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Pharmaceuticals & fine chemicals are one of the most novozymes/‘?

polluting industries
A EMIL I RR SRz —

Environmental impact of some of the chemical industries/t TArx#rsE 2 Fm

Oil Refining il 106- 108 <01
Bulk Chemicals Kozt finlk 104 - 10¢ <1-5
Fine Chemicals Industry }&404t. T 102 - 10* 5->50
Pharmaceutical Industry | Z5\k 10 - 103 25 - >100

A sustainable and greener footprint in chemical production is increasingly becoming a

global need...—& W& MFRHML TAFER IE A R RALIRTE
There are existing and emerging solutions to counter pollution X £ B #i#ii K55 1175 $effk v 5 §

Source: R.A.Sheldon, Chem & Ind, 1992, 903; 1997, 12, IGCW 2011



Biotransformation is one of the key sustainable answer novozymeSX )

to growing concerns of chemical industry
EMEEE R TIASZXFKERE

Fermentation
KB

_ _ Whole Cells
Biocatalysis (Isolated Enzymes) L4

EVEN (TREEE )
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There are several benefits of using enzymes over novozymeg% |

chemical reaction to produce APIs
EF=APIsHEE R D{ERBBHITIEETIFL

General Advantages using Enzymes in API Manufacturing zeAprsz: =572 b fs F B i 25 & R 3

Biv tea e SR Y - o sy
.’ i- ‘ + ' - | | 7
A R 3 g"ﬁ ' o ls v:,‘ ' — Shortened synthesis route gifié 2k
;)“ . .‘o".‘\ u‘ ) “10‘)! i [ z
3 - o
?‘r' ?*, ll . Bg i a.f?ﬂ. — Replaces costly chiral resolving agents # i
8, . u- 2 % b @y BRMFLRAA
o il G e wi®m o, — Significant reduction in waste streams # i
{==}‘ L i1 IRN H"' = Greater Selectivity 5 & FE
R, L !}.) 10 ~ High level of Stereo-, regio-, and
Mgiss, e JMm chemo-selectivity gk, XLkt
4+I B. _‘*+
s “ STEnE.{ . . " >

Ry Oz g Oy = Milder reaction conditions B8 1 i & Joi 2% 14

+Liw e L J — Mostly ambient reaction condition & # Kk
Ay e L

‘ 'y F (& _
HL) ;’:00“' ‘M wadf c-uo' - %;ﬁhﬂed processing and purification fifuin T
'. o

1.6‘ H@ A .‘9 H ; ‘011[.0‘ — Fewer byproducts reducing impurities =

FIF= 0, b 4%



Enzymes are already used in producing some of very

important fine chemicals
B ERTFEr—LEENEMALTER
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Some examples of biocatalysis application in producing fine chemicals & API

Chiral amines F ik
(R)-Mandelic acid Jwi kg

L- or D-Amino acids &L
Chiral alcohol 4] 2.
2-halopropionic acids AR
(R)-Glycidyl 47K Hi %
B-Phenylalanines # & &

Carbocyclic nucleosides intermediate
BRI RUAZ o () A

Protein farnesyl transferase inhibitor

R 5 G S A A o 7
Pregabalin 3 EL 4k

Carbocyclic nucleosides intermediate

BRIA R A% 7 [ A

C. antarctica lipase B
(S)- or (R)-nitrilases
amidase

lipase*

porcine lipase

ester lipase

lipase

y-lactamase

lipase LIP-300

Lipozyme TL 100 L(Novozyme
enzyme)

Savinase (Novozyme enzyme)

A WAL TERE GEAL S i &UAPTAE 7= HH 1) B F S48

BASF
BASF
DSM
DSM
DSM
DSM

Dowpharma
Dowpharma

Schering

Pfizer

GSK/other
players



Based on the reaction types, enzymes are grouped into

several classes
RIERREEE | EsHIRIaT S a2
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Hydrolases are the most used enzyme class in biotransformation's followed
by oxidoreductases KiFEEREMZIEHPRERNE , XESARE

