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Part I: Introduction

Transition metal catalysis +

M Diverse types of metals
M Rich catalytic types

M Ligand regulation is variable

Pesticide

Advantages

: lvsi
Enzymatic catalysis combination

Metal-enzyme catalysis

M High catalytic efficiency
M High stereoselectivity

M Mild reaction conditions

Synthesize more challenging molecules
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Lipase catalyzed kinetic resolution of alcohols (kinetic resolution, KR)

0 . R
er< e
H -
0 3 ol N
=N > - N
Asp% /_ O _N/ \Ph N
0— H’N\% j\ Asp—4 N
- R” “OPh O—HN i
His S] Oxyanion
His hole
Lipase activity site acyl donor
PhOH
E Enzyme activity pocket: Kazlauskas rule i o S
: Ser<
: H_  OH : o< He ©0X
: ; o ® H R X
! : =N
I h ! Asp [—
: matched Q . _/<O—~H’NW/
! © R)-product
‘ : His (R)-produc
(R)-1somer ! Asymmetric acylation

kinetic resolution, KR

mismatched B Efficient and highly stereoselective

B Theoretical yield limited to 50% .
(S)-isomer

________________________________________ , M Difficulty in determining reaction endpoint Low reactivity
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Chemoenzymatic Dynamic Kinetic Resolution (DKR):

RO®O® iy ® OO O®®
@ @ @ ® @ resolution reagents ® @ @ @ @

up to 100% vyield

) ) Energy barrier decreased by RC:
Enzymatic catalysis 9y y

K S Tsrac
fast T s AG,.,
Transition metal ~ >ubstrate (Sg) > (Product (Pg)]
Carayst (R0)
Racemization K
Catalyst (RC) rac
AG'rgc
Ks/ow
Substrate (Sg)  ----------- > Product(Ps) [ ‘t----

Krac > Kfast >> Ks/ow

Ps

® The theoretical yield is 100%; @ High reaction efficiency
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Transition metal catalyzed racemization of alcohols:

OH Transition metal _ Transition metal OH
R1/'\R2 =< Intermediate < R1/-\R2
@) ® OH
R1J\R2 R'"OR2 R1J\.R2

Racemization form
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$@“ Part 1. Redox racemization via ketone intermediates: Ru catalysts

90

2019, Ryszard Ostaszewski group:

[Ru]-1 (5 mol%) o o | Bh
t 0 Grubbs II (10 mol%) . Ph Ph
OH 0 BuOK (5 mol%) o ° :
)\/\ ' M N ; " 9 B 9 | E Ph 1
R 0 lipase CAL-B (100 mg) RN Toluene, 80 °C, 2h R ! e
) Na,COs5 (1.0 equiv) ocC
1.0 mmol 1.5 equiv Toluene, Ar, 60 °C, 5 days 55-75% overall yield co
94->99% ee : [Ru]-1
DKR process Ring-Cosing Metathesis (RCM) '

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Selected substrate:

MeO

58% vield, 97% ee 55% vyield, 99% ee 70% vyield, 94% ee 70% vyield, 97% ee

anQ

63% vyield, >99% ee 58% vyield, 96% ee 70% vyield, >99% ee 75% vyield, >99% ee

Ryszard Ostaszewski et al., Eur. J. Org. Chem. 2019, 1653-1658




Part 11: Redox racemization via ketone intermediates: Ru catalysts

Proposed mechanism of the racemization process:

OH
Ph Ph Ph Ph )\O ‘BuOH
e T o SN Ph.___Ph
Ph

Ru .y wRU—t
C|/ ‘ CO oC ‘ O'Bu . RU\O

CO CO

oC
[Ru]-1 [Ru]-Int 1
[Ru] -Int 2
Ph Ph

|
oc* R‘“\OMP

[Ru]-Int 4 OC“‘“/RU\\O:?
oc H R
[Ru]-Int 3

ketone intermediate

Ryszard Ostaszewski et al., Eur. J. Org. Chem. 2019, 1653-1658




O OH
O
R Ry 7 )\ A
O
R
0.2 mmol 1.5 equiv
O OH lipase CAL-B
)J\‘z acyl donor
R R R >
! (T fast rate
R
(2R)-anti

[Ru]-1 “ [1,5]-migration via int-A and int-B

o) OH lipase CAL-B
M acyl donor
Ri™ YRRy =
£ moderate rate
R>
(2R)-syn
[Ru]-1 “
O OH lipase CAL-B
acyl donor
R1)%R1 =
slow rate
R2
(2S)

