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_ The present invention provides a proeess for economically prepanng
lw .25 intermediates for the preparation of medicines, D-(—)-N-carbamoyl-. -(phenyl or 25
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substituted phenyl)glycines which can be readily converted to D-(-)-2<(pheny! or
substituted phenylglycines known as available intermediates for the preparation of
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whi ch may be represented by the foll ow ng equation: 2

1, 564, 982 2 wherein [err], [err], [err] and
[err] are each independently a hydrogen atom a hal ogen. atom hydoxyl
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substituted phenyl) hydantoins are selectively hydrol yzed: However, since
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are selected by examining wild strains present in nature, strains deposited in public
orgamzatlons, and microorganisms obtained by artificial -mutation from these
. strains’ for the presence-of the above: capablhty ‘The expression “ability in’
45 asymmetrically hydrolyzing the hydantoin ring” as used herein means an ability to 45
hydrolyze the hydantoin ring of the 5-(phenyl or substituted phenyl)hydantoins so
as to substantially produce only D-(-) forms of N-carbamoyl- -2-(phenyl or
" substituted phenyl)-glycines. As a method of exammmg for thxs abnhty, for instance,
a method as stated below may be. employed: .
50 First, cells are collected by subjecting 2ml, of a cultured ‘broth of the - 50
microorganism to centrifugation, and then’ washed with 2.ml. of a 0.9% by weight
saline water. Again, cells are collected by. centrifugation. The thus obtained intact
cells (wet weight: 40 to 400 mg.) are added to 2 ml. of a 0.1 to 1.0% by weight
aqueous solution or suspension of a substrate. Note: The actual substrate is the D-
55 form, but the DL-form can also be substantially regarded as the substrate, as far as 55
the racemxzauon occurs simultaneously with the enzymatic reaction. Therefore,-
the term “‘substrate” as used herein means usually the hydantoin compounds of
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are selected by examning wild strains present in nature, strains deposited
I n public organi zations, and m croorgani sns obtai ned by artificial nutation
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50 the treated cells, for example, crushed cells and cellular extract. Further, these 50
cells and treated cells may be immobilized in a conventional manner.
- The reaction substrate is usually admixed with the cultured broth, cells or
treated cells'in an aqueous medium to make the enzymes act catalyncally on.the
substrate. The hydrolysis reaction may also be. effected by adding the reaction
‘55 substrate to a liquid culture medium during the culture of microorganism.’In that 55
case, the growth of microorganism and the hydrolys:s reactlon proceed in parallel
to some extent.
The concentration of the reaction substrate, namely 5- (phenyl or substltuted :
ﬁhenyl)hydantoms, is selected from 0.1 to 30; by weight. The solubility of the
ydantoin compounds in water is generally low, and in many cases, the hydantoin . 60
compounds ‘are . present in a suspended form, which is not an obstacle to the '
reaction since the substrate progressively dlssolves into the aqueous reaction
medium with-the progress of the reaction.
. When_carrying out.the hydrolysis reaction of the 5- ~(phenyl or substltuted _
65 phenyl)hydantoins in an aqueous reaction medium, the reaction mixture is - 65



enzynme can be prepared by culturing a mcroorganismin a conventional
manner. Al though the culture is usually effected in a liquid nmedium solid
surface culture—may-also be enployed In general, carbon and nitrogen
sources which 30 m croorgani sns can assimlate and. inorganic salt
nutrients essential for the growh 30 of the mcroorgani sns are included
| ture medium Preferably, a hydantoihn compound such as hydant oigy
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since the suja ‘%‘Eﬁ [ﬁ %ﬁ gﬁ ﬁ%ﬂ %ﬁg‘g éfeactlon

medi um g t h R ingfaRé, ©5S)-2bhdnyigly ElRawhkc in cdhe hygy ol ysi s’
reaction of tbheotfai ghem lighotyiegtls Dbyt ireactingl IGG—)-N-car Ilelmnm ns in an

aqueous reac °5?'Hé“VF i ﬁ"tfﬁ“ 1 samem ef’ D--)364, 982
4 mai nt ai ned ;F%E'H %‘Q gﬁs‘iﬁiom )t&{;iga gﬁg_géhydf m 2 cang,qe products can

be obt aissed lmmbug t Y5l aldo oﬁﬁt aomg—as(mnyemmﬁm)gwae en@r fedh acdsi vity
are enpl oyed frdmd?r(-ﬁﬂ-(i‘@eﬂmwhewhdmm, it hie #lsegpessible F%tgeephs thivy sl ow. v
Al so, whi en pﬂompoun ‘by - converting- D-(—)-N-carbamoyl-2-(4-methoxy ny])glycme -
obtained ‘according to thé presént invention.
. Particularly advantageous results are obtained if the hydantom is subjected to

50 the-action of a cultured broth, cells, treated cells, immobilized cells or immobilized 50 '
treated cells of 4 microorganism cultured in"a culture medium - containing a '
hydantoin compound, in an aqueous reaction: medium of pH 7 to 10, said
microorganism bemg at - least’ one ' member selected - from Aerobacter,

_© - Agrobacterium, ' Brevibacterium, - Corynebacterium, - Microbacterium,

‘55 Micrococcus, : Pseudomorias, Actmoplanes, -Mycobacterium,  Nocardia- and 55
Streptomyces. This preferred process-is ‘applicable to the preparation of D-(—)-N-
carbamoyl-2-phenyl glycine from DL-5-phenyl l}ydantom the preparation of. D-
(—)-N-carbamoyl-2-(hydroxyphenyl)glycirie - DL-5-(hydroxyphenyl)-
hydantoin, particularly from' DL-5-(4-hydroxyphenyl)hydantoin and to . the: -

60 préparation of ' D-(~)-N-carbamoyl .:2-(tiiethoxyphenyl)glycine from - DL-5- 60
(methoxyphenyl)hydantom, particularly froim DL-5-(4 methoxyphenyl)-hydantoin.

"~ ' The present invention is more particularly described and explained by means
of the following Examples, in which all perceéntages are by weight unless otherwise
stated. These Exaniples are intended to illustrate the invention and are not to be
65 construed to limit the scope of the invention. =~ - o 65




I's higher than 10, side reactions may occur. At pH 7 to 10 the conversion
rate of the 5 DL- 5- (phenyl or substituted phenyl)hydantoins to
D-(-) - N-carbanoyl - 2- (phenyl or 5 substituted phenyl)glycines is_remarkably

i ncreased, since the solubility of the substrate increases with increasing
pH and the racem zation of the hydantoin ring is effectively accel erat ed
under™~al kal i ne conditions. Wth the progress of the reaction the pH of
reaction “m xture decreases and, therefore, it is preferable to 10 -
at an apprdpriate tine a‘neut ral i zi nd.564%83t “such as anmoni a. causticSsoda,
to caustic potash and sodium carbonag,gmpi 1t he reaction mixture to maintain
-it at the optimua fqdid Alesiam as pHIC Cascoanimigntrdillowing @bgpstests Ssvent and a
sur f ace\act i veprepgfedhian i epogtifie thereof watepqueeidntodpP mieehaking flaskeandy dr ol ysi s
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enzyme ang usually at. a tenperat Wé&igth cofpdnbats 0 [err]. The reaction t$ne
15 varies dependi-ng-on the activi+y—ef—the—enpl oyed m croorgani.smand the
reaction tenperature, 32 I s usually selected:-from 5059 100 hours,
preferably from5 ta 3 HEEFL The D-(-)-N-car banoyl ©2%(phenyl or
substituted phenyl )gI yofeagsxtpicoduced by 20 t he hgeyol ysis reaction are
i soffated fromthe reaction m xture by uti 1 zi ng the pH 20 adjustnent or
treatment with an ion- &XB%%hge resin. For instance, Fﬂ"é reaction mxture is
adj usted to pH 5 and sygjcgcted to centrifugation or fjidegration to renove
i nsdl ubl e materr al s such as uncgan efd substrate and cells, and then- the
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above matlﬁOd aﬁ?ctc ain %bcen it a on dllhe{t sus)g‘%g%g% 1 nﬂ al\fent 15
6%1(19 s

salin
However, the i§ *etihg a case,
and is avail abhﬁm&Sdascgﬂd’(’leb‘ |so atr ng rret od. "After rermvr ng insoluble
matgrials fromthe reaction 30. ﬁt‘,lure the desired product i s adsorbed
by passing the reaction m xture t“h‘f"t‘)'[f’q omponeys ool urm of a basic
ani on-exchange resin, and then eluted fromthe ani-on:exchange resin with a
sol went” 0ch as d§t) a3 ml hmoelhkﬂlbstmtms;ﬂn&&'i’nfle’ILﬁaﬁoatammgtllS%mfM rali2ed and.
concentr at ed under P@!&t’é&!ﬂﬁﬂ’e@%ﬁf@eﬁwtﬂkﬁqurystaI s of the desired
product. 35 I bstituted .
phenyl) gl yci nes o ar ned)m ?ﬁ%ﬂgghﬁ%&@@g@ ?fCH'H Eg present i nvention are'
useful internedi a3e33 mbrofpclbpwemng1 senmi- synthetic penr cillins and
sem -synt hetic ce sy elel an rla SO arﬁwbe re converted to :
SNy (ﬁhenyro&%?%, D e R R e o
approprr ate rraﬁmermld mgtA dr'ftl;edb pte mqifrtmsemctuonnuefehum nigtuichas ef ore very
great . Frytrifpgedtand Goml. pf the eolvﬁﬂﬂc\?ﬁmtéket! h’ét rTaw mat er i al

for Arrpr cr |1 nd E;::%E%&;QEZ a8 <l f;“ﬁ d@ﬁdﬂ la‘lﬁ hiha
D- (-) - N- cigr bangy l6; n?e rxesraar ﬁ.@.&ﬁ s dm?nre&&se gth
ni trous acid. hbsotbhnresa&hﬁ@mﬂhesa,md)r@ uraas bbvh s BH W gr ne vvhr ch
P
a'ﬁ’“r

is the raw mat eqcharllrterenﬂ%@eam gk a ‘ﬁﬂ%ﬁ& nylglygi fids from
(bqnveésrl?]rg jgs) -

p‘?—ﬂ“t' i s-al so

D-(*)-Ncar banﬁ% ﬁ?h%ﬂ B R A Vike)
known t hajs D-( ydumy@mdyiumgt wad m:xcr@tsbmgedanuvmd obfkinelir om 3s
D (-)-2-(4- sgilvediin &, torltomksoalwstgr mrrbhemtsoth meplable this

corrbound a:fisﬁo ive E/glon[jgég r_atq_ -car am%?gnph hﬁgﬁ(‘%ﬁ& pre it gl yci ne
obt ai ned accor b Wdpchied BE fRAGoE Ahd LepNaatitcdTront s 19nt ¥ WdMiaib ageous
results agpe obtthinobt give N by dram-blmnmglyﬂms oftjigicueity. The same procedure 40
as above was repeated by employing each supernatant solution. -
The infrared spectrum and Rf values b{ silica-gel thin layer chromatography
(solvent: n-butanol/acetic acid/water = 4/1/1) of the thus obtained crystals agreed
with those of the authentic N-carbamoyl-2-phenylglycine, and also the found data
45 of the elemental analysis agreed with the calculated value. Also, the specific 45
rotatory power of each product fell within the range of [a]3°=-136.3° to |
[a]2° =—133.0° and agreed with the value for D-(—)- N-carbamoyl-z-phenylglycme,
([al 2°=—l36 3°) described in Chemical Abstracts, 65, 3883d (1966).
The reaction products were identified as D-(—)-N -carbamoyl 2-phenylglycme

b'




50 the action of a cultured broth, cells, treated cells, imobilized
cells or immobilized 50 treated cells of a mcroorganismcultured in a
cul ture nedi um cont ai ni ng a hydantoi n conpound, in an aqueous reaction
mediumof pH 7 to to, said mcroorganism being at |east one nenber
sel ected from Aerobacter, Agrobacterium, Brevibacterium

Coryn terium M crobacteri um 55 M crococcus, Pseudonbnas, \_/ :
Actin nes, M/cobacterr um  Nocardi a and " 55 Streptonyces. This '
prefer d5p_rocess is applicable to tH#6498paration of D-(-)-N-- - 6

car banoyl - 2- phenyl gl ycine from DL-5¢ 1yl hydant ol n, t he preparatrton. of
D- (-)- N carbanoyl - 2- (hydroxyphenyl ne: from DL 5- (hydroxypheny1)
hydant oi n, particularly fromDL-5- (4 hydroxyphenyl)hydant or n and to t he, 60
preparation - of -
60 (et hoxyphenyl) hydant oi n, partr cuI arly.from DL-5- (4 Amountof

met hoxyphenyl ) - hydant oi n. The present ‘invention is rTDI’eotﬂﬁh&dN.Lﬂ ar | y '
descri bed and expl ai ned by neans Of-cathemdydl | owi ng Exarrplca‘bamoyh whi ch al |
percentages are by weight unless ,ﬂg}l‘% se sgated. These? @Fﬂh“pl es are

intended to illustrate fahe mventr%%_a.n.d_a.r n_Q'f_fQ_b ﬁ&neconstrued to

limt the scope of the invention. ' 65 5

1, 564, 982 mg/ml.  Sole¥ple | . W8-1iquid nedium
of pH .7.0 containing the fol | owi ng_conponents was prepared, and 100 m .
portions. thereof were poured into 500 nl. shaki ng flasks and were - I
steam steri | i z&chramoaeter Jelmdreme 10 m nutes. 5 . :

Medi um conponentEO h3688 extract .. = 08 A - A 3%) 5% Yeast
extract Aerobacter cloacea IAM 1221 \ .5 %)4Pe pt 0 n e 44" ' :

