Lipase Overview
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Lipases catalyze a broad range of transacylation reactions
(hydrolysis, esterification, transesterification, amidation, transamidation, etc.)
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lipase reactions are mediated by a catalytic triad
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Lipase Mechanism

attachment of acyl acceptor to serine residue
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a sophisticated network of acid-base chemistry for transacylaton reactions!



Lipase Mechanism: Abbreviated
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General Represenation of Lipase-Catalyzed Reactions

Lipase
/\/COOR —— /\/COOH + ROH Aqueous medium
H,0

Lipase N
/\/COOH + ROH ——m» /\/COOR + H,0

Lipase

/\/COOR + ROH — /\/COOR1 + ROH > Organic solvent

Lipase
/\/COOR + RNH, ————> /\/CONHR1 + ROH




General Asymmetric Reaction Types for Biocatalysts: Lipase Edition

B Kinetic Resolution
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B Dynamic Kinetic Resolution
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If K., > kr>> kg 100% theoretical yield of A

Bl In a DKR, as with a classical KR, one enantiomer reacts slowly under the reaction conditions

B In a DKR, the rate of racemization of SM is fast relative the rate of the asymmetric transformation

B Thus, using DKR, possible to convert 100% of racemic SM to enantiopure product due to

equilibrating racemization of SM



Select Examples of Kinetic and Dynamic Kinetic Resolutions

Lipase-Mediated Kinetic Resolution
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Lipase-Controlled Chemoenzymatic Dynamic Kinetic Resolution

RO - -

S Me
e O  SO.Ph
X" oH —>
Novozym 435, V-MPS3 A i
rac SO,Ph O
MeCN, rt - - 72% yield, >98% ee, 4:1 dr
é
—>

H H
(-)-himbacine

Eur. J. Org. Chem. 2017, 2290. Bioorg. Med. Chem 2018, 26, 1378.



L-Menthol Production by Resolution by Lipases
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The Selectivity Factor for Enzyme-Mediated Resolution: E-Value

The E-Value is a dimensionless value that provides a benchmark for resolution selectivity

- a ratio of the relative (second order) rate constants of enantiomers (E = k., _/k ) that remains constant

slo
throughout the reaction, depending on the environment of the system (substrate, enzyme, solvent, pH, etc)
kfast
ent-A ---32Y.3 entB

A, ent-A: substrate enantiomers
B, ent-B: product enantiomers

_> : fast (preferred) reaction, (enzyme)-catalyzed
------- » : slow (not preferred) reaction, (enzyme)-catalyzed

The dependence of the enantioselectivity and the conversion of the reaction is

for the product: for the substrate:
In [1-c (1+e.e.p)] In [(1-c) (1-e.e.g)]
E = E =
In [1-c (1-e.e.p)] In [(1-c) (1+e.e.g)]

¢ = conversion, €.€.s, €.€.p = enantiomeric excess of substrate (S, i.e.
A + ent-A) and product (P, i.e. B + ent-B); E = Enantiomeric Ratio [8].

the higher the E-Value, the more selective the resolution under the chosen set of conditions



Resource Alert: Biocatalytic Synthesis (Uni Graz): E-Factor Calculator

biocatalytigyn thosis

& Biocatalysis Tools

ENANTIO O —> -

k
ent-A  ---22%. 3 ontB

A, ent-A: substrate enantiomers —) : fast (preferred) reaction, (enzyme)-catalyzed
B, ent-B: product enantiomers ~~ ------- » : slow (not preferred reaction), (enzyme)-catalyzed

This program can be used for the calculation of the selectivity of a kinetic resolution of a racemate, expressed as the
“Enantiomeric Ratio” — the E-value (synonym for the selectivity “s”). The calculations are valid for irreversible reactions.

More detailed information on the theoretical background and of the merits and limits of the method is described in the help-file or

in K. Faber, Biotransformations in Organic Chemistry, 7t edition, Springer, Heidelberg, 2018, pp. 39-43. Detailed literature can be
found here: Preparative Biotransformations, S. M. Roberts (Ed.), Wiley, 1995, pp. 75-76; Enzyme Microb. Technol., 1997, 21, pp
559-571.

Any suggestions and comments for improvements, corrections, desired additional features or hard- and software incompatibilities
are highly welcome.

Further information:

The numbers that are entered need to be between 1.0 and 99.9.

