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PHIHOK ®EPMEHTOB B CIIIA (1990-1995r.r.), B man. $ USA.

Cdepni npumerenna | 1990r. 1991r. 1995r. CpeaneroaoBoi
npupoct, %
1. Mepuunna 186,6 2332t 2082 123,0

........................................................................

3 X mus 15,2 17,3 ....;288 13,7

.....................................................................................................

.............................................................................

3. DKoJiorus 133,0 37,2 60.0 12,7

................................................................................................................................

.............................................

4. Moouue 75,0 82,5 1208 10,0

......................................................................................................................................................................................................................................................................

. 5. buorexonorus, i 80,0 : 86,9 119,8° 8,6
MCCTeNOBAHMSA 1
6. [Tuuiesas 190,0 194,8 1 215,4 2,5
. IPOMBILLUIEHHOCTD, |

| TEKCTHJIb, KOXa,

................................................................................................................

........................................................................

- 7. JInarHocTHKA 21,4 22,1 25,0 10,9
HUTOIO: 601,2 674,0 1137.2 13,5




OLIEHKA PblHKA ®EPMEHTOB

GLOBAL ENZYMES MARKET

OPPORTUNITIES AND FORECASTS, 2018-2024

Global Enzymes Market is expected
to reach $10,519 million by 2024.

Growing at a CAGR of 5.7% (2018-2024)




Enzymes Market \\\

2019-2027

Market by Region, 2019 ~8 %

m North America C A G R
[mnimeie (2019-2027)
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m Middle East & Africa
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Ap P hcatron Key Market Strategie
W'

® Food & Beverages Processing
® Personal & Household Care

® Animal Feed

® Bioenergy ”

® Pharmaceutical Increase Production Efficiency

® Textiles for Enzymes Used in Health

® Others and Wellness Products
Type

m Carbohydrases W Proteases = Polymerases & Nucleases
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PacnpepeneHue pblHKa no obnacram
npuMeHeHUs (bepMeHTOB

W 2017 W 2024

PHARMACEUTICAL AND BIOTECHNOLOGY segment is
projected as one of the most lucrative segments.



MNPOBOW PbIHOK ®EPMEHTOB

N 2017 W 2024

Proteases Carbohydrases Lipases Polymerases Other
and Nucleases Types

CARBOHYDRASES segment holds a dominant position in 2017 and
would continue to maintain the lead over the forecast period.



Enzymes Market \\\
Segmentation

* Food & Beverages Processing ¢ Carbohydrases * North America

* Personal & Household Care * Proteases e Latin America

¢ Animal Feed * Polymerases & Nucleases ¢ Europe

e Bioenergy e Lipases e Asia Pacific

¢ Pharmaceutical ® Phytases ¢ Middle East & Africa
* Textiles ¢ Others

¢ Others
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LLipupaya nunu Cupava —
NUKaAHTHbIN COYC U3 a3uu

o CMUpHOB Hukomait  [927.12.2021 D1 & 8742 coyc’
& Sousec.ru » LU PpUupayva

(Sriracha)

Tanckum

OAWH M3 caMbiX 3HAMEHUTbIX COyCOB TaWCKOWM KyXHU, LUpMpaya, bbin co3gaH
XUTeNbHULIEN ManeHbKoW AepeBeHbKY, KoTopas HasbiBaeTca Si Rasha. Xenas
yonBuTb cBoux apy3ein, Thanom Chakkapak Basna camMbie obbl4Hble 1 4OCTYMHbIE
MPOAYKTbI, HO TaK FAPMOHWUYHO UX COeAUNHUNG, YTO BCEM MOCTSM OYeHb MOHPaBUCS

OpMI’MHaﬂbelﬁ BKYC OCTpOro coyca. OHM )Xe NnocoBeTOBaNM X03AMKe 3aHATbCA
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PepmMeHTaUMUA TaNCKOro coyca.
[Tpnmep bpoxkeHUs




PepmeHTaLuUsA TaUuCKoro coyca.




