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Microbial synthesis of Dp-amino acids from pL-5-substituted hydantoins. "Sartomi
Taxanasui (Biochemical Research Laboratories, Kanegafuchi Chemical Industry Co., Ltd.,
Takasago-shi, Hyogo 676, Japan) Hakkokogaku 61: 139-151. 1983.

* A new process for the production of p-amino acids was investigaied using microbial
transformation of pL-5-substituted hydantoins.
' Hydantoin-hydrolyzing activity was found in widely distributed microorganisms,
particularly in bacteria and actinomycetes. The enzyme hydantoinase was purified and
- crystallized from a cell-free extract of Pseudomonas striata and its properties were established
. in some detail. . This enzyme hydrolyzed p-isomers of various 5-substituted hydantoins
to provide the corresponding N-carbamyl-p-amino acids. The advantage in using
hydantoin was that enzymatic hydrolysis and chemical racemization of the substrate
occurred simultaneously, so that DL-hydantom could be completely transformed into
N-carbamyl-p-amino acid.

Based on these results, 2 new and convenient enzymatic process was developed for
producing various p-amino acids.

Step 1. Hydantoin synthesis

Step 2. Asymmetric hydrolysis (microbial hydantoinase)

‘Step 3. Chemical decarbamylation (nitrite oxidation)

Furthermore; instead of using the Bucherer method (Step 1), a new mcthod for
5-(p-hydroxyphenyl)hydantoin production was developed by employing amidoalkylation
of phenol, in which glyoxyllc acid, urea, and phenol were condensed under acidic
‘conditions.
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Table 1. Distribution of hydantoinase activity in microorganisms.20
Microorganism Activity® Microorganism Activity®
Bacteria Actinomycetes
Aerobacter cloacae H Streptomyces albus +
Achromobacter delmarvae + Streptomyces almquistii Hi
Achromobacter parvulus + Streptomyces aureus +
Agrobacterium rhizogenes H# Streptomyces flaveolus +
Agrobacterium tumefaciens H Streptomyces griseus HH
Arthrobacter simplex + Streptomyces griseoruber +
Bacillus sphaericus + Streptomyces griseolus +
Brevibacterium incertum +H Streptomyces mitakaensis H
Corynebacterium sepedonicum o Actinopilanes philippinensis HH
Flavobacterium flavescens + '
Microbacterium flavum + Yeasts v
Micrococcus roseus + Candida pelliculosa +
Mpycobacterium smegmatis H Candida utilis +
Nocardia corallina HE Rhodotorula gracilis +
Protaminobacter alboflavus + Rhodotorula glutinis +
Proteus morganii + Torulopsis utilis +
Pseudomonas aeruginosa +H Pichia vini +
Pseudomonas desmolytica H
Pseudomonas chlororaphis o Molds
Pseudomonas striata i Paecilomyces varioti +
Pseudomonas xanthe + Aspergillus niger +
Sarcina marginata +
Serratia plymuthica +

@’ Activities were expressed as the amount of CMT formed under the reaction of
10 mg/ml MTH conc. (33°C for 40 h). One plus sign showed the conc. of

1 mg/ml CMT.

Table 2. Propcrtics:of N—carbamyl—metlﬁohinc isolated.20)

N-Carbamyl- . ]
Microorganism A?f;;i‘;gélne I\fﬂ;r:g [a}®® (;Ett‘i‘t:;l
. (mg) Q) , ®
Aerobacter cloacae 305 159-162 +23,4 97.5
Agrobacterium rhizogenes 95 159-161 +23.1 96. 3
Corynebacterium sepedonicum 137 158-162 +20.4 85.0
Mpycobacterium smegmatis 215 160-162 +23.6 98.3
Pseudomonas striata _ 330 160-162 +24.2 101
Actinoplanes philippinensis . 280 . +23.7 98.7
Streptomyces almquistii 205 +24.0 100
Streptomyces mitakaensis 280 +23.1 96. 3
(Authentic sample)

161-162

+24.0

* C=1-1.5 in IN-HCI
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Table 3. Some properties of hydantoinase isolated from Pseudomonas striata.2®
20, w(s) 9.33

