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Production of Chiral Styrene Oxide by Microbial Enantioselective
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Chiral epoxides are useful chiral synthons in organic synthesis, and various biological methods have been investigated

for their production.

In this work, the enantioselective resolution of racemic styrene oxide was investigated using

Aspergillus niger sp. for the production of optically pure (S)-styrene oxide. The enantioselectivity and initial hydrolysis
rates of the racemic substrate were highly dependent on the pH, temperature, and the volume ratio of cosolvent.
Experimental sets of pH, temperature, and the volume ratio of cosolvent were investigated using a central composite
experimental design, and reaction conditions were optimized by response surface analysis. The optimal conditions of
pH, temperature, and the volume ratio of cosolvent were determined to be 7.78, 28.32°C, and 2.4%(v/v), respectively,
and optically pure (S)-styrene oxide (> 99% ee) was obtained at 35% vyield using this microbial enantioselective

hydrolysis reaction.
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oz &3 Yo AgH EF Axe ¢ F-QJ‘S}U%
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Hu} 3830z A8y st aTEE FEEA 7"71'74]
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3ter ¥t Al (asymmetric synthesis)®o] 71341
2 2 nAE FY AFulbiocatalysE ©|-&F A
ofFAtole Aol g B2 A7t Ao frh4-7). A
A SHelA ¥, 38H whye Ay AHRHe Vs
Zuj7} |E arteln A F&E 7B o FAlol=owk §
4102 HEHde 9ol ol YA HolHo] e A
Zulg o] &3 A W e FaAdol RzEx gl
AzojE o) &3l WY FojA &4l 7]Z-L monooxygenase
AL o] 83 o EA)F AlF|= HWPHS monooxygenase &
A9 bAgo] YL, cofactord] A o]l &7 HD, HEA
#(product inhibition)7} A& AaHde] ks wye] 9k
olgigt EAHE FEHEY & Us Wit EA &%
Hog glAEI e iRl dIFAelz JpER i
(epoxide hydrolase)E ©]-83 YA MEA  JHE S (enan-
tioselective kinetic resolution)o]th8-11). ZHAlY] E£¢Eo) of
& N JleRd S5 ZolE olgsld @Y o4EAS
gt dRolRE dutzor A7RQl fGAT] o FAlol=
7149 el U= S-Eteii2).

38t styrene oxide= S -blocker, non-steroidal antiin-
flammatory drug(NSAIDS) 5¢] a¥7}7Fx] gstgdad ook
88 APAE RS ol&E F kB dTelME
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Figure 1. Enantioseléctive hydrolysis of racemic styrene oxide for the
production of chiral (S)-styrene oxide using epoxide hydrolase.

A2 B3 oAEQ Aspergillus nigerE o] &3] 17}o]
33144 styrene oxideE A Z3t1zt 1gtt (Figure 1). A.
niger7} B3k U+ epoxide hydrolase 8412 o83 2}
2] styrene oxide®] W3HEFol) glolAl F4 ¥kE =79 pH,
£x 9 cosolvent Fol -‘J-?_f}-r—g}ﬂl"q] n)xE e B
8, YAMHY iR wg Sxo Ui oy sx &
2 AAEY] 4 20E P9 }% wHozes AZFY E 4

AFE A SAAAM HFrIHeE d] EEEHT e e
¥ FW(response surface analysis)S AFE3FETH(13-15).

0

v HY BAS gAY Aoz 24ATAYY
(central composite design)S AlS3lHoH, HPACE F&
3 BElgA o ZEatolx= 224 <] chiral styrene oxided A
A7) 98 Wl 2 Sol B8 & Ae HH AN =
g ekt sl

Mz 2wy

oF o g ME0f Hx =AH

Aspergillus nigers 1A R|(glucose 10 g/L, com-steep liquor
(Sigma) 20 g/L, Bacto-Agar(Difco) 20 g/L)ollA 3~4YU3t Hj
¥ F AHE HeM spores AW R|(glucose 10 g/L,
comn-steep liquor(Sigma) 20 g/L)oll A3t 27T, 250 rpm
oA 3wl F AN Eeisin Aede AAA F
Fo(distilled waten) 2 F W AL M A3t Wet pelletS
4T A 3~4YT AFAA L& A niger ARETE AS

2 ARSI

Ol MENX IY5tE5Henantioselective resolution)

A. niger 7AZEZ 30 mge 1 ml® 100 mM phosphate
buffer (pH 8.0)o) HEAIZI F 20 mM 49 styrene oxide
2 FYUSHY. HHer|2+= screw-cap flask v jacketed
glass enzyme reactor® AMS-3H o, 27T, 250 rpmojlA
HAFIE A S-S FYAIRAT 2SS Ee WHe2T) 20
B 3¢9 sytrene oxide wTWHEE ZHsn olE AEFH
2 ZHAIRIO R ro] A Th whe-EdE diethyl etherZ
FE2¢ ¥ 7189 F& GCE E4Fled  enantiomeric
excess (ee = %%l x1000%)) & = epoxide hydrolase?]

