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Figure 2.9. Kinetic resolution with in-situ racemization
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of amino acids and peptic
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World production of amino acids using enzymatic processes

Amino acid Amount [t/a]
L-alanine 250
L-aspartic acid 5000*
L-2,4-dihydroxyphenylalanine 200
L-methionine 240
L-phenylalanine 3000*
L-tryptophane 200
D-phenylglycine 1000
D-p-hydroxyphenylglycine 1000

e ; _ 2
Including the demand for the manufacture of the low-calorie
sweeltener EISpEll’"[H!ﬂE,




Scheme 2.10. Important enzymatic routes to enantiomerically pure o-amino

acids
’
COOR
FWNHHE
R resolution by
hydrolysis
DL Y Y
(hydrolase) — —
HEN_I qreductiue amination ©QOH
asymmetric R (dehydrogenase)
addition L
of NH

(lyase)

e T R=alkyl aryl; R =Me, Et, NHp, H: F = Acy
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| ~_heme 2.13. Dynamic resolution of amino acid esters

002H2 [?OEH
alcalase Rz
—|2NN~“{ . H2N-| - -OH
R t-BuOH/H,0 (19:1) R’
DL L
W in-situ racemization
ridoxal 5-phosphate (cat.)
. | Py pnhosp .
R i 2_
; = HO. _PO
2 2 X"No 3
EEOQFI CO2R /LN
| _— —_— __-“,f:;"
—CH=N —'—H =—= §—CHp—N=
N % ¢ a1 HT

R! R? Product
yield [%] e.e. %]
Ph-CH2»- Ph-CH2- L-Phe 92 98
Ph-CHa- n-Bu- [.-Phe 92 98
--Hydroxyphenyl-CH2- Ph-CH2>- L-Tyr 95 97
~-Hydroxyphenyl-CH2-  n-Pr- L-Tyr 95 97
CH3)2CH-CHo>- Ph-CH2- L-Leu 87 03
--Bu- Ph-CH>- L-Norleu 87 9()

Et- Ph-CH>- L-NorVal 87 91
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Scheme 2.14. Enzymatic resolution of amino acid amides via the amidase-
method
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R = alkyl, aryl



Enzymatic resolutior

N-acylamino acid racemase
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R = alkyl, aryl; Acyl = acetyl, chloroacetyl
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- =< 7ie 2,20, Mild ester hydrolysis by porcine liver esterase

O

OJ\ OH
PLE A
A buffer

\J

PLE/buffer

«. COOEt
M

1

KOH/EtOH

PLE _
buffer

OH
Prostaglandin E 4




~.aeme 2.21. Regio- and diastereoselective ester hydrolysis by porcine liver

TTANE
1
COOMe COOH
HO""J _PE _ how
CH buffer
k CHa
4COCJMe COOMe
2 .
l
|
OOEt . PLE g /ZQ--CDGH jﬂ@
buffer | X ¥ [ X
v v COOEt

exo/endo X, Y=H,F Ch exo endo




Separation of E/Z-isomers. With E/Z-diastereotopic diesters bearing an
aromatic side chain, PLE selectively hydrolyzes the ester group in the more
accessible trans-position to the phenyl ring, regardless of the p-substituent
[195] (Scheme 2.22). In analogy to the hydrolysis of dicarboxylates (Scheme
2.3) the reaction stops at the monoester stage with no diacid being formed.

Other hydrolytic enzymes (proteases and lipases) were less selective in this
case.

Scheme 2.22. Regioselective hydrolysis of E/Z-diastereotopic diesters by
porcine liver esterase

R R

CO,Et PLE

E/Z R = H, MeyN, NO Z




R R .
~_heme 2.23. Desymmetrization of prochiral malonates by porcine liver
“zrase and o-chymotrypsin

R, COOH
pro- R HCOOME
R, COOMe hydrolase
COOMe
pro-S R, COOMe
/< COOH
S
Enzyme R Configuration e.e. [%]
PLE* Ph- 5 86
FLE CoHs- S 73
PLE n-CiH7- & 52
JPLE o omCale S L. B
PLE n-CsHy |- R 46
PLE n-CgH | 3- R 87
PLE n-C7Hjs- R 88
PLE p-MeO-CgHg-CH2- R 82
pPE  tBwOCHy- R 96
Z-chymotrypsin Ph-CH2>- R ~100)

The ethyl ester was used.




Scheme 2.25. Desymmetrization of prochiral glutarates

COoMe COoMe COoH
Fi1 hydrolase F{1 hydrolase H1
. D - 3 . o » ", D
R R R
CDEH COEME CDEME
i A B
Hydrolase R R2 Product e.e. %]
o-chymotrypsin® AcNH- H B 79
o-chymotrypsin Ph-CH2-0O- H B 84
o.-chymotrypsin* HO- H B 85
_gcchymouypsin_ CH30CHZ0- LA B 93
PLE AcNH- H B 93
PLE CH3- H B 90
PLE HO- H A 12
PLE Ph-CH2-CH=CH-CH2- H A 88
PLE t-Bu-CO-NH- H A 93
BN 32 = N, = | N 2.5 < SN SO - S
Acinetobacter sp.* HO- H B >95
Arthrobacter sp.* HO- H A >05

* The corresponding ethyl esters were used.




