bonyl ) - (2-fl uorophenyl ) al ani ne having an optical purity of
at | east 99 theemiaworphaismd genesailynthentulifir® HBogh (Of ithkedbove-Mentiohbd
sanme procedure as in Exanple 10 except that 5-(2 25 fluorobenzyl)hydantoin
was used as mhhwrosngshisah as matkeas wellay 4 doncendteteztt erbpflaanhdder uisgd] for
-24.0 (c=2, 1N NH40H)

the reaction. Further, when an ingredient in the culture broth affects

10 the reaction unfavorably, it is preferred to use microbial cells obtained
by treating the culture broth, for example, centrifuging the culture broth
or a processed product of microbial cells.

The processed product of microbial cells of the above-
mentioned microorganism is not particularly limited to specific one, but

15 includes dried cells obtained either by dehydration procedure using
acetone or diphosphorus pentaoxide, or by drying procedure using
desiccator or fan, microbial cells treated with surfactant, microbial cells
treated with lytic enzyme, immobilized microbial cells, or cell-free extract
sample obtained by disruption of microbial cells. Further, an enzyme

20 catalyzing hydrolysis purified from culture broth may be used.

In hydrolysis reaction, the substrate 5-
(fluorobenzyljhydantoin may be added in a lump at an early stage of the
reaction, or may be stepwise added according to the progress of reaction.

Further, the reaction temperature is generally 10 - 70°C,

25 preferably 20 - 65°C, and the pH at the time of reaction is 7 - 11,
preferably 7 - 10.

The concentration of microorganism in the reaction solution



- 17 1HNWR (DMSO-d6 b ppn) : 7.23 (s, 2H), 7.10 (m 2H), 6.18 (d, 1H),
5.55 (s, 1H), 4.35 (m 1H), 3.20 - 2.80 (dd, 2H) EXAMPLE 14 5
. (R -N-(am nocar bonyl )-(3-fl uorophenyl ) al ani ne having an optical purity of
at least 99 %e was obtained in an anmbunt of 0.85 g (yield: 78 %9 in the
‘sanme procedure as in Exanple 10 except. that. 5- (3fl uor obenzyl ) hydant oi n was
used as the substrate instead of 5-(4fluorobenzyl)hydantoin. 10 [a] D20 =
- 25.2 (c=2, 1IN NH40H) 1H- NWR (DVBO-d6 b ppm : 7.20 (m 1H), 6.95 (m 3H),
5.95 (d, 1Hnay5be5 sitatly)) deterddined dedendingOon #s8ability, tdHedd@RHe 15
15 (R) - N-(am nocar bonyl ) - (3, 4-di fl uor ophenyl ) al ani ne having an opti cal
purity of asubstrate,d%ridethvascaidaitpationn ofintlesrosuibstohitd. i gheyirebdtiord %
in the sane procedure as in Exanple 10 except that 1 g of
5- (3, 4- di f | seduviwen &y pyéfedabliyoOr0 WaSW%e (Wi Y) § horeursife ctlslyiOndt €30 %f
5-(4-fluorobenzyl)hydantoin. 20 [a,]D20 = _2g9.2 (c=2, 1N NH40H) 1H NWR
(DMBO-d6 b ppnm) : 12Gederadlly, thé reactBin {swartifd ont Aitlh mhakiihg of. Girrimg. 1
H, 6.20 (d, 1 H, 5.55 (s, 1 H,. 4.30(§ﬁm 1 H, 3.10 - 2.75 (dd, 2H)
| NDUSTRBAL Aol region THIRG e ceitidably tdetehminedsdependiagt pon substrate
(R) - N-(am nocar bonyl ) fl uorophenyl al ani ne, which is useful as a starting
mat eri al f csongerdpatioal | ymaerdorgan®ms | conophigayionl aande othewatricastiami ch
is useful as a_ - 18 starting material for a nedicine and the |ike, can
be obt ai nedcondition Itlial gearallyRprefetead o catbeash conditieopseriadl the ne
of the general fornmula (1) 5 X1 O~ \OHHNNH2 C) 2. X O 10 wherein X
and X2 are tgadtisgermayobe ogorhplefednéotaom 168 hours. Further, in order to

increase solubility of the substrate, water-soluble organic solvent such
10 as methanol, ethanol, acetone, tetrahydrofuran, dimethylsulfoxide and
the like can be added.

