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Scheme 1 Racemizaiton of L-tyrosine methyl ester and alcalase 2. 4L catalyzed resolution of DL-tyrosine methyl ester

1.2 K A%

1. 2.1 Bt i 0% e 1.95 g(0.01 mol)
DLz B2 H IR % T 19 mL fUT BEAT 1 mL SRR ER
i (pH 7.5) 1, A 0.5 g Alcalase 2. 4L, 30
CF B 10 min, g0, FH: HPLC 5@ L-fi% 22
R K. BEE PR SCh 1 min N4ELE 1T pumol
- 22 R TP IR /K il o () -

1.2.2 TP 2 R W e ) &5 TR gy . IR
THFVE 3 7 0 < i = FU8 oA 250 mL H
KB HIZE 0 ~5 °C, 21830 22 mL(0. 35 mol)
TR s R, R h, RIEMA 45 ¢
(0.25 mol) L-FRZIR, WG ZEM, W2 h,
SRIGTE 65 CAREE ) 2 h, 50 C MRk R T,
15 L-FE R H R R W 2R, 5RARW0n 200 mL 7K %5 i,
UK N IAMEK, P pH 8.5 ~9.0, IR,
g, M, 15 L-BE IR 41 g, R 84%.
1.2.3 L-F AR P ERTH el K41 g (0.21 mol)
L-J% 082 S 75 T 240 mL Z i #1 60 mL KPB ( pH
7.5) 9, JImA 877 mg S-hH R KA S (5. 25 mmol ) ,
i NFE24 h, 2=, 150 mL ok, WERRRER 1k
ZpH 1 ~2, FIZ& P LA 2 R (2x100 mL) , [5]
WS- B KA IE. DEIBOTTE PR B, vkt T 9218
IMAMEK, I pH 8.5 ~9.0, ¥ikilnd, fliuk, 4t
T, 19 DL-f 2 B2 H1 s 38 g, I 93% .

1.2.4 DL-J§% 2 52 T G A4 AL 4 O 19.5 g(0.1
mol ) DL-Fi% % 2 /' fiE fin A 190 mL AL T EEA1 10 mL

BERRER G (pH 7.5) b, BEFEAEARIS, IIAS ¢
Alcalase 2.4L, 30 CHifE i 2 h, ¥ ZE 0 °C, I
UK, A AT B A VR 2 Y (2x50 mL) , T
73 L-EREIR 8.5 g, WA 94% . Wdfr o3 o iUE W &
Jf, F 6 mol/L NaOH ¥ pH 11.5, =& N FE N
T, 0% FREERREIE pH 5.7, B0 T, 4
U8, FEARFKSE S 2 R (2x50 mL) , HET758.2 ¢
D-FA AR, % 91% , ee97%. [a],”+10.5°(C=
5, 1IN HCl). '"H NMR (400 MHz, CF,CO’D): 8=
7.45(d, J=8.5 Hz, 2 H, 6-H, 8-H), 7.22(d, J=
8.5 Hz, 2 H, 5-H, 9-H), 4.84 (dd, J=4.8 Hz,
J=8.5Hz, 1 H, 2-H), 3.72 (dd, J=4.8 Hz,
J=5.1Hz,1 H, 3-H), 3.51 (dd, /J=8.7 Hz, J=
15.1 Hz, 1 H, 3-H) ppm.

12,5 pMrorik T TR s 2 R HHY I >R FH Al
HPLC &, %4 C18 A (4. 6x250 mm, 5 ),
TBIAH : B FR W (pH 3. 0)/ Z M (90 = 10, v/v),
Wi 1.0 mL/min, MK 214 nm, {§)F .25 C.
DL-fig 2 IR . DL-Ji% 2 IR WP g 1 XoF Bl 44 >R Y 3 1
HPLC 43, FM:4E : Crownpak CR(+) (4%x150 mm,
5w, RFEBEALF T A F]) , SR : & RV
(pH 1.58), Wi :1.0 mL/min, &% :200 nm,
T 25 C. BEEBR A D-FI L-Xf e A4 O B ik ] 7-531)
Sh4.67 min, 6.11 min, BEEARFEEHY D-F0 L-Xt it
A B BFE] 234310 49 8. 90 min, 11.6 min. D-FEZ R
XA L 1 (ee) = (Cp-Cp)/ (Cp+Cy ) x100%
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Fig. 1 Racemization of L-tyrosine methyl ester catalyzed by ben-
zaldehyde ( <), salicylaldehydes ([]) and 5-nitrosalicy-
laldehyde ( A)