PepmeHTaLuUsA TaUuCKoro coyca.
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OcHoBaTtenb Hayku o Tepmodunax
Kapn OtTo LUTetTep (Karl O.Stetter
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NMMMOOGUMIN30BaHHbIE
¢depMeHTDbI



lMpenMyulecTBa
MMMOO6MIN30BaHHbIX (PepMEHTOB

TEXHOJTOT'MYHOCTb NPUMEHEHUSA

NMPOCTOTA MAHUNYNALUUN

NMOBbLILLEHHASA CTABUJIBHOCTDb (TepmocTabunbHoOCTb
N CTabUNBbHOCTb MPU XpaHEeHUW)

CO3AAHUVE ONTUMAJIbHbIX YCJIOBUU KATAJIU3A
(co3paHune onTMMasbHOro NOKasbHOro pH Ha NOBEPXHOCTK)

NOBbILUEHHUE KATAJIMTUYECKOM
IOPEKTUBHOCTU B MYJIbTUGEPMEHTHbIX

PEAKLIMNAX (c6nmxeHne Ha nOBEpXHOCTU aKTUBHbIX LIEHTPOB
pa3HbIX (PepMEHTOB)



MMMobunmnsaums

OUNSNHECKAA
XNMUHECKAS

(OPU3NKO-XMMUYECKAS)



HocuTenu, ncnosiblyemble ang
nMMobunnnsaumm depmMeHToB

HEOPrAHNYECKHUE

= METAJI/IbI (Au)

= OKCMAbl METAJUJIOB (Ti02)

= HEMETAJINbI (C)

= OKCWAbl HEMETAJINIOB (SiO2)

= TMAPOKCUAbI, COJTN, CUNIUKATbI, ATFOMOCUJIUKATDI,
LLEONNTHI, ... FJINHbI (TVAPOKCUANMNATUT, BEHTOHWUT)

« CTEKJIA, KEPAMUKA

OPrAHUYECKHNE
» CUHTETUYECKMUE NOJIUMEPDI
= MPUPOAHBLIE MNOJIMMEPDI (BEJIKW, YIJTIEBO/bI)
« MOJIEKYJIAPHbIE AIrPErATbl
(CUHTETUYECKME NAB, imnnabl, o0CoO0JiNNNAabl)



OpueHTMpPOBaHHaA UMMODUIU3aLMA NPU
co3paHun beameamaTopHbIX OUOCEHCOPOB

pepMeHT H,O, H,O

aKTMBHbIN LIEHTP \\> U
snektpoq — o

K
TOP (Fe3*) + H,0, —— Coepunenme I (Fe*+=0, P*+) + H,0

K.
CoeaunHenue I (Fe*+=0, P**) + 2e- + 2H+ —=—> TOP (Fe3*) + H,0O
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PUSUNYHECKAA OPUEHTUPOBAHHASA
HAHO-MUMMOBWUJIN3ALIUA

MmmoOunusauumsa 3a cuer
OpMEHTUPOBAHHOMU aacopo6LMn
MOHOCJ/10€eB (bepMeHTa

eslnnoTech
MSU



NMNONYYEHUE MOHOCJIIOEB ®EPMEHTA HA TPAHULUE BOOA-BO34YX

Kannsa pacTtBopa
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MEXAHU3MbI NOJIYHEHUA MOHOCJIOEB
POPMUATAENNAPOINEHA3bI AUKOIO
TUMA U MYTAHTA GAV
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3aBMCUMMOCTb akTuBHoctun PseFDH GAV
OT UMciia MOHocNnoeB B LB-nneHkax
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CrabunbHoctb PseFDH GAV
B LB-nneHnkax npu 80 °C
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Tunbl pepMeHTHbIX
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MeToabl XMMnyeckon (KOBasIEHTHOWN)
Moandukaumm depMeHToB

= peakuum ob
= peakuum ob
= peakumm ob6

NA30BAHMNS aMUHOW CBS3U
Da30BaHUSA KapbaMnaHOU CBSI3U

Da30BaHMA OCHOBaHMM LLndda u

BTOPUYHbIX aMUHOB
= peaKkumnn a3oCoHeTaHUS
= peakumun TMon-ancynbduaHoro obmeHa



MeToabl XMMnyeckon (KOBasIEHTHOWN)
Moandukaumm depMeHToB

(")

CO ~ pH7 ~95; 0°C P

@ oo + 130 C-—-NH
COOH

pH>7,0; 4°C

0
@ @ 2 ]

0
@?}%—0—@—»40; R R @—(I/—NH B OQN0= +H'

0}
. pH4-5; 4°C
~i0q
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MeToabl XMMnyeckon (KOBasIEHTHOWN)

MOAWUC

DNKaunn epMeHTOB

CH,Csl 1,805

B e
CsH, I—N:C-—-:N—~--CH2——CH2—-—N/ q>O
| 5

CH,

pH 38 —4,5; 20°C
+ H:N @ 124 i

CH—CONH~—C, H;



MeToabl XMMnyeckon (KOBasIEHTHOWN)
ﬂ MoandvKaumm hepMeHTOB

)—N—-—-C-’—'O ¢ HN—(®) s A @_NH_E_NH

o OH
@2>€—-NH+H2N @) = <

x \C__(“ H.N . pma o 4C="" tO—-E—NH—.