(R)-N-(aminocarbonyl)-fluorophenylalanine = produced by
hydrolysis reaction can be obtained by removing enzyme source such as
microorganism from the reaction solution by centrifugation or filtration,

15 adjusting the pH of the reaction solution to 2 - 5, and filtering the
reaction solution to collect the precipitated crystals. (R)-N-
(aminocarbonyl)-fluorophenylalanine can be obtained in high purity by
further purification, for example, by recrystallization procedure.

Next, the present invention will be explained in detail by

20 means of examples, but the present invention is not limited thereto.

EXAMPLE 1
To the mixture of 25 g (0.25 mole) of hydantoin, 34 g (0.27
mole) of 4-fluorobenzaldehyde and 125 ml of water was added 39.5 g (0.5
25 mole) of ammonium bicarbonate over 10 minutes. The resulting
mixture was refluxed for 4 hours with heating and stirring. The

reaction solution was cooled to the room temperature, and the product



2. (R -N-(am nocarbonyl)-(2-fluorophenyl)alanine i5 3.
(R) - N- (‘am nocar bonyl ) - (3-fl uor ophenyl ) al ani ne 4.

- (R -N-(am nocar bonyl ) - (4-fluorophenyl)al ani ne 5.

(R) - N-(am nocar bonyl ) - (3, 4-di fl uor ophenyl ) al anine 20 6. A process for

‘preparing (R)-N-(anmi nocarbonyl) fluoraphgnyl al anine of the general formula

(r)y: Xi 025 ~~ ~HHNNH2 C) 2 X O - 20 wherein X1 and X2 are

hydrogen atom or fluorine atom which conprises treating

5- (f 1 uor obewaylfjltyraad 6] washetiheitharutd atateorand dried, whéreXy 4815 flifiield:;) /
HN / Xa O wherein X1 and X2 are as defined above, 10 with an enzyne havi ng
t he abi |l it y84 8opef Betdi-fleloyobydryligere)hifdantoirewashebifiedr a m croor gani sm
having said ability. 7. The process of Claim6, wherein said enzynme or
m croorgani smis a mcroorgani smbelonging to the genus Bacillus, 15
Al cal i genes or Pseudonobnas, or an enzyne derived fromthese m croorgani sns.
8. The process of Caim6, wherein SBXAMIPIZEE or m croorganismis Bacillus
sp., Alcaligenes faecalis or Pseudononas 20 putida, or an enzyne derived
from thése ni croor gabt@aBluaobEmzypideneyddntdini nwes wobtainedsaiid eanyne
or mcroorganismis Bacillus sp. KNK 108 (Depositary authority:
| nt er nat i onamoemtenf 46 gabyield: DEPSS) tarthe s@OP) progedareals| insfixamplefl 25
Advanced I ndustrial Science and Technol ogy; Al ST Tsukuba Center 6, 1-1,
H gashi 1- Gtreeptthatuire shine amauaki ofkedluarebgnzaiiahy ds waspased instgagl 2,
1981; Accession nunber: FERM BP-887), Al caligenes faecalis

of 4-fluorobenzaldehyde.

10 EXAMPLE 3
5-(3-Fluorobenzylidene)hydantoin was obtained in an
amount of 41 g (yield: 79 %) in the same procedure as in Example 1
except that the same amount of 3-fluorobenzaldehyde was used instead
of 4-fluorobenzaldehyde.
15
EXAMPLE 4
5-(3,4-Difluorobenzylidene)hydantoin was obtained in an
amount of 38 g (vield: 68 %) in the same procedure as in Example 1
except that 38 g (0.27 mole) of 3,4-difluorobenzaldehyde was used

20 instead of 4-fluorobenzaldehyde.

EXAMPLE 5
5-(4-Fluorobenzylidene)hydantoin was obtained in an
amount of 40 g (yield: 77 %) in the same procedure as in Example 1
25 except that 21 g of ethanolamine was used instead of ammonium

bicarbonate.