Reaction conditions: 19.5 g(0.1 mol) L-tyrosine methyl ester,
120 mL MeCN+30 mL 0. 1 mol/L phosphate buffer (pH 7.5) ,
aldehyde (2.5 mol% ), 25 C. ee was determined by
chiral HPLC
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Scheme 2 Proposed mechanism for 5-nitrosalicylaldehyde-catalyzed racemization of L-tyrosine methyl ester
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N T IFE Alcalase 2. 41 HYBEE PEIfHFSE DL-F%
215 T T A4 1 S o R i IS Y D= =R Y i
BRPE AR, FATE Sodiar 7RI B DL
PR . DL-F&Z R T P Xk B A i T4 HPLC J7 3%,
TEVEE AT, DA LW 2R, D-A LMok 28 R Y i
PIREA NI 7 (1K 2-a) . D-MR2 R . L-BE &R |
D- i 1R Y 15 R L S 7R Y 8 1 O B 1] 20 331 g

4.670 . 6.111 | 8.904 min Fi111.632 min.
2.3 Alcalase 2. 4L {4374 DL-EE S B g

Yooy S AE0AL. DE9E T A DU R . B8/ IRy
FriE b, EE . pH RN B[] XF Alcalase 2. 4L
AEAF 7 DLt Z B2 HH IR 1 5 )

TSR ERE. Alcalase2. 41 FEAR M /N B B2
AR, FEREE. CBE. BUT R FRICEET Y
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Fig. 2 Chiral HPLC separation of both enantiomers of DL-tyrosine and DL-tyrosine methyl ester

a) standard of DL-tyrosine and DL-tyrosine methyl ester; b) each of components in

reaction solution after hydrolysis; ¢) ee of D-tyrosine after saponification

WERRERZE MR (5% ) RN 12 h 7L ARBESE
T, FRATEFERUT M- R R 2% ol (pHT. 5, 5% )
NN R FEEFET =M% 1) DL-EE iR H
g AN S A= AR AL 272 K 7 5 2) Alcalase2. 4L 7E1Z A1 i
PRARHPREE, X DL-FS R 1T e H A e 1Y L-E 4%
P, RERSMEALIR YK % -1 2 R A D% 2 1R
P s 2) iKY DL~ 20 H B A ™40 D 2 R Y IR 1
A R R AR I R, AR AR 2
— 1 L-BR & IRAK , B UDERE AN, T
Ao TR] 5P 3 8 S BR3P M O

Hiy/ IR B [T DL-FS iR E N 0. 5
mol/L, %L/ iR ot HL X DL-is 2 R Y 1 7K A
FeAb R . 25 Alcalase 2. 4L HIIRY) DL-A% &R
H R R H/N T 0.2 I, L% 24 R R /K i o L-
TS G TR A R AL R S il IR o FE R L. B
JRY B R — 2, R bR AN, % &

B2 PR L, 525 Tk R R IS W SR L
0.25(g/g).

& 1 B/ KW BT 2 Lb Xt DL-F% S B B BE 7K 2 B0 =2 0
Tablel Effect of enzyme/substrate mass ratio on the

hydrolysis of DL-tyrosine methyl ester

Enzyme/substrate/ (g - g™') Conversion /%

0.1 16
0.2 30
0.3 35
0.4 36
0.5 38
0.6 38

Reaction conditions: 2 g(0. 0l mol) DL-tyrosine methyl ester,
19 mL ¢-butanol+1 mL 0.1 mol/L phosphate buffer (pH 7.5) ,
0.2 ~1.2 g alcalase 2.4L, 30 C,
termined by HPLC.

20 min. Conversion was de-
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pH FIEEE. K 3 W45 R R BT, Alcalase 2. 41 {f# — 120
& DL-Pi& M2 /K ARAE pH g O I3 de s T vk
120 100 100 - 4100
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z
s 80F 3 60 - 460 S
z 4 60 z 3
= I >
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Fig. 4 Effect of temperature on the hydrolysis of DL-tyrosine
K3 pH X Alcalase 2. 4L A /K % DL~ 2 R FH 1 ) 22 )

) ) ) methyl ester catalyzed by alcalase 2. 4L
Fig. 3 Effect of pH on the hydrolysis of DL-tyrosine methyl