g8 Hrpslyok 71291 ebAH styrene oxide X enantiopure
epoxide standard= A|¢F S5 FYste] AM2-3tHTH

pH, 2% U cosolvento] A&t

A. niger9] oEALO|= R EA BAS o] 83 B
g £5o) UIX= pH 2 &5 e BA87] 93t kg
o] pHE 50 - 9.0, €55 20 - 40T 7% WA 7| HA
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Table 1. Effect of pH on the enantioselective hydrolysis of racemic
styrene oxide

pH ee* (%) Yield (%)
5.0 97 6.8
6.0 58 17.7
70 75 295
8.0 >99 26.4
9.0 79 33.0

* . . S—

enantiomeric excess, ee= ~g=—p XlOO(%)

P AYe YA E£F, 0 - 10%(viv)e] §-7]8ul
£ cosolvent® #H7}13 F 9o AAE 92z ANA dAA
93 sl WS $ste FYEY L5 A F

7180 H7F A EAEATh

A3 201E J2}5|(GC) B

FEGA o FALo]|=9] eeqt H FEE AREY] A5t
(R)-enantiomer$} (S)-enantiomerdl] w3k Halo] gle Supelco
it (A1=9)2] B-Dex 120 (0.25 mm ID, 30 m length, 25 x#m
film thickness) columng A3}, detector® FID7} #
gtslo] gle 7F2aZvhgE 12}9(Shimazu 17A, Japan)E 9]
|3t styrene oxideE F#F BEMINE o|FrtAE ALE
AL o split ratio= 1:100, flow rater= 0.5 ml/min® 2
1 o) NEE Fsled EA8191, column, injector, detector
9 25+ zhz} 100, 220, 220C Gk

dn 3 3

UhS pHo| ozt
SIExfo|= AluaELs A 2o} @4 Rl ZAH
+ aspartic acid 9] 7}ﬁ_,/é7]7} oxirane ringoj fHSH 28
8- 3to 4 glycol-monoester-enzyme intermediate 7} 444
WA heRE whgo] AHUK(16). whebA, ” ukg-gd o
pH7} ®tow Jl2 8477} FA(-COOH)¢] =z Zo] &
ol wotd £ Q& Aoz i ¢ Jdornz YAAddA
brEs) wkgol wXE pHe| 93 AuEGITHTable. 1),
pH 509 A% ee g 97% AEE BGoi} 8o wf$
ko, pH 90904 &L 33.0%=2 713 -““%l*‘")r ec &
o] 79% ol&tz WA ustth pH7} 809 B, £&L 264%
AEE HYOu, co 7o) 99% oY kg g BeAO
2 4% (§)-styrene oxideE AE F YL ¢ 4 Yok

i

2T 3 cosolvente| 3}

PASo]Y Tk Wl i 2] dEge Yolry)
98t 20 - 40C9) 2% %LMW 7] 7t 58 &
Al &5 Widle]l W& (R)-styrene oxideo] )d =7
hevdl sEE 4WER, BH LT} 00 Fa2ds
T AN, 30C°ﬂ/\1«l ,—<7] RS e 20T oA 9

il

f

HJQ_

A 27 MRS st Mg W kel 9% H=E e
9E A F %l‘}i\il-(data not shown). £ ATeA Q| HedZ

7}"‘—3—}] thd 71891 styrene oxider= HEATRAF AFA o
ool thE Bzt e otk e g
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Table 2. Level of the enantioselective hydrolysis conditions in
experimental design

Level
Xn Independent variables
. -2 -1 0 1 2
X1 pH 65 70 75 80 85
X2 Temperature(C) 20 25 30 35 40
X3 Cosolvent(%) 0 1 2 3 4
71908 BAAE A 1FEY 71AL eEATIE 7
$ g WEERS AAND & YoBE 7139 &4
52 Z7H47)7] skl wgAzEd) #7180 H7ke)

T F97. 2, o] AF f718ue 4R Q13 A
Zujo] BAo] AztE 4 e, A niger 219 epoxide
hydrolase= hexane, cyclohexane, dodecane 59 454 7]
8o)9} acetone, acetonitrile, dimethylsulfoxide (DMSO) 59
FgAn gl 54T FUIEMES FAVtE & RE 7
oA o] AstALh9). wEtA, nFEEY 7FS VR
a7 9% T AL 5L YME /FU18d AR A
g ans FAHFYYT 4 de 2 ZA| FLEEE,
1A 3 &8z 2 FEAgne EJAHT 3 A
Zuo) ti3t EAx AdFez S DMSOE cosolvent=
Aeste] 0 - 10%(v/v)e] HYAM 7Rl £28 SAT
A3}, cosolventd] volume Bl&o] Z7}3te| wa} Frisicivt
2P F oA ok 27kl @AE dshiglen of 3%
(WO ATHSE e ASRALES 28 & U8S
Q& 4 gJirtidata not shown).