1.0% Nadl . 0.15% 10 To each fl ask

was added 300 Ome\‘fasmmnhﬂ#zed DL 5- (02 et hylthr oet- hyI)hydant oin 10  under
sterile conditi&R3¥%ne thus obtained r?thures were enpl oyed ‘as culture

medi ums. - Each Ad:ekaeRFe@Risciaown in Table 1, which was previously cultured
on an agar boui I¥®3058| ant at [err]. fadms 24 hour 33 was i noaef ated into each
culture rredru d W= cultured at [err] for 22 hours with shaking. Cells”
were separate gﬁ%a“e"“ HFRBPIRE cach cylgt ured brgyh and washed with 0.9%
sal i ne water. cef s were - 15 col | ect ed agai n by centrifugation, and
t hen suspendedAlrcaiigmeS&ecdhs of 0.9% sal i ne wat er.” - The 't hus obt ai ned each ~*
suspensi on was HplBikd as: a. corrponento 08f the. mQ?ure descti bed bel ow.
M xture- Conpon&,nﬁ,gbaggrs,m lex (1) 33 nl. of aqueous substrate suspension of
pH 7.6 cont ar ni nmﬂzo&?/ DL-5- 20 plognyl hydant®i n (substeate content: 500
ng.) (2) 33 te buffer solutign of pH 7.6 (3) 33 m. of
cel:l suspensr ueiybaﬁﬂwﬁgg& d st op@er. ErlennmeYer flask fhs charged with
t he above comprRfbacteriuQn@its (1), (2)* and’ (3) . and. then the. reaction was
carried out at. [EQH]MS or- 40 hours 2514 th m| d 26 haki ng. Af7’l er: the

conpl eti on of é eaction, the reactr on mxt ure was _' :

orynebacterium se;Sedomc _ S

1FO3306 Casc o oas e
‘Enterobacter cloacae. .. . S e

TFO 13535 SR 003 0 05 e .
'Erwini'aarcidiaé IFO 12380 oo 004 0T L
.EschenchracollATCCle48 LU0 i es s 5
Klebs1ellapneumomae R e e Coee

IFO3319 ~ .~ " 04 -~ . 7 .. o 15
__Mlcrobactenumﬂavum _ A PR o
. .ATCCO0340 R - c 5T
_Mlcrococcus roseué IFO 3764 15 RERRE 1 | : g9

Mycobactetmm smegmatls - ConT R e
ATCC607. . . . ur o 3 106

Nocardlacorallma IFO 3338 24 PV ;155_



centrifuged and 2 m . of the obtained supernatant solution was taken' out.
The supernatant solution was col or-developed with 0.5 m. of a 5% sol ution
of p- dinethyl am nobenzal dehyde in 2 N hydrochloric acid, and then the
amount of N 30 car banoyl - 2- phenyl gl yci ne was colorinetrically

determ ned by neasurihg the 30 absorbance at 420 nm The sanme procedure
as abave was repéated by enpl oyi ng each cell suspension. The amounts o he
N- car banoyl - 2- phenyl gl yci ne produced in the reaction m xtures and the: ;
conver si ons? f r om: DL- 5- phenyl hydant oi- n 1&#6493hown i n Table 1. 35 7 The
above supeTnatant solutlon was the Jpf PN Liged. and the obtained 35 '
powders were dissolved in 5 to 10 M After renoving the

i nsoluble.materials by filtration, the filtrate.was adjusted to pH 4 to 3.5
wth 2 N\‘Fiydrochi Oric acid-to give a white precipitate of -

N- car banoyl - 2- phenyl gl yci ne. The precipitate was separat e(‘}g‘t‘mt i I'tration,
and recrystallized froma m xed sol Ngdg;baglf,ylyvater and ‘40 éa;b'aﬁg anol to give
N- car banoyl - 2- phenyl gl yci ne of hi ghaphédyt-y= The saire proceghuemyl- 40- as above
was repeated by enpl oyi iSgaieach supeglgeiieant sofemvewion The isiydingred spectrum
and Rf val ues by silica-gel thin |layer—chromat ograpny (solvent:

n- but anol / acetic-acid/water = 4/1/1) o,gg}nh'_e t husmelbtai hed cpystal s agreed
wi th those of the authentic. N-carbanoyl-2-phenylglycine, and also’the found
data 45 - of the—etereptat—anatysts—agreed—wththe catcutated—val ue.

Al soy the specific .45 rotatary power of each product fell within the range
of [err].=[err] Pf?éa“f; %raft".r&a?l[@l#"f' and aggeed with tghe val ue fagr

D- (-) - N-car banoyl 8 phenyl gl ycine, ([err]=-136.3) described in Chenical
Abstracts, 65, B8SGdmoi@aiEFO3B#e reacti®h product® were ideffified as

D-(-)-N-carbanoyl - 2- phenyl gl. yci ne. 1, 564,982 o
6 TABLE 1 Anoun#;a?;;gzgaﬁ%ﬁ%a%ﬁi N- car bappy! - 27 90 car banoyl -
2- phenyl - - .hhj " 2- phenyl - Strain -- gl yci ne . '
Conversion = - Pg[e&%w@mc ogphis,. .. mmle % ng. - fphr onobact er
del marvae | FO1266503%04 ' %)0. 8 - 36_ - 15 5 _ 38
Aer oBact er cl oaggéyddhddad dedolytica 2. 4 - 44 . 179 Aerononas
hydr ophi | a | FO 38R0 125710 - _ - 18 0.06 -33. 1 %Bgr obact eri um
t unef aci ens | FO_3058. tri 1.8 33, : - 127
AgroBact eri um r A AL 13250 46 1 1.9 . 34
129 Al caligenes faecalis | FO 13111 o : x -0.03 - 0.5~
Art hrobact er si i$picise marginata IFO 3066 0.5 - 9 2
Serratia plymuthicum . : o
- IFO 3055 | .03 LI 10
Xanthomonas campe'st'ris' : '
IAM 1671 003 05 . —

(Note) The catalogue numbers of strains shown in Table I show the strains
deposited in the following organizations (hereinafter the same).

: . TIAM: Institute of Applied Microbiology; University of Tokyo (Japan) _
S IFO: Institute for Fermentation, Osaka (Japan) : S
ATCC: American Type Culture Collection (U.S.A) e T

T

: Example 2.
A liquid medium of pH 7.0 containing the following components was
prepared, and 90 ml. portions thereof were poured into 500 ml. shaking flasks and
10 were steam-sterilized at 120°C. for 10 minutes. , 10

Medium‘(fon'\po'nenté' o

' Glucose R 1A

Soybean meal o o 1.0%
Yeastextract. . . . . . 025y

15 (NH,),S0, S g 15




| FO 12069 0.4 7 23 Bacillus
sphaericus | FO 3525 0.5 9 26 Brevi bacterium
incertum |FO 12145 1.3 24 77
Corynebact eri um sepedoni cum | FO 3306 - 2.5 45
191 Ent erobacter cloacae | FO 13535 o : 0. 03 0.5
Erwi nia aroidiae |IFO 12380 - 0.04 . ' 0.7 Escherichia coli ARCZ
211 0.03 - 0.5 Klebsiella pneunonicae |1 FO 3319 -

0.4 8 7 - 15 Mgssebgcterium fl avum ATCCO340 8

Vo VWate

1.1 —25 - 57—NTrococcusS TUSEUS T FO 3704 1.5

27 .. 89 Mycobact Medinm Spmpenshts SCoppEC607 . 1.7

31 o - 106 Nocardia corallTina IFO 3338 . 2.4 44 5

155 7 caco, . | -~ 1,564(9382 ) o

7 TABLE | (contd) Anount "of obtained N- N-carbanoyl - - '

car banoyl - .2- phenyl - . K,HPO, - ' . 2-phenyl -08krain gl yci ne

Conversion. - glycing rgf Dl e % g, MO _

Pr ot.am nobact er -al bo#%ég‘l;m%{#hé, Bql)hydgmf)ﬁf) 02% . 0. 9
25 Prot dus mTogach flask Wais 38148 a cultured bidtibobtained previously by culturing each 19 o
DS U OMDNaS T for 48 hows, and the culture was cirredgurat 27 ¢
90 Ps el"domjn%%" . r% ??%fﬁml%a :h .%%’s were separated from each cultured bzthbo' ' 36
122 Pseudoiairifdgfioh, agt itkea celt Sdspeddidhk were prepared in the same manner g 33

Ps le- 10 v
99 _Pseudononsample 1at a | Fog%%:ggr? of DL-5:phenylhydantoin, tg.*z;éo?or'imetric- 2;17

222 Sarcina r%‘.ﬁ ?Q‘?‘p% kr3wphenylh olorimetri
. i overy of the produced N-carbamoyl:2-phenylglycine
Serratia p|_ y%fe alﬁagﬁ{. ;’?ﬁ _b_ﬁne manner as ?n-Example 1. _ lg“ ey
10 Xant hombnas TheTRedts areSshodlinl Bable 2. S 0003 0.5
- (No_t e) The catal ogue nunbers of s_ilArBeiiEnzs shown in Table 1 show the strains

Amount of ' »

- o _obtaiied N- :
N-carbamoyl- carbamoyl-
2-phenyl- 2-phenyl- _
- Strain "~ glycine Conversion - - gly_o_::ine S
mg./ml. moley, -~ mg
Actindfnyces griseoruber R
IFO 12872 09 6 6
Actinoplanes philippiensis o . S
Iamoi0 -~ - L1 o4
Streptomyces almquisti . L . . _
Streﬁtomyces aureus = ' | _ _ _
IFO3175 . -0 v L 2. L e .-53 Lo ) €
Streptomyces flaveolus L S e T '
IFO 3408 12 2 55 y
‘Streptomyceés griseus © - - PR P e b o
ATCCI0I37- - . .. 7o L o033 s 122 e

The obtained N-carbamoyl-i—pheﬁylgiyéihé. ‘showed the specific_rotatory
power of [@]2® =—136.3° to —133.5° (c=1, 1 N NH,OH), and was identified as D- R
(=)-N-carbamoyl-2-phenylglycine. ' _ T

Example 3. R Be
20 A liquid medium of pH 7.6 containing the following components was 20
prepared, and 100 ml. portions thereof were poured into 500 ml. shaking flasks and
were steam-sterilized at 120°C. for 10 minutes. o :




deposited in the foll ow ng organi zations (hereinafter the same). | AM
Institute of Applied Mcrobiology, University of Tokyo (Japan) 5 | FO
| nst+tute—f-or—Ferreptation—Csaka—{Japan)————— . 5
ATCC. Anmerican Type Culture Collection (U S A) Exanple 2. A liquid nedium
of pH &71%0 contai ni.ng the foll ow ng.conponents was prepared, and 90 m .

portio t hereof were poured into 500 m . shaking flasks and 10 wer
steamsterflized at [err]- for 10 m nutes, . :
Medi um Compdnent s Q ucose ~ 1,564,982 - . 2 00 Soyhdan
meal SE o Medlitn ®afpbnedist I act S

0. 25% 15 [err] : - - 0.1%

15 8 : 1, 564,98

8 Medi um Corponents (cont§f®[err] . o 210'00_/" . 0. 5%
[err] Yeast extract 0.4% , 0.2%

DL- 5- (2- et hyl t hi oet'hyl ) hydant 8i n 0.2% 5 To Sggh flask was added
a cultured broth obtainet R8P us| y by culturi'ng each 28 ni croorgani sm .

shown in Table 2 respectkughg, in 10 m. of .the same |iquyd nmedi um as alSove
in atest tube at [err]. for 48 hours, and the culture was carried out at

[err]® for 72 hours withMsBR&ithG. Cells were separated®¥%om each cul tured

broth by centrifugation, cgig then cell suspensions Ver gafr epar ed in the

sane_manner as in 10 ample 1. o
10 Th'e hydrol ysi's react Pbs-(2-afethpithidetipidpydahteindant oi n, 02% colorinetric

det er mnation a 1 t he ro%é:over of . t?a% 2{% ed N-c.%r Qlao ‘I:-tZ-Bi(])e_nyl gl yci ne
vere carr! g ou Shats SR a- e e e A o7 grown
i n Tabl e 2. TABL2l hduréyriais iocslated Intdda E\ird YnedNmt; ahd @i dnltured at 28°C. for 40 :
car banpyl - 2-'phdwyis with shaking. Cells were separafed friomreg¢h of Sheirésulting cultured broths gl yci ne

: Teg C
WP | if d washed with S fa0.9% t
Conver si on g'%%t} o8 ﬂf‘:°€‘y'f£‘;-n&"§ig§ﬁ3¥l‘f§£§m ‘éﬁ?gﬁf%& PP AN T
o Wi

gri iseor ubeys | FOwheer. Bach thus obtained cell suspension ployed as a compofient of the 1546
Act i nopl anes phinhiktpgei deszibed beld 120 _ o 1.1 - - 20
47 Streptonyces al ngui sti ATCC618 _ .- ' 2.1- 38
151 Streptonyces aureus | FO3175  Mixture Components 1.2 22
53 o , ' : -
v (1) 33 ml; of aqueous substrate suspension of pH 7.6 containing 3.0%, of DL-5-
: phen{lhydantoin, (substrate content: 1,000 m?.) : . o :
20 . (2) 33 ml of 0.2 M phosphate buffe_r solution of pH 7.6 . ' 20

- (3) 33 ml. -of cell suspension . - .