Molecular weight
Sephadex G-200 filtration 190, 000

Molecular weight of subunit
SDS-disk electrophoresis 48, 000

E.% at 280 nm 10.8

Specificity
Substrate Dihydropyrimidine

D-5-substituted hydantoin
Steric p-form
K'm value, Optimal pH and temperature

Substrate Kn(x10-2M) pH  Temp. (°C)
Dihydrouracil 0.17 8.8-9,0 55
DL-5-(2-Methylthioethyl)-hydantoin 3.4 8.3-8.5 55
pL-5-Phenylhydantoin 5.0 8.0-8.3 45
Hydantoin 35 8.0-8.3 45
Inhibitor o-Phenanthroline ‘

a’-Dipyridyl
p-Chloromercuric benzoate

Pseudomonas striata ZFA\VT, BEROERSMHES XU
K OEYHE ORI DV THRE L7z, 20-22 from Pseudomonas striata.?®

Table 4.  Substrate specificity of hydantoinase

AMRIFYHRTHD, V14 vBLU D~

. Substrat Relati t
5-AFNERLY M UBELOERSRERT. F, et caflve rate
ABXERE UTRACFABROEHTHY, & 5- H- hydantoin 13
VM vEAUH I+ 27 o — LM (pH 5.5) # CHs- y 45

(=} _ﬁ N

T 30°C ISR TS Licky, egﬂc EiERER # (CHs)2CH- 7 15

BEBECLENTE S, ‘ ‘
R # (CHs)2CHCH,- y 48

C DEEREB A 5T L RS L D, 7 (CH9:CHCH:- g
03 VI, BRZAVE, DEAE-£1m—32, EF # CHsSCH:CH,— Vs 48
OFVTNEAL L, 7579 R G200 DEH S p H,@- P 25
L7uR ST 4~ LD L Y b F—EEKER
7  HO-Q)- Y 16
Vi HO -©- Vi ‘5
py Q) - ” 19
V4 Cl -©_ V/4 10
cl

Vi Cl- @ V4 7
# CHs0<0)- y 4
5! 5- ( ©)2 V4 0
4 #  (CHs)z _ Vi 0
Fig. 1. Photomlcrograph of cryetalllne hydantomasc Dihydrouracil 100

of Pseudomonas striata.2®
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U, ¥ THEERic Bk Ui (Fig. 1).
ABEDHTRIIH 190,000 LigEsh, B—0+
Taz=y b 4ANHLELT S —RBEEETHEE
Zohd. BREORNELSXUHFERD-ERE L v
VM VERBFREEETEED, EX VMM XD A
FUYEDDEDZVWO6ERTHEYVEFRY T YN
R L TR BOEEEBIMERUTERYT 5. B
FRISIE p BEE Y UTEENICGET L, KISOE
#HpH BXUBER, BUIEHICL-TELRENS
M, pH 8~9, BLXU 40°C flKich 5. TOBRI,
EFED SH H#, o724 vxXuy)ryPad-Yry
I N L DBRVIERZT . $E-T, SH ZEPI{f
DE&BA & v (Fett, Cot) 2SEERTEHORFICEE L
T30 LEbNE (Table 3, 4 ).
CNOOBREEBLT, ATRETHS S-Bre ¥
VM vyOd B F vF AT —DBHEEBRIVKSEST
DERVEEICOEET S T B TIHS IS
STcbdTh 5, LitRERATEE, COBR
BROLEYTHZDEEBHEINTE Y E F
EY IV VEHERAROERELTAVEFREY IVS
—+ (EC 35.22) EZZ o515,

5 D-7I/BOBEVHER

BEYEFEROBES Y MF—ERE

YBROFIHICENT, BRAFHATEERRLL
THERATENE, TENSERTORERIIEAY v

MAIBHTREVED LS. LhL, —fRiic,
HEESE & B DORICIT, MR OZEEM:PILET 21
BRICXZRIREE S, MELS 2RO TEIN
5. EX VM F—ERBBOTD, HBEEETE
NIk D BIEEHL AR RS EREEREANT
bZDFTHBETEEINLEI D, H50iL, BEOR
EHRES D, BICLBARED S € b2 XD
T ) RETFTTORIGICMA SN Eh, ¥/, BIX
ISR SROPRERTTINRENHAS.