MeToabl XMMnyeckon (KOBasIEHTHOWN)
Moandukaumm depMeHToB

/:NHQCI- H7 -9: 4°C Vi H
il Ot L O

OECATICH
q3CoH

O 0
. (I@—Q—O_"LL—NH + H, N —— QOH + NH—-—(u,‘-—-NH
OH OH



MeToabl XMMnyeckon (KOBasIEHTHOWN)
Moandukaumm depMeHToB

-

cm-—-m + H;N—0) —= @—CH; NH—(®) + HCl

(H)—CH—CH; + H;N—~(®) —= O——-CH——-CH;—-—NH—.

~x7 ~ HS— (0~ ,~5~)
X (HO— HS—) XH

roe X = >NH Z>0 >S5

_pH>8
(}—o-—--CHZ-—----CH,lw—s»:)z--—cH..—CH2 + H,N—(0) ——=

(HS~ , HO—)

3 ()}—0(CH,)—S0, (CHQ)Z——NH—.



MeTtoabl XxuMnuyeckou (KoBaJIeHTHOWN)
Moaudukaumm dbepMeHTOB
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MeToabl XMMnyeckon (KOBasIEHTHOWN)

MOAWUC

DNKAUUUN C

HhepMEHTOB

SH+HS—@L@ Gg

Ri—S—S—Ry4+HS—R3=R;— S-S -Rs+HS —Ry

CO0™
H3 o
S = 0007 + HS—{@) —— (H)}—5—5—~(0) + S‘@‘NO; i

™. A=NO,

—
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lMpenMyulecTBa
MMMO6MNIN30BaHHbIX (PepPMEHTOB

TEXHOJIOTMYHOCTD
NMPOCTOTA MAHUNYNSALIUA

NMOBbLILLEHHASA CTABUJIbHOCTb (TepMocTabunbHOCTb U
CTabubHOCTb NpPU XpaHeHUN)

CO3AAHUVE ONTUMAJIbHbIX YC/IOBUU KATAJIU3A
(co3paHune onTMMasbHOro NOKaabHOro pH Ha NOBEPXHOCTW)

NOBbILLEHHAS! KATAJIMTUMECKOW 3®®EKTUBHOCTU
B MYJIbTU®GEPMEHTHbIX PEAKLWMNAX (conmxeHne Ha
NOBEPXHOCTWN aKTUBHbIX LIEHTPOB pa3HbiX ()epMeHTOB)

Hepocratkm MMMOGUMIN30BaHHbIX
¢depMeHTOB

NMOHMXXEHHASA KATAJINTUYECKASA AKTUBHOCTDb
U3MEHEHHASA CYBCTPATHASA CNNIELUDPUYEOCTDb
ANODPY3UOHHbIE OrPAHUYEHUA

KAK MPABUO, OPOIOE YAOBOJIbCTBME, NPOBJIEMDI
BOCnronssoagnMMOCTU N MACLLTABUPOBAHMA



NH)XeHepHasa 3H31MMOo0orns

depMeHTbl B 6bITOBOM XMMUMN, B CTUPAJIbHbIX U
MOIOLLMX CpeaAcTBaXx.

depmMeHTbl B NULLEBOU NPOMbILLJIEHHOCTHU
= NuweBble JObaBKU

= MPOM3BOACTBO NPOAYKTOB NMUTAHUS

= KOpPMOBble 0baBKK

ToHKuK opraHnueckuim cmHrtes (pbapmaueBTnueckoe
npon3BoOACTBO)

depMeHTbl B MeAULUHE

= JlekapcTBeHHble npenapaTbl Ha OCHOBE (DEPMEHTOB

= AWarHocTnyeckne Habopbl 1 YCTPOUCTBA
AHanMTnuyeckKkue CUCTeMbl U YCTponUcTBa. buoceHcopbil.
depMeHTbl B KOHBEPCUM BeLleCTBa U DHeprum
MOHUTOPUHI OKpY)XaloLlen cpeabl 1 buopemeanaums.



depMeHTaTUBHbIW KaTain3 B

i XUMNU
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depMeHTaTUBHbIWM KaTann3

B XMMUIA

= CTPATErng Npou3BO/CTBA

dyHAAMeHTasbHbIE
nccneaoBaHus

TexHonorns
(HUP, nHx.)