. A 300 ml. ground stopper Erlenmeyer flask -was charged with the above
components (1), (2) and (3), and then the reaction was carried out at 30°C. for 40
. hours with mild shaking. - SR '
25 After the completion of the reaction, the colorimetric determination was 25
- carried out in the same manner as in Example 1, and it was confirmed that N-
carbamoyl-2-phenylglycine was produced in an amount shown in Table 3 in the
reaction mixture, respectively. :
The reaction mixture was centrifuged and the resulting supernatant solution
30 was passed through a column of a strongly basic anion exchange resin of OH-type 30
to adsorb N-carbamoyl-z-pher:iylglycine on the resin. Then, N-carbamoyl-2-
phenylglycine was eluted with dilute hydrochloric acid, and after neutralization
¢ B with sodium carbonate the eluate was concentrated under- reduced pressure to
precipitate the crystals., Recrystallization was conducted.
35 _ Infrared spectra, silica-gel thin layer chromatrograms and specific rotatory 35
) powers of the thus obtained crystals indicated that the reaction products were D-
® (—)-N-carbamoyl-2-phenylglycine. :



Streptonyces fl aveol us | FO 3408 1.2 22

55 Streptonyes gri seus ATCC 10137 . 1.8

power of[er]: -133 to -133. c =1, [er), d s_ i dentified as D-
(-)-N-carbanoyl - 2- phenyl gl yci ne. Exanple. 3. .20 _ A liquid mediumof
pH 7/6Yvont ai ning the fol | owi ng conponents was 20 prepared, ‘and 10841 .
por’t__ thereof were poured i.nto-500 m. ‘shaking flasks-and were -~~~ =
steastfgrilized at [err] for-10 myyhes,. . 9 T

1, 564, 93@r - : — 1%682 9_'!‘Jbel+-um—eefn°ﬁeﬁe-n+-s—_5u-e}=99'se

10. 0% Yeast extract . ~TABLE3. 0. 2% ( NH4) 2HPO4~
0.2%5 _ - KH2PO4 —_ . 0.3

5 [err] ' 0. 1%[err]

0. 2% DL- 5- ( 2- net hyl t hi oet hyl ) hydant oi n : 0. 2% Each m croor gani sm shown
in Table 3, which has been previously cultured on a 10Amountgfy| t agar sl ant
cont ai ni ng . 0. 3% of DL-5-(2-nethyl tyi, Llﬂwl;) hydant oi n - for .10 24
hours, was inoculated into a cultuighegdi’'um and was ClpHewyied at [err] for
40 hours wi th shakiSigin Cel | s wer e glgjper at ed Congersiemch ghfciiehe resul ting
cultured broths by centrifugation and washed with 50 m. of a 0.9% saline
water. The cells'were collected agapg iy centplfeugation, ;gnd then suspended
into 33 m. of a-0.9% saline 15 wat er. Each thus obtained cell o
suspensi on e et—as—a—t Tt Te X e—deseri bed. bel owl

M xture Conp .. of aqueous substrate suspension of pH 7.6
cont-ai hi ng 3%?&§?§%5‘E1enyl hydanpgi n (substgate contegt: 1,000 ng.) 20
(2) 33 m. of 0.2:Mphosphate: buffer solution of pH 7.6 . 20
(8) 33 nl. ofCandidgutilisbAM42300n A 300 B8 ground Etopper ErfSenmeyer flask was
charged withghe Saofepmponent’s. (1) s (2) and {3), and tfhen the reaction -
was carried &%ﬂgﬁm??gfo'r.._40.~h'0.ur)s)'§vvi.th'm'.'.l'._ shaki ng. 25 ~ After

t he conpl et i ®hoddtotulaglutisinct'i on, the calorinetric determ nation was :25
carried out i MfO%ame manner as inl&xanple 1Mand it wd confirmed that
N- car bamoyl -ranRlERwisiX v £ Veas proggeed in amy@nmount shown in Table 3 in:
the reaction mxture, respectively. The:-reaction m xture was centrifuged
and t'he resulHting-stpermatant—sotutionm—S36— ' hrotgh a col ung
of a strongly basic anion .exchange, re.sj n of  OH+type 30 to adsorb - '

axS—e O C—¢C C OTPOITE

—U © v, -- e raSSTor

N- car bamoy - 2- plefyli@! NQiae of bH 89 Lontiting T Pollobing Aol fas
prepared, and 90 ml. portions thereof were poured into 500 mi. shaking flasks and
~ were _ste'a.m-st_erili'zed at-120°C:'fqr- 10 .minutes'.' - R

_ ' N_Iediﬁm_ Combonen'ts

Glucose. - . 100%

- Peptone. - IO 02% -
o . mEPO, 1% 0
. MgSO,TH,0 = - . R o.05°_'/.,"-' L
cac, | o omy P
Hydantoin : | - 02%

To each flask was added the cultured broth obtained previously by culturing each
15 microorganism shown in Table 4 respectively in 10 ml. of the same liquid medium 15
as above in a test tube at 30°C. for 48 hours, and the culture was carried out at
- 30°C. for 72 hours with shaking. Cells were separated from each resulting cultured
broth by centrifugation, and then cell suspensions were prepared in the same
manner as in Example 1. :
20 . The hydrolysis reaction of DL-5-phenylhydantoin and the colorimetric 20
determination of the produced N-carbamoyl-2-phenylglycine were carried out in
the same manner as in Example 1.
" The results are shown in Table 4.



phenyl gl ycine was eluted with dilute hydrochloric acid, and after
neutralization with sodium carbonate the eluate was concentrated under
reduced pressure to precipitate the _
conducted. 35 Infrared spectra, sili ca gel thin layer chromatrograns
and .speci fic rotat ory 35 powers.of the thus obtained crystals indicat
that\-t’he reacti on products were D- (-)-N-carbanoyl - 2- phenyl gl yci ne. @
N-

1, 564, 982 10 TABLE 3 Ampunt of obtain
N-car banmoyl,-  ~ - car barmyl 1 S&Menyl : . ' 2- pfieny! -
Strain ot yetre ~-Conver-sTomn gtycr eyt mol e %
my. ‘Candi da nmacedoni ensi s | FO 0706 TABLE4 0.7 6

49 Candida utilis 1AM 4220 0.8 7 65 Pichia

vini | FO 0795 Q.5 ; 3 ' ' '27 -Rhodotorul a
glutinis I FO 0559 : 1.2 - ' 89

Torul opsis utilis | AM. 4246 0.05 ?"@“’Eﬂarrpl e 4. Al qui d

medi um of pH 6.0 containingsihg fol | owing cor‘rgysg;gﬁ S WagomeRar ed, and 90
m . portions- thereof were poured into 500 nmt —shaking f-:I—a-s-I@s—and S

were steamsterilized 'at [err]. for 10 minutes. _ _ o 5

Medi um Conponent s G ucose mg./ml. mol‘b/"O% Pept one

02%[err] S 0 2%10 : [err]
1. 0% L ' 0. 05% [err]

0. 01% Hydant oi ﬁsPefg'““smSa” M 3009 O%TO each! f1ask was added

the cultured bp&gﬂ&;&mﬁﬁﬁw ously by culturgsng each

m croorgani sm shown “in Table 4 respectively in 10 m. of tlie sanme liquid

medi um 15 as Béninliuh pitripund&O.6832be at [err] for 008 hours, ®&hd the culture

was .carried.out at [err] for 72 hours wi th shaking. Oells wer e separ at ed

fromeach resulting cultured broth by centrifugation, and then cell

suspensi ons were ‘g‘éepared i-n the sameamplaser as in Exanple 1. 20 - _

The hydrol ysis_réd 1“&??"%?“8 l%‘ s phisvn in Teblg (3dveripreparpbin thet ric 20
ar

det gr i nagi on Bf"G I bir 25 gyfggmg %Xﬁx%&?ehax)ﬁﬁ%h arri egl out

milo ﬁig
in the sane rrafwaﬁmg&mgsx Qd £HR hydroBsiSifetetion Wakcaried Io
. on each mixture in a 300 ml. grmmd stopper Erlenmeyer flask at 31°C. for 40 hours
. with mild shaking. During the’ reaction, the pH of the reactlon ‘mixture was
¥ maintained at 9.5 with 2 N KOH. ,

10 . Mixture Compo_nents L ' 10 :

(l) 500 mg. of DL—S-phenylhydantom
(2) 67 ml. of 0.1 M NH,CI—-NH,OH buffer solutmn of pH 9 5
(3) 33 ml. of cell suspension '

: After the completion of the reaction, the colorlmetnc determination and recovery
15 gf N-clarbamoyl-Z-phenylglyeme were carried out in the same manner as in 15
xample 1 .
The results are shown in Table 5.’ : ' '
It is observed that the racemization of the hydantom rmg is accelerated and
the conversion is remarkably raised by maintaining the reaction mixtureat pH9.5.



11
11 TABLE 4 N-carbanoyl - 2-phenyl - St r;i §64’ 082

tCrotr;\t/)ersi lon ng. /m. _ mol e % Aspergi-l | us nigar | AM alyeine

T 1 Paecilonyces varioti |FO 5476 5009

5 Penicil | ium citrinum | FO 6352 - 0.05 %5 ExammLe

. ' e . . ’ . i :

> < nerpa25= ﬁnsEXnglmecrloogganl sms shown.in Table 5 were prgbgrzai n th

suspe - L9 By enpl oying ( ped cell
p ons, m xtures having the 1,5_645_9812>(;I I gb)vi %' ng}ngg. E h,lfs prepaped cell .

) H-af—net-e—prepar ed,

and the 1Bvdral Vel sk —
T LG U | O wadS Call, - . e . . L
Grouns 3 Spper S Tenmer T\ 2t SHMTES oo how S b L i sahg3g
With 2 N KOH (1:0' on, the pH of the reaction nixture was nmi El!’;l?nzgaghg' 5
(1) 500 ng. of DL-5-phenylhydantoin (2) 67 n O}Jrgmggl’r;;t)%?nrep;s[ o]
- A/ -[err

buf fer ' : !
compl et isglnuf):c o?hgfrpH 9.5 ( 3) _33.n1 . of cell suspensi opbtaineddy-
of N carbanoyl - 2- hea_ct i on, . the ‘caNeaitamerli ¢ deter mi naf} st '
phenyl gl yci ne wer &Pee¥ti ed gyt cistont hegiggé.%g% xnggrcover_y 15
- ) ; as I n

15 o
r acsﬁ?gg{ ?oﬁ' o;rh'? hsetaﬁruljt ot oi sho\/vﬁ__lyf_‘“ﬂ_"_'[am e—s—t— s epserved th
; _ ‘ ydantoin ring i L at the 2
re . LS g is accele . :
1 ggzkggIZy ral 3§d by mai ntai ni ng t hemg/akct i o[ma‘{‘ﬁ g%ﬁpg ;Pe% 'OSV?S' onts
N N-carb L . . 12 _TABI .
2-phenyl-ag?¥g?n N{ Ca{banny'- 2-pheﬁ§r;fg-5-’ﬁﬁﬂﬁf*0f obt ai ned”
0 bacter cloacae IA 1221 gl yci A4 - e ei e 319 L .
g17)|9eé)r b cm.m‘:s-”er'&e_rOgaﬁer, cl ohcae | AM 122%@"\/“8'I on == glycine m./m ..
S iae oeyne aCIGahineimcEeps ARt A0 4.4 80
seudononad'Os¥Pe at a 49" 3 73 318 318 | FO
12996 S e _ 3.8 69. .
Pseudomonas striata : 303 I FO
TFO 12996 | 38 . 69 303 o
.00 0 T~ .

‘Control .. ...

" Each obtained simple. of- 'N-'éarbaiﬁo-y'l-'Z'_-'bhé;nyllg'lYC:iilel was_recrystallized
from a mixture of water and ethanol, and the specific rotatory power was measured e
in the same manner as in Example 1, by which it was confirmed that the reaction 5 '

5 products were the D-(—) form.

Example 6.

Cell suspensions of microorganisms. shown in Table 6 were prepared in the -
same manner as in Example. 1. Then, mixtures having the following composition
were prepared. ) R s
10 Mixture Components, 10

(1) 500 mg. of DL—S-(4-hydroxyphenyl_)hydantoin _ o
. (2).67 ml of 0.1 M NH.CI—NH.OH buffer solution of pH95 =
BT celsuspersion e

The hydrolysis reactioh of DL-5-(4-h dthyphergl)hydantoin was carried out in a . -
15 300 ml. ground stopper Erlenmeyer flask at 31°C. for 40 hours with mild shaking, 15
- respectively. During the reaction, the pH of the reaction mixture was maintained at

9.5 with 2 N KOH. .
After the completion of the reaction, the produced N-carbamoyl-2-(4-

hydroxyphenyl)glycine was colorimetricall determined in the same manner as i 2

20  Example 1. The results are shown in Table 6. .
The supernatant solution obtained by centrifugin the reaction mixture was
tyophilized, and the residue was extracted with ethanol. After removing insoluble
_materials by filtration, ethyl acetate was added to the qthanol solution in _the.weight

ratio of ethyl acetate to ethanol of 2:1, tpgether with

25 dicyclohexy amine to give a white precipitate of
carbamoyl-2-(4-hydroxyphenyl)g1ycine. The white precipitate was removed, and
was caused to react with 1.1 equivalents of sodium nitrite in an aqueous medium

under acidic conditions with hydrochloric acid.at room temperature for one hour.