Some key examples of enzyme classes and their applications B§R 28503 A Sz

» (C=0 and C=C reduction 1

» Reductive amination of C=0 it J5i Ak )z
= Oxidation of C-H,C=C, C-N and C-O %t

» Cofactor reduction/oxidation #iH Bk /%4k

= Transfer of functional groups such as
amino,Acyl,phosphoryl, methyl, glycosyl,
nitro & sulphur groups s FAR L, s, B
Fh. WM. FE. BEIL. ARk QuEAE L 4]

= Hydrolysis of esters, amides, lactones, lactams,

epoxides, nitriles & reverse reactions %, W%
K, WEEE, WBtHEE, HELEY. TERIAKM RS 80l

YA

= Addition of small molecules to double bonds
such as C=C, C=N and C=0 xug /N1

sBrcelsomerisations such as racemizations,

= Atorvastatin
Intermediatefi+ti=fhyT

R = Montelukast i =45
= Sitagliptingts s197

Transferase 2 = Cyclodextrin from

LN Starch s R BRI A

= Diltiazem Intermediate
iR B A A
slution of rac.

Lyase %fi#fif
(synthase)

Tcomerase



Novozymes has one of the most comprehensive novozymesX )

biocatalysis enzyme portfolio
B EHRAER ZBEYEAEEES

Lipases fghi#s

Proteases EHfs
Esterases/cutinases fgfis
Oxido-reductases; S&tirEfs

— laccases, &

— peroxidases, E{t1Es

— Chloroperoxidase S E s
=  Amylolytic enzymes &3



http://www.google.com/url?sa=i&source=images&cd=&cad=rja&docid=-91gohf8yXJE8M&tbnid=nY4jzOty1jSCBM:&ved=0CAgQjRwwAA&url=http://images.businessweek.com/ss/05/12/bestproducts/index_01.htm&ei=eRllUeaaEMiRtAbliICIBQ&psig=AFQjCNFeNPLqreBNPNOET1ZLeDjUlQNiFw&ust=1365666553304724

Novozym 435- is the industry gold standard in lipases | ;;ymes
NOVOZYM 435-2iElhEsRTI SR

Novozym 435 is CALBL immobilized on a polymer support
Novozym 435 ¥ CALBLE & F R A4 L

Key Advantages of Novozym 435 =%

Mild and selective on multi-functional substrates i fifnk £ 1% thhg s
Active both in bulk liquid substances and organic co-solvents 7r i i 4
SRR DAL 3 CREFE R

Functions across wide temperature range (20-110°C) 1 -F 5 i1
Suitable for both stirred batch tank / Continuous fixed bed reactorsi&
FH U 2CA3E o Al 0 45 [ S I

Recycled without activity loss for 5-10 or even more times, depending
on reaction conditions 4 S, T EMCRIFS-100%, $E % 58 2 RAKEE 77
Large-scale industrial production KBt T4k A=

Nil residue in the final products % Jc5% &

Works in anhydrous conditions & so can be used for moisture
sensitive substrates 7k & T & F &l i BEBUR IR

Can be used with metal based racemizing reagents wJ 5 & J& 4 fie ik —ite
i

Key applications of Novozym 435 3 E [

Dynamic kinetic resolution of amine coupled with metal racemising
agent Az 1 AR5 <6 JE SN eV IS A R

Dynamic Kinetic resolution of alcohols coupled with ruthenium
catalyst a3 1295 50 5T AL IBL & (RS

Kinetic resolution of Darunavir Intermediate =) /5234y % 475 (e i



http://movingthinking.com/post/

Novozymes Immobilized Lipases......
iBEEEIE(CIERAES

Novozym®435 Lipozyme®TL IM

TL enzyme adsorbed on

CALB enzyme adsorbed on Silica Gel

Macroporous Acrylic Resin

RERREE BN T AMEER IS TLEIR TR

* Previously it was “Lipozyme ® RM IM”

novozymes
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Novozym 40086 *

RM Enzyme adsorbed on
Macroporous Anionic Resin

R BT 9 128 7 2 i

10



We have the industry leading robust lipase portfolio novozymes

FAJABTIEHRIIEAEEES

CalA type of enzymes

= candida antarctica lipase A
e ABARR 22 1 5 g 1y Pl A
= Allows branching on C-

alpha and bulky side
chains on the alcohol part

e TEC-alpha I 5 P2 Xt — 1]
3L

Key Applications 3=

» Kinetic Resolution of 2-
phenylbut-3-yn-2-ol
1Ry 2- KRBT -3k -2-F

C10H100

= Resolution of 1-methyl-
1,2,3,4-tetrahydronapth-
alen-1-ol
P 1-H3E-1,2,3,4- T4 Z5-1-8