. - 21 [1FO 13111 or Pseudononas putida | FO 12996, or an enzyne derived
fromthese m croorgani sns. 10. The process of Caim®6, wherein the conpound
of the 5 general formula (I1) X1 Ol NH (Il) / HN./ X ~2 0 10 wherein X1
and X2 are hydrogen atomor fluorine atom is one which is obtained by
‘reacting a fluorobenzal dehyde of the genggal fornula (II1): Xi O 15 ~H
(I'11) X2 wherein X1 and X~ are as defined above, 20 with hydantoin in the
presence of a base, and then reducing the resulting

5- (fl uorobenzyl i dene) hydant oi n of thegxggnergeformula (1V): XI O\ \ NH
(1v) / HN / X2 0 . - 22 wherein X and X2 are as defined above, in the

presence of Raney ni @@—mﬁo%éwlwrﬁgh?dhh‘!@medm belissdl¥ed Thin prgess
of Claimé6, 7, 8 9 or 10, wherein the conmpound of the general fornula

H LL r i i% gt S%Nkhﬁt lof 20 N[00 (1P i BO@irA] ¥1 tefrdh¥draferdty,dande® g@opm or
10 % palladium on activated carbon was added to the solution. The
5 mixture was hydrogenated with stirring at 25°C under atmospheric
pressure for 18 hours. The catalyst was filtered off and washed with
tetrahydrofuran. The filtrate was concentrated under reduced pressure
to crystallize out solid product. Thereto 1300 ml of water was added,
and the mixture was heated up to 90°C to dissolve the solid product.
10 The solution was cooled over one night to the room temperature, and 18
g (vield: 90 %) of the precipitated 5-(4-fluorobenzyljhydantoin was
obtained by filtration.
'H-NMR (DMSO-d, 8 ppm) : 10.48 (s, 1H), 7.91 (s, 1H), 7.22 (m, 2H), 7.10
(m, 2H), 4.32 (m,1H), 2.92(m, 2H)
15
EXAMPLE 7
5-(2-Fluorobenzyljhydantoin was obtained in an amount of
18 g (yield: 90 %) in the same procedure as in Example 6 except that 5-
(2-fluorobenzylidene)hydantoin was used instead of 5-(4-
20 fluorobenzylidene)hydantoin.
'H-NMR (DMSO-d,  ppm) : 10.50 (s, 1H), 7.93 (s, 1H), 7.30 (m, 2H), 7.15
(m, 2H), 4.30 (m,1H), 3.05 (m, 1H), 2.88 (m, 1H)

EXAMPLE 8
25 5-(3-Fluorobenzyl)hydantoin was obtained in an amount of
18 g (yield: 90 %) in the same procedure as in Example 6 except that 5-

(3-fluorobenzylidene)hydantoin was used instead of 5-(4-



-

is 5-(2-fluorobenzyl)hydantoin, 5-(3-fluorobenzyl)hydantoin,
5- (4f | uor obenzyl ) hydant oi n or 5-(3, 4-difl uorobenzyl) hydant oi n.
CACA Ay, A Ay2. AS. AFLA@0 A Ay. Ayf L AF? A AY. A A3.A .ASB.A 9.A %A %A

"~ 1 Dceu#8576j x(. vw /] a

‘{vpkfa\ W ca] ca] ca] ca] caV] ca] caV] ca] ca] capq ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]

ca] ca] caj ca] calcalca]calcalcTalc:aljcalaf hi v z |

- Xdgp{#) QG " {vqgl gb\ W caV] ca] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca]ca] ca] ca] ca
] ca] ca] ca] cihiordisenpd]dal€)hdaheaical] cal cal] ca! " n8b&m =dgv| wr mhc” Yl gb\ W ]
cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] ca] caV]ca] ca] caV
] ca] caV] ca] ta|NMR (DMBDd, ¥ P MDD .49/, 1H), 7.92 (s, 1H), 7.31 (m, 1H), 7.00
}xsnid_Z]]]ca]ca] ca]ca]ca]calca]ca]ca] ca] ca] ca] cal ca] ca] cal ca] ca] ca] calcalc
a] ca] ca] ca] @] 68l ]pal@al(naneal XS @r; 2H)