J. E. B&kvall et al., Chem. Eur. J. 2021, 27, 15623-15627

[Ru]-1 (5-7.5 mol%)
'BUOK (5-7.5 mol%)

Ph

(0] QAC (0] QAC

. RHYF% f RSN

1

Ph Ph
*"”CI
oc

lipase CAL-B (40 mg/mmol) R, 52
Na,CO3 (1.0 equiv) co
Toluene, 80 °C, 20 h major minor
[Ru]-1
27-98% isolated yield
. >98% ee, up to 60% de
9 Qhc 5 H ! H
! I [Ru] I
R (R Ry ; ~Rul JIRu]
R, ; o O 0O O o O
(2R)-anti | R1M R R%VL R R1MR1
major product R, R, R,
| int-A int-B int-C
i via [1,5]-migration of [Ru]-H
O OAc : [1,5]-mig [Ru] |
R T (R) Ry ‘Selected substrate:
R - O OA |
1 : _ (3 1
(2R)-syn Lo Q ?AC 3 o
minor product Me Me I
o "OAC |
O OAc o |
R MR L . . |
1 I (9 L 90% yield 30% yield 80% yield :
2 ! (2R)-anti: 65%, 99% ee  (2R)-anti: 70%, 98% ee (2R)-anti: 60%, 98% ee '
(2S) | (2R)-syn: 35%, 99% ee  (2R)-syn: 30%, 98% ee  (2R)-syn: 40%, 99% ee |
not formed o y



OH lipase CAL-B lipase CAL-B

OAc l OH
acyl donor I acyl donor
alkyl > alkyl |
) y 6 CENSREL

Part 11: Redox racemization via ketone intermediates: Ru catalysts

OAc
X

matched mismatched
2015, J. W. Park and M. J. Kim group: _ o
OH Lipoprotein Lipase (LPL) OAc
R1R2 acyl donor _ R1
\
matched
entry lipase ROH solvent Koot (5
1 LPL H,O phosphate buffer 2.8 x 102
2 LPL PhCH(CH,)OH toluene 1.7 x 102
3 LPL-D1 H,O phosphate buffer 5.7 x 102
About 3000 times
4 LPL-D1 PhCH(CH;)OH toluene 55 x 10 compared to entry 2

M. J. Kim et al., ACS Catal., 2015, 5, 683—689




Part 11: Redox racemization via ketone intermediates: Ru catalysts
Preparation of lipase LPL-D1:

CO,K
water/dioxane (1:1)
lipase LPL + OH > lipase LPL-D1
HO then freeze-dried
OH H Et(OH,CH,C)30 O(CH,CH,0)sEt
Lipoprotein Lipase (LPL)
___________________________ f’°’"B”’k”°’de"aSPe°'esDDeXt""1
Ar
OH OAc

| ArﬁOCOAr

o [Ru]-2 (5 mol%) |
pr PN - R
O lipase LPL-D1 (30-50 mg/mmol) : ocC 'Cl

R | K,CO3 (1.0 equiv) R co
0.1 mmol 1.5 equiv Toluene, 40 °C, 24-96 h 71-96% yield Ar = Ph-p-OMe
90-99%
0 &€ [Ru]-2 more reactivity

Selected substrate: Oac

”Me m Y@*@@*@

88% vyield, 94% ee 91% vyield, 91% ee 96% vyield, 96% ee 89% vyield, 95% ee 82% yield 96% ee
| OH N |
| o0 > ,
| l l standard condltlon ‘/'\‘\ :
Sll S' ‘ ‘ ~c| L-Cloperastine
‘ 82% yield, 96% ee 70% overall 3 steps yield, 96% ee I

M. J. Kim et al., ACS Catal., 2015 5, 683—689




Part 1. Redox racemization via ketone intermediates: Fe catalysts

2016, Magnus Rueping group:

R i N SiMe
Ph @] 0] < %_ 3
%\70 ﬁ xﬁ_ " /N—Téo %o >=>—OH
Ri Ph Ph SiMes ®  Pn i Me,Si i Me3S'i‘\
ocC Cco oc & "CO oc & "CO oc & ~CO oc™® N=_ oc H

= = = e =

co Co co Co co Co
[Fel-1, R = SiMe; [Fel-3 [Fel-4, X = O [Fe]-6 [Fe]-7 [Fel-8
[Fe]-2, R = Si'BuMe; [Fel-5, X =NTs