C11H140

» Kinetic resolution of (-)-
Paroxetine Intermediate

A SRR RGN

CalB type of enzymes

= candida antarctica lipase B
i R Al 22 T B I iy g B

= Allows larger groups on acid
part and high specificity on
alcohol part s KIEFLS S
S NERO e ok ey

Key Applications T3

Kinetic resolution of
Lotrafiban key
intermediate z) 7134550 % ith
AR 5 A 44

* Kinetic Resolution of (S)-
(+)-Citalopram
Intermediate ) /24474 Pk
2% dh Al A

e Kinetic Resolution of
Rivastigmine
Intermediate #7455 <&
FLyT A4

* Kinetic resolution of (R,R)-
Formoterol intermediate

IpAE T X e A IS

* Kinetic resolution of
Ketoprofen&Flurbiprofen

Rethink Tomorrow

TLL type of enzymes

= Thermomyces lanuginosus
lipase
2B P I T Tl

= Allows larger groups on
both alcohol and acid

parts s VK 1 45 & FE I R AN
PR |

Key Applications 3= F

» Kinetic Resolution by
desymmetrization of
CNDE-key intermediate for
Pregabalin

i CNDE 5 22 A )44 5 3 AR AL 3l
1w Fi AR

11



Some of the other important enzymes in Novozymes portfQlignes

are the proteases- Alcalase & Savinase

Rethink Tomorrow

BEEHEENERE—Alcalase and savinase

AlcalasemittE G g

subtilisin based alkaline proteases
BT R R B 1

Available as liquid formulations
Alcalase 2.4LFG & Alcalase 2.5L

BikiRzBAlcalase 2.4 L FG #] Alcalase 2.5L

Key applications :ZRiA

Dynamic kinetic resolution of
protected Amino acids eg. DKR of
Benzylated Tyrosine
IIFRD R EIER W R

SavinaseZE {g

= subtilisin based alkaline proteases
il BT TR B B 1

= Availaible as Savinase 12T solid
granulate & liquid formulation

Savinase 16L
£ [ 4 Fiki Savinase 12T & 4575 Savinase 16L

Key applications

= Kinetic resolution of vince lactam-key
intermediate for Carbovir & Abacavir
NNFRD2-BHIIR[2.2. 1] 57-5-1%-3-FE (STHRES) —
— R BFEFE-RFENEEFEIK

12
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Pregabalin Biocatalytic Route novozymes
Eln B EDEREE Rethink Tomorrow

Improvements due to replacing chemical process with chemoenzymatic reaction
PSRBT = N B AR I R BT SR AR

Pregabalin Chemical synthesis Zm@itasa Pregabalin Biocatalytic Route ZiEMrIEMRLIER

Knovenagel
conderseon Yl Cperaon . LN Rl \(I Rnmitne
0 5o o HOC COE HOC COR EtOC 08 NOI\_':)zavsres
CIIIDE ||' / Llpozyme TL
" p0359 100 L
CN O-mandelic acid "\\NH2 Pregabalin a4E(SHSANES
s 2, THFIK,0 - overal 0%yt | | QG COME \\CN o 10K #0 b
_,. ] baln
2 o~ W C0E 3
yammoamd 00 o (e afer
— Y N, undesied (R onerecyclmg
Romaaion at “ etore i
rac.psrtt:%aebalin COH 430 We‘d,%/
TESN ST

14



Flow Chart of Pregabalin Process........