LTI HDHNBEPE* ) ¥ 4r*Fxxxx* 1M 44444+ W | gal Vni d_ZV] ca] caV] ca] caV] ca] caV]
ca] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ¢
ajcalca +++
vra s By, --8-)->B-V-u-~----%./ EBEXAMPLE® gb] XSni ] ca] ca] ca] ca] ca] caV] ca
] caV] ca] caV] ca] caV] ca] caV] ca] caV] ca] ca] caV] ca] caV] ca] caV] ca] caV]ca] caV]ca]c
aV] ca] ca] ca w2223K3f 33304viaifharadesizyt) Nydaxsess s obtdingd in an amount
,; }xsnid_Zca] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal] cal ca]ca]ca]calc
a] ca] ca] ca] cb20 & (vigldaPdad C4) utlvabanie procedure as in Example 6 except that

; 2<| <<=J===>>V>>>?g?n???t @AEAAABBhCx CCCEDDE} xsni d_Zca] | ca] ca] ca] ca] ca] ca] ca
] Ca] EE] I(;«'[i)]: E%%a%] (O] aapley] ohl&@ﬂaﬂmmmmﬁéapmmmmwma ca

ca!

HHHol {1 0JJJixkstad 9if] 3-f4 tluosaaviziilidewepinedantdinca) ca] ca] ca] ca] ca] ca] caV] ca]

ca] caj] ca] ca a] cal ca] ca] ca] ca]ca]ca] ca]ca]ca]c (]é:a] cal cgﬂ cal ca] ca]ca] ca!j NN
NNO OQPRRQ) M@]GBQSS POZTIABY (9, UKYYT) X2 (yb] Xk 4] -89 (0] EHY Z&TaV] ¢
a] ca] ca] ca] ca] cal ca] ca] ca] ca]ca] ca] ca] ca] ca] ca]ca] ca] ca]ca] ca]ca]ca]ca]c
a] ca] cal YUUm VVMWWWA@ 2112113[,\9\ 1% /}*]@] B) z]11]1{vql gb] Xca] ca] ca] ca
] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca
V]ca]caV]caJcalcal]]]]l]]"DuMAr + - 45 < 0T a4aDaaaaal vgl ga\ VcV] ca]

caV] ca] ca] ca] caV] ca] caV] ca] ca] ca]_cal Ea_l cal c ]clca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
cal] ca] ca] ca] ca] ca] ca] cal aaaaaa&b7b ]Pl!-& ccdld@ll\/dOdeddddeeeeee} xsni d
_ZU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caV] ca] ca] ca] ca] caV]
ca] caV] ca] cHj ddepavptiancelmesiiea ee: f 1 ffkg} cccccccdld@MiCdRdddddeeeeee}
snid ZL%aa] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca agoca] ca] ca] caV] ca] ca] ca] ca]
caV] ca]¥®aV] | ca] ca] callbs)lbay F&F‘é]lblgwéﬁﬁlm%&]n@) llowing composition was

0, 0, 0, 0,
2528{535( ]oﬁ%ﬁﬁe&%oﬁ%\ﬁq o/%a@}{ g‘&%g—gfﬁg@guc 1's agk in a volume of 100

2 )
7!1800%&&.( %) @ R /gsgb(];gt{g@a%gglegr{l)st%#ﬁw@g 1‘) 120°C for 20 minutes.

1 1y1109% " & () - %&' =| FA10061& () -1, f#1000& ()-f10% & ()- 10" 10°
10" : s! 10% &Mediu 6%‘&”‘? P 3y =
Meat extract 2.0%
20 Proextract 2.0%
NacCl 0.3 %

MnCl,- 4H,0 20 ppm
Uracil 0.2 %
pH 7.5
25  (2) Cultivation - harvest
Bacillus sp. KNK 108 (Accession number: FERM BP-887) was

cultivated in 10 ml of the medium having the same composition as in (1)