If e.e. (Product) and Conversion are used to calculate the E-value, the Conversion must be greater than or equal to 30%. If
e.e. (Substrate) and Conversion are used to calculate the E-value, the Conversion must be less than or equal to 70% to
obtain meaningful E-values.

If the calculated E-value is greater than 200 the result states “>200” due to the limits of the accuracy of the method.

€.€. product [%] ¢ e.e. gypstrate [%] ¢ conversion [%] ¢




Lipase-Mediated Kinetic Resolution of Remote Stereocenters

small molecule asymmetric catalyst systems control stereoselectivity close to the reactive site

O_C“""@

{
functional %

group for stereogenic
transfo rmation center

Ny

' non-chiral C
moiety """'Q

enzymes uniquely differentiate stereocenters at remote sites relative to the reactive functional group

active site
of enzyme

Bioorg. Med. Chem. 2014, 22, 5539-5546.



Kinetic Resolution of Dodecanoic Acids

resolution with
lipase from
Candida rugosa

+ 1-hexadecanol,

H3C\/\/\MOH
CHs 5

rac-1 cyclohexane

H3CW\/MO”-C 1 6H 33
CHj o)

(R)- or (S)-2

Selected examples
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(S)-1a
35% conversion
95% ee
E=68

(R)-1b
16% conversion
96% ee
E=58

(S)-1c
18% conversion
44% ee
E=3

(R)-1d
37% conversion
83% ee
E=17

(S)-1e
35% conversion
87% ee
E=25

Bioorg. Med. Chem. 2014, 22, 5539-5546.



Kinetic Resolution of Barbiturates

equation (1):
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Bioorg. Med. Chem. 2014, 22, 5539-5546.



Kinetic Resolution of Oxalamic Esters
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Bioorg. Med. Chem. 2014, 22, 5539-5546.



Kinetic Resolution Toward Production of Anticancer Agent Pelitrexol (Pfizer)

equation (1):

lipase from
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(a: R=C(0O)t-Bu; b: R=H)
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E=20-59

Bioorg. Med. Chem. 2014, 22, 5539-5546.



Production of Estrogen Receptor Modulator Lasofoxefine (Pfizer)

cholesterol
esterase from
porcine pancreas

buffer (pH 7)

(1R* 25*)-18 lasofoxifene, (1S,2R)-18
(1R,2S5)-19
35% conversion
96% ee
E=60

Bioorg. Med. Chem. 2014, 22, 5539-5546.



Production of Anticancer Agent Monastrol (Pfizer)
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Bioorg. Med. Chem. 2014, 22, 5539-5546.



Production of Dietary Supplements (Tocopherols)

CH,
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diisopropyl ether
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CHs CHj CHs
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60% vyield
38% ee

Bioorg. Med. Chem. 2014, 22, 5539-5546.



Dynamic Kinetic Resolution through Intermediacy of Oxidation-Reduction Reactions

general concept selected Ru-based redox catalysts
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Org. Process Res. Dev. 2022, 26, 1925-1943.



Dynamic Kinetic Resolution through Intermediacy of Oxidation-Reduction Reactions

general concept selected Ru-based redox catalysts
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Org. Process Res. Dev. 2022, 26, 1925-1943.



Dynamic Kinetic Resolution through Intermediacy of Oxidation-Reduction Reactions

general concept selected Ru-based redox catalysts
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Org. Process Res. Dev. 2022, 26, 1925-1943.



Dynamic Kinetic Resolution through Intermediacy of Oxidation-Reduction Reactions

general concept selected Ru-based redox catalysts
o (0] Ph M
) Ph NITEs Ph Ph Ph e
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Ru-1 Ru-2 Ru-3 Ru-4

E N

Me OAc
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16 17
chemo- up to 96% vyield,
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Org. Process Res. Dev. 2022, 26, 1925-1943.