)O\H o /©/C' [Fe]-8 (10 mol%) OAc
+ > :
R1 R2 )J\O R1/\R2

lipase CAL-B (15 mg/mmol)
Toluene, 60 °C, 24 h

1.0 mmol 3.0 equiv 68-95% yield, 92-99% ee

Selected substrate: OAc OAc OAc OAc OAc A OAc
o O O e U
FsC MeO

92% vyield, 99% ee  86% yield, 95% ee 91% vyield, 95% ee  95% vyield, 95% ee 82% yield, 92% ee  95% yield, 99% ee

. Inversion experiment:

/%4 o /©/C' [Fel-8 (10 mol%) OAc
+ > B
PN
R Ry AO lipase CAL-B (15 mg/mmol) R™ Ry

Tol ,60°C, 24 h , ) .
(S)-isomer 3.0 equiv oluene (R)-isomer, 88% yield, 99% ee

Magnus Rueping et al., Angew. Chem. Int. Ed. 2016, 55, 1360213605



Part 1. Redox racemization via ketone intermediates: Fe catalysts

2017, B&kvall group:

SiMe3 SiMe3 SiMe3

%:O %O alcohol  ketone %—OH
Me3Si/i _activation Me3Si/i . N A Me38ii

oc co oc oc H

co Co co
[Fe]-1 A [Fe]-8

air- and moisture-stable

[Fe]-1 (10 mol%)
TMANO (10 mol%)

OH 0 Ketone (20 mol%) OAc 5 o)
= T N - A e
R Ry o lipase CAL-B (12 mg/mmol) R'” T R2 . Me” | Me
. Na,CO; (1.0 equiv.) :
2.0 equiv ;
1.0 mmol d anisole, 60 °C  62%-93% yield, 95%-99% ee | TMANO
. Gram scale:
1 [Fe]-1 (10 mol%)
o TMANO (10 mol%) OAc

o /@ Ketone (20 mol%) H
Me + > Me
)J\O CAL-B (12 mg/mmol)
Na,COs5 (1.0 equiv.) |
10.0 mmol 2.0 equiv anisole, 60 °C 1.79 g, 83% yield, 96% ee !

_______________________________________________________________________________________________________

J. E. B&kvall et al., Chem. Eur. J. 2017, 23, 1048-1051




Part 1. Redox racemization via ketone intermediates: Fe catalysts

2017, Zhou Shaolin group:

Ar

[Fe]-9 (10 mol%) 5 Ar\go
/?\H /@ TMANO (10 mol%) OAc A Ar
R R, w lipase CAL-B (12 mg/mmol) R'R? : oC oS

s a0 Na,COj (1.0 equiv.) : Cco
- mmo -0 equiv toluene, 70°C, 24 h  42%-94% yield, 80%-99% ee | Ar = 4-MeOCgH,
[Fe]-9

new air-stable iron catalyst

' Selected substrate:

T ‘r TR T

84% vyield, 99% ee 89% vyield, 99% ee 88% vyield, 80% ee 71% vyield, 99% ee

_______________________________________________________________________________________________________________________________

Zhou Shaolin et al., Tetrahedron Letters 2017, 58, 2487—2489
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Part 111: Racemization via carbocation intermediates: \V catalysts

OH H\

ot o - o o

*or LA
o
| side product |
Racemization via carbocation intermediates
2013, Akai group:
_ 1 _
R'" OH R'" OH
L

Rz/‘\/%\R:; n / sz\/LRS

oxovanadium OH oxovanadium O""@\o
or - . _
2 3
lipase R R R 9
OH 1 Rz/é\“/\R3 1
1 R'" OH
2/?\/\ 3 \\ e
R R1 R sz\/\RB
1
acyl donor, lipase R QCOR
- S .

up to 99% yield
up to 99% ee

S. Akai et al., Angew. Chem. Int. Ed. 2013, 52, 3654-3658



Part 111: Racemization via carbocation intermediates: \V catalysts

R' OH OH i V-MPS (1.0 mol%) R' OCOR
sz\/kﬁ R™R, R RT0TN lipase CAL-B (3.0 w/w) or RZJ\/\R3

lipase PS-IM (3.0 wiw)

2.0
CAUV " MeCN or Heptane, 35°C, 24 h  52%-99% yield, 80%->99% e

Selected substrate:

| OH (;Ac E l Me OH Me (;Ac | HO_ nCqHs nC4Hg E
s : - o
| Substrate 99% yield, 99% ee | : Substrate 92% vyield, 99% ee | | Substrate 94% yield, 95% ee l
L o L o
' OH OAc OH )J\ o OH

|
/g
|

é
“ 0
/
)