: Then the resulting reaction mixture was passed through a ‘column of a strongly

30 acidic cation exchange resin -of H-type (commercially available under the 30

registered trademark “Ambertlite IR—120B” made by Rohm & Haas Co.) to

adsorb the produced 2-(4-hydroxyphenyl)glycine on the resin: After eluting with 1.5
NH,OH, crystalline 2-(4-hydroxyphenyl)glycine was isolated by concentrating the



Contr ol 0.0 0 Each obtai ned sanpl e of
N-car banoyl - 2- phenyl gl yci ne was recrystallized froma mxture of water
andet hanol, and the specific rotatory-

as in Exarrple 1, by which it was confirnmed that the reaction 5

pr\g.uc\ts wer e the D( ) form Exanple 6. Cell suspensions of m croorg s
shown™in Table .6 were prepared in the sanme manner as in Exanple 1. T [m?
m xturestﬁaw ng the foll ow ng conpos!gd4@g2 wer e .prepared. 10 13

M Xt Ur e WIT]JUrl’Crll. 9 . JUVU ] . <

DL5- 5- (4- hydr g&g}gﬁw&ﬁvm%@wrﬁ%rrﬁ These Rsqeegyres were gepeated frevarchrqmmer sol uti on
of pH 9.5 (3) .nfetedeséctraeuéﬁe@ahe% Tég&hgmﬁﬁ'm(ﬁt jlgwf;ﬁgt% |
stals a,

£hyd gl
produced N-car[.bla'rmylls (°4c— rN)Hm) adytited wcnﬁﬁtnmgtm BQSr)ngesrlca |y

determ n¥d in hhét was renfimmed)tnt the Oi’tﬁnedzmczwl PrEssiptees B(-H{&hydsexyi t s Ape
shown ‘in Tabl & grybglycine of high purity. : ' 20-The super nat ant

sol uti on obtained by centri fugi ng tImBLgagctr on m xture was |yophilized, and
the residue was extracted with ethanel—~AEter renovi ng insoluble materials-
by trltratlon et hyl acetate was added to.the ethanol "solution in the

wei ght rati o of .ethyl acetate to ethanol of Z: 1,7 Together wih about 1.5
equi val ents of -25. ~  dicycl ohexyl ami ne to give a whiteamsu@csmit ate of

di cycl ohexyl am ne salt of N car banoyl - 2- (4- hydr oxypherv}ntajrgtiym ne. The .
white precipitate was renoved, and was caused to react yplphexyl- 1. equi val ent s
of sodiumnitrite. in an aqueous’ rrec&qgm,Wr acidic- corﬁmtda S with
hydrochl oric acid at room tenper at \3-@-hyéioxysrie hour .. Thanoyl-pes-r esul ting .
reaction nixture was_passed througtehandel urm of “a st rorhyfispx@benyl) acidic c
ation exchange resi nS*a Htype (co?%‘m al | CORERPL | EY5i8er t he 30
registered trademark "Anberlite. [R- 1mP Rl made ,gajeaohm & Hags Co.) to adsorb
t he produced 2-(4- hydroxyphenyl)gl ycine on. the resin. After eluting Wi th
1.5 [err] cry _ L _
congentrating - SR 1 564, 982

13 eluate undg%#%%'aggg}%"%&r‘essure Thegg pr ocedurses wer e: reggeat ed on each
reaction mxture The tnfrared spectra and Rf- val ues by -silica-gel thin

| ayer chrorrat tefium ppadpnicupt pyt an | / acet i CS?C' d/ wat ef=4/1/1) of the

t hus obt ai ned crys qs agreed 5 \MBth t hose "of the- au{ghentl c sanpl.e,
and-al so’t he fAetobaktetaloaceflAMIQ2El enent sl 5 anatysis. agrmed with the

cal cul ated value, Further, the specific rotatory power of ‘each product fell
wi thin .the raﬁﬁ%’ ﬂi‘ge"“g}?']m‘feé?sr] to [ep gl =-[err] gc =0.5, 1,y HCl) and
approxi mat el y agreec? with the- value tor D-(-)- (4 hydroxyphenyl ) gl yci ne,

DL- 5- ( 4xJydr oxsppveeny b 40 iaBidM@ter San/1) tHus loBtaie ground
st opper Brl enrmt ehos{eltﬁske a!tth«fne\prs mn‘)lo,r andoaldwothc $ound tdatanef| thie shm

respectively. 3Pl agr t‘h{{‘q‘ “"g i 6!??‘ 'ic’é‘& iRY g{}ge was

mant ai ned at Ei[ p @/th m}_,e _qf i on,

[err] =-59.1 - 1, 395, 826.
-Control 0.0 _
| T Exam ple 7. - L :
- A hquld culture medium of pH 7.0 containing the followmg components was
15 prepared and-90 ml. thereof was placed in a-500 ml shaklng ﬂask and was steam- 15
stenhzed at 120°C for 10 minutes. S e Ce
* . Medium Components e
" Meat extract S 2.0%
- . “Glyeerol - . ... .- 105 . _
20 . Hydantotn B - o . 0. 10/0._ | ' 20

To -the -flask. was added thé cultured broth obtamed prevxously by culturmg
Pseudomonas striata IFO 12996 in 10 ml. of the same liquid meditum as above in a
test tube’ at 33°C. for 24 hours, and the culture was carried .out at 33°C. for 24
o hours, and the culture was carried out at 33°C. for 20 hours with shaking. Cells were .
25 separated from the resultmg cultured broth by centrlfugatlon and washed w1th 100 25



10 It was confirned that the obtained reaction products were
D-(-)-2-(4-hydroxy- 10 phenyl )gl yci ne of high purity. TABLE 6 Anmount of

obt ai ned di - cycl ohexyl - am-ne-salt+—N-earbaroyl - of N- car ba-

2- (4- hydr oxy- noyl - 2- (4- phenyl) - _

hydr oxyphenyl )- Strain ~ glycine - Conver si on . glycine
mg./m . / mol e% o nmg. Pseudononas striata | FO 12996 i S U
4.5 . 82 - o 655 Corynebacteri um sépedonl cum | FO 3306-‘

3.0 . 4 55 " 491 Aeradlse£9%2r cl oacae | AM 1221 - L6

(2)79 naéofA 3{9?{:1 tr;iv%zeiz reré%lﬁst\? g{] go lecrté_d%ggu% t)3scjgc:ntrli’u;;§atnorx to. gnve 0. 0

0 Exanple 7. A T Gl s o tauédammdéduuw&fe sidperfied irt® 0.4 ohd OlohEsafi@ | OWL
conponent s was wher, and fhe dxhd ZEIDgrrbf atx’mlamebfand/aws acm’dNJNﬂ- a 500 rri

d
shaki ng flask i %rnle an%&;l : e) 2%12/e aqueous sec?ul:%%luz ‘imu l ‘?yl?ﬁlgigr Redi um

Cor_roponent s Mea resé ?’n i\_&dwas shaken The. mixture- gelled after seve
1.0% 20 - mnxture was f thaftaihed at 36°C. for 30 minutes to complete the reaction.

20 To the fl asKrovke ohtdniedjgetl hrentaxuing welisdvasiadded aotntalljameunt i @ \Wi93Lslige

cul turing Q’seud’@@ "Fl"é“l gag 49d the rpqultin ﬁ’af’ﬂés"é"é‘h‘éasf‘?qu| d 11913d| um
as above in a e %aﬁe g Flﬁr‘%ﬁ:ﬁ? ihﬁr y%y& carried ~
out at 330C. . fDI-5-@hyd ﬂ,umenyzmn ah B: Oumfm&u&awe thEﬂa@ﬁgV\gg for 20

hours with shalad a & #qslewarseh@@ of Na@é acausedlefquum tiohﬂi 7@sud theng cul tur ed
broth by &%nt r |1 {te 8 Glgion wate psping the 15

14 ni. of a 0.9 saédoﬁ 2 ‘”“ f@ﬂlﬁ a‘é&“wés sgaﬁ AR %&ﬁ"%ﬁ

centrifugati on afogas sbaumn NgOHoTrhé hactiontsashp;ﬁ- i Stely'Ebapre sftebtsai ned

intact cells V\éP'éal's s %@n ‘gﬂhe Ct@naﬂl&i 2%Halfvat er, andzo
— - N- uc
thereto Wg}e a%q'a ur Qggr t‘ro %ﬂhfi Oxy- -
met hyl enebi s(agﬁéﬂyg@ddﬁ ggydby aqueous SO u fof

di met hyl am no- 5 propl onltrlle and 1 3 U
anmmoni um per sul fa he re ‘ig 65 shaken. ﬁ; re gelled
e s At R S @%?L%agfm gl 15, S0
mnutes to conple ﬁlizedTa ezmearai iOminutee T he obt al e containing cells
added a' small anount - of a 0.9% sal i ne

of a 2.5% aqueous sol ution of

Culture Medium (A) : ' Cultute Medium (B) .
'Meat ext_raot 2.0% ‘_Me_at extract . 1.0% _
Glycerol 0.6% " Peptone o 10%
30 ‘Hydantoin = 0.1% - Yeastextract - ..0.5% 30
| pH 56 - | ‘Hydantoin - - 0.17; -
NaCl - 0'.15%
pH | S 7 0
Each microdrganism shown in Table 7, whlch had been prevnously cultured on an
35 agar boullion slant at 30°C. for 24 hours, was inoculated into the culture medium 35
(A) or (B), and was cultured ‘at-30°C: for 20 hours. with shaking.: Cells. were 2
separated from each resulting cultured ‘broth by- centrlfugatlon and washed with T
100 ml. of a 0.9% saline water. The cells were collected again by centrifugation, and
then, suspended into 20 ml. of a 0.97 saline water. Each thus obtained cell v

40 suspension was employed as a- component of the ‘mixture descrxbed below. 40.

Mixture Components

( l) 1.6 ml. of aqueous substrate suspensmn whlch was prepared by suspending
S DL-5-(4-methoxyphenyl)hydantoin into a 0. M NH,OH—NH,Cl buffer .
'45 solution ‘and adjusting to pH 9.0 (substrate concentration: 21 mM) ' 45
(2) 0.4 ml. of cell suspension
round" stopper test tube was charged with the above components (1) and
2), andg theri the reaction was carried out at 30°C. for 20 hours with mild:shaking.
Immeédiately after the completion of thie reaction, 0.5 ml. of a 10% aqueous solution _
50 of trichloroacetic acid, 0.5 ml. of '10%, solutlon of p-d1methylammobenzaldehyde _ 50
: in 6 N hydrochloric acid and 3.0 mil. of pure water were added to- the reaction :
mixture. The resulting color-developed reaction mixture was centrifuged to
remove insoluble materials, and: N-carbamoyl-2-(4-methoxyphenylglycine was



10 water, and the gel was crushed in a nortar and the resulting

granul es were washed 10 with a 0.9%saline water to give 2.5 g. of

i rmobi lized cells. A 200 m. four n

charged with 2.0 g. of DL-5-(4-hydroxyphenyl)hydantoin and 80 m . of

dei oni zed water. To the flask was added a 2 N aqueous sol ution of NaOH to

ad]”u?f t he |IC|UId to pH 7.0 and the:15 i mmobi lized cells suspendeg

110 nm. ©f deionized water. 'After adjusting the 15 nmixture to pH 8.'he

reaction vwas carried out' at [err]. vvlsdzgmld agitation. During the radction,
I, X [ [ 0 a O

t he pH of T aqueous
Sol ut i on of  NafRIEL ARPIRCd AL meanrg PRl 15 hours.
At that tine tagioants Vel umaruainoylkzquneaﬁky % l)klychw roMaBed Q) tHe . 20

The anount of @at(tto)mwmasmmwon@rsqm:s fryuhﬂix%r@hml}dxy@emﬂlmnmrmmced |n 20

the react?on niR¥piLT n fro
DL- 5- ( 4- hydrox&mgl;e i%%hwﬁaéo%s{ Psegél% sﬁ‘xaﬁgrso §d99 was 'mfj]e f ol | owi ng

| iquid culturel mg iof 1 - §-(4) m eyt );gdaatopf apartmd;esﬂﬁﬁg aﬂaﬁbn
porti ons her rteﬂ @elthun gbﬂsﬁaﬂsng%sp a‘slks angd,

a&i

Té;sel

1
steam 25 st e eLifikdute 5?5" i *z‘;m stopyt} Edtinm thé)
Cul*ture M9d| Umeé caftiellob€ tat 30° 780 hours with mild shaking. Afté¥Rfid extract
1.0% d ycerol completlon Of BRcreaction, the reactlon mixture was mted epH 5.0 and wﬁs 0% 30

centrifu; o remove msoluble materials such trate gn
I_Iygant ol ri'S The E‘gesu%}lg su r@gﬂi tlon was {ef o give a vﬁ 15% b_{‘o pH
precipitate: of - N )@- ~(4-meth oxyp The precipitate was
7.0 Each m cr ogpgraed o iAol dnd rdcdllizéd erssph@kusl y cul tured
on an 35 - g!abanbmlbﬂ ?t@ﬂlfs}'u?nmyl)gllvm{leofrljlgﬁ lt324 hou(r S, was | nocul ated into
1 0O O u

the cul t %e e, wﬁo ég dllv.-.ﬁcr g‘t’lo »and Tes F?que tfnéentaﬁ”@ Vsis aQ&I 20 ?(ﬁur S

Wi th shaking. GRMGE spedins réa%nasxe s okl oy g

-centrifugati omsalﬁ‘#\amhsd(wmﬂmﬂﬂmom a 0 9/o sal i ne vvat er The cel | s

were col | ect éd ag@;pﬁg%dﬁf’wc? w8 i °B‘Ffleda4ﬁth(h)e1ﬁ'°af§H§?)'éﬁ'&k@°thWo 20 n .. of
a 0.9% sal i ne X% ch thus obtained cell 40 suspensi on was enpl oyed
as a conponent of the mxture described bel ow. - 40 M xture Conponents
(1) 1.6 m. of aqueous substrate suspaBBE@n whi ch was prepared by

suspendl ng DL-5-(4-met hoxyphenyl)hydamtorn into a 0.1 M[err]-[err] buffer
45 ¢, sol ution and adjusting to pH 9.0 (substrate concentration: 21
nM 45 (2) 0.4 m . of cell suspension A ground stopper test tube was
charged with the above conponents (1) and (2)-c cathao-hen -t he reacti on. was
carried out at .30C. for 20 hours with mld. ré’i‘l %Y1 medi ately after the
conpletion of the rggghi on, 0.5 m . Mddi@ 10‘% eous SobpiveRidno0 - of
trichloroacetic acid, 0.5 M. of a 10%-solut+on-—of -

p- di met hyl am nobenzal dehyde 50 in 6 N-hydroogdmyric aci dl@rlm'/3 0 nl. of
pure water were added to the reaction mxture.. The resultlnq

col or-devel oped reaction m xture was centri fuged to renmove insol uble
material s, andAdtobatdalmoak 12M(122Imet hoxyphenyl 3@l yci ne was - 86

Agrobacterium rhizogenes -

TFO1329 . B 20 . s6
< _ Corynebactenumsepedomcum e o o .
IF03306 S Seo B 20 53
: : Mlcrobactenumflavum - e o
% . ATCC 10340 : et s Bee o B2 32
Mycobacterlum smegmatxs '.' AR L = ;"_' oo T
ATCC607 - . LB A 3T

= Nocardxa corallma [FO 3338 . B 24 - i.65 .