Dynamic Kinetic Resolution of Allylic Alcohols through 7-Allyl Complex Formation

A vanadium-catalyzed chemoenzymatic DKR of allylic alcohols general concept
0=V(OSiPh;); 28 /\)\ )\/\ S
o 5 0 Ar/\/\ Me
/)
o=vI >pPC (S)-30 (#)-31 (R)-30
~o" ) 29 )
OH OH (10-20 mol%) OAc via L, \I;n
H V.
or /k/\ > A Z 0 o°="o
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30 31 vinyl acetate, MeCN 32 Ar X Me Ar/\I/\Me
A B
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OH CALB R2  OAcyl
RZJ\/\ > ;
R’ R? R N"gs
(£)-33 (R)-34
OAc OAc
: Pl : n-Bu .0__0 Ph LOAc
N oy |
Me
©/\/\ /©/\/\ O/\/\ O/\/\ I,
34a 34b 34c 34d 34e 34f
77%, 94% ee 96%, 98% ee 99%, 93% ee 68%, 95% ee 76%, 96% ee 78%, 97% ee
c 28 (10 mol%)
OH CALB OAc as above OAc
= . > W /\)\/\ » W
RWMe vinyl acetate RN Me i-Pr3Si acetone, i-Pr3Si X Me
(+)-33g, R=p-MeOCgH, (R.E,E)-34g: 99%, 97% ee 33i 50°C, 2d (R)-34i, 64%, 90% ee
(+)-33h, R=Ph (R,E,E)-34h: 88%, 98% ee
R OH R OAc
via ™ as above ;.

Me _———

OH OH OH
W — ,-W'\ — W R acetone, 50 °C
R Me R Me R Me R 2d

33j, R=Me (R)-34j, R = Me, 79%, 99% ee
33k,R=H (R)-34k, R = H, 78%, 92% ee

Org. Process Res. Dev. 2022, 26, 1925-1943.



Dynamic Kinetic Resolution of Allylic Alcohols through 7-Allyl Complex Formation

V-MPS (1 mol%)
lipase CALB (3.0% w/w) OAc
vinyl acetate =

> X Me
MeCN (0.08 M),
35°C, 24 h

+)-30a ' 32a
99%, 99% ee

V-MPS, lipase PS-IM
DIBAL-H vinyl acetate
NaH, Nal hexane, 50 °C, 72h

— j@/\/\/
OTBS
Cimg \/©:

88%, >99% ee

chemo-
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82% TsO

OH
Meoj@/\)\/m n-BulLi
S A
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38

oTBS OH
. O KOSiMes O
OMe OMe
>
> MeO X OH
Et,0, -80 °C, 96h O
4

1. TsCl, TEA
2. NaH,

eOD/CHO (Et0),POCH,CO,Et MeOD/\/COzEt
HO

99%
vanillin
(35)

DIBAL-H
MnO, 98%

ICH,CI,

92%, >99% ee

(R)-imperanene

Org. Process Res. Dev. 2022, 26, 1925-1943.



Dynamic Kinetic Resolution of Allenes

general concept [(IPr)PdBry], (43)

R R2 [Pd]Br, PPL on celite

(o}
) > s Ar/\/\ vinyl butyrate Ar/\/\ )H\
—— —— OH = o
Me
Me
45

| | “

Br Br Br

RI‘H\/RZ S R1\)\/R2 — R
—~— N —~—

2
Za o o o
Pd"L I"d"L Pd"L A (o]
A B c o ) ° Ve
. Me e
Pr Me Me Me O Me

45a 45b 45¢c
23h, 81%, 86% ee 27h, 70%, 89% ee 24h, 83%, 89% ee

(o)

selected product scope of the reaction

N o

i iPr'Pr

'Pr N AL "Br
Pd  Pd

(o)
Me
Br’ ‘ \B/ N iPr o (o]
iPr ipro’ cl Me Me
N/ Me

Me
45d 45e
oy (PR8I, 21h, 80% 87% ee 20h, 87%, 66% ee

Org. Process Res. Dev. 2022, 26, 1925-1943.



Dynamic Kinetic Resolution through Solution-Phase Equlibrium

OH .
OMe TEA lipase . 0. 20
Hs/\n/ + R/§O —_ R)\s/\[]/OMe —_— R~< j
(o] o base S
46 47 48 49
B OH H silylated
OH  phenyl acetate N4-acetylcytosine, O N NHAc K2COs, OxN NH,
/_< /_< CALB,EtN  aco TMSI, MeCN, 0 °C Y N MeOH, rt Y N
O O+SsS §  —m» \}« c— S O _N__
> > Vorbriuggen-type Aco/\< 40% over HO/\<
chemo- S
HO HO enzvmatic DKR reaction 2 steps
50 51 4 88%, 6.8.1 ar, 54a
83% ee
OH silylated
phenyl acetate N4-acetylcytosine, O _N K2CO3, O _N
—~ STS, EtN o Y NHAC \goH, rt Y - NH2
TMSI, MeCN, 0 °C
S S +Bz0” “NCHO —> r\}“’OAC . «N .
>—/ THF, 4 °C Vorbriiggen-type gz 0/ <j 45% over / <_j
HO chemo reaction 2 steps
51 55 enzvmatic DKR 89%, 4.3.1 dr, 57 lamivudine (54b)
4 82% ee
¢ M
e
- R'__ _OH “N° 1B O
R-\ + ’o OMe base N Ilpase R" \ , o Me T T
N + HS _‘ OMe _>
§ s/\n/ )\
R o
GOa 60b 60c
58 46 93%, 90% ee 95%, 83% ee 88%, 31% ee

