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This review summarizes the chemoenzymatic synthesis of the biologically active natural products based on a combi-
nation of chemical diastereoselectivity and enzymatic enantioselectivity using biocatalyst. Asymmetric reduction of 2-
methyl-3-keto ester with yeast gave the optically active syn-2-methyl-3-hydroxy ester, which was converted to natural
product such as (—)-oudemansin B. Asymmetric hydrolysis of 3-acetoxy-2-methy esters possessing syn- or anti-struc-
ture afforded the optically active 3-hydroxy-2-methyl esters and 3-acetoxy-2-methy esters corresponding to the starting
material. One of these optically active 3-hydroxy-2-methyl esters was converted to aglycone of macrolide, venturicidins
A and B possessing 10 chiral centers. Both primary alcohols possessing a chiral center at S-position of hydroxyl group
and secondary alcohols were subjected to the lipase-assisted acylation in the presence of acyl donor to afford the optical-
ly active esters and the optically active alcohols corresponding to the starting material. These optically active compounds
were converted to the biologically active natural products such as bisabolane type sesquiterpenes, decaline type diter-
penes or triterpenes, nikkomycin B, (+) -asperlin, (—)-chuangxinmycin, (—)-indolmycin, cystothiazoles melithiazols,
myxothiazols and piericidins possessing antifungal and cytotoxicic activities, inhibition of NADH oxidation, etc. Reac-
tion of primary alcohol and glucose using immobilized f-glucosidase gave alkyl S-glucosides in high yield. Pentaacetate
of allyl S-glucoside was subjected to Mizoroki-Heck type reaction with phenylboronic acid derivatives to give phenyl-
propenoid B-D-glucopyranosid congeners.

Key words biocatalyst; lipase-catalyzed resolution; enzymatic fS-glucosidation; chemoenzymatic synthesis; natural
product synthesis; antibiotic
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5 all-trans B~ O BAED SIEE 27 S WD Bk
L2 AL FRTFIEZ AW THIO THIEL, HE
BRI T-00RIOEERIINFRICE D EM
(bTHBEZEEZHOENITHIENTEEZLRE.Y
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DM ELUZ, RICHE LIRS 2 EERD D5y
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methyl acetate ((+)-MTPA) IZHEL L L/~ D
WTHELSNZ4FEEOD T AT LAY —IRAY 3a-
dIZDOWT400MHzNMR ZHIEL7EZ AT
FMAEZRMT 52 &78<, RREDZ T IV BIA
WEIZATIAFINEO—FER) NIoE0 EnBEL
TA4RITENE L, RIS T FHIVE 4FEON
FHEREEOHE EORBREZHSNITH I LITRD
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HFHMEDIRTE) DR ITONDXDITRD, X7
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Fig. 1. Microbial Reduction of (+£)-2-Methyl-3-Keto Ester with Yeasts
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Fig. 2. Asymmetric Hydrolysis of (£)-(2,3)-3-Acetoxy-2-Methyl Ester with Lipases

DESTY. ()FEEED T 2 M) R O BT
EHETAHHE (TEH) UN—ENKEIZ, L2rd
ZMZAFRETHD £9. QRHE, UN—EDOHE
MEB A CIRHHR A7) —Z 2 TN TY. (3)
R EEE EDGBENESTY. WEKITHRES
EENAETH D, £, BT LFENTFIEZH
W3 ZEITRDBERREE ANBINICEBLESES I L
MARETY. ORMZERET DI EITRD, HRIEG
THHTATIIALDARETH D £9.

3-1. Venturicidins A, BO 745 )3 DEEM

It 2 @ (2,3) -syn-3-acetoxy-2-methyl ester & OX
(2,3) -anti-3-acetoxy-2-methyl ester {2 D W T Asper-
gillus sp. H & @ lipase ‘““Amano A’ 7% i\ T#HE
ais L T ONES BN ERA T E T A, KDY &
L T (28, 3S) -3-hydroxy-2-methyl ester }% T} (2R,

3S8) -3-hydroxy-2-methyl ester 7%, J& B [E[ U 12 40 24
9 5 (2R, 3R ) -3-acetoxy-2-methyl ester }z T (28,
3R) -anti-3-acetoxy-2-methyl ester 23-F11-ZF IR &
SODEWHFEMETHESND I ENDND XL
(Fig. 2).? ZOFiEZ 10 fHOAF R LERET S
venturicidins A, BO 7~ 1> 7 (Fig.3) O&&
FiC#EA L £ L. Tt D 3-keto-2-methyl ester
8 % Zn(BH,), TiE@It L, syn/anti=16:1 OER M
THMET S (£)-(2,3)-syn-9 1%, ThE=T7EF
WAL L TEBERESOS DHE L 72 % (£)-(2,3) -syn-10
EEFELE. ZHIZTDWT Aspergillus sp. H3k D
lipase ‘““Amano A-6"’ % F W TR H N DYt
DENERAIZE A, MKGEY &L TQ2S, 35)-9
(35%, 96%ee) 7%, FEHAIIZH YT % (2R, 3R)
-10 (56%, 62%ee) LN XL/ (Fig. 3).9
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Fig. 3. Total Synthesis of Aglycone 7 of Venturicidins A, B Based on Asymmetric Hydrolysis