BinEBHiniEE

Racemisation sMgEiEER

Recycling T

(_IEQ-Diester (R)-Diester
—Pg <5
(S)-Diester (S)-Monoester
—Fg EAfis

\J/(Vater Water

7 K

Enzyme Enzyme

B fis

Key Advantages of Biocatalytic Route =¥k 72 ) E B4R
Low protein Loading (0.8%) fi[if & (1 F &=

» Resolution at first stage-wrong isomer can be recycled?E 5 —
B Bedfs 70— R A [ 20 S Al 44 T [m SR

»  High throughput i &

=  All reactions conducted in water T3 J B 7 /K H k4T

= E-factor improved from 86 to 17 E-[X-1 M86J#k/>F17

novozymes
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Pregabalin =Bk

4

(S)-Monoester

:> )J/<Vater -

Enzyme

B

Biotreatment
SEPahig

Starting material reduction by 800 Mt (cumulative) ¥4
YIRHR/>800 Mt CRIH#))

Drastic reduction in solvent usage & 2 &/ ¥ 771 {45
Mandelic acid usage-500Mt eliminated (Cumulative)

J AR BR )48 982> 500 Mt (R THF)D

Energy usage reduced by 83% #EJRTHFERE(K 83%

15



Pregabalin Chemoenzymatic route used >5x less inputs th@\;azymes/?“

Chemical Route Rethink Tomorrow
A S R TS T S F SRR

Raw Material Inputs for 1000kg API Output
1000 2FFAPIRIREHENE

Reduction
D ER

CNDE 6212 4798
Enzyme 0 574
S-Mandelic acid 1135 0

3

0
Raney Nickel 531 79.5 ;

»
P>

Solvents 50042 6230 88%

Total 57920 11681.5




Trandolapril Biocatalytic Route
HZETRNEMELEE

novozymes

Novozym 435 gives optimum performance in stereo selective synthesis of Trandolapril key intermediate

Novozym 4350 LASM N RF S S FIEE R AISRISLIFERR S FX

Trandolapril Key Intermediate SynthesisB¥ZEFIEEREFIS K

Trandolapril Biocatalytic RouteB¥ S RISV EILERE

O
(S)..~“U\O/CH3

i I
[ CH
CEé CH(OCH,), OCO/ 3
(6] —_— —_—
O\
CH,OH/H,SO,

., ~OH
Y [ R
o o]
Q (S)
"""" =10
- 0A© o
” ® "\
.HCI
Trandolapril
Key

Intermediate

Key Advantages of Biocatalytic Route: A= ¥ #E {43 i) BBy
* Enzyme loading is low &A=

O

e
()CO/
o
CH,

CH,OH/H,SO,

—_—

o¢gog§o

O
Novozym 435 \ pH-7.0-8.0; 30-35 C

Substrate concentration can be as high as 100g/L JE#iK i /14 100g/L

Yield is high ~80-90% & ee> 98% 5% =1£80-90% & ee>98%

Reaction conditions i.e. pH & temperature is not very harsh Jxz & 2& 115 Fl

= Enzyme can be recycled for approximately 5 times with out fresh loading i XA AT LA ] FH 5%

Reaction can be converted from batch to continuous process fx M. AJ LA 1 #tt 5% Jyid gLl 12

17



Vince Lactam-Carbovir & Abacavir Key Intermediate Biocatalytic Route

VINCE LACTAM-REERIE-RHEZEREIFEYELIEERE

novozymes

Rethink Tamarrow

Savinase 12T is used on a commercial scale to produce Vince Lactam- Key Raw Material of Carbovir & Abacavir

Savinase 12THFEIHMEEF~Vince Lactam-REFRHEB-RHHEEEFEF

Carbovir & Abacavir Synthesis FEERME-EEISRKIEE

Vince Lactam Biocatalytic Route Vince Lactam“EYI{E(LEEE

Material

NH,

N)\N

I U & W
HO N| SN /D\N Z S \H
/b\ % \:—N
N O
\:N Abacavir
Carbovir

NH _N_ _NH,
-
-
- HO N
Cl

N

HsC )
S
HaC o~ O

Racemic
Vince Lactam

H;C

Savinase 12T

HsC
HyC CHj H3C)\‘/CH3
Q 74 0
\\ e} CHs o%(
1R N/
\ + NH
j‘_o HOOCH---<;|4S
4s 1R

1R,4S-Vince Lactam
(Required Isomer)

Key Advantages of Biocatalytic Route: ¥k R 4% i) = B #

Substrate concentration can be as high as 100g/L JE#iK i i=i£100g/L

Conversion is ~50% & ee of 1R/4S Vince lactam >99% #4143 450% & ee of 1R, 4S Vince lactam >99%
Reaction can be carried out in a mixture of solvent & phosphate buffer Jz N 7E A HLYE AR 2% i HH IEAT
Reaction is carried out under mild & ambient conditions S N 2 {415 F1