-tme 2.26. Desymmetrization of acyclic meso-dicarboxylates by

~ motrypsin and porcine liver esterase

:G‘EME COEME
- /! R enzyme g.e. [%%]
hydrolase -
—R e R H PLE 64
— buffer OH PLE 98
Z0sMe COoH H w«-chymotrypsin 77
LCOnMe HO COsH
N 2T plE R=cHy AN COMe piE R=OH 2
. g /L >
. buff buffer :
f CDEH urter R CDEME HO CDE Me
e.e. = 48%

=z =18%




~aeme 2,27, Desymmetrization of cyclic meso-1,2-dicarboxylates by porcine

- asterase
;HEDOME HEDUME
—
’ i a - |
n=1 Nn=2 I
“NcOOH COOoH
ee =97% ee. =97%
R LCOOMe
(CH,)
n
s\cowe
QOH OOH
n=4 n=23
OOMe OOMe

e.e. =97% e.e. < 20%




Scheme 2.28. Desymmetrization of polycyclic meso-1.2-dicarboxylates by

porcine liver esterase

0 O
/ PLE d
; COOMe o ﬁi%i;?fcoaH
COOMe buffer COOMe
ee. =98%

fast reaction

O O

"IIII |'|I
%;t LL

PLE
| - ﬂ\]
AiLH(EDDMe —— " COOH

COOMe COOMe
e.e. =64%
slow reaction

i d

|
| /
x“r/ COOR e . ¥ “COOH
buffer

COOR COQOR




~ meme 2.29, Desymmetrization of cyclic meso-diacetates by porcine liver
.~x=¢ and acetylcholine esterase

O-COR O-COR
R e.e. [%]
PLE
| buffer | Ve a6
El 66
0-COR OH ERr 9B
1
OAc
i*/! N
OAc
ACE/buftfer
i n=1 in =2 n=3 +
OH OAc QAc

OAc \[//

OH OH
e.e. 99% racemic ee ~100%




o ——~—c
Scheme 2.30. Desymmetrization of N-containing cyclic meso-diesters by
porcine liver esterase

COOH
Bn OA Bn OH
\ - c 1
N S
- PLE N/ steps
o= = O il
N buffer ”k —4
| CAC / OAc Hl\i -
Bn Bn " NH
e.e. = 92% 5
(+)-Biotin
n
| COQOR \
= —» (O=
. /A\CDOFI buffer NN R=Me: e.e. =38%
/ / COOH
Br; Bn R =n-Pr. ee. =75%

3

1
Ry 105 R'.R% R®=H
AcO \>\/OAC HO ~ Ac 1 2 3
] PLE | R =Me:R R =H
B
>_/ buffer Y ' Fi1. F{B =H: F{2= Me
- 3 g

o~ 4
R R
R™ R R' R? =H: R%= OFt
e.e. >97%




Scheme 2.31. Resolution of acyclic carboxylic esters by porcine liver esterase

?DOME COOH Ll'?-DDMe
PLE
o . of v+ 0]
' | buffer \
| |
COOMe =3 COOMe COOMe
rac e.e. > 95% e.e. > 95%
Fe(CO), COOH Fe(CO);
COOE! PLE : COOEt
e B 7 L R
/ buffer . VAR
E =133 FE{CD}3
rac e.e =85% g.e. = 85%
>-—-- _____ KCODME PLE / _._/ X a,l__.__/CDOMe
—p - =
Ph X buffer Ph COQOH F'h/ \

E=3b ee. =90% e.e =61%

rac




Scheme 2.32. Resolution of cyclic carboxylic esters by porcine liver esterase

AcHN CO,Me HCOC NHAc
PLE
2
—— buffer —
rac E=187 e.e. =97%
.:ljiy O
PLE
E 3
- buffer -
MeO,C CO.Me E=145 MeO,C COzH
rac g.e. =95%
CO,Et HO,C
/ PLE \\
/ > |
buffer, MeCN
O E=127 0

rac e.e. = 96%

AcHN  CO.Me

ee = 8?3"'{:

MeO,C CO,Me
e.e. =95%

CO,Et
/

/
O
e.e. =83%



~cheme 2.33. Resolution of cyclic trans-1,2-diacetates by porcine liver

c=[érase
S I OH H"OH S i |DA‘C
n=2 ) ]
L G P

5 TOH R OAc s NOAc
e.e > 95% e.e. > 95% e.e. > 95%

~10% 49% 41%
Q/DAC PLE |n=3 S OH R .OH

-ICH -
2 B buffer C\ ¥ g

DAc OAc
rac ce. ~50f” ce .-5(]%

R _OH C}Ac
O’ +

R''OH s NOAc
e.e. > 95% e.e. > 95%
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