Pseudomonas chlororaphls : SRR T e .
CIFOM04 - . F A 26 .6

Pseudomonas striata : e T T :
IFO_1_299_6 o RS _ "A-_j,-'2-9 S 718,




1,564,982 colorinetrically determ ned by nmeasuring the absorbance at 420

nm These reaction and determ nati on procedures were repeated for each

m croorgani sm The anopunts of N-carbameyl-2-(4-met hoxyphenyl)glycine

pr oduced in the reaction mxtures and the conversions from

DL:5- (4 e hoxyphenyl ) hydantoin are 5 shown in Table 7

dical e reaction using Pseudononas ‘strjata | FO 12996 was furt her m“‘/
asfollovvs Into a 0:1 M| -[err] buffer solutron was

suspende ) e

suspensi on was adj. usted to pH 9. 0 BEh@hle §30 m. of~ the t hus prepared
substrat e suspengeRBusperiioadof micradeiFhiEe shokvk in Zhblerk wefbfprapa‘i&ﬂ ik tRdispension
prepared in trwnsam;nmstmeﬁxamleeﬁaove 10 After -pl:acing the. m xture mgg
300 . ggound_ sBYppBaloyisg. Hiey k°° elaet .-eﬁumashag%&g ed out g at
[err] for 20 éygpi,f;ﬁh);ﬁa?ﬁqm - f “Phe reattion,
t he reaction rmaetauraewv&sr@d)dmt‘ﬁd. x'tmtd was centrr uged to renove
i nsol ubl e materials such as the unaltered substrate and. cel I s.. 15 The
resul ting- supernatant sol ution 0@%“‘5@06@?%‘%0 pH 3.5 to give a white 15
preci pitate of N-car banpyl - 2- (4- met hoxyphenyl ) gl yci ne. The preci pi tate. was
separated by fi lt(r)altdmnodeduembmﬁuhpenm\fzmmas mﬂb;tms;gn&iﬁg 551 ng. of 4

i AR A AR T o

of the.thus obt. ar

[err] (deconposi t’I'h@ r&ronaesﬁ.ct mstwnt& mtartamoyﬁh@mtoa&p@migwaw and 20 ¥
I nfrared spectwasrmaderoe dabtemaeﬂqnaakt incthe sanxbinenneAhsin, Exainple Sp&be f i C
rotatory {boweranwasts LQSJ E&fb poyl-2-( 'éﬁ‘dg’ hegv yRing F l ed iphie rresgion on pAdduct
was i dentifie ?§ RPTEPBAHIRA Db ?’rrs trm)r' gL, TABLE 7
N- car banmoyl - 2- fret hoxy- . phenyl ) St rain. . .. . Medi um
glycine - Conversr on - ng/ _mTABLE8 .+ nole % Aer abact er
cl oacae FAM 1221 -~ A v Zi2T———— - 86 Agrobact er| um
rhi zogenes - 1 EQ 13259 ; B 2.1 - 56
Cor ynebact eri unm sepedoni cum | FO 3306 ‘N-carbamoyl- =~ B 2.0 ,
53 M crobacteriumflavum ATCC 10340 = =+~ 12,-(2;1;)')(1?0’0'_' B 1.2 '
32 Mycobacterium sneg s ATCC 607 - n . 1.4 .
37 Nocardia corallina I 3338.. .- . B.. ggmﬁe - Convelsion 65 7,
Pseudononas chl ororaphis | FO 3904 A mg/ml mole); 2.6
69. Pseudononas striata | FO 12996 : A 2.9
78 | _ — .
Aerobactercloacae IAM 1221 e 1.7 . 49
: Corynebactenum sepedomcum IFO 3306 l'.2__,.:..-r.’ 34
Pseudomonas chlororaphls IFO-3904 - S 1.3 36 e B
Pseudomonas striata IFO 12996 i w19 83

. A large scale reaction usmg Aerobacter cloacae IAM 1221 was carned out as - .
.20 follows: Into a 0.1 M NH,OH—NH,CI buffer solution. was suspended 1.0 g..of DL- S 20 7
s 5-(3-hydroxyphenyl)hydantoin, and the resulting suspension was adjusted-to:pH
9.0. 80 ml. of the thus prepared substrate suspension was admixed with 20 ml. ofa
- cell suspension prepared in the same manner as in Example 8, After placing the
: . mixture in a 300 ml. ground stopper Erlenmeyer flask, the reaction was carried-out ’ 4
25 at 30°C. for 48 hours with mild shaking, After the completion of the reaction; the .25
: reaction mixture was adjusted to pH 4.0 and was centrifuged to. remove insoluble
materials such as the unaltered substrate and cells. The resulting supernatant
solution was lyophilized, and the obtained powders were extracted with methanol.
. After adding a small amount-of silica-gel to the eluate and distilling off methanol, o
30 the residue was packed in a column and the desired product was isolated by the - 30
: following column chromatography. The residue was first developed with acetone, -, -
and then the fraction containing N-carbamoyl-2- (3-hl);droxyp enyl)glycine was
eluted with a mixed solvent of ethanol and methanol. The solvent was distilied off
_ and the obtained powders were recrystallized from a mixture of acetone and ‘water
35 to give 214 mg. of N-carbamoéyl-2-(3-hydroxyphenyl)glycine. 35
' The specific rotatory power of the thus obtained N-carbamoyl-Z-(3-hydroxy- .
phenyl)glycme was [a]l¥ = ~TL.7° and it-was confirmed to be the D-(-) form.



1, 564, 982 16 Exanple 9. Cell suspensions
of m croorganisns shown in Table 8 were prepared in the sanme manner as in
Exanple 8. By enploying the thus. prepared-cell suspensions —nmxtures

having the 5 fol |l owi ng conposition were prepared, and the hydrol oysis
reacti on of DL-5-(3-" 5 hydroxyphenyl)hydantoin was carried out on each
mxtu{‘r:l/e in a'ground stopper test tube at [err] for 40 hours with -
m | dshaki ng. M xture Conponents (1) 1.6 nml. of aqueous substrate (223,
suspensiqﬂ_mbir-h was. prenared hy QI%&J\Q 10 ' : l_
DL- 5- ( 3- hydr oxyphenyl ) hydant oi'n i niERampl®1d,- M [err]-[err] buffer .10
sol uti on and adj thy;nug@al;_s[igsx tﬁ%%l%m@mﬁmt*mreincﬁbwwvramiwmd thel) (2) 0.4
m. of »cell s ] ipetric determnatjion ofy .-

N car barey| - 2ris Ry AR et Rl R S s ure i

. erd 9
t he sane mannehlowmphdnpl)iydaingih eaBcarr ull bn each ntixtinerid & grofind stopper test

N- car banoy| - 214b8.ah §@fCosoy 3 diays wish yeildrshakingoduced in the reaction 15

m xtures and t he conversions fr DL- /- ( 3- hydr oxyphenyl ) hydantoi n are shown
in Table 8. TABLE 8. . N-car bamywxg?(éqéfifﬂ?%ﬁy? phenyl)- Strain

gl yci ne Conversion ng./m. nmol e % Aer obacter cl oacael AM 1221

/
1.7 49 i g?g%ﬁ P a@mrﬁiewhic%‘i?red by suspending 5

- oro in i .1 OH—NH,CI buffer 10
34 ,Pseuolgm)nas .Chl- ) gﬁg&;ﬁ%‘a&o (gttl?)s?ra(:e concentration: 21 §M% 36
Pseudononas stri @) .41 pension 1% 3 Alarge scale
redction-using Aerobacter cloacae | AM 1221 was carrjed out as 20
fol lovs: | nto,g B Folpineic deimonion o1 Brsdemayodysforepiensind 1 . . . of
DL- . 2Q55- ( 3yBMkO 6 ﬁflwvflﬁuﬂfﬁﬁk&m@nx& prodadsh! fnlthe SHadiORS| ON1yaS
adj ust ed-t o phii@ures andAhetanvatiodsifon DUS-(Hridirapledyhytatdimire skawi®NSi on was
adm xed with ZableP. of a cell suspension prepared in the same manner as in
Exanpl e 8. After placing the m xtur@,ki 300 m . ground stopper Erlenneyer
flask, the reaction was carried ouf.f@gﬂ_Ei "at [err] for 48 hours with nild
shaking. After the conpletion of the reaction, the 25 reaction m xture was
adjusted to pHZTO and was centTifuged—to renmove Tnsotubtemateri al s such
as the unaltered substrate and cells. The reqyfibdafpysuper natant sol ution
was | yophilized, and the obtained powders wenqsembéroact.ed w th net hanol ..
Aftier adding a small amount, of silica-gel tophmlel uate and distilling off
methanol, 30 . the resi du"¥8s packed in a &YFHfm and CRE™NMSi red product
was i-solated by the 30 follow ng colum chrongdmfir aphy.meld® residue was
first devel oped with acetone, and then the fraction containing
VT e WasS— ¢ Sjomm | am—xed—sol vent of

N- car banoyl - 2=¢3=hydroxyptenyt)g T 3 - .
et hanol and nRL R4 ¢ og&ﬁlﬁﬁ'ﬁﬁ”t was distilledoff and the obtained
powders were recrysta1 I'zed froma mxture of acetone and water '
Corynebacterium sepedonicum IFO 3306 0.42 B § |
Pseudomonas chlororaphis fFO 3904 . R B S 81

I__’s_eudomonasétriatalFOl”% L33 . 86

- A large scale reaction using Pseudomonas chlororaphis IFO 3904 was carried '
20 out as follows: Into a 0.] M NH,OH—NH,Cl buffer solution was suspended 1.0 g. 20
_ of DL-5-(4-chlorophenyl)hydantoin, and.the resulting suspension was adjusted to
"o ' pH 9.0. 80 ml. of the thus prepared substrate suspension was admixed with 20 ml. of
a cell suspension prepared in the same manner as in Example 8. After placing the
mixture in a 300 ml. ground stopper Erlenmeyer flask, the reaction was carried out '
25 at 30°C. for 15 hours with mild shaking. After the completion of the reaction, the 25
reaction mixture was adjusted to pH 5.0-and was centrifuged to remove insoluble
materials such as the unaltered substrate and cells. The resulting supernatant
solution was_adjusted to pH 3.5 to give a white precipitate of N-carbamoyl-2-(4-
F chlorophenyl)glycine. The precipitate was separated by filtration and recrystallized
30 from ethanol to give 656 mg.. of N-carbamoyl-2-(4-chlorophenyl)glycine of high 30
purity. . ~ B P TR L
The melting” point of the thus obtained N-carbamoyl-2-(4-chlorophenyl)-
glycine was 191.5°C. (decomposition), and the resuits of the elemental analysis and
infrared spectrum were theoretically reasonable. Also, the specific rotatory power
35 was [a]2*=-126.0° (¢ =0.5, 0. N NH,OH). ' .35
-~ The reaction product was identified as D-(—)-N-carbamoyl-2-(4-
chlorophenyl)glycine. '



35 to give 214 ng. of N-carbanoyl -2-(3-hydroxyphenyl)glyci ne.

35 The specific rotatory power of the thus obtained

N- car banoyl - 2- ( 3- hydr-oxy-- phenyl)gLysLne_mas [err] = -71.7 and it was
confirmed to be the D-(-) form

1, 564, 982 -1 Exanple 10. Tell suspen5|ons

of m ¢r gar gani snms shown in Table 9 were prepared in the same manner as in
Exanplef &)\ By enpl oyi ng the thus. prepar ed- cell suspensions,  m xtures hav\ﬁg
the 5 1§ ol lowi-ng conposi ti-on vverelggpgggr ed,..and. the hydr ol.ysi S. rqgctl on
of DL-5- 2 ' ' W Sjemmele v n a
ground stopper test tube at [err] forExdxﬁplhmurs wth m- I d shakl ng. Mxture
Conponents (1) 1p£33; iﬁ'égﬁ hb@ﬂ#‘m. reggdyren sy’ mnEmmehl(lAEgepre

by suspending 1 L-S-(4-chlor fen i%a%‘él}gf %

[err]-[err} buf %emploe § u on an ubstrates

iU
concentration: 21 The) a Qr)ntsOprlerbamfo laa(mchbw embglmmeThredmﬂam thetric
det er mi nat i on. ofeapiion Y‘Pg(i‘r: Q‘-e("&n‘{?FFFQ?F Epmdlypipehjesprhenshbrdantoinearen each
reaction mi xtur B°FR Y % menner ‘as in Exanple 8. The 15 _anmounts of
N- car banoyl - 2- (4-chl orophenyl ) gl yci nemmsmllmed in the reaction 15 mi xtures
and the conversions from DL-5-(4-chl’ e-lhopheﬁ*yl)hydant 0| n are. shown in Table #

9. .-TABLE 9 N-carbanoyl - 2-(4-chloro- Strain . . glycine .
Conver SI on ng/m . ~nol e% Aerobacter cl oacae | AM 1221 R _

2.8 73 Corynebacterium sepedonl cum IN-€Ar B 06!- 0:42 .
11 Pseudononas chlororaphis | FO 3904 ° _' o 2o3ghlgro- © - - g1
Pseudononas striata. | FO 1299g,... L p?geflg? " Converlfl, A | arge

scal e reaction using Pseudononas chl oror aphl S - 4 was_carrijed 20

out .as follows: Into.a 0.1 M[err]- [err] buffer mghbtion wedekuspended 1.0
g. 20 of DL-5-(4-chlorophenyl)hydantoin,and the resulting suspension was
adj usted to pH 9.0. 80 n. of the thus prepared substrate suspensi on was

adm xed with 20AedobazteraloaaklAMU2ZIensi on prepared 3 the sam manner as.in’

Exanpl e 8. After acing the m na 300 m round st pper  Erl ennmeyer,
flask, the reacf '(%Ll g’dg ?5"%?3)%%1‘3625% “at 30d€ for ours with mid

shaki ng: After cmn&gam@ﬁgegguogﬁuﬁ,kmgmctl on, theg 25 reactmon m xture was
adjusted to pH 5.0 and was centrifuged to renmove insoluble materials such

as the unal t er eMicsohesteriym BaA TR 10340 The resul ti%8 superndBant sol ution

was adj ust ed t onplrB@cdrflih 1¥ 3388 te precipitatgpf N-carbgnoyl -2-(4-
chl orophenyl ) gl ycine. The precipitate was separated by filt ratl on and

recrystal | i zed B@udomongschloreraphisIBO 9% gi ve 656 ngg0 of 52
\- car bamoy| - 2- <6ses&n9° %%HEEM'FI)%%%‘ ne of high 30220ur|ty 8§

10 The same large scale reaction as in Example 10 was repeated except that DL- 10
5-(3-chlorophenyDhydantoin and Agrobacterium rhizogenes IFO 13259 were
employed instead of DL-5<(4-chlorophenyl)hydantoin = and: Pseudomonas
chlororaphis IFO 3904, respectively. From 1.0 g. of DL-5-(3-chlorophenyl)-
hydantom 267 mg. of N-earbamoyl-Z-(S-chlorophenyl)glycme was obtained.