HE D3, WM BT EERRES UCERTAC
EEEIHRIC, $THRDORS Y —= v/ TEEEERL
7o Pseudomonas striata, Aerobacter cloacae, Corynebacterium
sepedonicum, Streptomyces griseus DEEEHAZ VT, &8
S-EHE XY b A T B MUk RSl
U7z, Table 5 it/RT X i, KR7 I/ Blichskd
BeH Vb4 vEEEE LB, WTLORERKER
WTh, T I/ BOEF Y M A VITHPIHICHE
I, BNET N-A Iy 3/ BicEimIn:.
UL, B, EEET I/ BREA+ v EEREEE
THEL Y M VBEEEBDICSOVEREZ - .
$7o, RRICUT, REK -7 7 2 25iHEHHE ORISY
TIVBEUTBHENBTFERRTI/ B, 7=

Table 5. Hydrolytic activity of intact cells towards various prL-5-substituted hydantoins.2®

pL-5-Substituted P, striata

C. sepedonicum A. cloacae

hydantoins Reaction rate  Yield Reaction rate  Yield Reaction rate  Yield
(pmol/min) (%) (pmoljmin) (%) (pmoljmin) (%)
R*-CHs 0.27 46 0.08 40 ©0.09 55

. /CHa

R*-CH ¢, 0.25 73 0.01 10 0.03 41
R#-CHa-CH( G 0.11 28 0.01 16 0.03 28
R*-CH.-CH:-S-CHs 0.31 66 0,02 . 27 0.05 60
R*-CHa- @ 0,02 12 0.02 , 21 0.02 20
R*-CH.-OH 0.08 62 0.02 - 34 0.01 27
R*-CH2-COOH 0.00 0 0.00 0 0.00 0
R*-CHs-CH.-COOH 0.01 2 0.00 0 0.00 0
R*-(CH2)s-CH2-NH» 0.00 . 0 0.00 0 0

0.00

* R represents hydantoin moiety.

The reactions were carried out at 30°G for 90 min (to determine the reaction rate) and for 20 h (to

determine the conversion yield).

The reaction mixture contained 100 ymol of pL-5-substituted-hydantoins, 100 gmol of NaHCO;-
Na2COj3 buffer, and intact cells harvested from 2.0ml of the cultured broth in a total volume of 2.0 ml

(pH 8.7).
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7YY VRIS T 357 == v e XV M 4 VLAY
g 2EAZHENS &, WThbRIFRET LD,
HRHORISIC phb oT BINET NI
7 2= Y v UEIKER L (Table 6). T hic
L5, BHEOXKNIHZ DD, ORI, (R
RTHONHRELALLI T, BEEREHOTHILE
FROS-BH b &Y b A4 v OIKMBISTTHEIS & & &R
LicdDEWNZ L.

ERR Utc N-H iy ) BBlE, £ DB,
REBOBISHED pH 2 3 ~ 4 AL, SEA0R
ETABICHETE2., ChbDhEPRERHIET 2
&, FREBDATEOEFMEET LT b BOUK
BEZbDOC LRSI N, MTH OBARRE, Bx
DLV 4 vyEECBWTCS, KSR By v
FAT—ICRBEACETTACENHOI L ER - 1
(Table 7, 8).

24EBRSHRODLBEETD N-h w37 3 /B

Table 6. Hydrolytic activity of intact cells
towards various pL-5-phenyl hydantoins,23)

Conversion rate (%) with

pL~5-Phenyl

A. cloacae  P. siriata  .S. griseus.
hydantoins after reaction for
1h 2h 3h
H-@-R * 43.9 88.0 6.5
Cl-@-R 50.0 53.7 37.1
gd-<:::>-R 207 622  19.4
cu3-<:::>-a 2.2 25.0 13.0
cn3o-<<:::> R 3.1 134 10.8
©~R 53.7 36.0 23.7
Cl-
@-R 29.3 18.9 20.1
HO-
=Cl
.Cl-@—R 28.0 15.2 21.6

* R represents hydantoin moiety.