(28, 38)-9 MEHHS DHIEIIHS T 3 EHDOAFH
[z&H T 5 epoxide 11 NE X Z$1 & cupurate 12
EDORIETA4EDOAFHLEAT S trityl ether 13
fRE LUz, 13 Ol 5 22k M8 &
KU Tupperpart 4 25 LE LA, THERE
IZ& Bk L 7= bottom part 15 &/ 5 T X T )L & &1k
#%, 47 FW Horner-Emons J< Jiz 2 2812 LU THM
RO Gk zZEmR L £k (Fig. 3). %10

32. BEEIEBRZAVIKICHABGEEDTE
KA BERRE  KICHRBAEIZDOWTESR
RIS ZAT DI A RIES P TR R BB S5
WENDH O ET. —RICTEERITHKERE T TRk
EHELTLESRNDD D ETOTCEE(IERICTS
& BAUSHOMNERZHECD2BENHOET. HIL
CULEHETHLOINF T ELER EOEREL
S35 M A (28, 3S) -a-hydroxy ester 16 Z{E 5 /=
O, KEEMHEEE EL TF & I D syn-a-chloro-
acetoxy ester 17 (Fig. 4) 7Z3EUX, JAEMHERET
& % prepolymer ENTP-4000 T [& & {k L 7= lipase
“Amano P’ (Pseudomonas sp. H13k) ZHWTH
BRI CTARF MK R e A=A, HNET
% (28, 38) -a-chloroacetoxy ester 17 (48%, 94%ee)
NE6NE LN, RihZETH S TS0 21
HZEET LS ENHBHL L7 W 22 TRIGKIH

M N<HELmEL, GklLizEc0T—7))
B 288 o F T P2NMMO (Fig. 4) & Amano P
MOFRBL Y N—E/U VEERAREZHNTA
AR Rz AT & TARONE 2 HTRAMSL, B
W (28, 38) -17 MLE (49.7%) K< DEWIE
FHE (599%ee) TEHESNELRZ (Fig. 4).12
33. —#k7ILIA—ILED HIICAFPOLERT
2{LEMORIR &L Z DI — Ity IV a—
WEXIZZ DT IVRITH T 2 RIS T, —ik
T A—=)VEOZTNITH L TAFNENENTT
M, FHEIZE > T TEWAF R THAEE
kKfmons Lz /RWHL XL/, BF-Et,0 O
1 K 5t 2 @ (4,5) -epoxy-trans- (2E) -pentenoate
LETHEGREETLIN Y VHFEAREDORIGZE I
BIZLTESNE T I O S-acetoxy-4-aryl- (2E) -
pentenoate (Fig. 5)1¥ D lipase “MY-30" X i3 li-
pase “OF-360" (W3 N Candida cylindracea H
H) ITKBAFIMKD R TIIINR K < @ AFHE
@ (R) -5-acetoxy-4-aryl- (2E) -pentenoate & (S) -5-
hydroxy-4-aryl- (2E) -pentenoate 235 5 £ L /=.
[ % /" 5 bisabolane #t Z F 57 )L R > T, PIEE
2759 (R) -curcuphenol 18 & (R) -elvirol 19 73,
F7z, BH® H, K-ATPase IZ %} L T W HEE V2%
&9 (S) -curcuphenol 18 % (S) -curcudiol 20, (S)-
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C16H330 o @/ "\
o0—p—0">NMe O immobilized with P2NMMO
PINMMO (@ 2 days 50.0% (98% ee) 49.7% (>99% ee)

Fig. 4. Asymmetric Hydrolysis of Water-insoluble Substrate with Immobilized Lipases
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Fig. 5. Synthesis of (S)- and (R)-curcuphenol 18, (S)- and (R)-elvirol 19, (S)-curcudiol 20 and (—)-anisomycin B 23

elvirol 19 NERENFE L= 9 —7F, (R)-5-acetoxy-
4-aryl- (2E) -pentenoate 72 5 % X 117z (R) -Br /K
21 % AgNO;, DWTHESH T T B & gin i KIS
MiEfT L T (S)-alcohol 22 ¥ fF 60, ZHLKD (—)-
anisomycin 23 XGRS NE L7z (Fig. 5).19
KIZ Tt 2 @ albicanol 24 12 D W\ T Alcalgenes
sp. H3& D lipase “PL-266’" Z VY, 7 2 IL{EHFI &
L T isopropenyl acetate 2 W TAE Y 2V L2
fL7/=&Z A, (8aS)-albicanyl acetate 25 (56%,
67%ee) & (8aR)-24 (38%, >99%ee) M{FHNFE
L7z (Fig. 6).19 67%ee O (8aS) -25 13 /7K 53 f# 1%
HEAET PIVBITMAT Z &ITXk D esEpE 2 1
IWDHIEMTEELELRE. —H, 7YIMEAIEL T
vinyl myristate W TAREZF 7 2 IULZRFT L &
Z % (8a$) -albicanyl myristate 26 (49%, 90% ee)