15 The melting point of the thus obtained N-carbamoyl-2-(3-chiorophenyl)- 15

. glycine was 181°C. (décomposition), and the results of the elemental analysis and

. infrared spectrum were theoretically reasonable. Also, the specrfic rotatory power
. was [a]*=—123.6° (c=05, 0.1 N NH.OH) : .
. The reaction - product ldentrfied as* D-(—)-N-carbamoyl-2 -(3- ¥

20 'chlorophenyl)glycme I _ .20

cowe Example 12 s o
Cell suspensnons of mlcroorgamsms shown in Table II were prepared m the
same marner as in'Example 8. -
- By employing the . thus prepared cell su Eenswns, mlxtures havmg the .
25 followmg ‘C0 ﬁ)osmon were prepated, ‘and the hydrolysis reaction’of DL-5-(4- 25
'methylphenyl) ydantoin was carried out on each mixture in a ground- stopper test T
tube at 30°C for 48 hours w1th mlld shakmg



The melting point of the thus obtained N-carbanoyl-2-(4-chl orophenyl) -
glycine was [err] (deconposition), and the results of the el enental
anal ysis and infrared spectrum were thpnr etically reasonabhle Also_ the

specific rotatory power 35 was [err] = [err] (c=0.5, 0.1 NJ[err]).
35 The reaction product was.identified as.D(-)-Ncarbanmoyl -2-(4-

chl or\r,phenyl Y gl yci ne. 1, 564, 982 . 8
Exanple 41. The sane reaction and determ nati on procedures as in Exa I‘)e’J 0
were repeafged. except that DL-5-(3-chligggegaeny!)hydantoin was enployqg’

I nst ead oﬁﬁmmmmﬁmmshom
in Table 10 5 wer e enpl oyed. Mixture Components
5 The appunts of N-carbanoyl - 2- (3-ChTorophenyl ) gl yci ne produced in the

reaction mxtur esuand;ﬁrmaqmuﬁn&@@suspérﬁmhmmﬁwﬁprsﬂht@rwmsawtn)ghydant oin
are shown in TabI e IILSIMBL genyihpdentvanond a 2L M3 NEROH+~ANH Chénfjér) - Strain

glycine ¢ 5\& uStmg&g)nPH W fsbstyata cprasateation: 2| BMeae | AM 1221
3.0 Srobac err P zogenes’ | FO 13259 o 1.3
33 Corynebaci err UThs eaedmahe WetekhightBaO6F N-carbamoyl-2Q4- ﬂ&hylphenyl)glycme? 4
M crobact er i umwas aaderP\TRE re@ By mixture in the same nginggy as in Example 8. 113|=Nocar di a

cor4al lina | FO ts of N-carbamoyl-Z-(4-methyl Dglycine produ@

chl ororapbi s 'l %g %‘d the conversmns fmfl 16 ‘? T' ethylphengl%hy é(l:?jg}ingnas Striate | FO
12996 i 58 10 The sane |arge scal e
redction as in Exanpl e 10 was repeat'%lme&ébpt that DL- 10

5- (3-chl orophenyl )hydant oi n and Agrobacterium rhizogenes | FO 13259 vvere
enpl oyed |nstead_oL_u._5_¢4_chLoLophe.n¥L)_h¥dam_om_amLEseubmnas e

chl ororaphis | FO 3904, respectively. From1.0 g. of DL-5-(3-chlor ophenyl )
hydant oi n 267 ng. of N carbanoyl-2-(3-chlorop P chr ne was obt ai ned. 15
- The nelting point of the thus obtained N GaeR#H -2-(3-chl or ophenyl) -
15 glycine was [erT] (deconsasint i on), and t he ghyesu! ts ofContegsien enment al .
anal ysis and infrared spectrumwere- theoretrcat-r?—reas omabte; Al so, the
specifi.c rotatory power was [err]=-[err] (c = M1 N ["%?1?1/) The
react|on “product vwas:. identified as D-J ) - N—marbarmvl 2= (’2- 20

chl orophenyl ) gl ycin

20 £xanpl e 12. AGIé’P?“@G?ﬁ@‘ﬁ%@MH@Z‘of ni cr.oor ganr sif? shown i #2Tabl & 11 were
prepared i n t hgoSadaclRi &pedbaichi 1Fe3508! € 8: By eAp! oyi ng glge t-hus prepared.

cel |l suspensions, m xtures having the e .
Pseudomonas chlororaphis IFO 3904 ' 14 41

Pseudomionas striata IFO 12996 : : 17 . - 50"

A large scale reaction using Pseudomonas striata IFO 12996 was carried out as
follows Into a 0.1 M NH,OH—NH,CI buffer solution was suspended 1.0g. of DL-
5- (4-methylphenyl)hydantom, and the resultmg suspension was adjusted to pH 9.0.

15 80 ml. of the thus prepared substrate suspension was admixed with 20 ml. of a cell 15
suspension prepared in the same manner. as in Example 8, and the mixture was :
placed in a 300 ml. ground stopper: Erlenmeyer flask. The reaction was then carried
out at 30°C. for 70 hours with mild shaking. After the completion of the reaction,

& ' the reaction mixture was adjusted to pH 5.0 and ‘was centrifuged to remove )
20 insoluble materials such as the unaltered substrate and cells.” The resulting 20
supernatait solution was then adjusted to'pH 3.5 to give a white precipitate of N-
~ carbamoyl- 2-(4-methylphenil)glycme -The" precipitate was séparated by filtration
i . and recrystallized from-ethanol to give 407 mg: of N-carbamoyl 2- (4-methyl-

o phenylglycine of high purity. '
25 ' The melting point of the thus obtamed N:carbamoyl-2-(4-methylphenyl)- 25
glycine was 210°C. (decomposition), and the results of the elemental analysis and
- infrared spectrum were theoretically reasonable;’ Also, the specific rotatory power
was [a]3*=—136.8° (¢=0.5, 1 N NH LOH).-
' ' The reaction product was 1dent1f' ed as D-(—)-N-carbamoyl 2-(4-methyl-
- 30 phenyl)glycme _ 30

Example 13,
Cell suSpensmns of microorganisms shown in Table 12 were prepared in the
same manner as in Example 8.
S By employing the thus prepared cell suspensions, mixtures havmg the K
35 following compositions were prepared, and the hydrolysis of reaction of DL-5-(2,4- 35
dichlorophenylhydantoin was carried out on each mixture in a ground stopper test
tube at 30°C. for 40 hours with mild shakmg



25 foll ow ng conposition were prepared, and the hydrol ysis reaction of
DL-5-(4- 25 ethyl phenyl)hydantoin was carried out on each mxture in a

ground stopper -test—tube-at-30C—for 48 -hours with mld shaking. 19

1, 564, 982 19 M xture Conmponents (1) 1.6
m. of -aqueous substrate suspensi on whi ch was .prepared by ‘suspendi ng

DL- 5- t hyl phenyl ) hydantoin into a 0.1 MJ[err]-[err] buffer sol“ution and
adj ugts to pH 9.0 (substrate concentration: 21 mV) 5 - (2) 0.4

of ceN_Aku#@pension ' 1,564,982 5 The 20

col orimetric determnation of I\I—ﬁmtla%n&/m one‘{t4 rret hyl phenyl ) gl yci-ne was

made on each reaction mxtureée in as in Exanple 8. The
anounts of N-carbanoyl -2 q(§4 met hyl phenyl ) gl yci ne produced in the r eacty
m xtures and the @oh@e’iﬂ L

suspen ”%‘fﬁgﬂ%ﬁgﬁ;ﬂfﬁﬁ%am ylfsorwmw@obh are s ovvn

in 10 Tabl e 11y HOH—HClbff |
10 TABLE 41 N-car bassnsbutrao i upyT - pheny S oife 3 gH 90 (ubstrate

gl yci ne Cor(?)eﬂélﬂdnofrpgﬂ/swbenmon “mole % Aerobact er cloacae I AM 1221
2.2 I %nﬁp 1% tn @edow q\}lcr:groamoyl?’fr% -dlchlorophenyl)- . 23

6.5 PseUdormnaﬁ Wis al Bh ixture in the same man asm Example 8. 41
Pseudononas StTheahmoﬁrECoIZ@-Qﬁbamoyl-Z-a ,4-dichiloropheénylfglyéine produced in th®0 A | arge 4
scal e red€ti onre L‘{%@K‘ Pq]%‘f’gg cponeersidng frgm| PIOS42.9di0ormpkenydhydansain out  #5
follows: Into ¥4 ™ [err] buffer solution was suspended 1.0 g. of
DL- 5-(4-nethyl phenyl)hydant0| n, amgAgike1y esul ting suspension was adj usted"
to pH 9.0. 15 - 80 m. of the thus—ﬁ-ﬁeﬁa-red substrat e suspensi on was

adm xed with 20 n. of a cel | 15 suspension prepared in the sane manner as
in Exanple 8, and the m xture was p1 aced 1n a 300 nl. ground stopper '
Erl enmeyer flask. The reaction was' then carriNeghriadioyidd [err] for 70 hours
with mld shaking. After th Qorrpl etion of thé&d-dighderoon, the reaction

m xture was adj usted to pH g‘"ﬁ" and was cent ri PigEDelycine, Capxresiong .

i nsol ubl e materials such as the unal tered substygme and eglid®. The
resulting 20 supernatant sol uti on was then adjusted to pH 3.5 to give a
white precipit

precipitate Wergﬁ&@;g&&qemflﬁlt rat |'on”and r'ecr}gst al i zed 4f rom et hanol to
gi ve 407 ng. of “N-carbanoyl - 2- (4- net hyl - phenyl) gl ycine of hi gh purity. 25

The nelting demnemetqrhelspmsism@meW N-carbanol2 - 2 ...net h38 phenyl )- 25
gl yci ne was [%?Jdo&ggﬁgﬁrggﬁp%%”ognd t he resul0t8 of the. ?J enent al
rare b

analysis and in spectrum were theoretical 'y .reasona Al so, the
specific rot atR;egdopxomstrMinezm]i =-[err] (c =0.96 1 N [err3?). The reaction
product was identified as D ( ) N- car barmyl 2- (4 met hyI 30
phenyl )gI ycCi ne. -
30 . -~ 7 A large scale reaction using Corynebacterium sefpedomcum IFO 3306. was .
carried out as.follows: Info a2 0.1 M-NH,OH—NH,Cl buffer solution was suspended
15 1.0-g. of DL-5-(2 4-dlchlorophenyl)hydantom, and the resultmg suspension was 15
. adjusted to pH 9.0. 80 ml. of the thus prepared substrate suspension ‘was ‘admixed N
with 20 ml. of a cell suspensioni. ‘prepared in'the same manner as in Example 8, and
the mixture was placed in a 300 ml. ground stopper Erlenmeyer flask. The reaction
was then carried out at 30°C. for 72 hours with mild shaking, After the comp!etlon
20 of the reaction, the reaction mixture was ‘adjusted to pH 5.0 and was centrifugedto 20 5
remove ‘insoluble materials suéh as the unreacted, substratc and cells. The resulting '
supernatant solution was then adjusted to pH 3.5 to give a white precipitate of N-
carbamoyl-2-(2, 4-d1chlorophenyl)glycme The precipitate was ' separated by
: filtration and recrystallized from ethanol to give 282 mg. of N-carbamoyl-Z—(Z 4- : ¥
25 dlchlorophenyl)glycme of high purity. = 25
: The melting-point of the thus obtained N-carbamogl—Z—(Z 4-d1chlorophenyl)- _
glycme was 199°C, (decomposmon), and. the résults of the elemental analysis and
infrared spectrum were theoretically reasonable. Also, the spec1ﬁc rotatory power
was [a]3*=-110.2° (c=0.5, 0.1 N'NH,OHj. -
30 - The-, reaction. product .was ndentlfied as D~(—).-N-carb_a.m0y_l-2-(2,4- 30
dichlorophenyl)glycine. =~ - U ) S .

o

%

Example 14
. A-liquid culture medium of pH 7.0  containing the following, components was
prepared, and 90 nil. portions thereof were poured into 500 ml. shakmg flasks and
35 were steam-stenhzed at 120°C. for lO minutes.. 00 T 35



Exampl e 13. Cell suspensions of mcroorgani sns show in Table 12 were
prepared in the sane manner asin Exanple 8. By enploying the thus prepared
cell suspensions, mxtures having the

prepared, and the hydrol ysis of reaction of DL- 5-(2,4- 35

di chl orophenyl)hydant oin was carried out on each mixture in a ground
stoprRey test tube at [err]. for 40 hours with mild shaking. 1, 564 2.
20 M xture Conponents (1) 1.6 m of. agueous substrate suspensi on whi DA 'S
prepared By suspendi ng ‘DL-5- (2, 4-di bMis@bphenyl ) hydantoin into a
[err]-[err] buffer solution. _anqw@(ghhlﬁch@gngng_pH 9.0 (substrate 5 _
concentration: 21 m\) 5 (2)
0.4 m aof cell suspe ﬁ‘ on The- colorimetric determg tion