" Each reaction was carried out at 30°C for 1-3h
as indicated, in a reaction mixture containing 33.6
pmol of pr-5-phenyl hydantoins, 160 umol of
NH4CI-NH4OH buffer, and intact cells harvested
from 2.0ml of the cultured broth in a total volume
of 2.0 ml (pH 9.0).

Table 7. Optical properties of isolated - N-
carbamyl-amino acids of natural type.2®

N-Carbamyl- Optical

Microorganism  amino acid [a]}  purity
isolated (%)
C. sepedonicun  Alanine —19.6 101
Phenylalanine —37.5 100
P. striata Alanine —20.5 107
‘ Serine —33.4 113
A. cloacae Alanine —-17.8 93
Valine —14.0 95

~OEHR, £ OBALEBITEY, Hicy
== VEF Y b4 VERTE, pH %9.0cEET S
ERITEEHNCN-F NI N-D-F 2= 7Y ¥ K
CEHT 2 bONRON:. COBHRELBL TRIG
THRHE, ROLS ICHASNS.

&Y A4 A HIDIE N TS 5 A BRENEEE
DB, LT AN YICEBIFNE S ¥ LLET
Fod< (Fig. 2), BRESEERN: (pH 8~9, &
B 35~45°C) DX S BRMIE T n ) HicBOTS
BOTRENT 2 ILHEERL, pBE L BORIC

Table 8. Properties of N-carbamyl-phenyl-
glycines isolated.2®

N-Carbamyl- Melti it Optical
phenylglycine ciung pomt - 4itation
derivative oC [a]2°

H-@-R * 174-176 ~136.3
Cl-©>~R 193-195 —126.0
HO-@-R 178-181 —145.5
CH3—©-R 218-223 —136.7
CH3O-© R 213-217 —141,7
@-R 178-180 —123.5
C1-
O  — -
HO-
—Cl
Qs moms  uo

* R represents N-carbamyl-glycine moiety.
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BOPIE T & I{EEEBRD L BEBDE. DY, B
ERISOETICE > THEINE DRI F v F A= —
3, ZEIRORVREFEHD LB S VF4Aw—-D5+
BB U TRISRICE S I N> 5. —F,
AR L, EBRYTH B N-H /3 v-D-T 3
J B, CORMTREL 7€ b3 NB C L3,
CO&DHiC, b BEEICHRENSERENEEEEOL
FE 5 & LIS HRARIICETT 3720, B0 L
BoMy L BOEE LT, KFASSEE L&)
AEITCEBRAT DD N-Ah s3Iy 3/ BiC
ERIND EOHI BRI IBESENTNEEELDS
N5 (Fig. 3). COBKR, £& Y M F—EEIEH,
RER DI B OEE T 5 RFI R A O EIY,
5 L{LEV S S [BRETE] 2% 7<%
FEELRL, MR THRIOEEAHFRESD 5 5
CEETETEHDTH 5. '
TDT nH ) Y T ORBEYR IS ORI 2 X
DILEDSERODOS iz, pH 10~11 itV TR
H?’&ﬁiﬁ%i\‘?‘ﬂ‘? WV Y MEHAEE, Bacillus sp. 121-3
DEEME S UTH B X h, %D Pseudomonas
striata 15 ¥ & BRI S W TV 3. 2429 Ko pH
2B Ligad, REEEEEL LTEBIERIGS
H-BEI, T O Bacillus sp. DFERBERTHD,

o
o)

w0
[s]

o]
(=]

~
o

(2]
(@]
T

] 1 1 1

4 8 12 16 20
Time (min) _

Fig. 2. Chemical racemization of p-5-phenylhydan-
toin in alkaline solution.?®
The reaction mixture containing 20 wmol of »-
5-phenylhydantoin and 100 umol of tris-maleate