L (8aR)-24 (48%, 89%ee) MALNFE L. 1D [
BEZNTNHEBRREKSICHT 2 EITXDAZEN
IRl 7 (8aS) 24 & (8aR)-24 2155 Z LM TEZE
U7z, (8a$)-24 /513 13 FE D KARYIMNATE
FL/ 1689 NS OFICAEEZE T SE
MH%£ <, (8aS)-albaconol?® & (—)-BE-40644 @
M HEIX 2 EK T A5 2 EICKDIRET S ENT
EEL/.20 —7, (8aR)-24 /» 513 (8aR) -copalic
acid & (8aR) -copalol &K I N L/~ (Fig. 6). 17

KA @ ili 72 By P& REC & % (+) -ambrein 27
(Fig. 7) &R ZHIEL TT 13 ® epoxy albicanol
28 IZD T lipase “MY-30 ZH 1\, 7 2 ILfbHlI&
L T isopropenyl acetate 2 W\ TARE 7 2V {L 2
Aliz& A, (8aS)-28 (50%, 91%ee) & (8aR)-
epoxy albicanyl acetate 29 (48%, 98%ee) M1E 54
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~OH OH
isopropenyl acetate A
PL-266 + KzCO3/MeOH
(#)-albicanol — R =
24 in i-Pr,0 H ZH
(8aR)-24 8aS -25 (8aS)-24
38% (>99% ee) 56% 67% ee)
>99% ee
~OH OCOC3Hy7
vinyl myristate A
PL-266 + \ K,CO3/MeOH
-albi —_— 4 _— L
() albzlcianol in 1-Pr,0 Y H *H (8aS)-24
(8aR)-24 (8aS)-26
48% (89% ee) 49% (90% ee)
>99% ee >99% ee
(8aS)-albicanol 24 & FENT=KAY
OH
OH o)l/\/@OH
j:E/ | o
zH Zh ZH Zh
(8aS)-drimenol  (8aS)-drimenin (8aS)-albicanyl (8aS)-a-polypodatetraesne
3,4-dihydroxycinnamate
O O
ZH 2R oMl ZH OH H
(8aS)-coronarin E  (8aS)-coronarin A (8aS)-austrochaparol (8aS)-y-polypodatetraene
b HE & OH
(8aS)-pacovatinin A (8aS)-albaconol (8aS)-tauranin (-)-BE-40644
(8aR)-albicanol 24 Hh & K &N KR Y goon
=% #Z "COOH =%, # CH,0OH OH
“\H “\H ZH
(8aR)-copalic acid (8aR)-copalol (8aS)-hongoquercin A
Fig. 6. Asymmetric Acylation of (+)-Albicanol 24 with Lipases and Their Application to Natural Product Synthesis
FLE.291%ee D (8aS) 28 IXHEALRF Y I (10S)-8-hydroxypolypoda-13,17,21-triene &7} (10R)-

NI ZEITRDEFEMEZRA LSED I ENTE
Sl INXDEEZITHYTSTYILTER
(left half 30) Z&pkd I ENTEE LA, A¥F
SPCHYS T B EEIETE X)Lk > (right half 31) 13
5*!2 2 @ B-hydroxy ester 32 DAREF T > JLLIC
HH5N 7 96%ee D (18, 6S)-32 (FRHEIIZAHY)
n bé\ﬁi’@%i L 7=.2 Wj# % Julia coupling 12
FZEICEKD (+)-ambrein 27 ZHRT D T EMT
EE L/ (8aS)-28 & (8aR)-29 N K ixENTN

8-hydroxypolypoda-13,17,21-triene 235 5N £ L 7=
(Fig. 7). 2

RICKOEREF IV > b (Fig. 8, FlAIE
(8a8)- X3 (8aR) -enone 34, (8aS)- i (8aR)-6-
keto ester 35, (8aS)- X i (8aR)-bicyclofarnesol 36
%) 218579, 13O ketal alcohol 37 12D W
T lipase “PL-266" Z FHlWTAE Y VIt ZMmEt L
7= & Z % (8aS) -ketal acetate 38 (49 %, % ee) &
(8aR)-37 (49%, 98%ee) MfFHLNFE L. 2 fli#H
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OAc OH
isopropenyl acetate A | y
(+)-epoxy albicanol 28 sy ¢ % 0
+)-epox i 3 7
Pexg in i-Pr,0 YAH zH
(8aR)-29 (8aS)-28
48% (98% ee) 50% (91% ee)
>99% ee
isopropenyl acetate MeOOC, i MeOOC if
PL-266
(£)-B-hydroxy ester 32 + \
e in i-Pro0 AcO HO
(1R,6R)-33 (1S,65)-32

46% (>99% ee)
(18,6S)-B-hydroxy ester 32

(8aS)-epoxy albicanol 28

H H

CHO N9
P \
| J'omom . >
*H 1 O

+
N~N
left half 30

Ph  right half 31

(8aS)-epoxy albicanol

(10S)-8-hydroxypolypoda-13,17,21-triene

Fig. 7.