Org. Process Res. Dev. 2022, 26, 1925-1943.



Dynamic Kinetic Resolution of Amines

enzyme,
metal complex, R 0.,-0 R

(o) H
NH, ethylmethoxyacetate J\/OM R R§\
base HN e R S HN R

‘Ru” "Ru,
Me - Roc'dy &% R
inhibitor, Me
toluene, ©/\ R = p-MeOPh
61a temperature 62a Ru-6
entry enzyme racemization base byproduct temperature yield ee reference
reagent Inhibitor (°C) (%) (%)
1  CALB Ru-6 Na,CO; " . 100 83 98 25
Me Me
2 CALB K>CO:s- Ha 70 96 99 26
Pd/MCF
3 CALB K>CO:s- H» 70 96 99 26
Pd/SBA-15
4 CALB K>CO:s- H: 70 97 99 26
Pd/FDU-12
5 CALB K>CO:s- H» 70 90 98 26
Pd/SiO;
CALB  K,CO;-Pd/C H> 70 96 99 26
7 CALB Pd-AmP- Na,CO; Ha 70 99 99 27
MCF
8 PS Pd-AmP- Na,COs; H 50 82 99 27
MCF
9 CALB Pd/BaSO, Na;CO;  NH4HCO» 70 94 99 28

Org. Process Res. Dev. 2022, 26, 1925-1943.



Dynamic Kinetic Resolution of Amines

e O
)\ JI\/OMe MeO

CALB Az NaOH,
NH NH
2 Pd/AIO(OH) O triethanolamine 2

' v
N82CO3, 76%

PhMe, 50 °C
(+)-61b 62b (R)-61b

739 80% yield, 97% ee

=" g | 60%

CH,SO3H ”N\
- \ B S
. CHSSOBH iPrOH

83% 63

rasagllme
30% yield in total,
>99% ee

Org. Process Res. Dev. 2022, 26, 1925-1943.



Double Dynamic Kinetic Resolution

Me O

)

n-C5H11 H Et

67a
91%, 95% ee

Me O

J -

n-CsH N Et
5H11 H

67a
90%, 97% ee

Me O
©)\NJLEt +
H

67b
76%, 99% ee

Me Me O
o\
P
H
Me

67d
93%, 98% ee
(R)-mexiletine amide

jll\e Me O CALB

.
R'"” “NH, RZJ\OJ\Et Raney Ni

PhMe, 70 °C, 48 h
61 66
Me Me O
OH + ©/\O)I\Et
20a 66a

47%, 93% ee

Me

CgH13 OH
20b

43%, 93% ee

Me

CgH1q3 OH

20b
35%, 92% ee

20a
46%, 91% ee

51%, 85% ee

Me O

CeHi” Y07 “Et

66b
43%, 81% ee

Me O

P N

CeHis” YO~ “Et

66b
51%, 38% ee

66a
46°/o, 91% ee

LA

R" °N Et
H

(R)-67

Me O
n-C5H11 N

67a
91%, 95% ee

X

N
H

Me

67b
85%, 99% ee

Me O

67c
92%, 93% ee

Me Me

oA

Me

67d
85%, 95% ee

N
H

(R)-mexiletine amide

Me Me
+ + :
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Photoinduced Dynamic Processes

A Traditional Epimerization/Racemization Mechanisms

X H X X H
?.‘ _— JLO M-H '.%

Transition Metal Catalyzed Epimerization

X =NH, or OH

Base Promoted Epimerization

B In this Review

Photoinduced Dynamic Stereochemistry

¢
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Molecular Editing

Novel techniques in
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Z
T80
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Out of Equilibrium Reactions Dynamic Kinetic Resolutions

ACS Catal. 2022, 12, 8911-8924.