NMPOMbILWIEHHOCTb

NPOAYKT




depMeHTaTUBHbIN KaTanus
B XMW

rmapepoJjin3 sMONoOJINMEPOB
(NOJINCAXAPU/bI, BEJTKA)

rMAPOJIN3 U NEPESTEPNOUKALINA
XNPOB

OKWUCNEHME, BUOAErPAOALINSA
YIJIEBOAOPOAOB (CUHTE3?)

CUHTE3 ONTNYHECKN-AKTUBHbIX

COEAVHEHMMW (CTEPEOCMELINOUYECKWIA
CWHTE3, BBEAEHWE METKM)



[lonyyeHne aMMHOKUCIIOT

1. MnKkpobmnonormyeckmm cMHTe3
2. PaszpeneHne palemMaToB

3. BuokatanutTuyeckmm cCMHTE3 U3
NPOCTbIX COeAUHEHUM



Biocatalysis In

Science of Organic Synthesis 1,
Synthesis Workbench Edition
Biocatalysis in 1st Edition
Organic Synthesis 1 by Kurt Faber (Author)

’»’n Biotecl

L. N

https://www.youtube.com/watch?v=0QRE8thrZBE



https://www.amazon.com/s/ref=dp_byline_sr_book_1?ie=UTF8&field-author=Kurt+Faber&text=Kurt+Faber&sort=relevancerank&search-alias=books

Prof, Dy Kt
N U Bt A »

Irt Faber




Two-step oxidation of valencene
. to nootkatone

o oy

+)-Valencene (+)-Nootkatone
A

NADPH + H*
m/’ ‘\ ADH ]Y

/\_. NADP* /

' atone

(+) Nootkatol

S. Schulz et al. ChemCatChem 2015, 7, 601-604.



OCOBEHHOCTUN NPUMEHEHMA
®EPMEHTOB B PAPMALIEBTUKE

PekoMOUHaHTHbIe (hepMeHTbI
«Yny4lweHHble» (pepMeHTbI (KNeTKn)

Pa3nunyHble TUnbl PepMEHTOB aJ15 CUHTE3a OHOro
coegVHEHNS

[TpmMeHeHne pepMEeHTOB NPaKTUYECKN HA KaXXaou
cTaguun CUHTe3a

KoMOUHauuna uenbixX KNeToK U oTAeNbHbIX
chepmeHTOB B O4HOMN peaKumu

Ko-akcnpeccunsa dfoepMeHTOB B OQHON KIETKe

depMeHTbl NCNOoNb3YTCA B peakumsax, TPebyoLwmx
PErvo- N CTEPEOCENEKTUBHOCTY
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CuHTe3 7-amuHouedanocnopaHoBOU KUCNOTbI
| (7-ACA) u3 uecpanocnopuHa C
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CUHTE3 XUPAJIbHbIX COEAUHEHUN

CTepeoceneKTuBHOEe OKUC/IeHune
CTepeocenekruBHoe BOCCTaHOBJIeHUe
CtepeokoHBepcus (Msomepusayus)
Ctrepeopa3peneHue (rmapona3sbl)
Ctepeopa3speneHue (xpomartorpadpun)
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CTEPEOCEJIEKTUBHOCTDb.
_L AJIKOIroJIbAErMAPOIreHA3A (AAIN)
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MpupoaHasa AAl apoxoken aenaet 1 ctepeoxmMmyckyto “owmnbky” Ha
7,000,000,000 kaTanuTUyeknx LMKIOB NpU UCnonb3oBaHnn 4-H_, Boagopoaa
NADH BmecTo of 4-H,,

1T (PNAS, 1991, 88, 8420)

InnoTech
MS2U



[Tony4yeHne HenpupogHoro mpem-L-nenumHa c
NOMOLLLIO NnenunHaerngporeHassl U pereHepaumven
NADH c nomowibto popmmnaragerngporeHasnsl C.boidinii

L-amino acid

H-COOH

formic acid
o .

a-keto acid

] + NH,
CO, NADH,

Hummel W., Kula M.-R., Eur.J.Biochem. 1989, 184, 13

Ncnonb3yeTcs B ka4ecTBe aHanora nenumnHa 1 nsonenumnHa ans noblleHnst CTabunbHOCTU
NenTUAHbIX aHTUONOTUKOB B KPOBM.