MHIF B L7z 6 EOFERNZF IV > b 2PNES
N, INSOFIIV >N rhoidAEEEEEFT
L2EmbELEH 16 MEORA AR TSI &
MTEE LA (Fig. 8).2630

3-4. Nikkomycin B DFZRX 2 & KX 8 il O A
APLZEAL, RELFEEEZA T % nikkomy-
cin B39 (Fig. 9) Ofakzematlxl/z. &=
@ 3-keto-2-methyl ester 40 2 n-Bu,NBH, TiZ7tL,
anti/syn=15:1 OERETHK & T 3 (2,3) -anti-3-
hydroxy-2-methyl ester 2 1%, ZZBIC &5 EH
ST EFIIMETHERINOEELRZST7EID
(2,3) -anti-1-acetate (mono acetate 41) Z &L ¥ L

7. ZHUZDWNWT lipase ““Amano P’ Z W THE
Ml FONFnE R AT ET A, (28, 35)-41

(49%, 77%ee) & (2R, 3R)-1,3-diol 42 (44%, 70
%ee) MELNEL. T1%ee D (28, 35)-41 13
JERF AR RITATT Z LT X 0 HEME 20 LS
BETENTEELR. (28,3941 S EFE7IC

48% (96% ee)

—_—
—_—

(+)-ambrein 27

(8aR)-epoxy albicanyl acetate

J

(10R)-8-hydroxypolypoda-13,17,21-triene

Synthesis of (+)-Ambrein 27 and Related Natural Products

MY 55T 25 )L (left half 43) Z&RLL, Bl
WICER U2 ¥ 571 Y 9 % polyoxin C &K
(right half 44) & #i& S T nikkomycin B 39 D
ARefdkzER L £ Lk (Fig. 9).3Y

35. ZH/T7ILA-INICAFRLEZATBEED
DEELE Z DI PiBE R Y & bAF Y7 2

R 45 ORTCAH YA M MMEH Z RS IEHEO A
KTHY, ZOMEZGHRIVICEEHT 2 Z L 2ilAs
F L 7= (Fig. 10).
47 @ lipase ‘“PL-679”" XX lipase ‘“PL-266"" % F\\
HZARET ZIVT(S)-47 (91->99%ee) & (R)-
acetoxy sulfonamide 48 (75-99%ee) ZHEF L /=,

(S)-47 kX (R) 48 I B 1d =4 (S) -acetoxy
acetohexamide 49 TN (R)-49 A3, X SICi{r# X
1T (S) -hydroxy acetohexamide 46 }2 T8 (R) -46 73
/monk Lz, AUz SRT#EY & ik
2 EITXRDEAHY OHIEIL (S) -hydroxy
acetohexamide 46 TH 2 LIRETH I EMTEEL

<t X @ hydroxy sulfonamide



276 Vol. 131 (2011)

isopropenyl acetate A 9
(£-ketalaloohol —=208 o N t N
37 in i-Pr0 z
(8aR)-37 (8aS)-38
49% (98% ee) 49% (99% ee)
COOMe
(0] 0}

(8aS)-ketal acetate 38 >

J——

ZH ZH

(8aS)-enone 34 (8aS)-B-keto ester 35  (8aS)-bicyclofarnesol 36
_ COOMe _ CH,0H

i~ O
\‘g;HKj “AH

(8aR)-enone 34 (8aR)-B-keto ester 35
(8aS)-enone 34 hr & MENER K

o)
ZH

(-)-ambrox (+)-galanolactone
(8aR)-enone 34 hi> S RLSNER A

= OH

—_—
(8aR)-ketal alcohol 37 5 o

(8aR)-bicyclofarnesol 36

ZH
(+)-sempervirol (+)-totarol

\

(+)-zonarol (+)-jolkinolide E
(formal synthesis)

(8aS)-B-keto ester 35 hr & HEINLEX K

(+)-jolkinolide D

(8aR)-B-keto ester 35 ha& FSNE KR

2| OH SUIR SO
: = o o
“WAH wWAH WAH
(10S)-15,16-epoxy- (10S)-15,16-epoxy-

th o
hyatellaguinone (10R)-15,16-epoxy-  (10R)-15,16-epoxy-
8(17),13(16),14- 7,13(16),14- (formal synthesis) 8(17),13(16),14- 7,13(16),14-
labdatriene labdatriene labdatriene labdatriene