Dynamic Kinetic Resolution Using Photoredox for Amine Epimerization

DKR Utilizing Photoredox-Based a-Amino Stereocenter Epimerization

O (2eq)
MeOJ\/\OMe 0
n-OctSH (50 mol%) L~
NH, [Ir(ppy),(dtbbpy)IPF, (2 mol%) H@(R) OMe
O)\Me > O/\Me

Novozyme 435, 4A MS, MeCN, 38 °C
white LEDs, 48 h 20 examples, up to
97% yield, >99:1 er
Epimerization Mechanism

- H*, [O] [R], + H*
¥ N\ ¥ N\
OctS® OctSH [ 71 OctSH OctS*
NH, A NH A NH,
e e e

Select Examples

O O

0
L~
HN OMe
HNJ\/\OMe Me HI;IJ\/\OMe Me/K/Y
' MeO NH
\/\g/

Ph\/\Me Me)\/\Me

97%, >99:1 er 62%, >99:1 er single diastereomer
64%, >99:1 er

ACS Catal. 2022, 12, 8911-8924.



Breaking Symmetry with Biocatalysis: Enzymatic Desymmeterization with Lipases

4 N ~
R HO
o
- R . R Rz o
. o R 4 Si-face R2” R R4
R1 ‘I ' R1 &
\ —_— - —_—
P . R R 7 N R, OH
pro-S group pro-R group R R v 1 )i
. 2 1 Re-face R~ s R
prostereogenic centre S ’ 2 1
R,>R{>R R1>R>>R
- ) \ )
(a) (b)
( N\ A

; o
R1 S v R R1 R RZ R1 S : R R1 R R
: > ! —_— 3
R, R

! Rz
' . R1 R1
enantiotopic groups pseudo-asymmetric carbon

R{>R R1>R Rs R

(c) (d)

Figure 1. (a) General representation of prochiral molecules; (b) General representation of prochiral
molecules with a trigonal group; (c) General representation of meso-molecules; (d) General representation
of meso-molecules containing additional stereogenic centre in the symmetry plane.
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Breaking Symmetry with Biocatalysis: Enzymatic Desymmeterization with Lipases

S R

- R\‘/YR Lipase R-stereopreference
in both reactions
related < 0 (o) > opposite
substrates enantiomers
RS R R 0 Lipase
. 3 J
\‘/\r + )J\o/ R4 Organic solvent
OH OH

Symmetry 2020, 12, 1454.



Desymmeterization of Cyclic 1,3-Diols

OH . OAc OH ! AcO
0o Lipase ! Lipase
OR Organic solvent ' Aqueous buffer
OH . OH OAc ! AcO
2 1 3

Figure 2. Synthesis of both enantiomers of monoacetate 1 by lipase-catalyzed reactions.

OAc OAc
r-PLE (ECS-PLEO6) Novozym® 435
' /

Phosphate buffer, MeOH TBME,
pH 7.5, 50 °C 5°C,16h

OAe OH 10 enzyme
_ recycles

3 (1S,4R)-1 3 (1R4S)1

(70%, 91% ee)

(95%, 99% ee)
Crystallization, n-heptane l

40%, 99% ee
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Desymmeterization of Hydroxymethyl Diols

OH OH OCOPr
Amano PS
supported on Celite
o) > + O
Vinyl butyrate,
(i-Pr),O/CH,CI, 8:2,
OH 0°C, MS3A OCOPr OCOPr
5 (2R,55)-4 6

82%, 96% ee
72%, 99% ee

Figure 4. Desymmetrization of diol 5 by lipase-catalyzed esterification.
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Desymmeterization of Hydroxymethyl Diols: Extension to Application

N
—
nBu o
Amano PS
OH  supported on Cellte 0
- (= (T
OH Vinyl acetate, 0 °C, e Et

3AMS, 17 h
7 (1S,2R)-8
97%, 97% ee
N
—
nBu o
OAc Amano PS OA ttny,
OAc Phosphate OH T <“w‘ E
buffer/THF, pH 7.0, t
20°C, 21h
9 (1S,2R)-8

80%, 95% ee

//

% &
Y

Figure 5. Complementary desymmetrization reactions for the access to both enantiomers of mono-
acetate 8.
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lllm
/\“““
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Desymmeterization of Hydroxymethyl Diols: Extension to Application