Reaction conditions; 2 g (10 mmol) DL-tyrosine methyl ester,
19 mL t-butanol+1 mL 0. 1 mol/L phosphate buffer (pH 7.5)
0.5 g alcalase 2.4L, 20 ~70 C, 10min. Relative activity( <)

and ee([J) were determined by chiral HPLC. 100% activity

ester catalyzed by alcalase 2.4L
Reaction conditions; 2 g (10 mmol) DL-tyrosine methyl ester,
19 mL ¢-butanol+1 mL 0. 1 mol/L phosphate buffer(pH 4 ~
10), 0.5 g alcalase 2.4L, 30 °C, 10min. Relative activity
(< )and ee([]) were determined by chiral HPLC. 100% corresponded to 6x10°U

activity corresponded to 6x10°U Ve

pH /NT 7 I, KF =4 L-BS &R ee A52 pH 52
Wi, M) T DL-BE R IR AR KA, ee W
%, SEHrP et pH 7.5, I 4 1LERE L, Alea-
lase 2. 4L fifk DL-J 2% HF B /K i /6 50 °C IR BLH

90

0.4

Conc of tyrosine methyl ester /(mol * L)

HLERELE. RN 30 CRE, K LR " .
ce RZUMERI, HORHEZLIETHES, e SEHTHEAE. i
SEE SR 30 COROVIREE. TEICIRE T, Alcalase 02 %
2. 4L [r] I AT 55 I PTG e e

Pr o IF[E]. WF5E T LR RUT - R Eh 22 vh i
(pH7.5) 1 Alcalase 2. 41 {4k DL-Ji% 24 1% H i % ol 5
VEFEIE K A A 1] 26 AR (85 ) . DL-Pg 2 R 1 o 0 30 60 90 120
9 LA BB £ 80 min P K G B 56 4 6 % Reactontime nin
41% , ee95% , XWAALEFENE(E) )y 107, D-BE 2R 415 Alcalase 2. 4L (LR 43 DL-fis 2 R R (1 B o 7
HEEH ee S 97% (& 2-b), FWH Alcalase 2. 4 Xf Fig.5 Time course of alcalase 2. 4L-catalyzed resolution
DL-Fi% 20k FE 18 A5 A 4 g o ke i 88 of DL -tyrosine methyl ester
2.4 D-BE & H STk R Reaction conditions;19.5 g (0.1 mol) DL-tyrosine

methyl ester, 190 mL ¢-butanol+10 mL 0. 1 mol/L
phosphate buffer (pH 7.5), 5 mL alcalase 2.4L, 30 C.

% Alcalase 2. 4L $743 /5 19 D-T& 2R H e 7E ok
£ =g)=I _TiR S TR =
AT pH 1 1/.EI5 ) é/mﬂk%;z Ah ’ D\ s T i 4 Tyrosine methyl ester( < )and tyrosine( []) were deter-
IKIE. KSR R 2 D-B 28R ee Oy 97(_70 (F 2-¢), mined by RPHPLC. ee ( A )was determined by chiral
UESE D-Ji 2R H iR ALK g v JC I e 42 HPLC.
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Racemization of L-Tyrosine Methyl Ester and Preparation of
D-Tyrosine via Alcalase 2. 4L-catalyzed Enantioselective Hydrolysis

XU Hong-mei, HE Cong-lin, XIA Shi-wen"
(School of Bioinformatics, Chongqing University of Posts and Telecommunications, Chongging 400065, China)

Abstract; A novel procedure for the racemization of L-tyrosine methyl ester was developed and the mechanism of 5-
nitrosalicylaldehyde-catalyzed racemization of L-tyrosine methyl ester was proposed. L-tyrosine methyl ester was
completely racemized by 5-nitrosalicylaldehyde into its racemate in CH,CN-phosphate buffer (pH 7.5) in 93%
yield within 24 h. DL-tyrosine methyl ester was hydrolyzed enantioselectively into L-tyrosine and D-tyrosine methyl
ester by alcalase 2. 4L in t-butanol/phosphate buffer (pH 7.5) at 25 “C. L-tyrosine precipitated during the course
of hydrolysis, which could be separated by simple filtration. D-tyrosine methyl ester was hydrolyzed into D-tyrosine
in 91% yield and 97% ee at alkaline condition.

Key words: racemization; DL-tyrosine methyl ester; alcalase 2. 4L ; enantioselective hydrolysis; D-tyrosine