* S)Y10% - & ()-! #10% t & ()-!f-#10%&' ()-! k#10%&' ()- !a#lO%&' ()- X#10%&' ()- /X
Y Z[ av z uSll 109HNH& ()-3! c10%c& ()-3Sy10%& ()- 10 10 10!t 9- $10%& () -
_S)Y10% & ()-z |  -"?uSl! 10%& ()-!a#10%z& ()-!10%& ()-
1 9409 () - 10%& () -
$10%& () - Xdgpa?uS1! ! cS$10%& () - 3! s$10%==&' () - 3#10%& ()-!y1l0%n& ()-! 10%&
“()- Y10%& ()-A<uSll!' 410%6& ()-s! 410%2& ()-s 110%& ()-/10%& () -
o109 & ()-!$10%8[ S[& ()-3 !"#H) QUV7!I & 10% & ()- !10% & ()-,10% & ()-
10% & ()- 1806 d0etsnlPMdatlBesSitdd SEHELYFS &t 3700%0% {3 Pburs. One ml

m0% & ()-, GLO% & () -, ! 10% & ()-9g#10% & ()-Y | |
Sllgf;; i E g b&tirgoﬁ/fg.%l)@uﬁ bRt Was inddlil%téd Oir tHe H9didint )prephP8e &n( (1) and
cultivated at 37°C for 24 hours. The obtained culture broth was
centrifuged to harvest microbial cells, and the microbial cells were
5 washed with 100 ml of physiological saline and then suspended in 100
ml of 50 mM phosphate buffer (pH 7.5).
(3) Hydrolysis reaction

The resulting suspension of microbial cells was poured into

200 ml 4-necked round bottom flask and 1 g of 5-(4-
10  fluorobenzyl)hydantoin was added thereto. The mixture was subjected

to reaction at 37°C for 20 hours during which the reaction solution was

adjusted to pH 9.0 with 1N sodium hydroxide. After reaction, the

reaction solution was adjusted to pH 7.0 with 1N hydrochloric acid, and

centrifuged to remove insoluble materials such as microbial cells. The
15 resulting supernatant was adjusted to pH 4.0 with 1N hydrochloric acid,

and 0.87 g (Yield: 80 %) of the precipitated (R)-N-(aminocarbonyl)-(4-

fluorophenyl)alanine was obtained by filtration.

[a]p?° = -31.5 (c=2, 1N NH,OH)

'H-NMR (DMSO-d,¢ 8 ppm) : 7.20 (s, 2H), 7.15 (m, 2H), 6.18 (d, 1H), 5.60
20 (s, 1H), 4.30 (m, 1H), 3.00 - 2.80 (dd, 2H)

A portion (20 mg) of the thus-obtained (R)-N-
(aminocarbonyl)-(4-fluorophenyljalanine was dissolved in 1 ml of 1IN
sulfuric acid, and 10 mg of sodium nitrite was added thereto. The
mixture was subjected to reaction at the room temperature for one hour.

25 The reaction solution was analyzed using HPLC, whereby the optical

purity of the product was found to be at least 99 %ee.

HPLC analysis condition



=ddBuV7! ! Of 109ZZ& ()- “-10% & ()-Y
Y+Z10%'& ()-,f)10% & ()-s' 1 10% & ()-WB 10% & ()-g~ @' 10% & ()- y1l0% & ()-
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Flow rate: 0.5 ml/min

5 Column temperature: O - 5°C; Detection wave length, 210 nm

EXAMPLE 11
(R)-N-(aminocarbonyl)-(4-fluorophenyljalanine having an
optical purity of at least 99 %ee was obtained in an amount of 0.85 g
10 (yield: 78 %) in the same procedure as in Example 10 except that
Alcaligenes faecalis IFO 13111 was used instead of Bacillus sp. KNK 108
(Accession number: FERM BP-887).

EXAMPLE 12
15 (R)-N-(aminocarbonyl)-(4-fluorophenyl)alanine having an
optical purity of at least 99 %ee was obtained in an amount of 0.9 g
(vield: 83 %) in the same procedure as in Example 10 except that
Pseudomonas putida IFO 12996 was used instead of Bacillus sp. KNK
108 (Accession number: FERM BP-887),
20
EXAMPLE 13
(R)-N-(aminocarbonyl)-(2-fluorophenyl)alanine having an
optical purity of at least 99 %ee was obtained in an amount of 0.8 g
(vield: 74 %) in the same procedure as in Example 10 except that 5-(2-
25 fluorobenzyl)hydantoin was used as the substrate instead of 5-(4-
fluorobenzyl)hydantoin.
[a]p?° = -24.0 (c=2, 1IN NH,OH)
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EXAMPLE 14
5 (R)-N-(aminocarbonyl)-(3-fluorophenyljalanine having an
optical purity of at least 99 %ee was obtained in an amount of 0.85 g
(vield: 78 %) in the same procedure as in Example 10 except that 5-(3-
fluorobenzyl)hydantoin was used as the substrate instead of 5-(4-
fluorobenzyl)hydantoin.
10 [a]p? =-25.2 (c=2, 1N NH,OH)
'"H-NMR (DMSO-d, 6 ppm) : 7.20 (m, 1H), 6.95 (m, 3H), 5.95 (d, 1H), 5.55