[$2]
Q

Relative amount of D- phenylhydantoéin

( ) or NaHCO3-NasCOs (---) buffer in a
total volue of 1.0 ml, was incubated at 30°C.
Relative amount of p-5-phenylhydantoin was

calculated from ‘the decrease in [a]¥ of the re-
action mixture. i

BTy 5614
R Asymmetric R
\ hydrolysis Hat,
AN e —cook
\ ———— ey
~NH
NH-CO Hydantoinase NHCONH2
D~5-Substituted N-Carbamyl-~
hydantoin p-amino acid
. Spontaneous -
racemization
]
Ral
‘\?_CgNH |
NH-CO
L-5-Substituted
hydantoin

Fig. 3. Enzymatic reaction mechanism of pL-5-
substituted hydantoin.

KO T %Y MITOERE pH PEE (BHR) owett
2E, BT vh ) icdd Bk E DBET, IFT v
7Y BEEHOFREERR L TOS. Tk, Bz
FVEFEBENT B C LI -~ THOREREEDEC

EWEEETH D, Bacillussp. DT 7 Y AT I FAVE
ARG ERAOVIARDELUFEA AL O TN S.

¥, BRICBY 3 ARSOGRME SRS A,
BMBAYOBEREESEL, BRCRALLS &
TEIRABBEINTNE. TDXH, B pHED,
BOEETOEL Y b F—€¥RIGiL, HERS &3
LIRS W TFENER Y b VISERRE ST 518
A, L KEHEFHEERDNS.

BEAIWSZ RS —ic, NI vy )
B, Y —FRBETAL Y OEETICMET 2 &
BEWTRANSIMELT, 73/ BICERTSESC
EBHLNTVE. Lrl, TORSIE, ERED 5
£ LR 700, KEFE®T I BOSKICIES
o, Fio, BIKARIC K BBh v 3 i3 RS
T, B, KESMNeL Y b4 VIcBBL, InESE
CBNTST I/ BOERRIS OTrTH 3. %E
oid, EX VI F—ERISTERTS N-H a3
N-D-T 2 ) RO 71 s LV &b TE 2 BEt Uil
R, EHBEBLCL 2 FEBEDENTHECEER
WUz, A3 13 VISERR 73/ BO
v I VEEIRIC, BOFEATICHEMEY — 5425
MUTHA v b L, -7 3 /7 Bicis#ad 5 ik
DEUCHE I N TS, FEMICE, 73/ BER
DEEHE LTHSNTN S Vanslyke H:O M &%
ZoNd OHFHL, Fig. 4 RTLIiC, y7V=
v LA ERBE LT LA FOT I ) EEERL R
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+
H R\‘ NaNO2 R“ -N 2,---CO2 \
‘i;,-COOH _ “t':—coma ———— "Nt—cooh
NHCONH, 7254 ©F HC  Nyeo-Nzn NH,
1
NZ
R ~CO R
| 2 Hal,
CHo < , ‘(':-COOH
OH

Fig. 4. Decarbamylation of N-carbamyl-p-amino acid.

EUTHBEL, RIRBEEX, WA Il sl
HEThs. UL, TOB, ERTE7I/ BOT3
JES, SOKBLINTAF VBANEHMRIND I
ENEEIRISEE) bOEELZ ONB. D-T 3/ BA
BANDOARKIEDBAEEL 2184, RN N-sn
NINT ) BRERCBOTD, BIKSIHEI TS -
T/ BOERRESNODET LI ENTELINE
I, o, a NRRECEEFERERE LD S
£ I BRI N-J NI nvT o=l ) vy
B LD, MAREEFRE Uk RISHETT 20
ESb, BEPBRHEETLZHTHAS.

FEEOIL, BEAOKREELT, RKISZER G~
10°C) T, ISIEKIEROBEELZEFoC &
lcky, ERIGHE (N-HSIinT /) B->T 3/
B ZBRENCHAIEN S LEIRIGHIEI TR L
ZHOC LI 5 LBAD p-T7 3/ B
BRIiZ, BEEENTHE. N-AHANIjp-D-T 2=
T Y VEEROWIEISBONTS, XRMEICAEK

U HBEEEZRT -7 = =7 Y ¥ v, p-p-EF
OF Y7 =S Y Y UIRELBELN, Thoh
IWVERER O RISICBNT S, THRREEEESE L
FERIGOHET L, BIXEIC -7 3/ BBAERT 2 T
EETER LIz (Table 9). DT &it, kot
VM F—ERIEE, TOLEWIREEA e WK
REMBEDEELICXD, -7/ BOFH LS
BRv— 1 DBERASTIRREIS B C &2 FRT 2 HDTH
5.