—-—

=

SEMH 2AM(response surface analysis)H2 0|23t
= X3}

ALl 7hEs T FA& AFJAAR
2%, cosolvent, 7] 7|AXE, AN & =
Aol x|gh, AR Asire] EFH] 2
ol#3 Ayt Wt kR &R vA=
WS R FAYES o83ty BAHCE E43a A
AS ANEE £ dFeME (R), (5)9] SHANERE F
(R-o] A gt AiA 7eEsisol 43 A nigerd]
epoxide hydrolase ¥4& o]&3la] (R)-o)4ZAE 7t4EH
NAZOZN FEHoZ 5T (S)styrene oxideE FE A
o] BHojnz (R-o|4AA YT steRs) $EE A
& 5 e 2AL pehaA Ak weRY EAe AP
Ay Agyozs Ho 349 Agoez A H(stationary
point)74#] 723 & = e F4F/3A Y(central composite
design)¥& AMgsiglon, M Fa8 A /e H43UAY
pH, ¥M3-2%  cosolvent F7}FE -2, -1, 0, 1, 29 ©A &
A9 AE5Foz rlthTable 2). SARE AR wt
B % 2K42K+ N, (KEsd A%, NeFAE )7
o] A¥HL ZAsA=d, 89 AFHFLE sfoln =9
FE 67, a2z F A FAEE AH3d F 157EA9
AREE A 2ty AFAHAA 33U 5 dFs
o} 3 (R)-styrene oxide®] Z7] 7I5E3) &xzo] e 43
ol BFFE AMEen, e A¥AAY 27 Jb¢
B £x90 BAE AAAY] A3 okt 22 2% A

o 0jo

)
oo
o
£
>
of M > ¥
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Table 3. Experimental data for initial hydrolysis rates underhet differ-

ent conditions of pH, temperature and the volume ratio of cosolvent.

Culture conditions

Exp. No Data value
pH  Temp. (T) Cosolvent (%)
1 -1 -1 -1 66
2 -1 -1 1 ' 74
3 -1 1 -1 49
4 -1 1 1 62
5 1 -1 -1 89
6 1 -1 1 98
7 1 1 -1 73
8 1 1 1 99
9 0 0 0 100
10 2 0 0 35
11 2 0 0 79
12 0 2 0 88
13 0 2 0 43
14 0 0 2 45
15 0 0 2 94

y= Bot+ BiXi+ 82X+ B3Xs + BpXiXs + BuXiXs
+ BuXoXs + BuXi + BuX) + BuXd

23S A8k
7
pH, ¥H&- &5 (C), cosolvent H7}EHB(v/v)O|H [ HHA,

w2 S|AAGeIT. 23k HARF Y AFE BAY] AT
A BAe Statistical Analysis System(SAS)& ARg&sle] E
]_

R <)

ZastyHol 25t 8IS 2H 24

ZATAAYAA AAHO U= 7] AN 2L 3
wel whE N3 zkel A&7} Table 39 AAIH ST
EY 4¥AAEQ pH, &5 F cosolvent H7teke] 3l
wE (R)-styrene oxide®] 7] Jlpie] £z H3l WS
AHR7) 95 SAS ZE2IWE o8 AFAAE BA
3Gtk AA 9719] total regression Ao i3k R® Zho
0.9558(p<0.05) AEE 5% 2 5 ojalA feiel &
A=jo], (R)-styrene oxide® %7 7IES &xw pH, 2%
9 cosolvent®] FEFL w1 U2-E & 4 YA A IHA
AF QIAEQ pH, 2%, cosolvent H7}Eke] ro] wisld] mE
(R)-styrene oxide®] %7] 7}Es] £xo] Uigh HHHE
BUFe 23} AR S olelsl Zeo] A & # ATk

y = 104227 + 12.1875X, - 83125X, + 7.9318X; +
1.8750X,X; + 1.6250X,X; + 2.8750X,X; - 11.2784X,’
- 9.1534X5° - 9.7841X4’