“ 0

O
2

C . / 0" “nCeHyg |
. Cl Do =~ Me R :
<j/\/\/ . 4 /\Me

Ph
L Substrate 96% yield, 99% ee

_____________________________________________________________________________________________________________________________

1st run: 99%, 99% ee

! 2nd run: 100%, 99% ee

O on 3rd run:  99%, 99% ee
: 4th run: 100%, 99% ee

Application of DKR in the synthesis of (R)-imperanene

OH V-MPS (1.0 mol%) OAc OMe
MeO N Cl lipase PS-IM (3.0 w/w)  MeO . ~_Cl MeO N OH § 5th run: 99%, 99% ee
vinyl acetate (2.0 equiv) j@/\/\/ . O 6th run: 99%, 99% ee
TsO heptane, 50 °C, 72 h TsO HO i 7th run:  85%, 99% ee
(R)-imperanene ; ’

65% vyield (5 steps), >99% ee
For standard substrate, V-MPS

can be cycled at least 7 times.
S. Akai et al., Angew. Chem. Int. Ed. 2013, 52, 3654-3658
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2019, Akai group:

OH 0 V-MPS4 (0.1-5.0 mol%) O)kR
+ )k > z + X «wCHO
Ar N PO . R Ar
AN R™ 07X lipase CAL-B (3.0 w/w) Ar/\\
o A
PhCF; or MeCN, 35 or 50 °C, 24 h
0.34 mmol 2.0 equiv 55%-99% yield, 81%->99% ee minor
Selected substrate:
O O O O O
nC9H1g )J\nC3H7 )J\nC3H7 )knC3H7
©/\ /@/\ I;/\ BOCHN@/\
70% yield, 91% ee 96% yield, 99% ee 99% yield, 99% ee 99% yield, 98% ee 94% yield, 97% ee V-MPS4

. side product: 14% vyield side product: trace side product: N.D. side product: N.D.  side product: 6% yield |

_________________________________________________________________________________________________________________

S. Akai et al., Organic Letters 2019, 21, 29782982




Part 111: Racemization via carbocation intermediates: \V catalysts

£ UNIp@%

Qﬁ

= <
{§02

Proposed mechanism:

OH OH OH lipase OCOR
)\ V-MPS4 /\ z acyl donor _ H
AT g X AT T AT
(S)-isomer (R)-isomer
0=V(OSiRy); product
\\(V -MPS4)
(OSiR3), (OSiR3),

Vs
o”"S0 racemization O°g O
Ar)\\ @
AN Ar/\\\

Meyer-Schuster
rearrangement

O\\V(OS|R3)

A SO -\ CHO

side product

S. Akai et al., Organic Letters 2019, 21, 29782982



2017, Akai group:

0 _
T i o N ROSOON @oequ | HQ
o - R, > RZ@
Et,O lipase CAL-B (3.0 w/w)
n=1,2 -78t00°C n=1,2  V-MPS4 (1.0 mol%) n=1
MeCN (0.08 M) L

2018, Akai group:

@M e
V-MPS3 (1.0 mol%)

or + EWGuzcor -
OH lipase CAL-B (1.5-3.0 w/w)

o
@M MeCN, 25 °C, 24 h
Me

1.5-2.0 equiv

Dynamic kinetic resolution

o)
V-MPS4 R, OH lipase CAL-B | R, \(
R, W0
) n=1,2

81%-99% yield, 93%-99% ee

Ry acyl donor

Part 111: Racemization via carbocation intermediates: \V catalysts

1) LDA (1.2 equiv)

THF/HMPA

.78 °C, 15 min Rag-CO0H
2) TBSCI (1.5 equiv) R

-78 °C, 15 min to n=12
reflux, 15 h

3)1MHCI, 3 h Ry=H

63%-79% vyield, 90%-99% ee

Me
N.
Me H Me Me
N BHT (5 mol%) H
0 - o — Z
_ —_— - H oy Me
%\( toluene, reflux, 3 h i i
EWG o) EwG ©O o)
H O H Y

45%-81% vyield, 95%-98% ee
for 2 steps

intramolecular Diels-Alder reaction

1) S. Akai et al., Green Chem. 2017, 19, 411-417; 2) S. Akai et al., Bioorganic & Medicinal Chemistry. 2018, 26, 1378-1386