B, CORA s I VERSEBRINCH S HEE
REINTNAS., Olivier 5|3, Agrobacterium [BDHH
BIC N-H N 3ov-p-7 3 ) BBAREBRYIC b-7 3/
BICERTIBE (A5 —¥) OEETECE
ZHOPICL, ERRHEBEARELTVS. ki,
-7 I/ BOBE LR, S-BRe &Y v 4 vEREE
D-7 3/ BICHBAEYERLE S LT3 XA NBSHE
TREINTVS S 379 21513 p MAE IR
BeX Y A F—EEERDOH NN 5~ hiED

Table 9. Optical rotation of p-amino acids obtained by the decarbamylation

of N-carbamyl-p-amino acids.

N-Carbamyl-pD-amino

. acid D-Amino acid
Microorganism prL-Hydantoin
rate of [a ]25* [ ]25**
conversion %ip
Pseuds 5-Phenyl- - 87% —132 —153
] tj::z‘ta monas 5-(p-Hydroxyphenyl)- 82 —146 ~159
5-(2-Thienyl)- 93 —97 —106
kaloohil 5-Phenyl- o1 —127 154
alophilic
Bacillus sp. 5-( p-Hy‘droxyphenyl)- 74 —140 —161
5-(2-Thienyl)- 95 —95 —105

* 0=0.5-1.0 (0.1 N NH4OH), ** C=1.0 (1-2 N HCI).
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148 wie B BE LY F6LE
R-CHO Bucherer synthesis R-CH-CO ﬂ??? % 5 .
(NH,) ,CO5 : NaCN o &H-CS-NH 5) i{ﬁfiﬁﬁi%%ﬁk%@i& L'Cﬁﬁﬁ"(% 5.

Aldehyde .
pL-5-Substituted
hydantoin

Decarbamylation

R-CH-COOH S R-CH-COOH
i NaNOZ, HCl i
NHCONH, N,
N -Carbamyl~p-amino acid D-Amino acid

Fig. 5. Possible synthetic scheme for p-amino acid
production.

ST AR ZFIR Licd DL Ebh 3.

D-7 3 JBOEHEAF—L DLS5-BEHL L VL
4 vEBWS b-7 3 ) BOFH LWESREE LT, Fig.
5 RT3 AT v TP LIEBERA F— LH5H]
LI 7.

ELY M F—EORB LIS pL-5-FEHfE LV T
A VX Bucherer itk b, TAFE FLLARBICS
KT 3. Bucherer }oi3, METHEZLDT I/ BOD
ARICERAINTEY, BN IN/ICHETS
5. CO/RROHRERELE 77 E FEILDONT
b, Reppe A4 + YV ARORBIC L - THHILD
DOIPHEINB LS I > TWB T E»D, [LEHD
5-BH X v [ VOLBRDERETDH 5.

ZDAF—oum, 5 1DOO{LFEREAT v 7 TH
BWEA N I VRS, BB K > TBEEZT
FTOERR (Jl213 -NHs, -SH etc.) 72 DEMRE
Iz, RicR X S e EANICIIRER L,
BaxD N-J s p-p-7 32 ) BICGERTE 5.

WG F v 4 F—E OGRS ER GRS,
ZNOILFHNRIGR T v 7ORRISE ISP 5EZ T,
ARF—AL1F -7 3/ BO—BHRTARELISED
DEELNG. COBRNAREDHERIIRDESIC
BT3B,

1) 1HOBERRIGT pLBERETTE p HON
NI NT ) BCEBRTEEICYD, RERETIRNWE
O LEHMATESRELLD, HiET 0+ XHME
EiL5.