CaMbIn KpyNHOTOHHaXHbIU NPoLecC XUparibHOro CUHTE3a C NOMOLUbLIO OTAEeSbHbIX (hepMeHTOB
PeanusoBaH dpupmon Evonik (Degussa) B 1999 r. NpoBoanTcsi B NPOTO4YHOM MEMBpPaHHOM peakTope
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Perno- n ctepeocenekTmBHoe OKUCNeHune npou3BogHbIX
LIMKrioreKkcaHoHa no peakuuu banepa-Bunnurepa
(Synthesis, 2001, 33,947)
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Lactebacillius Cl\)\/u\/u\OtBu

brevis ADI—V (3S) \ o o1 ¢ :
O O O >900%6 ee CI\)\/:\/U\O,[BU f ant|'(3S,58)
CI\/U\/U\/U\OtBu OH OH O )
\ A~ ., [ SYN-(3S,5R)
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(BR) \ OH OH O :
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Wolberg, M.; Hunymel, W.; Moller, M. Chem. Eur J. 2001, 7, 4562-4571.




PepmMeHTaTUBHbLIN cuHTE3 (R,R)-cdbopmoTepona
I

1
o 0" “CHy
o OH ~-o~N~ ~..-Br
_~ N7 % .Br Amano PS-30 lipase
© m (-butyimethyl ether)  °"C (5)43
BnO -
+
Racemic 12 e OH
‘Df’N+ Br
O OH 4
BnO _wa N
(R)-11 f\@
BnO CH, 0*CH3
NH, Lipase from CHa (R,R)-Formoterol 10
C. antarctica ch- CHgD
HaC - CH,
(R)-15
Racemic 14 +
NH»
(S)-16

Enzymatic synthesis of (R R)-formoterol 10, a p2-receptor agonist.




Enzymatic synthesis of
chiral intermediates for
the production of
B3-receptor agonist.

(b) Enantioselective reduction of
4-benzyloxy-3-
methanesulfonylamino-2-
bromoacetophe-none 2 to (R)-
alcohol 3.

(c) Enantioselective hydrolysis of .

-methyl phenylalanine amide 6
and 3 -methyl-4-
hydroxyphenylalanine amide 7 by
amidase.

(d) Enantioselective hydrolysis of
methyl-(4-methoxyphenyl)-
propanedioic acid ethyl diester 9
to (S)-monoester 8.

{a) OH 'T' 0 CHsPO(OEY)s
N>fJxN
H4C¥ 2 I
HO H
HSO,CHy

OCH3
B3-Receptor agonist 1
(b) 0
Br
Sphingomonas paucimobilis
SC 16113 -
NHSO,CH4
Ketone 2
HaN g
Amidase from 2 OH
M. neocaurum CH#:S
ATCC 25795 =
Amidase from
M. necaurum
ATCC 25795 CH®:
_ =

COgCgH 5
CO2CoHs

Methyl-(4- methoxyphenyl}
propanedioic acid, ethyl diester

Br

NHSO,CH3

(R)-Alcohol 3

o]

(8)-Monoester




(a)

Hs\ing‘g
Q-

Omapatrilat

Glucose dehydrogenase
(b} Gluconic acid -~ Glucose

NADH NAD

Enzymatic Syntesis N
of Antihypertensive (A T 8 oy

20 19
drug — Omapatrilat g ol
sodium salt
(inhibitor of
L] L] - Ic] H
angiotensin-converting ‘ y
—
enzyme and neutral " o
. ofI\N of;‘NHzDZH ’ OH
endopeptidase | i
5-{4-Hydroxyhutyljhydrantoin 22 B-hydroxynorleucing 21
Gluconic acid _Gluoose dehydrogenase Glucose
NADH NAD
NH. T l-'EI'II'EbI'ﬁSI \_/l
o Camnos 0 . Susmae
H 0_2._ . Ma dehydrogenase o /\/\/_\&/OH
Racemic 19 NH3 13
B-hydroxynorleucine 21 2-Keto-6-hydroxy S6-Hydroxynorlaucing
hexanoic acid,
sadium sall
H,
HO/\/\/'\(]L/OH
18

S6-Hydroxynorleucine



Enzymatic Syntesis of Antihypertensive drug — Omapatrilat

(d)