(8aR)-bicyclofarnesol 36 iy & EEEN =K A

w

(8aS)-bicyclofarnesol 36 hir & FEENEERKARY

COOMe

tH
(-)-wiedendiol (-)-norsesterterpene
(formal synthesis) diene ester

(-)-subersic acid
(formal synthesis)

Fig. 8. Asymmetric Acylation of (+)-ketal alcohol 37 with Lipases and Their Application to Natural Products

2D IS OEMIBREN T £ hAFT T IR
KON MBEETEHZRL, TOHFTH(R)-
acetoxy acetohexamide 49 1355 FF [ 5 o Ifi B (K T 1E
MzamRU, DDRIEERMED S < IS OB
DIRNWZ EMH SN EIRD £ L7 (Fig. 10), 3

3-6. NEFEEMR(4,5)-ZEH-QE)- AT/
I- I FEKORREEZDOA  VIVECBIR
TIN5 EIRIZ T & 2 D (4,5) -anti-5-acetoxy-
(2E) -hexenoate 50 Z &5 pk L, £ @ lipase ‘““‘Amano
PP ICK D ARFMAKDMREBRFSL, (48, 5R)-5-



No. 2

277

1) n-BuyNBH,
(anti ! syn =15:1)

t .
BuMe2810\©\”/,\ce
COOMe

o 2) LiAlH,
()-3-keto-2-methyl ester 40 5) scetylation

‘BuMeZSiO©\/|\',IfI By MeZSiO©Y\
+

OH OAc
(25,35)-41 (49%, 77% ee)

Amano P l

(2S,3S)-41 (>99% ee)

J

tBUMGZSiOO\/M\e'/?L COOBn /\(O HO Me 00" /YO
o« _)-No, + +H3N\\ﬁN“n’NH =X, ¥y NS\;SINWNH

Amano P

#MeOH tBuMeZSiO©\/|\',:

OH OAc
(x)-mono acetate 41

in H,0 saturated i-Pr,0O

Me

OH OH

(2R,3R)-1,3-diol 42 (44%, 70% ee)

t A N - 0 OH H 0
BuMe,SiO ™3 CFsCO0" 115 on NHz* HO OH
left half 43 right half 44 nikkomycin B 39
Fig. 9. Formal Total Synthesis of Nikkomycin B 39
OH PL 679 oH

or
—_
SO,NH,

(x)-hydroxy sulfonamide 47

acetohexamide 45 M

ﬂﬂﬂﬁéﬂu

(S)-hydroxy acetohexamide 46

Ac
Me +

(R)-acetoxy sulfonamide 48
75~99 % ee

0
“ QL 1
soNHeoNH— ) R l
e)\©\ Me
sonHcoNH— )

R=Ac: (R)-acetoxy acetohexamide 49 R=Ac: (S)-acetoxy acetohexamide 49
R=H: (R)-hydroxy acetohexamide 46

0L
SO,NH,

(S)-hydroxy sulfonamide 47
91~>99 % ee

OR H
SOZNHCONH—O

SO2NH;

R=H: (S)-hydroxy acetohexamide 46

Fig. 10. Determination of Absolute Structure of Metabolite of Acetohexamide

hydroxy- (2E) -hexenoate 51 (44%, >99%ee) &
(4R, 55)-50(48%, >99%ee) 15 % L /= (Fig. 11),

WENS TRF T ATIL((4S, 55) -epoxy- (2E) -
(4R, 5R) -52) MG LN E L /2.3
(4R, 58)-50 D7 £ FILIZ X > TH SN (4R,
58)-51 % i W Gl i #5545 B & 1 A &2 7R 9 macro-
sphelide 8 A, C, E, F, G ORI EKEITW
F L7 33 (4R, 58)-51 In 1G5 N2 1V IR > B
(4R, 55) -5-hydroxy-acid 53 2%} L T 2,4,6-trichlo-
ro-benzoyl-chloride/pyridine ;2 T/ iz 21T 5 & trans
M5 cis NOEMALZES T o-F 27 b2 AL (54) D
1L, ZoBZEFMHL TXAY osmundalin @
tetraacetate 55 Z H kL £ L 72,4 —F, (48, 55)-
47 175t 9 % benzyl amine O~ 1 7 )L IR Ik &
BICLTT hIHA 2 D REMESY D /<A >
DRTRUTRA T VEOEEIMENETH 5 L-

hexenoate 52,

daunosamine % L-acosamine ZI5H &9 57 I J FE
DA EHRZEITWE L 2.4 (48, 58)-52 & anisole
n 55537z (48, 58) -5-hydroxy-4-aryl- (2E) -hex-
enoate 56 M tosylate 57 IZ%F U CTHNRIE D R %175
EE IR TEAAR 58 23550, 4 ZH KD bisabo-
lane & KM TdH 5 (R)-xanthorrizol Z &L £ L
2.4 (48, 58)-56 O[FRIEARTH % (48, 55)-59 13V
IN—E CAL-B 2% 713D anti-59 DAFY
JIMETHHEMIIHEONELL. Y —F, &3
D 52 M5 E 5 N5 (4,5) -anti-5-acetoxy-4-azide 61
D AR F K 5 7 T (48, SR ) -anti-5-hydroxy-4-
azide 62 NEEFME TH SN, IO sidhiEy
'H vicenistatin @ i ¥ T &H % methyl S-D-vicenisa-
minide NEKINE L7z (Fig. 11). 49