2) BRVIEOCEHBFEEEET LD, A—Fn
& ZDSLHEFHD -7 2/ BOLEBEICHEFTE 3.

3) BEIIABEBRYEARTERERISENET 5
D, BHEHMEOE p-7 3/ BHEB KB TE3.

9 T/ BOAKRTHEEE, EHE REELUCE

6. 5S-EBES Y b UOHLOERE

-7 3/ BOBEYHIARRE O BAN S ERE L
T, TEFRVYVY VIRE -5 7 2 2 IEGE ORI T
I/BELTERHEIN TV S pp-EFrF Y7
=7 Y v (0-HPG) 24 —4 v MICEY, £0%)
RS ARIEOHERERS . BRERIGORE LN S
5-(p~e FuFv72=n) & v 4 v (p-HPH) 3,
EAMICIE p-t FrF VY RUYITAUFE R 2B NT
Bucherer ZEic X D AERT 5 C LR THETDH 305, Biff
BTN e FRERE Y7 VA EERTS 5 21,
7 z ) — VEEDBAICEED BIAEG D T DMIBEIMEN T
L&, T#ME p-HPH OREL L LTI, CORE
BANTUSEDRHELBOIBOHEZEZS > T3,
—iC, GRILAYEREE LT BRSO EERT
EEF a2 OERICEOTIE, EEE0ricshE
PNCBBTCEaMENS T & D, b—gisdEL
ZZ2 5 FTEEREL VD 1DIKIES.

EE£5™ (3, p-HPH OFFBEREDERICHIC
>TC, oLHPG 37 Y A F Y NVBRET = /) —NET v
E=TOREEFRREIFTERINTVEZ LiIKE
H L7z. Ben-Ishai 539 it X 37 3 F7 v+ m{LEIG
OHIREABEC, SVA4AFVVE, 7=/ —n, RE
EROAFSEBABRI LA, ZO3EDLA
YR DK TIAT, RS ¥3 &—%
iC p-HPH HthBs R & LTERT 2 EE2RNEL
fz. ORI, Fig. 6 IKRT &I, BEDORIGD
BHRHEAGDETRI - TWEHDEELLND
M, BELUEISERETTCR, 754 v (D &7
=/ = VORSEEIREL, lep-EFuFoz vy
WEE (TII) OERIEHEBRDITNC LIS ERS, (ID)
BXU D) 50 p-HPH OERADZEEIINEL,
(Ia, Th, Ic) &7 =/ — N EDRSHEREEL BN
5. TNOHUADANVKRE T AHF A VDT 2/ —
WEANOHETFHIIEERIT, v M rbiigEinsi
HFERD p-HPH L2 dic, LEDANVH K (o-
HPH) ORIAEDSED 6N 5. L1 L, RIGRERER
ISRMERENT, plo BENTVELSTEZENTSE
(Fig. 7), p-HPH OFGINES 7Y 4 F v ABicst U
THMEINRICT S C & bAHETH 5. BEBEES
BEThS, Stk WWBREEEAE - KT B
TEDTEMED p-HPH 2K 5 iC BT 5 18T
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OH 0K,
1) CHO-COOH +  NHoCONHy ——> CH-COOH > | CH-CO\ s CH-COS
NHCONH, NH-CO T N -C0”
1 T.(Iu) (Ic)
CH-Co0H > CH-COOH
NHCONHy < NHCONH,
it @
CH-COOH
N - CONH,
()
) b NH,CONH, ——— CNH,CONHD,CH-COOH ——> |2
4 -
(Ic) + NHCONHy ’ NH-C0”

3) CHO-COOH  +

(la,b,e)  or (1D + HO4<::> _

(I1n

(In

Ho<{O)-CH-co
NH,CONHy —— Qg0

Fig. 6. Assumptive reaction mechanisms of p-HPH formation.34

&3, AWEARO Bucherer 2 okt LT %
b, Ak, BEERTEOETENFELNALS.