Q0H

Ketoacid acetal

0 COsH

RH?H\&

DW

I

RHMN

BMS-199541-01

co Formate dehydrogenase Ammonium
7 - '/’_ formate
NADH NAD
NH3 S
Phenylalanine dehydrogenase HoN

00H

S-Allysine ethylene acetal

0 OzH
RHN "
DDT or N
tributylphosphing
M HaMN

Thiol

u-Ketoglutarate
L-Lysine e-aminotransferase
S. paucimobilis or
recombinant E. colf

Glutamate oxidase
5. noursei

Glutamate

COH |

co H
RHN . 2
e ‘\‘
Q --—Acid RH Nﬁr{ w‘
— -
|
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Enzymatic Synthesis of Antiviral Agents —Abacavir (Ziazen™ , HIV Reverse
transcriptase inhibitor) and lobucavir prodrug (BMS 233866)

E Lactamase g

T L sa 0 i
0 _J< avinase J\ J<
T %‘\@r”\ok o0 N0

(a)

AN

Abacavir

(c)

"z

BMS-233866

RHN :

40

<f

R=Cbz 45
R=H 47

BMS-180194
Lobucavir

42

R=Cbz
Lipase M

.

R=H C. cylindraceae
lipase
90% Toluene, 40°C

Acetone: DMF (2:1) 45°C
R-Valine p-nitrophenyl ester
R = Chz or Boc

Pepticlec BL (subtilisin)
R=Cbz
R=Boc

Lipase PS-30 IME
R=Cbz

HOOC,, }NHz

41

4

.
R=Cbz 46 “OH
R=H 48

0
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Synthesis of chiral intermediates for the production
of an anti-Alzheimer’s drug.

0
H C. antarctica OH
’. lipase B /\/k
/\/\ - H
* O
M

e Q

Q. O O

Racemic 2-pentanol W

S-2-Pentanol
. , R-2-Pentyl hemisuccinate
Succinic anhydride
OH C. antarctica [J/J/f\fH
-
+ /‘W\\.
Q. O, @]
Racemic 2-heptanol v S-2-Heptanol R-2-Heptyl hemisuccinate

S -2-Pentanol is an intermediate in the synthesis of several potential anti-
Alzheimer ’s drugs that inhibit B—amyloid peptide release and/or its synthesis



Preparation of chiral synthons for the
production of anticholesterol drugs.

(b) O O 0O

OH OH O

Bioreduction

OH O 0O

{(HMG CoA reductase inhibitor)

(55-Monohydroxy)

SO3H.NH>

ios

O,—-P--.O

BMS-188494

Squalene synthase inhibitor

(@)
9 OEt

9)
SR CRS R,
OH

Lipase from
—_—-

G. candidum

o @/W
OAC

S-(+)-Acetate

o M NADH regeneration \/'\/L/u\
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A. calcoaceticus
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(3R,55-Dihydroxy)

0O OH O

gy J

(3R-Monohydroxy)

[[ OEt

Neprasas

R-(—)-Alcohol



.
HO, &

Paclitaxel P

Paglitaxel sidechain 4 Baceatin 1| R =Acetate

semisynthesis P

Paclitaxel is the only
compound known to

inhibit the depoly-

merization process of
microtubulin. It was

originally isolated from = ®
the bark of the

yew, Taxus brevifolia /™y

(about 0.07% yield) RS =Xyise nsyosytaxane

Extracellular

C13 taxplase from
M. albus

SC 1391

¥

Intraceliular
C10 deacetylase from

N. luteus

SC 13912 Y
+ CHyCOOH

o

R2 = Acelale
R3 =Xylose in xylosyltaxane

Baccatin 11l 10-Deacatyl
baccatin 1|

(d) OH oH
Paclitaxel Ph Taxol C Cephalomannine OH
R.=
T Fh H CsHyy e X
A :



: O
O
NH H. polymorpha SC 13865 @%

Paclitaxel . _CO,Et H. fabianii SC13894 _ P:JH .
semisynthesis C é

OH
(2R3S)
Enzymatic ®)
- o op SC 13056
A . -
SyntheSIS Of ° \ P |ipase - ACO//('j'\L\ HO\
=—NH [ — —
the C13 y R N
S I d ec h a I n Racemic acetate (3R)-Acetate (3S)-Alcohol
AcO, Q HO, @
1 NaHCO; (pH 9.4)
/:LH Methanol/H,0 i /:I'LH
g o
(3R)-Acetate (3R)-Alcohol

[C13 Taxol sidechain]