(-)-himbacine




2020, Akai group:

Part 111: Racemization via carbocation intermediates: \V catalysts

Me

g

O
Me_ OH . . . . PN _ . . Me O
0 lipase CAL-A (0.5 w/w) lipase CAL-A (0.5 w/w) lipase CAL-A (2.0 w/w) filtered 07X 10.0 equiv lipase CAL-A (0.5 w/w) lipase CAL-A (1.5 w/w)
+ )ko/\ . > > > > > > >
'Pr,0 (3.6 mL), 25 °C, 48 h V-MP$S4 (1 mol%) 25°C,72h vacuum lipase CAL-A (0.5 w/w) V-MPS4 (1 mol%) V-MPS4 (1 mol%)
o i (o} o o
25°C, 24 h Pr,0O (3.6 mL), 25 °C, 48 h 25°C, 24 h 25°C,72h (R)-product
0.3 mmol 10.0 equiv 77% vyield, >99% ee
2021, Akai group: — . —
O
JL )J\/\ O)v\CO Et Q H :/
COLEt ? 80°C _ s CO,Et
6\9‘(\%\% P lipase CAL-B P toluene, 2 h

0=V(OSiPh) (10 mol%)

| O

lipase CAL-B (0.6 g/mmol)
MS 4A. DCM. 35 °C, 2 d OH S5

[ ] 0
= * JL
EtO OJ\/\COZEt

OH

OS, ,o/)

o)
o) b2
g 0

J X
EtO OMCOQEt

O

32% vyield, 92% ee
single diastereomer

lipase CAL-B

1) S. Akai et al., Chem. Commun. 2020, 56, 2885-2888; 2) S. Akai et al., Synlett. 2021, 32, 822-828

[ j 0
N \o)v\coza

36% vyield, dr = 4:3
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2020, Milagre group:

O
OH
0] VOSO4°XH20 (500 mg) Q)k(CHz)gCHg
ReAL R2+/\0J\CHCH ] SR
U (CH2)gCH3 lipase CAL-B (20.0 mg) R+ 2
heptane, 50 °C =
0.25 mmol 2.0 equiv 73%-91% yield, 89%->99% ee

a)EF

« Teflon tube

Solution of rac-alcohols, acyl
donor and heptane

e © < : L] VOSO4
° «— CAL-B

Humberto M. S. Milagre et al., ChemCatChem. 2020, 12, 28492858




Part 111: Racemization via carbocation intermediates: \V catalysts

N I - Recycling of CAL-B and VOSO, xH,0
j\ VOS0,°xH,0 (50.0 mg) 07 ™(CH,)sCHs Me — Me | experiment

Me * g :
©)\ 20 (CH3)gCH3 lipase CAL-B (20.0 mg) ©/\Me + @Ow

heptane, 50 °C

100 T p————
0.25 mmol 2.0 equiv (R)-product side product i
80 B i S
60
entry condition time[h] c¢[%] ee [%0]  Sel [%0] - 403
1 Without tube 2 82 >99 92 | !
2 CAL-B into the tube 2 20 >99 >99 o
. 0 1 2 3 -4 5 6 7 8 9
3 VOSO4 XHZO into the tube 1 91 >99 98 Number of cycles
4 VOSO, xH,0 Into the tube 2 90 >090 08 « ee of the (R)-product at the end of each
5.0 mmol scale - cycle; -conversion; 4 selectivity.

Humberto M. S. Milagre et al., ChemCatChem. 2020, 12, 28492858
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2017, Souza group:

& % .. : . :
@“ Part 111: Racemization via carbocation intermediates: \V catalysts

(@)
oH o} 1.0 mLemin™’ O” ™(CHy)gCH3
+ > :
©)\Me /\OJ\(CHz)sC"'s roreen ©/\Me
0.1 M in toluene 0.15 M in toluene .
B immobilized CAL-B voso,  [] cotton layer 1.35g+h™, 90% ee
2020, Akai group:
V-MPS4:CAL-B: 0:1 0.17:1 0.33:1 0.50:1 0:1
OAc
- OH 0 0.03 mL+min" -
+ > Me
©/\)\|\/w /\Ok 35°C, 3 days W
0.1 M in MeCN 0.4 M in MeCN 1st layer 2nd layer 3rd layer 4th layer 5th layer 2.149,99% ee