1N NaHCO, 0

11 20°C, 21h (1R,2S)-12
84%, 99% ee

Darunavir-analogue

c
C(:OAC Phosphate buffer pH 7. 0 E;(: — O \"/ >S ( ]
o/ AN

Allo-yohimbane Yohimbane

Figure 6. Synthesis of yohimbine alkaloids and darunavir analogue through hydrolytic
desymmetrization of 11.
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Desymmeterization of Cyclohexyl 1,3-Diols

OH OAc
Amano IM
-
o “,, Vinyl acetate, o “n,,
TBDPSO OH Toluene or MTRE  TBDPSO OH
30°C,4h
13 (1R,3S,55)-14
/ >99%, >99% ee
R R
| R= OH
19 19
and
HOW “OH  HO OH

C1 and C3 epimers of 1,25-(0OH),-19-nor-D;
analogues of vitamin D

Figure 7. Synthesis analogues of vitamin D3 through enantiotoposelective esterification of diol 13.
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Desymmeterization of Inositol

OH OH
BnO OB BnO OB
: : Lipozyme TL-IM : :
.
w ‘v, Vinyl acetate:EtOAc 1:1 ' ‘",

HO OH 30 °C, 24 h AcO OH
OH 7 recycle runs OH
15 L-(+)-16

87%, >99% ee

Figure 8. Desymmetrization of myo-inositol 15 via enantiotoposelective esterification.
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Desymmeterization of 1,3-Ester Substituted Cycloalkanes

F
H H
XN N n, \\\N o]
EtOOC,,, WCOOEt HoOC,,, WCOOEt | Y
Lipase AYS N __N N
.- —_—
Phosphate buffer pH 7.2,
40 °C,21h
17 (1S,3R)-18 v/ { 0
98%, 96% ee NH 19
=N

Figure 9. Desymmetrization of diester 17 via enantiotoposelective hydrolysis.
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Desymmeterization of Propane 1,3-Diols

CONHBn CONHBn
P. fluorescens lipase EE—
.
OH OH Vlnyl acetate OH OAcC
CH3CN, 4 °C, MS 3A
35 5h (R)-36

93%, 93% ee

CONHBn CONHBnN
P. fluorescens lipase
\\\\\‘
Buffer pH 7.0,
OAc OAc H,O:THF 10:1, rt, 11 h OH OAc
37 (S)-36

51%, 93% ee

NH

OH

2-Piperidone synthon

Figure 16. Lipase-catalyzed desymmetrization of propane-1,3-diol 35.
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Desymmeterization of Propane 1,3-Diacetates

Amano PS Lipase
AcO OAc > HO OAc
Phosphate buffer pH 7.0,
1°C,84h

38 (R)-39
82%, 95% ee

N-acyl component of callipetin A and
homophymine B

Figure 17. Lipase-catalyzed desymmetrization of propane-1,3-diacetate 38.
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Desymmeterization of Propane 1,3-Diacetates: Emerging Application

NH,
TIPS TIPS N X
. N

HO 4 CAL-A Lipase HO \\\\// </ |

> \ e Z
Phosphate buffer e o) N N F
pH 5.3/MeOH (5%), &
OAc OAc 30 °C, 20 h OH OAc HO //
42 (R)-43 HO  EFda
95%, 96% ee potent anti-HIV nucleoside

Figure 19. Synthesis of EfdA via desymmetrization of the prochiral glycerol derivative 42.
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Desymmeterization of Through Amide Hydrolysis

R R. erythropolis R

AJ270
-

Phosphate buffer pH 7.0,
30 °C, 72-168 h

H,NOC CONH, BnBr H,NOC COOBn

46 47
30-95% yield, 3-99.5% ee

R. erythropolis

R 1. AJ270 R
-
Phosphate buffer pH 7.0,
30 °C, 8-62 h
H,NOC CONH, , BnBr H,NOC COOBnN
' =
48 49

81-92% yield, 77-99.5% ee

Figure 22. Amidase-catalyzed desymmetrization of 2-phenyl bisamides 46 and 2-benzyl bisamides 48.
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Lipase Application in Polymer Science: ROMP and ATRP

O
Br. OH
0N Cu(bpy), (0.73 mol%) 0
Me Me O CAL-B {400 mg) Brl _Me_\Me OR
o) - 0N
scCO,, 35 °C, 4-20 h Me
OMe
cooperative y
enzymatic ROP/ A
Cu-catalyzed ATRP
ring-opening atom transfer
LIP § | polymerization [ ] radu_:al : Cu
polymerization
{ROP) O
(ATRP)

Me Me
0 OMe
R= JJ\ 0 - } Me)g(
(CH»)s xH R methacrylate

intermediate <

ChemBioChem 2023, 24, e202300334.