3-7. AFFEMLQI)-ZEMTYCBFERD
Bl EZDICH Z 1t 3 @ (2,3) -anti-2-acetoxy-3-
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OBn
(+)-(4,5)-anti-5-acetoxy- Amano P Me\)\/\

(2E)-hexenoate 50 OH

(4S,5R)-5-hydroxy-
(2E)-hexenoate 51
44% (>99% ee)

"

Me~>coome
(4S,5S)-epoxy-(2E)-hexenoate 52

COOMe +

OBn OBn
Me ™~ coome —Mey™~coome
OAc OH
(4R5S)-50 (4R 5S)-51

48% (>99% ee)

L

Me\%\/\coo Me

(4R,5R)-52

(4R,5S5)-anti-5-hydroxy-(2E)-hexenoate 51 hib & FeN=XKA Y

Me R'=

R2= OH, R® = a-Me : macrosphelide A

o ~R' R'= H, R= OH, R®= a-Me : macrosphelide C

RZ’, I R3X R?
3\/?\ R!
M
e O O O R' = OH, R? =
OBn

R2= OH, R® =B-Me : macrosphelide E
H, R*= OH,R®=

B-Me : macrosphelide F
= B-Me : macrosphelide G

OH AcOH,C,
S A
(4R5S)51 Mey~Pcoon == Me — %Ocmo...g__);
0

OH

(4R5S)-5-hydroxy acid 53
(-);-osmundalactone 54
(4S55)-epoxy-(2E)-hexenoate 52 Hr& &N =K &M

Me o OH

NH,

HO L-daunosamine

Me Me OMe
é solvolysis 9\/
~COOMe

Me \(\/\ooo Me
OH

in MeNO,

Y\/‘coo Me

Tetra-O-acetylosmundalin 55

w777 "

NH2 | _acosamine

5

Me
(R)-xa nthornzol

Me

tosylate 57 Ernfir {4 58
(4S,5S)-5-hydroxy-4-aryl-
(2E)-hexenoate 56
a CALB o PN
Me 7 Me .+ Me A~
COOM —_— Z < COOMe
\(')/H\/\ € vinyl acetate \C|)/HV\COO e OAc
(£)«(4,5)-anti-69 (56%, &%) (45,55)-59 (4R,5R)-60
46-52%, 95.2->99% ee 46-50%, 98.2-99.8% ee
Me,
N Amano-PS N3/ —_— MeHN .
Mexy~coome SMEES (4R 55161 + MY~ coome =5 OMe
OAc 43%,>99%ee  OH OH
(£)-61 (4S,5R)-62

Methy B-D-vicenisaminide

42%, >99% ee

Fig. 11. Asymmetric Hydrolysis of (£)-(4,5)-anti-5-Acetoxy- (2E) -hexenoate 50 and Their Application to Natural Products

chloro butanoate 63 @ lipase ‘““‘Amano P I X 54~
F MK RT (28, 3R)-63 (>99%ee) & (2R, 3S)-

2-hydroxy-3-chloro butanoate 64 (>99 %ee) 7% Y
RELFHFELE (Fig. 12). WMFENSEFENLTNT
RFEITATIVOWEEGAE ((2R, 3S)-epoxy buta-
noate 65 & (28, 3R)-65) MESLNEL 7/~. 40 (2R,