ztzte] A9 AxbEo] Wg Fratio gk ¥4 23, pH
9] Foatio Zto] 13.659(p<0.0)E 7F¢ ¥A JERL (R)-styrene
oxide®] Z7] 715838l £x& pHll o3f /Mg A T2
B es ¢ 5 dgen, UrA AAd 229 cosol-
vent d7}ke] E3je] wE PP A7 Fratio gol
7.576(p<0.05), 7.690(p<0.0) .2 vfeh} fo4E 5% ol
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Figure 2. Contour plot (a) and 3-D response surface plot (b) of initial
hydrolysis rates of (R)-styrene oxide as a function of pH and temperature.
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2 APReE & & AUk WeEW 24
92 53t FAHE stationary point gho] i
=3 ol 7] $35}e] canonical analysisE AA]3}
o 22k 4ol et BBA eigenvalues ghEo] pH, y
2%, cosolvent H7ieko] tfs] ZEr} 29 gEo] g}

o
gl AZ BEH IR Uehiel AW ANT

50 1 oo 30

>

o
< 4 5 YU

FAAE FoA (R)-styrene oxided] 27| 7}5E3 &%
duHez {2 QS nAe MW cosolvent H7hF
HAZR 24%vE AT F pH 2 WHg-2x W3l u}
Z7) 7t £ ¥3le] g contour plot2 A&
o} Figure 2 (a)ol A9t Zo] A9 pHO ¥ 7375 ~
825 ATHIT &% W= 235 ~ 335T g9z AAE
Ak olgk ZE FHNA DE 4 e V] IR &2
of thgh 3z} ¥HEEW-S Figure 2 (b)ollA] AAHS ik
sh3-8-de] pH Wslo] ma} (R)-styrene oxide?] Z7]|E3)&
Z7F 7 & 938 gete AMERY 54 @444 9
T aspartic acid7} oxirane ringo} s} HPA FAL E3
AFAHY g WE-E YslME pH 2Eo] Wl $8%
€ & & AU} Cosolvent 7}kl wE (R)-styrene oxide
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Figure 3. Microbial enantioselective hydrolysis for the production of
(S)-styrene oxide using the epoxide hydrolase activity of A. niger.

o 7] 7kRd =71 A ax @ 4T Be o
fri cosolvent Hriol| W& 7]de] f8v Frtgte FHF
aaet f718n Hrb wE e &4 A& G3v 4R
2 MZ AAHA7 dEez dddd

QUAIMENA Jlpte HI22 0|&3 (S)-Styrene Oxide MM

AFAe] pH, WL %, cosolvent H7}eke] wWgle)] w2
(R)-Styrene Oxide®] Z7] 7lR3] &= Wslol] dig whe
Fdo] HxE F= YAl EAFHOEE o] FHIA
A. niger9] epoxide hydrolase B4-& o] &3 UAMHAF )
28 ¥hS FAStH AnHOo 2 (S)-styrene oxideE A
F g Aotk ¥HHW B4 F3 A HFHzAQ
pH 7.78, &% 28327TC @ cosolvent H7}gF 2.40%(v/v)ol A
ZHAE) styrene oxide 7| Aol g FAEY AP FH3Y
CHFigure 3). W&o pH7} 782 ZAHP 100 mM
phosphate buffer 48.8 mlell 300 mg®] A niger AZEY, 12
mie] DMSO ¥ 50.0 mM9] @4|9) styrene oxide 7]AS @
2 F 287, 250 rpmollA wrlStHEA JAMHE SpEa
HH3-& kAT Figure 3o A|AI=o] 9l A 2o] <F 104]
L AR wkES B ee gho] 100%9 FEHow £4%
(S)-styrene oxideE 35% AHAE(O|E2FE& = 50%)9 & 4§
2 2E Atk B ATl e gAY sl
Z7 HH3} AR5 A niger 59 MAYE Frelo epoxide
hydrolase &4-& o8¢ IR7I7IA9] F8EAY o EAlo|=
T AZE ST w87 Alz" g o 82 5 9l
&+ Aotk

2 o

A FAlo|= FMFREEL BAo] 9428 Aspergillus niger
E AZuZ o]&3le YAMYH seRe) wee F3) 8
A"l styrene oxide 7]AZRE BT (S)-styrene oxideZ
el AYS FASY). (R)styrene oxide ©] A AA
W 27) 7heRs] £50 JFE F APAREQ pH,
&%, cosolvent H7}F Fof tis) FHFAAALHE o
# WeHE R4S 5 sleReets 58 A7

Y gxdE AR3AT pH 7.78, 25

=

¥ op &

A

rr
o
olo
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28327 2 cosolvent H7}8 24%(viv)e] Z7AA < 104

7t A5 Weg 53 ee o] 100%% Ao $E
(S)-styrene oxide® 35% AT(C|EFE = 50%)9] & &
2 Ag 5 YUtk

a4 Al

B a7 1999 dEEedgAgee Adas
HTAME KRF-99-003-E00465)2] AQoz $5¢
F7F}o|H, old] ZA} =&t} Chiral GC 54 2
FAEY #d 498 2o wjdd A A=
213

o op 2 rf
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