18



Posaconazole Key Intermediate Biocatalytic Route
HY R EEREISEYIRLER novazymes

Novozym 435 gives optimum performance in stereoselective synthesis of Posaconazole key intermediate

Novozym 4358] AR R RIS EE PSR FEFES AL

Posaconazole Synthesis iHiVERIESKIEE Posaconazole Intermediate Biocatalytic Route jHiVERIEHRESEMHELIEE
OH 0 CH,
F o CH M
OH 0 CHy
F T"z :/
/ \ E
‘@ : F Novozym 435 or
OCHZPh Selective
transesterification F
1) NaOH CHs CH,

o
. 2) H,,Pd/C HyC CH,
Key Intermediate |
0 o0

Y e

H P00 0 W

OCH Ph

n

Posaconazole

Key Advantages of Biocatalytic Route:4E ¥4k B 42 1 E B H4:

Substrate concentration can be as high as 100g/LJE4i# & =12 100g/L
Conversion is 70-80% 4. 7% ~70-80%

Reaction can be carried out in a non polar solvent like toluene Sz N fJ LEE A b 4 78 5751 2 B 48 b iR 47
Immobilized enzvme can be recvcled [l oz AV i al % Ial ik 55 F1 BH 19



Darunavir Key Intermediate Biocatalytic Route

jthimBAP 5 EE RS E ISR
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Lipozyme CALBL is commercially used for stereoselective synthesis of key bicylcic intermediate for Darunavir

LipozymeCALBRF I R (FiERF 4 S pkitinBl HEEZ RS

Darunavir SynthesisittizHBH S IR

Darunavir Intermediate Biocatalytic Routelti BB FRENS EYIEL IR

CH,
OH H\CHS
HNe AL N

Key Bicyclic
Intermediate

CHj

\/~\/ //é CHa

OH o~ “cH
(jjg Acylation (jjg
- .
(@) (@) (@) (e

Lipozyme CALBL

40-45 C

NaH,PO, buffer,
or Novozym 435

O

%

)
lhydroly&s

O|i|O

Darunavir Key
Intermediate

Key Advantages of Biocatalytic Route:AE AL B2 1K) FEEA 35

Reaction can be carried out using water as a solvent 7E/K 14T

Substrate concentration can be as high as 100g/LJE¥4 & =5i5100g/L
Reaction can be carried out using lipozyme CALBL or Novozym 435 1] LLfifi H Lipozyme CALBL 53 Novozym 435

Reaction is carried out under mild & ambient conditions 5z v 2& /415 il

20



Latanoprost & Travoprost Biocatalytic Route

RBER ISR M novozymes 2

Rethink Tomorrow

Novozym 435 is used for the key regioselective esterification step

Novozym 435 F <42 X Bk M Ee ik P R

Latanoprost & Travoprost SynthesishilBRIFIZEFN(ABITIZE S LIS E Latonoprost & Travoprost Blocataly’tlc Route
0 Latanoprost CH,
I oA 00 4(
o/\: CH,
7 e
@ Multiple Q\/OH o >,OH 0
% ; ) o
Steps , HaC N
: Corey Lactone
OAc Novozym 435
: Hd : Ph
HO
Latanoprost
- cny | Travoprost cHy
3
CoO _< COO _< COoH COO0 %
CHs CHs CHs

HaC

HO :
z OH Hc,z

SINF HsC
—_—
g Novozym 435
HO ) O/PhCF 3

HO

o /

HO

HO

Travoprost Latanoprost Travoprost

Key Advantages of Biocatalytic Route: ¥ AL B2 ) FE EAR 3

Biocatalytic reaction is carried out at high substrate concentrations. /&K &

Reaction yields are >90% & highly regioselective. 53 >90%, = [X 185 £ 14

Reaction can be carried out using appropriate solvent or without any solvent 1 i 3& & ¥ 77 a2 AS FH ¥ 771
Reaction is carried out under mild & ambient conditions &z W 24438