Lipase Application in Polymer Science: Transesterification/ATRP

Me Me
Cu(dNbpy) (0.63 mol %)
CAL-B (83.3 mg/mL) o XO y
Ve O._CF3 - o o
5 toluene, Ny, 45 °C, 24 h R
CF;
cooperative A
enzymatic transesterification/
CU'Catalyzed ATRP atom transfer

dical
LiP transesterification ra |<.:a . ‘ Cu ',
polymerization
B N (ATRP)
JWOH
Me
_OH O Q
R Br%}\ /\
- - O
R = alkyl, Bn,

ester Me Me
MPEG35q intermediate

initiator

ChemBioChem 2023, 24, e202300334.



Lipase Application in Polymer Science: Emergence of PETase

Common types of plastics

Disposable
tableware

Dispoéable Straws
cups

! | o

. Coating
Packaging materials
materials

-~
&~ o o '
(W
Plastic foam Plastic films Capsules Flowerpots
A Non-biodegradable plastic B Biodegradable plastic

Fig. 2. Types of common plastics and their representative uses in daily life (A) non-biodegradable plastic: PET, PUR, PE, PP, PS and PVC, (B) biodegradable plastic:
PLA (polylactic acid) and PHA (polyhydroxyalkanoates).

Science of the Total Environment 2024, 906, 167850.



Lipase Application in Polymer Science: Emergence of PETase

A

; O ,< FAST-PETase °': C ,<° A orna
50 °C o o-
Biological depolymerization ‘
HCL
pH<2
H,CO
>_®_< H2S0s4 H 0
oc|-| CH:OH > < > i
? 82% 2 H
-
o
_ o} 0
Ti(OFPr), HFIP )—O—(/
o p — | O 0
- 160 - 260 °C CH;0H =

Chemical polymerization

@ A closed-loop PET recycling process »

2.83 grams of 3 grams of
colorless PET colored PET

Science of the Total Environment 2024, 906, 167850.
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RS Chemistry (Garg)

How to Assign a Stereocenter

1. Assign priorities to the atoms directly bonded to the stereocenter.

* The highest atomic number is assigned the highest priority Atomic number ClI = 35,
highest priori
e |f two atoms are the same, (TIE!) ighest priority
Continue to the next atom in the chain and rank substituents, @ /
disregarding previous atoms in the chain c ‘\\HO
e Treat a multiply bonded atom as an equivalent number of singly HaC ?Hz 2
bonded atoms . / CH ™ e
This Cis
This C is bonded bondedto1C
to 3 H’s, atomic and 2 H’s,
number H =1, atomic number
lower priority C = 6, higher
priority

< BACK NEXT -

Close Tutorial




Some Notable (Out of The Ordinary) Chiralities

Descriptors for Helical & Axial Chirality”

@ 1. Priority rules

Groups on a stereogenic element must
be ranked according to CIP rules.

Highest priority - 1 to lowest - 4.

Rule o: Proximity - groups closer to the
viewer have higher priority.

4 = c=c=c:H’
TUTYN
oH (3]
Rule 1: Atomic number - higher atomic
number higher priority.
OF Ho

Okg/

Rule 2: Move along chain - rank atoms in
same position until difference found.

distance
near > far

higher atomic number
F>O>C>H

2 10 1 ()
HOP H groups HO H CH,OH CH,SH
2 < 2
HS\l/ \1,0H istatom O H Cc (o]
o,C\ ,c\e 2nd atom OHH SHH
H HH H priority 1 4 3 2
2 4 2

Rule 3: Multiple bonds - count as
multiple single bonds to same atom.

HOOHO HOO HO
\)\( HO\GQ\OKO

Rule 4:Atomlc mass - higher mass of an
isotope takes priority.

oD Ho

9%9/

Rule 5: Configuration - Z, R & M have
higher priority than £, S & P.

o X o
N ) 2

atomic mass
D>H

configuration
Z (cis) > E (trans)

2. Helical chirality

Helical chirality - some inherently chiral
molecules possess helical chirality. To
determine stereochemical descriptor:

(i) Identify axis - the stereogenic axis.