N- car barmoyl - 2- (2, 4-di cH"6¥8phenyl ) - gl yci ne was madé&6n each reactl on
mxture in the same nmegyysdanateall N Exarrpl e 8. The amoup;s of

N- car banoyl - 2- (2, 4-di chl orophenyl ) gl yci ne produced in_the 10 reaction
mi xtures and the conve¥¥ieR4act r om DL- 5- (2, 4-di chl or8¢fenyl ) hydantoin 10
are showy in Table 12. MI&%@&LZ N-car bamoyl -2- (2, 49géchloro- Strains

phenyl ) gl’yci ne Conversion ng./m. .. nple %4 Aerobacter cloacae | AM
1221 (NHL),30, 34 Corynebac®é&¥i um sepedoni cum | FO
3306 : 1.2 28 Pseudononas chl ororang/S | FO 3904

0. 88 20 Pseud®iPnas striata | FO 12996 1.6

37. A large scal e reack€bn usi ng Cor ynebact eri um sepd¥foni cum 1 FO 3306 was
carried out as follows; }iﬂbt 0.1 M[err]-[err] buk& sol ution was
suspended 15 1.0 gK “DL- 5- (2 4- di chl or ophenyl %ant oin, and-the

resul ting suspensi on WBE-5-(3-methgiknisckighydantpil 9. 0. 80opY,. of the thus go
prepared substrate suspen5| aon was adm xed wi th' 20 m- of a cell suspension
prepared in t €ptpR uéf i{ﬁgﬁ?‘é ATCC, (013, ca fh%f%‘”@ s placed in

a 300 m . gro[%d,w%' nsis e 1 0 wen a;ﬂ suspe,tg%?‘{Tl Qwere En carried

out at [err] fb@rcuﬁihrigahe‘ m:mdr nt?.1n| ial 18 hakefrtge safifet linidt dnirure onmiuat ason 20 of

taine
t he, reachy on, abh‘@l tP tﬁ?“ﬂ jshakingoand ghepMitare Waggagrielas - 15
centrifuged tcg ce &5 F '@m am?(ﬁgfﬂff ;Qﬁ ‘ggt ed,
substrate and m lﬁwe lidcead) h&gceﬁtﬂmﬁﬂﬁat thénQ hsls &élm\mm adj ust ed
towypH 3.5 t lms/salmhlwhterprem pltate of

car barmy?oz ( gg uspesions, '%r ns ofepar Aed by
i Crat Lo ani"ﬁfg;n iR éﬁﬁm B
N- car banmoyl - tom and IDLRS ay)iipdaneinoberé o ecpdﬂ.ﬂl .

25 The nel ti ngoppesifioncsf i ot it i S shown peton

N-car'bangg/l -2-(2,4-di .chI or ophc.a_nyl'ld)xtm_e Components | 25

(1) 1.6 ml of aqueous substrate suspension which was prepared by suspending
. a DL-5-(substituted phenyl)hydantoin into a 0. M NH,OH—NH,CI
buffer solution and adjusted to pH 9.0 (substrate concentratlon 21 mM)

(2) 04 ml of cell suspenslon

30 The mixture of the above: components (l) and (2) was placed in a ground stopper 30

. test tube, and the hydrolysis reaction was carried out at 30°C. for 40 hours with

mild shaking. After the completion of the reaction, the colorimetric determination

of the produced N-carbamoyl-2-(substituted phenyl)glycme was made in the same
. manner as in Example 8.
14 35 The amounts o N-carba.moyl-z-(substztuted phenyl)glycmes produced in the a5

: reaction mixtures and the conversions from DL-S (substituted phenyl)hydantoms
are shown in Table 13 respectlvely '



glycine was [err].

(deconposi tion),

and the results of the el enental

analysis and infrared spectrumwere theoretically reasonable. Al so, the
specific rotatory power was [err]=-110.2 (c=0.5, 0.1 NJerr]). 30

The reaction product was identified as D-(-)-Ncarbanoyl-2-(2,4- 30
di chl or ophenyl ) gl ycine. Exanple 14. A liquid culture mediumof pH 7.0

cont ai the foll owi ng conponents was prepared and 90 m . portibdns w
t here re poured into 500 nml. shaking flasks and 35 wer e -

st eam rzjrzed at. [err] for .10 mriutsrs982 2235
21 ~T, 564, 987 NEdruanonponents G Ucose

2. 0% Soybean neal _ -1.-0% Yeast extract _

) 0.25% 5 e ~Meat extract ~
0.1% 5 [err] ' i 0.5@6[er?f
0. 4% KCl L 0.4% [err] .- _
0.02% 10 DL-5-(2- nethy throethyl)hydantor 0. 3%

10 As ni croorgani sms, St
phi li ppi ensis | AM 0120
follows: To the above si

cul ture nediumas .15
shaki ng, and the cul turq
shaking. Cells were sep'
centrifugation and mash
wer e col | ected again by
0.9% sal i ne water. 20

suspensi ons; the hydroly
DL- 5- (4- met hoxyphenyl ) hy
chl-or ophenyl ) hydant-oi n,
phenyl) hydant oi n &nd" DL+

The conposition-of the m

M xt ure Conponents _
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manner as in Exanple 8. 35 The amounts of N carbanoyl - 2-(substituted
phenyl ) gl ycines produced in the 35 reaction m xtures and the conversions
from DL-5-(substituted phenyl)hydant oi rs—a+e—shewr—-h—Fabl-e—13;

respectively. 1 ,564,982
22 [err] .23 : 1,564,982 The hydesl ysis
reac{ion of ‘DL- 5- (4- chIorophenyJ)hydantorn was further carried o h a

| arge scal e by enployi ng Stteptonyces griseus ATCC 10137 as foll Into a
0.1 M[e®-Terr] buffer solution wai488&pended 1.0 g of the reac 3nn '

substrate, and thg hﬁﬁbl&shé '?&cﬁdiﬁl@?rm_ S.0y- é&@o’io@z@hﬂbﬁ}rﬁﬂtotnowﬁﬁf&t&r 80 m . of S)
t he thus prepea*rﬁdi@m tarla@es lay g\ﬂaspmmmexgdsew A'ﬁCQOOtﬁW asof a cell

suspensi-on Ay bﬁﬁ;ﬁ'd tﬁ é ‘jag wa spea ture was

placedlgraB ﬁ o e%a;:ll' 'mﬂﬂ P f t hen
carried out abre ﬁé nt oﬁan%Zn 3 :!lﬁbJehandrfh w‘ ﬂna?:e& i eeoddﬁe corrpl etion
of the reacti munctdtrmpﬂeﬁtbt\mmrﬂasmmeeamwasﬂaneatrl ut itc30¥afe 72manner as in

r it n fter letig tlon, the reaction mixture
Exanpl e 10 t O ‘éalte héga &jﬁ Er??s‘fglgg‘ ﬁanﬁ gé {%gvc %90 mg. of crystalline N-
ryStily

s .

car banoyp - 2- (& 10

10. The nelting. p'ﬂ1enhe g oheot shuslmbainlae sfhﬁlwmmc{mpds]non)
(deconposi ti of ltswéthe@bmcé}-tgl apflysisandanfe egtru g‘ng ?/Ehﬁ yinfrared
spect rum wer ey i}qfet‘“r’%?af‘]"y‘f’?’ SGHEDY BOWEA Vg L I’Te‘l atory power
was [erny= [err]THeC reletlon Corddubdt Niwgd) 1deﬂt5‘1ed as ' D- (_)Nl&rbgnﬁgpz44on pisduct
was identifi ddoroatsnylﬁly(:m) N- car barm | -2-(4- 15 chl orophenyl glyci ne.
The hydrol ysis: A £ al eagjjonspl . ?ﬁ%@gﬂ S‘e‘éI so carried
out on a |arggy &Ee’ih’*éx%iq &wﬁw&ﬁﬁ%‘ﬁ& Sy b .AM 0120 as

f ol | ows 201 nt osubsthtel ahd {hel‘résllklhg?idﬁﬂenhbtf mradm}ew dmgm miusmeathas 1. . of

the reaction Q@Pared Sld’atbm rsmpeﬂswanwsmd@meésmhtl% gl safisp eqilsrt@wnmts adj usted to

pH 9.0. 80 mp’é@ﬁﬁsﬁif AEiEme ﬁi@f%&%“f &i 3 Si%l!;%:ﬁ%%ﬁ‘é%%s adni xed
with 20 m. ofouisw udssuam A& theVoMBRIGHLE tH rédBorS Ml Beabfidn tiktustS above, and
the m xt28re wass tpéaticicid thiersame 3nari as ingEqunpld lszttmpisemsang -@fherpyralinef | ask 25 The

reacti on was. NH‘@ a@aﬁﬂr(éﬂle hepyl) 'Eqﬂr:loﬂleﬂhpﬂwho rs with m|d shaking.
After the conpl elIeREHIE RO ,ﬁé.’f%% Brdembam, v
treated in t heasoaghe, rmrmares 1ficﬂ'o QMIQS s, 09 Ncryst al l'ine
25+ N- card@anoy NH0H) - net hyI p nyI glycine of high purity. The nel ting0point
of the thus obt aTh?«?dW@rl%tMQ@ch@ [@nﬁﬁed(aaewﬁbUﬂtbamow 2-(hmethylhe resul ts of
the el ement al PRERHIBIEIE: and infrared spectrum were theoreti cally reasonabl e.
Al so, the specific rotatory power Hamh {eelrsr] = -135.3 (¢ = 0.5, 0.1 N30
NHAO0H) . A liquid medium containing the following components was.prepared, and l0 :

30. The r3act i oh popiowdthereofiwese polgat infd lerke ast Mbés: ) - N- car armyl (4 més hy| -

phenyl)glycine. Exanple 15.- " Medium Components

- Meat extract - | L 05% .=.
Yeastextract 05% SRR
KHPO, . o 0.2%
‘ 40 ' MgSO,.7H,0 . .." - oo .
M . caCl2H0 . Oppm

Hydantom, DL-5-methylhydantoin and DL-5 (2-methylth|oethyl)hydantom were
separately added to each test tube, respectively in an amount of 20 ‘mg. .(con-
- /centration: 0.2%). After. adjusting to pH. 7.0, each: culture medium was steam- _
45 sterilized at 120°C. for 15 minutes, and was inoculated with Pseudomonas striata 45
IFO.12996 with a; platinum loop. The culture was then carried out at 30°C. for 16
hours with shaking. Cells were separated from €ach resultmg cultured ‘broth by
centrifugation and washed with 10 ml. of a 0.9% saline water. The éells were
collected again by centrifugation, and then suspended into 10 ml. of a 0.9% saline
. 50~ water to give a cell suspension, The same procedure was repeated for each micro- - 50
organism.
Mixtures of (1) 2.0 ml. of an-aqueous substrate suspension prepared by
suspending DL-S-phenylhydantom into a 0.1 M NaHCO,—Na,CO, buffer solution
of pH 9.5 (substrate concentration:: '1.0%) and (2) 2.0 ml. of the above cell
55 suspension were prepared and placed in test tubes, respectively. The hydrolysis 55



A liquid nmediumcontaining the foll ow ng conponents was prepared, and 10 35
m . portions thereof were poured into |large test. tubes.

35 Medi um Conponents Meat extract 0. 5% Yeast
extract - 0.5% | err] .

0.2%40 . [err] - 0,1%

40 [er : 40 p.p. M Hydant oi n,

DL- 5- nefhyl. hydant oin and DL-5-(2-methylthi oet hyl ) hydant oi n were separ at‘el y
added ath test tube, respectivel y1i564,%82 anount of 20 ng. (cdn-

centration: 0.29 Q ﬂu was
o o2 Sl AT ool by SR
Pseudononas str |tﬂdha)roaf&&1 aF.B I].Qﬂ%fa/\lor/holau cﬂprdmﬁmﬂamimbeﬁﬁbladqdé indr e vvas.;
then carried outN byd <[ ori aﬁléranflé‘} %]dlwﬂF‘hWS!?aRfF ddedbtol | gchyead etiasepar at ed
from each resul {3 ‘i i’Ph thg%ﬁ&,jﬁf‘j“ﬁ@ i th %0 ni.

i X
of a 0.9% sali n%rd@&ﬂrm th eacﬁ Ertdi\&l’v&r llyad}ﬁlriﬁm' bESdsaridgugat i on,
and 't hen suspendisdatisprbance Bit 420 niof AgaLodtrels aier abevﬁﬂoceduremsrrepmegr ve a cell

suspensi on;, The ¥ ‘hﬁ'r’éﬁz’eldﬁ?;@g"_\ﬁagp QVSEE J1 061 s 2% gan sm
Mxtures of (1) et ok ‘;ﬁ‘baaﬁﬁr'epa%‘ i tif%fn SubSBsptebs P
suspendi ng DL- 5-spdetfiavikdivitd af dells WasieRpressed. lﬁxerfns Mm[nﬁfpe]m{ﬂﬁgra obdii eellssol ut| on “

of pH 9.5 (substamatoee ®oih @atde : the y avhdch( opvertsol ) molefof tPleS-above cel |
55 susgensr cges;gg?d%gb@wé? é%feﬁ "%’P%ﬁ? lyF‘FF o Jqintte wder the candition; | e | ys The
hydrol ysi s m these results, it was confirmed that the hydantoin corip &x@d&&agd to

24 reaction vvas theharkueamedivl enhahcﬁtth@ esym}nefraal hyrdml)hxsubmw dfhhermlicdo—s haki ng.

| mredi atel y af t oFsapiya. conpl etion of the:.'reaction; 1.0 m. of . a 10% aqueous
solution of trichtoroacetic acid, 1.0rgkrg@f a 10% sol ution of

p- di net hyl am nobenzal dehyde in 6 N y.dLachL.orr c -acid-and- 6.0 . of
distilled water -were added to. each reaction:5 mxture ‘Each resul ting

coIor-deveIoped - OTT veinsol ubl e
H%&H?rkﬁ?ﬁ&)

materials,  and the ng,t,u,{& car bam)yl' -2 pheg}'gﬂlg:wcr cow:@ﬁ' ®ed in the
reaction mxtures were colorrrretrrcally det ern -he

absorbance at 420 nm: As a Control, the .above" pro%%duré@t/m%dr@peat ed
except t-hat no hydartoin_conpound was enp!t oyed e _anmounts of
N-car banoyl - 2- phenyl gl yci ne produced in. the reaction 10 m xtures and - .
specific activitHydsigh cells are shown in'’ Tabl e 254, respeesd vely. The-
specific activi expressed in ter of unit et mlligram

of dried cells Wgﬁtgelh’hdgfmﬁ'/as defined:as the agﬁl vity vvh‘?c%?l converts 1
[err] nole of DDLS&(zpimmthhy«HﬁnIyaanmmO N-car barmyls—Z phenybg} ycine per

m nut e under the bUIIuI tt of 5 ~tresertbet—above:

15 From t hese r &8F ?s, it was confirnmed that thelﬁydant oi nogbrrpounds added
to the culture nedi um enhanced the asyrmetrl cal hydrolysis abili ty of the

mcro- org¥ni sm TWBLAT WE CBAIMInS:—of ' Specific actrvrtly 20
1. A process for pre‘parmg D-(—)-N-carbamoyl-2-(phenyl or substxtuted
phenyl)glycines having the following general formula:

CD"

R

T B
' wherein. R‘ R2, R? and . R‘ are each mdependently a hydrogen atom, a halogen
- 28 .atom, a hydroxyl group, a. lower alkoxyl group having one totwo catbon atoms or a 25
_methyl group, . C

which comprises. subjectmg 5-(phenyl or substrtuted phenyl)hydantoms havmg the
_followmg general formula ' _ _ _ .