21



Moxifloxacin Key Intermediate Biocatalytic Route

R ESEPEIFEMIELIEE

Key step for moxifloxacin key intermediate manufacturing is enzymatic

B AT DML PE YD B B B P E R AR 7 I R P IR
Moxifloxacin Side Chain Synthesis EFg;V 2§ S RIRE

novozymes
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Moxifloxacin SynthesisEEFgi»E S RIS

N
/

\

Pd/C,H,

CH3

o\ro
|

OCH 3 Hag Ac,0, TEA OCH,
OCHg OCH, T DMAP OCH,
Toluene,25 C |
(6]
\ Enzyme
(@] CH
\’/ o)

(0]
H

0 HCl “ N |\
,“‘\// /@Benzylamine “Nom Conc.HY " TOCHj

N -, ~OH .. _OCH,

l/ !

)\

(@]

f
(6]

Moxifloxacin Side Chain

T

0o O
- I

H
OH Ny
| + NH —» H
F N NH
| A H

C@W

OCH,

Moxifloxacin

22



Moxifloxacin Key Intermediate Biocatalytic Route

B RSB EELEE S
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Lipozyme CALBL or Novozym 435 can be used for desymmetrisation of racemic substrate to the required 2S,3R isomer

Lipozyme CALBLEL#E Novozym 435 T-EXHR4, BISMERRERYIE2S, 3RFZMHE

o§(cH30
|

N

OCH
OCH,

o
dimethyl 1-acetylpiperidine-2,3-dicarboxylate

. Phosphate buffer pH 6-9
Lipozyme
CALBL/Novozym 435 25-35 C

v
Required - OCHs + OCHs
Isomer -, ~OCH3 OH
SENEY I |
e} O
dimethyl

(2S,3R)-1-acetylpiperiding-
2,3-dicarboxylate

(2R,3S)-1-acetyl-2-(methoxycarbonyl)piperi
dine-3-carboxylic acid

Key Advantages of Biocatalytic Route: =¥k B2 I E B H
= Biocatalytic reaction is carried out at high substrate concentrations ~100g/L JE42K J& =14 100g/L
= Reaction yields are >90% & highly regioselective. 33 >90%, i [X 45 1% £ P
= Reaction can be carried out using appropriate solvent or without any solvent in water with
appropriate buffer 7] LA/EIE & I P #EAT, A DALE S il #EA4T
= Reaction is carried out under mild & ambient conditions ¥ 2& iR Al

23



Repaglinide Key Intermediate Biocatalytic Route

Infa|REZREIFEMIEIEE

novozymes
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Key step for repaglinide key intermediate manufacturing is enzymatic

BT DML EAR B R B B (A A = I R P IR

Repaglinide Side Chain Synthesis Hi#% 5|2 U5 & B2

Repaglinide Synthesis Fit& 5125 & B2

0
0
0
|| ~ [ Ny
HC™ "By o o H ™ O
HO 3 NBS,AIBN
B — >
0 CH,Br
HO CH, <205 j’ CH, ) 2
HoC HyC

J

I I
H C/\O 0 H C/\O
3 /m HCI(g)EOH ' 2 /D\
-
0 0" cH, 0 CH,CN
HyC H3C)
Enzyme

0 HaC NH,
] T
Hee” Do 0 H4C
-
0 OH N

]
|

H,C

I

0 NH/D
! ()

Repaglinide

H;C

24



Repaglinide Key Intermediate Biocatalytic Route

BRI EE B R B
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Novozym 435 is used for regioselective hydrolysis of diester to the required intermediate

Novozym 435H] T [X iz £ P K AR — ol A2 0 7 P IR 44

I
HSC/\O/D\/TT\
j) 0~ CH,

H;C

potassium

phosphate Novozym 435
buffer

40-45 C

Required <:
Intermediate ] )

Key Advantages of Biocatalytic Route:AE ¥4k B 4% i B4R Hs .
= Biocatalytic reaction is carried out at high substrate concentrations ~200g/L JE4K J& =114 200g/L
= Reaction yields are ~100% & highly regioselective. 13%100%, = X ik £
= Reaction can be carried out using appropriate solvent or without any solvent in water with
appropriate buffer g MNEE HFEFTHEAT, BUREZ MR ARG
= Reaction is carried out under mild conditions J J& 2% {41 Fl