(ii) View along axis - rotation clockwise
as move from front to back = P or plus
while anticlockwise = M or minus

anticlockwise
M minus

clockwise
P plus

@ 3. Helicity & conformers

Chiral conformers can be defined as a
helix:

(i) Identify axis - the bond being rotated
(ii) Identify highest ranked groups - at
front & rear of axis
(iii) Draw arrow connecting groups -
start with front group & move to rear by
smallest angle
(iv) Assign descriptor - clockwise arrow =
P & anticlockwise arrow = M

highest priority

- front - back
oH G <
HH H H
viewed  clockwise
front-to-rear ~ P-butane

ECULES

‘www.makingmolecules.com

@ 4. Axial chirality R/S 5. Axial chirality /M

Axially chiral compounds can be treated
as an elongated tetrahedron and defined
as R, oraR or S, or aS:

v OH

o
/7T TNCoH

H
(i) Identify axis & view along axis - often

cumulated double bonds or the bond
with restricted rotation in atropisomers.

Can be viewed from either end.

w—OH
4:{> = c~COH
2

(ii) Rank groups - two groups closest to
viewer have the highest ranks (rule 0).

near has © —OHO
<§ |:> highest c =C= ‘;
priority g COH ®©

(iii) Draw Newman projection - along
axis from same point of view as ranking.

°
! w2-0H 0 )
c=c=c¥ = HOH,C CO,H

He Coad

oH

(iv) Assign configuration - draw arrow
connecting priority 1—+2—3. Clockwise =
R, or anticlockwise = 8,

(1]

OHOH.C co.He anticlockwise
2 2 s

H
(2]

Biaryl atropisomers - are treated in
exactly the same manner (see website)

A stereogenic axis can be viewed as a
helix and defined as either P or M:

OCH,

<>
HO,C

(i) Identify axis & view along axis - often
cumulated double bonds or the bond
with restricted rotation in atropisomers.
OCH,4
O,N

S X

(ii) Rank highest group - at the front of
the axis and the highest at rear of axis. .

highest OCH
OzN highest

<§:>OC

(iii) Draw Newman projection - along
axis (doesn't matter which end).

OCH,
. O:N i :E
(iv) Assign configuration - draw arrow

HO,C
connecting front group to back group.
Clockwise = P or anticlockwise = M.

O

anticlockwise
M
N ©

H

For axial chiralityonly - S, - P& R, -

©gjr for making molecules - This handout is shared under a Creative Commons Attribution-NonCommercial-ShareAlike licence. CC BY-NC-SA @ ® @ @

Symmetry 2020, 12, 1454.



Brief Overview of Axial Chirality

B A

A>B,A'>B'
A=or#A;B=or#B'

O

> A A =

WY O SO € S
P KPR

Y

opposite enantiomers

>

clockwise (R)
axial chiralityp

counterclockwise (S)
axial chirality pg

Figure 27. Enantiomeric structures for a generic conformationally stable biphenyl compound.

”
2

J/symmetry plane

Figure 28. Prochirality in o-symmetric biphenyls.
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Lipase-Catalyzed Desymmeterization of Biphenyls

Q.

N PS-IM S NS
| Na,CO3 (1.5 eqv.) | |
= X Vinyl acetate (10 eqv.) = x S X
HO OH = "t
NF I 351"'0CI}‘$S-B26h HO\ 7 I OAc AcO\ yZ | OAc
™ ™ N
60a X=Br,R=H (S)-61a-f 62a-f
60b X=CIR=H 99% ee
gg: ;‘(fgﬁsg e 61a 91%: 61b 82%: 61c 89%
e M S 61d 91%; 61e 76%; 61f 94%
60e X =CI;R = 3-Cl . . .
60f X =Br; R=45-O0Me
R R
PS-IM
Phosphate buffer
X pH 7.0/pentane 3:2 X
-
AcO l OAc 30 °C, 15-37h AcO l OH

62a-f

(R)-61a-f
99% ee

61a 99%; 61b 99%; 61c 85%
61d 96%; 61e 98%; 61f 94%

Figure 29. Enantiodivergent synthesis of optically active biphenyls 61a—f.
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