35)-65 /5 5 AR D Grubbs i3 % 1Y% RCM
Rtz BT U CHiE, PilBEEERT (+)-

asperlin W& TE XL /.47 (2R, 35) -65 & 4-io-
doindol & @ i & HAEIZ U CTIRREE R GYE S0 LT
BiiE M % 7”9 (—) -chuangxinmycin D &K BTV E
L7240 RIZ(2R, 38)-65 DX 5256 %FIH%ZH
8 U TR E FE R O PTAEYE TdH 5 cystothiazole
¥, melithiazol JHO Sk Z it L £ L /=, Cys-
tothiazole %4, melithiazol 2813 8- X b+ 7 7 1)
L — MG & bithiazole Bz ff &6, MOWFIEE
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Cl Cl (]
()-(2,3)-anti-2-acetoxy- Amano P COOMe ~_-COOMe 0
Me Y |
3-chloro butanoate 63 H /\f Me
OAc (e} (:)Ac
(2S,3R)-63 (2R, 3S) 2 hydroxy- (+)-asperlin
44% (>99% ee) 3-chloro butanoate 64
48% (>99% ee) COOH
l + Me
~ COOM
Me%}’COOMe Me/é>/ € [
(2R,3S)-epoxy butanoate 65 (2S3R)-65 N
(2R,35)-epoxy butanoate 65 b‘chstothiazole #8, melithiazol$B D& BX (J-chvangunmyein
Me Me
(2R 3S -65 —> \l/'\/ z I'OMe —_— H 2 CHO
~MeoOC Me MeOOC Me
(2R 38) -67 (-)-B-alkoxy acrylate left half 66
congener 68
9 :
2
Hi~Z CHO*‘IPh*P/\(‘)/([:R—» )/(\ﬁ\ﬁR
MeOOC Me MeO OMe
left half 66 rlght half 69
cystothiazole %8, mellthlazol
cystothiazole A : R'=Me, R?=H, R%=Me, R*=Me melithiazol B : R'=Me, R%, R3=-CH,-, R4 Me
cystothiazole B : R'=Me, R2=OH, R3=Me, R*=Me melithiazol E : R'=Me, R?=H, R3=Me, R*=Me
cystothiazole C : R'=H, R%2=H, R%=Me, R“-Me (cys'tthlazoIeA)1 ) . 4
cystothiazole D : R'=H, R? R%=-CH,-, R*=Me melithiazol F : R'=Me, R*=H, R”=H, R®=Ph
- 1 2 3_ 4_
tothi leF : R'=Me RZ%=H mellth!azoIG : R’=Me, R“=H, R =Me, R"=Et
cystotiazole e, B melithiazol H : R'=Me, R2=H, R%H, R%=Me
cystothiazole G : R1:Me, R2=H, R3:H, R4=Me (cys_to_thlzoIeG) 1 5 3 4
melithiazol | : R'=Me, R“=H, R®=H, R"=jso-Pr
melithiazol M : R'=Me, R2, R%=0-, R*=M
Fig. 12. Asymmetric Hydrolysis of (2,3)-anti-2-Acetoxy-3-chloro butanoate 63 with Lipase and Their Application to Natural

Products

EHZEZRT LR ETHHSINLEMTHO X
. ZTOLEYNITHET ST I)LT b R (left half 66)
% (2R, 38)-65 "5 AERKL £ L7z, (2R, 35)-65 D 3
MLIZ7 v F L 2 ERZ B AR, EITT (2R, 35)-67 I
Hx, §lEHi< Pd(II)/CO/MeOH 5 F T
=71V IR 2L RS 2 B ORI LT (—) -68 % &
U E L7z, FIERICERLZAFFITHET S
bithiazole 2R AR = A ¥ (right half 69) & @
Wittig iy, 13 bithiazole & ALK > & DFEE

JSIZ &L D 6 FEFED cystothiazole R RKARY (A, B,
C, D, F, G) & 7 fE® melithiazol & KA (B,
E, F, G, HL I, M) Z&L XL 43D £/,
cystothiazole 2 K% (B, F, G) & melithiazol
ZREY (F, D IZDOWTIEAREAR&LCHEE
PEEER D 5 F DHIEEDIRET H I ENTEEL
7z (Fig. 12), 3239

3-8. (—)-Indolmycin & U Myxothiazol 8D ¢
=951 St 2 @ (2,3) -syn-2-hydroxy ester 70 O

Pseudomonas sp. H 3£ @ lipase ‘““‘Amano PS> 12 K&
HAFT EFIMELEMREL, (2R, 35)-70 (50%,

4%ee) & (28, 3R) -2-acetoxy ester 71 (48%, 95

ee) e E U7z (Fig. 13).%9 (2S,3R)-T1 v 5
Pd fillii N T D o-iodoaniline #% & (K & @ Larock in-
dole kb ZH ML L THEO U EEEZAET
LYY (—)-indolmycin 72 Z &5 L £ L /=. 59
Myxothiazol A 73 & Z 74 13 & H Ik B H Sk D
PIEVMETHD, AT YU L — MG L
bithiazole Rz ff i 5, MWHIEREIEMEZRT Z
ERETHHEINILEMTH S, £DLEE7ITH
Y9 57)5 kb R (eft half 75a, b) O A KITH /=
D, 2R,38)-10 05 f-AMF T UNTIRX
WEB-ANF T UINIATIVIEEZFFDE 7
DEWR(TINTE RIZDODWTIILXEEMAE L.
TaHB, (2R, 35)-710 M5 U UL, acetylene-
carboxylate ##3&E 12 #1 2, MeOH ;&R 1Y H4% cis
10, HEWTERRICK 5 B &R T trans-f-methoxy
acryl ester X3 trans-B-methoxy acryl amide ##% & %
BI2LE¥0ERCARLE LD H¥5D
RISHER I (S) DAFH L% KD bithiazole & A )L
BT —BOKEIED BALICAFRFZEAT ST
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(#)42,3)}-syn- _AmMANOPS _ ™S oH

2-hydroxy ester vinyl acetate Me
70

(2R,38)-70
MeQ OMe / 50% (94% ee)