L-Carnitine Key Intermediate Biocatalytic Route

AhePIREZ PRI EMIEIEE

novozymes
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Key step for L-Carnitine key intermediate manufacturing is enzymatic

Bl T DA AL 7 T PRV B 2 A A A A 7 ) S B o0 R

L Carnltlne & AcetyI Carnltlne Synthe5|s

L-Carnitine Key Intermediate SynthesisZ: i PUBRE B A 14 & B 2

Cl Ag. HCN
—>» CN
5 solution

H ,90,,EtOH

COOE
Enzyme COOEt

-«

OH
Me,N,HCI l

Ethyl-(R)-4-chloro-3-

hydroxybutyrate
CI(Me)3N+/\hcooa
OH

Anion exchahge resin AcCl,AcOH

- +
(Me)3N+/\r\COOEt Cl (Me)3N /Y\COOEI

OH OAc
L-Acetyl
L-Carnitine Carnitine

26



L-Carnitine Key Intermediate Biocatalytic Route

A hEPRE R PEISEMIELIEE

Novozym 435 can be used for kinetic resolution of racemic ethyl-4-ChIoro-3-hy2|?o?(y81uptqyrate
to ethyl-(R)-4-Chloro-3-hydroxybutyrate Novozym 435 F T3 /12475 LAV Ied-R-3-BE T R
ZERERA(R) 4--3-2E T R 4B

Cl

Novozym 435

Cl

COOEt

OH

Required
Isomer

OH

+

COOEt

Potassium phosphate buffer

pH-8.0, 30C

CI/\/\COOH

OIIIII--~
I

Key Advantages of Biocatalytic Route:2E ¥ {4k B A% i = EAR 35«
= Biocatalytic reaction is carried out at high substrate concentrations ~100g/L JE42K J& =14 100g/L

= Reaction yields are ~70% of therotical yield & highly stereoselective ~99.9% ee 153K 70%, =& . kik £

= Reaction can be carried out using appropriate solvent or without any solvent in water with appropriate buffer N £ i& 24

WA AT, BRAEZ ARG T

= Reaction is carried out under mild & ambient conditions Jz & & {15 il

27
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novozymes:/g”’l

Case story: Biocatalysis for cosmetic
Making chemicals more efficiently

Emollient ester

0 . .
M/\/v\ conventional | raw mat. enzymatic | rawmat.
NN N t o
-H0 volatile comp.+— — catalyst catalyst i
p recycled
)K/\/\/\/W\ aqueous waste +— stean
¢ edCh
L’OREAL - aqueous waste
applied temperature
[EEE=——
REVITALIFT solid waste — filt :410 §%°C
»\nn‘l‘.\’i‘x‘: .u:hc‘n‘ 100,-,C
Al ooty H { | 600C H
— packing 20°C packing

Esterification for production of cosmetic fatty acid esters.
Chem. Soc. Rev., 2013, 42, 6475--6490

lipases and their hydrolytic, esterifying and acylating activities show enormous
potential for implementation in the production of cosmetic ingredients



Lipase Catalysed Reactions

Hydrolysis
ﬁ 0
- HY ” + HO—R,
R1/\O‘Rz Rl/\O_H
Esterification
I i
+ HO—R; — » + HoO
Rl/\O-H Rl/\o—R2
Interesterification
(0] (6] (0] (0]
SN il G
Ri  O-R, Ry  O—R, Rl/\O—R4 R3/\0—R2
Transesterification
(e.g. methanolysis)
(0] (0]
I + HO—CH; —> /”\ + HO—R,;

"

0—R, Ry O—CHj
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Rethink Tomorrow

Epoxidation
R:l R3 Rl R3
> < Carboxylic acid
 — —_—
4 H202 a
R2 R RZ o R
Polycondensation

o) (0]

o] o] + J_l_ }
/“-(CHz)njl\ HO—(CH,),-OH —> HOQL(CHZ)n O0—(CHyp), nOH
HO OH

Polycondensation

(]
0} 0} o

/U_(CHZ)nJJ\ + HN—(CH)NH, —> HOQL(CHZ)nJJ—NH—(CHZ)%NHZ
HO oH

Ring opening
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