1) Rodrigo O. M. A. de Souza et al., React. Chem. Eng. 2017, 2, 375-381; 2) S. Akai et al., Eur. J. Org. Chem. 2020, 1961-1967
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2018, Shuji Akai group:

T 1) [Ru]-1 (10 mol%), t-BuOK (10 mol%) S ! o N
R lipase LIP301 (5 w/w), MS 5A (3 w/w) S ! \gph
TN OH ~ OH |

0

toluene (0.1 M), 35°C, 48 h ! Ph Ph

L OH )J\ok ( ) > (TS OH i Cl
r2l ©/ 2) K,CO43, MeOH, rt, 10 min. R2E O ! ocC S

racemic R-enantiomers
61%-98% vyield, 83%-98% ee

———————————————————————————————————————————————————————————————————————————————————————————————————————————

Ph Ph |
Phé\lph ! OO [Ru] int tBUOK OO 02 02 OO
Ph | OH 7 OjRu” . OjRu”'
ci-Rumco | OH o o
L Cr) o 9Ok
[Ru]-1 1
(R)-BINOL
'BuOK ST

e LI . CEL ()

Ph Ph 3 OH - O:;‘RU - O::::RU”
Ph | OH \ (o} (o}
JRu— 1

ocrRi-oBy O OO

co ‘
[Rul-int 1 (rac)-BINOL (R)-BINOL racemization

__________________________________________________________________________________________________________

S. Akai et al., Angew. Chem. Int. Ed. 2018, 57, 10278-10282
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2023, Collins group:

lipase CAL-B (20 mg/mmol) + Bu — Pth@
Cu(dtbbpy)(DPEPhos)BF, (3 mmol%) OAc . =N.._

OH o)
. : , - o
R1/§\R2 * )Lok R OR, - .&)@

(Ph3SiS), (30 mol%), DABCO (2.0 equiv.)
MeCN, Blue LEDs, 24 h :
0.2 mmol 3.0 equiv 60-90% yield, 76-99% ee : BF4@

Ph;SiSH R1).\R2 . Lyt o
i '‘Bu
Ph,SiS ohp
+ BF4®
Ph,SiS ® Phesis r\\17
Ph;SiS SSiPh, /N
OH OH Ph3SiS
R1/_\R2 R'” "R? Bu = Pth
che
- N,
B \
! Ph,P [.'1‘
o Ph;SiS ®

Shawn K. Collins et al., ACS. Catal. 2023, 13, 8347—-8353
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Part V: Summary and Outlook

Redox racemization via ketone intermediates

iH [M] o) [M]H; iH /(iH lipase, acyl donor /(iAC
v H v H + V'R > V'R
R™ R [MIH, R™ R’ [M] R™R R™H R™ %
ketone
Racemization via carbocation intermediates
/CiH [M] 3 HO[M] /‘iH . /(iH lipase, acyl donor /iAC
v H - V' H V'R’ > V'R’
ROR HO[M] R [M] ROR R™H R*H
carbocation
Racemization via radical intermediates
j)\H Y OH YH j)\H /(iH lipase, acyl donor /0(%
Q] — & + =X > a~X
RN VH R/%R- y- R RTYR RTVR

radical



Part V: Summary and Outlook

For metal catalysts

Ph Ar , ) Ar
Ph Ph  Ar OCOAr <O ES"V'es SiMes Ar 0
S—=0 Q?j—OH
Ph Ph Ar Ar Me;Si Me;Si Ar Ar
niCl ,‘- ‘\ iCO
oC cl oC C oc~& ~CO ocC H oc/‘*

CO CO Cco co CO
[Ru]-1 [Ru]-2, Ar = Ph-p-OMe [Fe]-1 [Fe]-8 [Fe]-9, Ar = 4-MeOCgzH,
Ru catalysts Fe catalysts

large ligands protected

metal complexes attached to cellular materials

physical separation

e / VOSO4

CAL-B

Cu catalysts V catalysts




Part V: Summary and Outlook

Key issue: compatibility of TM catalysis with enzyme

*******************************************************************

1. Attached to Celite, porous
materials, and polyester balls;
2. Directed evolution

© ligand-coordination ® released TM
modify TM activity poison enzyme ————»
protect TM catalyst lose catalytic activity |

enzyme catalyst

___________________________________________________________________

Racemization catalysts Design: complexes with reliable and netural ligand

in-situ coordination m
5® . @ = - Qs

no release @

ligand

. . - coordination
M reliable coordination -» d-1* back-donation

M easy-to-use screening system
M broaden the scope of ligands
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