(s, 1H), 3.95 (m, 1H), 3.10 - 2.85 (dd, 2H)

EXAMPLE 15

15 (R)-N-(aminocarbonyl)-(3,4-difluorophenyl)alanine having an
optical purity of at least 99 %ee was obtained in an amount of 0.8 g
(vield: 74 %) in the same procedure as in Example 10 except that 1 g of
5-(3,4-difluorobenzyl)hydantoin was used as the substrate instead of
5-(4-fluorobenzyl)hydantoin.

20 [a]p*® = -28.2 (c=2, 1N NH,OH)
'H-NMR (DMSO-d, 8 ppm) : 12.70 (br, 1H), 7.31 (m, 1H), 7.20 (m, 1H),
7.00 (m, 1H), 6.20 (d, 1H), 5.55 (s, 1H), 4.30 (m, 1H), 3.10 - 2.75 (dd, 2H)

INDUSTRIAL APPLICABILITY
25 According to the present invention, (R)-N-(aminocarbonyl)-
fluorophenylalanine, which is useful as a starting material for an

optically active (R)-fluorophenylalanine derivative which is useful as a
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formula (I):

5
@)
10
wherein X' and X? are hydrogen atom or fluorine atom.
2. (R)-N-(aminocarbonyl)-(2-fluorophenyl)alanine
15 3. (R)-N-(aminocarbonyl)-(3-fluorophenyl)alanine
4, (R)-N-(aminocarbonyl)-(4-fluorophenyl)alanine
5. (R)-N-(aminocarbonyl)-(3,4-difluorophenyljalanine
20
6. A process for preparing (R)-N-(aminocarbonyl)-
fluorophenylalanine of the general formula (I):
25

)
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which comprises treating S5-(fluorobenzyl)hydantoin of the general

formula (II):

5 X 0
F
NH (1
HN\< )
2
X 0

wherein X! and X2 are as defined above,
10 with an enzyme having the ability to selectively hydrolyze (R)-isomer

thereof or a microorganism having said ability.

7. The process of Claim 6, wherein said enzyme or
microorganism is a microorganism belonging to the genus Bacillus,
15 Alcaligenes or Pseudomonas, or an enzyme derived from these

microorganisms.

8. The process of Claim 6, wherein said enzyme or
microorganism is Bacillus sp., Alcaligenes faecalis or Pseudomonas

20 putida, or an enzyme derived from these microorganisms.

9. The process of Claim 6, wherein said enzyme or
microorganism is Bacillus sp. KNK108 (Depositary authority:
International Patent Organism Depositary (IPOD), National Institute of

25 Advanced Industrial Science and Technology; AIST Tsukuba Center 6,
1-1, Higashi 1-Chome Tsukuba-shi, Ibaraki-ken, Japan; Date of deposit:
July 2, 1981; Accession number: FERM BP-887), Alcaligenes faecalis
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10. The process of Claim 6, wherein the compound of the

5 general formula (II):

(1)
10
wherein X! and X* are hydrogen atom or fluorine atom,
is one which is obtained by reacting a fluorobenzaldehyde of the general
formula (III):
1 O
15 X
H
F (I11)

wherein X! and X? are as defined above,
20 with hydantoin in the presence of a base, and then reducing the

resulting 5-(fluorobenzylidene)hydantoin of the general formula (IV):

F NH av)
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wherein X' and X? are hydrogen atom or fluorine atom,
is 5-(2-fluorobenzyljhydantoin, 5-(3-fluorobenzyl)hydantoin, 5-(4-
fluorobenzyl)hydantoin or 5-(3,4-difluorobenzyl)hydantoin.