DL- 5- (2- et hyl t hi oet hyl ) hydant oi n 0. 20 Oontrol

%021. \ rocegslf50r20prepar| ngV\gA;r ;AEI\I-G(;QIr E)/Ialm?ﬁm" mmumlﬂm Ivg bstituted ¢

phen I-i@.l yci nes having the follow ng general f or mf lat [®&rr§ erein [err]
[err] er2d and [err] are each indepessd,mly a hydrogen atom a hal ogen 25

atom a hydr oxy I’OU a | o) carpon
atons or a 254 Wﬁ"‘\'gﬂ‘; gfﬁa é@gé}'ﬂ?’ ’%E‘E‘fﬁ?j §}f or _
substituted thM'Jl , N6 mm%ﬂ dﬁﬂbtﬁﬂa:ﬂﬁﬂlﬁhi’dld chem:l a: [e
24 N hmrmxpr@g@d and 6.0 ml of dlsulled water were added to each reaction .

24 reactidn wadtk & plopglevelg Rty entrifuged 4o 5o iSng.
Cenmer ey e L G T
sol ution of tritkehitsobaneetdt @2@aind Asll Conitrol, tivd alﬁ)vé. %c restwem repeated

of p- di net Iameh‘:;gfmm‘dw ml‘wmﬂowd ? 6.0 m. of

0 5171 e ks SRER T o SRR L R boiaf B At ool v

col or - devel 0peGpdeTRGLENN ofitollh WisexBRBed Rlbrirs ﬂgﬁdp xOmﬂlférd' reeTavied bt ol UbI *
mat eri al s, and andhenampitrwas defindd- zsarhle cactivily- Phigh eonveds Yo n@lepofoBafﬁed in the
reaction i xt udBenyhadantets fagicarermext-diphsrvisbeiar ﬁF'HEH“%S)P“ﬂ%‘é%?q“ o he ]
absor banct at 22UTas whe rsuled Mvid contlrE ARONE HlRGA RS IR kEadaapeat etf
except that no tﬁwdﬁﬂnmmadlmrépmadi the Sisyeripdtioab Hydrdifsis ability of thehsicamount s of :
N- car banoyl - 2- Gmn'ymgl ycine produced in the reaction 10 m xtures and
specific activities of cells are shoypgip Jable 14, respectively. The
specific activity of cells was expres_sp_%l__l_n terns of units per mlligram of
dried cells and one unit was defined as the activity which converts 1 [err]

nmol e of DL-5- —2= m nut e
oun ecific activi y

under the conditlgpd%mcom gsEri bed above. roduct of cells
U tPehyda

15 Fromthese res It was confirmed that ntoi-n—conpounds added
to the culture nmedi um enhanced the asynmetri cal h\P/groIn}lesz bdriedt y of the
m cro- .organi sm__TABLE 14 Amount of Specific e/ ity Hy&%? t oi n conmpound

=

-

pr oduct of cells unit/mg. of dried ng/m. cell s Hydantoin N
2.6 ' O Hy@anb¥in 5- met hyl hydant oi n 2.6 030 2.7
0.32 DL-5-methylhydantoin o : 2.7 0.32
- DL-5-(2-methylthioethylhydantoin 1.3 0.20
Control 1.2 Q.15
20 WHAT WE CLAIM ISi— | | 2

. A process for preparing D-(—)-N-carbamoyl-2-(phenyl or substituted
_ phenyl)glycines having the following general formula:

13

[ H~C00H
2 . un—g—unz .

wherein R', R?, R? and R* are each independently a hydrogen atom, a halogen

25 atom, a hydroxyl group, a lower alkoxyl group having one to two carbon atoms or a 25
methyl group,
which comprises subjecting 5-(pheny! or substituted phenyl)hydantoins having the
following general formula:




DL- 5- (2- et hyl t hi oet hyl ) hydant oi n 1.3 0. 20 Control
1.2 0.15 20 VWHAT WE CLAIM | S: -
20 1. A process for preparing D-(-)-Ncarbamyl-2-(phenyl or substituted

phenyl ) gl yci nes having the follow ng generHWer ein [err],

[err] [err] and {err] are each independently a hydrogen atom a hal ogen 25
om a- h‘ydroxyl group, a |l ower al koxyl gro um"ﬁmu two car
_ at ms= or a - 25 net hyl group, *whi ch conpri se ’m)henyl r,.
rrl

substi $qit ed phenyl) hydant oi ns havi, s gshe foI i owr nd gédnefal * f or rrujzsa

25
32 v o R B S e gty o (1 acton
tyQl I @

of uI t uns; h @by bShﬁ]i-o[ zﬁ@a a m croorgani sm havi ng an
abi I Ity in as rrﬂstprom of\Cliimdlr, eherzinrsgidtchlis gdam o¢lls or idried cells. The Rrocess of
d ai m31, V\,heliéar Ssprogest @ Claimylew SHEIB G SRR cBll 4 FRRIeGEILOr 5 3.

+ The process rBdeds of el Simel, WheiRinChaid' Bt £6 imRblife&r € crushed cells or 5
cel l ul ar extracthe pqroceI QliiMCE SGer@in saidatreated celstuee mmotlzed! cel |'s -are

i mmbr I i zed. 5 ThEipeo @&613511 bfwh@remsﬁrﬂm-c Wpatglé‘?&'d#;}%}ﬂﬂ“&%? cel ISl are
gani is

i mobl® i ze ot Jﬂ?ﬁf@' R §€ﬂ g 10 €
scultured in a C1a1m reifs5@ MY dHnidin Ehnipoladia At 18dsNofeONPOUNd t O
-enhance t heneatbrei seteyted from&;aqammt, Drl..-s-métﬁylh,)alh:itym faxy Dbrs»,(z-mg-yume hydant oi n

ring.. 7. Tisg »eig. o ound jes at

1 eadinSne e et bl ”sﬁ@%‘* i e

DL- 5- ( 2- metmiyrobrgarfism il dhydghenisl aRti@inrof phb 7to 10. . The process of daim i,
"wherein said Qﬁip $806€a8m¥)9‘thmteu!tseld egansnydaﬂeastwgmmbﬂs are subj ected

S 0 b er acterium,

to th act | Eilah enes Rerl’h%cqi gy gﬁ s, ’Br \ ac gg g e%% ‘qg a 20

i or o8] ganipadte Eé«mnﬁque&rr&w lap MicrbBhotbHum - Midhooltuecess of Ol ai m
8, wherein Bamdmabactea,orPgaenss msemombndsemtclmeSemﬁher’Xasﬁbmoﬂae,d from

. Achr onabactAstino TE‘PPla a‘sﬂcte @F‘i trznomyces,Ar cal'i genes,
- Art hr gbact Q’pef 48" °“§Fe€pq%3{f ‘1 tit'e Effer 0- 5520

-~ bacter, Erw T AEqaedaed'sl fohi gre alﬁhﬁhS{-QLN-aarbMd&I-Dbl%ﬁM@l&d:th’nthhCI’ ococcus
Pr ot ami nobawmenses Elrlmcuus Eﬁs argin tSdhe potian obar quittied brotnt hononas,

Act i norrycescel;AL‘,‘f‘*Ft &51’1 ol eﬁﬁn)grﬁ,t"ggr?’{? ‘1‘%31 t{gﬁﬁe"ssgf&n B‘l“iﬁmces :
ASPET 69 | | USedoas roabitiaWiheahom BEBH G1th 16,0 }%ﬁ ha ‘hidlcast GHAUOt Orggl @ and 25

Tor ul opsi S.member selected from Aerobacter, Agrobactenum, Brev1bacter1um Coryne-
25 10. A p%@%%ﬂ fﬁg ggﬂv %gm cops, h?selaiomanﬁyl‘\ﬂ@wphMbe’F?rcr ne whi ch
conpri ses 'HE cul tured

brot hs cel |vﬁnchtr{oﬁﬁb s615 dr@;ﬁ&&:ﬁ L?&Q rtm fggi'%d trested cells
of a m cro-<culr brpﬂlmediultrbate«bctlls, mtaolnluled cnlleornmdmblhzedmatad mlr»g a hydant oi n

afmisroo ism cul gsul n $o! i
corrpound I anrgg%‘ur‘gg&s re cuta:ltﬁrge 1u E ﬁg o% sai mlcmorgan11351%@1!1;p gé) least’ sai d
mi croor gan'oﬁ bétdeidited from cter? Agrobacterium, Brevibacterium, Coryne-
bacterium, Microbacterium, Mlcrococcus, Pseudomonas, Actmoplanes, Myco- 40
bacterium, Nocardia and Streptomyces. :
12. The process of Claim 11, wherein said DL-5-(hydroxyphenyl)hydantoin is
DL-5- (4-hydroxyphenyl)hydantom
' 13. A process for preparing D-(—)-N-carbamoyl-2-(methoxyphenyl)glycine
45 which comprises subjecting DL-5-(methoxyphenyl)hydantoin to the action of a - 45
cultured broth, cells, treated cells, immobilized cells or immobilized treated cells of :
a microorganism cultured in a culture medium containing a hydantoin compound,
in an aqueous reaction medium of pH 7 to 10, said microorganism being at least
one member selected from Aerobacter, Agrobacterium, Brevibacterium, Coryne-
¢ 50 bacterium, Microbacterium, Micrococcus, Pseudomonas, Actinoplanes, Myco- 50
bacterium, Nocardia and Streptom ces.
14. The process of Claim 13, wherein said DL-5-(methoxyphenyl)hydantoin is
DL-5- (4-methoxyphenyl)hydantom
- 15. A process as claimed in Claim 1, substantially as hereinbefore described. .
55 16. A process according to Claim | for preparing D-(—)-N-carbonyl-2-(phenyl 55
%r subimtuted phenyl)glycines, substantlally as described in any one of the -
xamples

S L T



menber sel ected from Aerobacter, Agrobacterium Brevibacterium Coryne-
bacterium M crobacterium M crococcus, Pseudononas, Actinoplanes, Mco-
bacterium Nocardia and Streptonyces. 11__A process for preparing

D- (y=NTarbanoyl - 2- (hydr oxyphenyl ) gl ycine 35 “whi

subj ec,t‘r ng DL-5-(hydroxyphenyl)hydantoin to the action of a ﬁi“&“ tured

brott cells, treated cells, imobilized cells or m‘“ ed celks/
of & morganlsm cultured in a culture nedi um CA

in an aqueous' reaction nedi urmsat%pH 7 to"0,} sdid ni croorgam’sm
bei ng at atct er, Agrobacterium

Br evi bacteri um Cor yne- 40 ﬁ ‘%ﬁgﬁg"%‘ﬂ@@@@en um M crococcus,
Pseudonobnas, Actinopl anes,  Myc CharfdtedPgiéeragens, Nocar dia and ~7/
Streptorryces 12. The process of C. aiHuiddh, Hmherer n'said -

DL- 5- (hydr oxyphenyl ) hydant oi n"i s* DL- 331%1@1?*% 8% yphenyl)hydant oin. 13. A
process for preparing D (- ) N- car ba Uhoxyphenyl ) gl yci-ne 45

whi ch conpri ses subjecting ‘DL _ mom 411)8” Bption of a
45 cul tured brot mlnﬁsk&ﬁamdzemmtv@rsg%ﬁ&cerbw 5};’;%?&;@3 Y liAYrrrmbr lized
treated cells of P&blr#@rbéid’i‘?g%ﬁ*r‘? ,,E;iﬁobfrl aﬂ’yrbeabwtture medi um cont ai ning a
hydant oi n conpound, in an. aqueous .reaction nediumef pH 7 to 10, said

m cr oor gani sm bei ng at | east ‘one nmenber sel ected from Aerobacter, °
Agrobacterium Brevibacterium Coryne- 50 ~ bacterium. M crobact erium

M crococcus, Pseudononas, Acti nopl anes, Mjco- 50 bacteri um Nocar d| a and
Streptorryces 14. The process of 'Claim 13 wherein said

DL- 5- (et hoxyphenyl ) hydant oi n. i s- DL- 5- (4- net hoxyphenyl)hydant ol. n 15 A

oi n
conpou

process as claimed in @aim1, substantially as hereinbefore described.. 55-_ -

16. A process according to Caiml for preparing D-(-)- N-car bonyl - 2- (phenyl
55 or substituted phenyl)glycrnes substantrally as. described in any one of
t he Exanpl es. 26° : 1,564, 982
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