COREEDOH LWEREEZRNWS C &icky, o-HPG
DOEEYHIERER—BRILI N, REMcERE
EAREGRA +— 205 Uiz,

Fh, 72/ —WEFF7 2 VCBEHL 3170 T

100 -
B DL5-(2-F T =) EX Y M vV BARRTX 239 ¢
ool 18 & EBERD, TOLLY b4 v OH LOARER DS
: —7§ VIEOCRABEFLTVE b0 LBbhs. BF, —
8 e 1°% BRISHKICE B 7 ) 45 ¥ VBB D5-7 J — vk
s 15 Y OARESEES TS, CogkT
sEwof 18 @ 29 rrn I BT )42 BE 7 < =i
%gm_ BEERIESE, Wolch= v FABREEESE L,
24 DOT, ChEBRETCRREERISS I HET, &

1 N
50 60 70 80 30
Reaction temperature (°C)

Fig. 7. Effect of reaction temperature on the yields
of HPH and the ratio of p-HPH/o-HPH.349
To a mixture of urea (36.0g), 90% (w/w) aqueous
solution of phenol (33.0g), 36% HCI (93.0g) and
H20 (126 g) was added 40%, aqueous solution of
glyoxylic acid (55.6 g) over 5h at several tempera-
ture, and after the completion of addition, the
reaction was further carried out for 15h with
stirring.  Yields of HPH and the rate of phenol
consumption were calculated on the basis of gly-
oxylic acid used.

BOS-TY—nEef Vb4 VOSRIERSA ST S,
SR, TOEIBRSYZFvls, BREEEELEANS
S-EHREZ Y M A v OFH LOARER, i -5 %
LGUEME ORI T 2/ Bi & UCHERBEBIERRR
O p-7 3/ BOARIC, BHMCRFATEXEdDEE
bhz.

7. D-7X)BOFH

B, -7 I/ BTRIBEOLZLOE, ALE-
T, -7 7 2 rHIEYEOREES & LTORIET,
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BETY HeLs

D-HPG DEFMiC o~-7 ==Y ¥ VR mehT

V5. BT, 0-Y2574 v (MT-141), p-Z L7

=Y (R77R5Y), D-TR95 £ V9 12 20D
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3. B-5 7 2 rHEMEDADAT TS, _FF Kk

nEY (LH-RF, TRF, MIF, =4 7 7 ) VIL &)

OHFEBIRICE T, EOHEO BB E 2N
L7 7Ha /S KOERKRIC, KBO o-7 3 / B4H
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DHDOHEEL LUTOFFBBRIAINTED, 5>

HBZOFEEAE LT o7 2 =07 5203040 33,
HYa—<FHELT D>-R=YF I X5

I, HUNA A TOHEHELE LTo-7vtaT 5=
v R EPHEINTOS. HEGEYUEP RTF F
TAEMEOREE LUTHEEEZ S INTHEH, 2hd
d D-Fwg I VBISE p-7 3 ) BERAIEHON
ZO. FATR, BEEROZESTEBEAEAOFIAED
BRESh, oY YORRBTAEEEZEL A0 F
EBREFOARICHH LL D LT3 RAMEINTH
5.9 ZDXS T, FE, o7 I/ BOFIREESE
HICHERLTHB LD, 48, p-7 3/ BiTxd
SEEREAKTIDEELI NS,

8. & H b I

S-EBEL Y M Y EOIFERRILAYERRE L
T WEGEROWMELZB LT, pBEEICEENE
AV P4 F—EEROFL, D-7 3 BOHLOARK
LOBRNLHELZBBE LT, DEOBHREIL, XN
WREEEN LR E X U B R B T s
& BRI TRWAEY TR & OB R
KXo TN bDTH 5. AEMAMNARER,
SERLETERORNEIC X - T, p-HPG DAY
ELUTBERI N, BIE, Yo R— DY an v T
HHCRBRINE 7S v (WRA Y v E—gdh)
&L > T 500 t/year DIFETDHEERHBICE > T
5. %72, Eriod FARBFOARERE LTO
b\ YOEED, AEZERLTEBIhTHS.

VI LOEBEEBE LT, 858, R~y FLET,
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HISRENE LT, ERRLEHZ b RIFEREE LT 2

TR ERTEE, BEOFIHOT iAo
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BENCR IR TH 3.
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