~ CHO

R OMe
left half : R = OMe, 75a, R =NH,, 75b

(£)-bithiazol alcohol 76

TMS OAc Me
N % =
\(kcoOMe +\:/\CO0Me <E /\rCOOMe>
™S

Me OAc
(2S,3R)- H i
2-acetoxy ester 71
48% (95% ee) | ki
N 0Y

H
(-)-indolmycin 72 NHMe

. S 7S
lipase  Et0OC N)/(/\/ EtOOC NV(\)\/\
or — S OAc + Y N TOH
] \(\_S N)\I/\ \(\‘S s

(2)-bithiazol acetate 77

(S)-76

** BT : @:29—

Me

N)/(/‘i/\/\/l\ﬂe MeO OMe
BTSOZ/\(Lé NN e + f\(k
Me

right half 78 HoN

Me
(R)-77 99% ee

left half 76b

(S)-76 99% ee

MeO OMe §\/\/\/|\a
CHO —> f\l/'\/\(_)/(\ NNMe

H,N" "O
myxothiazol A 73

EOUS S o
BTSOZ/\(\_é NN e+ N— )\WMe
Me

Me
right half 78 MeO™ -0

left half 75a

myxothlazol z 74

Fig. 13. Total Synthesis of Myxothiazols A 73, Z 74

X @ bithiazol alcohol 76 ® R & 7 ¥ )L 1k X 1
bithiazol acetate 77 D ARF MK fEIC L > THRSN
7z (8) -bithiazol alcohol 765 7 & DRI K > TH
LNFELE. ZokdicLTEsNIAYS (right
half 78) & /¥4y (left half 75a, b) & @ Julia-
Kocienski itz 12 & D myxothiazol A 73 O FJH T D
AR FE Ak & myxothiazol Z 74 D AF S K & ZERK L
F L7 (Fig. 13). %60

39, NEHEM T Piericidin D2 EAK  KIC
SRACRUTNOETRERZHET LI LITEX
O Re BT AEBEME (BRSPS IS M A 2w 9 2 fl
faztt) &A 9 % piericidin ¥d 79a, b O & pk & Hiid
LE L&A, 713D 3-keto-2-methyl ester 80 % n-
Bu,NBH, Tig#t L, anti/syn=10:1 OZERETH
i) & 3 5% (2,3) -anti-3-hydroxy-2-methyl ester 81 %
5, INETEFIMEL TEERICOREE LRSS
t 2 D (2,3) -anti-3-acetoxy-2-methyl ester 82 #15 %
L7z, ZHIZTDWT lipase ““Amano A-6 =W T
T i 3‘2@8?@"”‘“ |ZilAB/& 25, (28, 3S)-

82 (47% %ee) & (2R, 3R)-81 (41%, 85%ee)
yRY s brhibt (28, 38)-82 NS ¥ ITHYT

52D 7 =)V ALK K (right half 83a, b)
EHIRL, BERICERLUEAESICHYT 2T IV
b R (left half 84) & @ Julia coupling IZ & D f& &

X T (—) -piericidin B, 79b & (+) -piericidin A,
79a DGR EEMRL £ L (Fig. 14), 9D

4. p-TNAHT—EERWD LTI IILTRE
VEARDE K

AR, BESHASHIRR R CORMICE G L TWwa Z
EENSHEHARITIER 2TV E T, WEkOkE
AR TIIRE, BREOMET, ZILai Ik
IR TOP T AT LA EREZEHO D L THET D
HENH O XTI, BEEN LV IERINIT
KO ZOMEE —~QUIRIRT D2 ENTEDHEER
FlLk. RRICEZLSEET S B-7I)Va RRECHE
KOGk EH®RELT, 77— R#HEKD B-7 )1
a3 4 — ¥ % M\ T p-nitrophenyl-S-glucopyrano-
side E =7 IV I—)L EDFEEFRZE KD ﬁ-ﬁ}I/
)L RIEZ R L, &ZIRIC B-RD 15
52 EERWHUELKE (Fig. 15). 9 ?bhfcﬁ
)V 3 )VECHER D & A SRR R BB S N F ik
fidkE{R (rhodiocyanoside A, osmaronin, sutherlan-
din) Z2&p L EL 7.2 —%, BEElkIILaT
5 —¥ & W5 D-glucose &E—F 7 IV d—) %Kil
RNAEH S 2 FHa5m 2B T O -7 3 2 LR

TRMHIET D B-ZIN AT IEEMPNELLES
N5 EMNHBIL £ Uz, 0369 KRB (R 135
iz >IN TN a=)VEAEEKEET S B-7 )L
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0 1) n-Bu,NBH, / MeOH

MeOOC\HJ\%\Me (anti / syn =10:1)

Me Me 2) acetylation
(£)-3-keto-2-methyl ester 80

MeOOCNMe

OAc
Amano A-6

in phosphate buffer

Me Me

(x)-anti-3-acetoxy-2-methyl ester 82

Ac OH
MeOOC - Z Me + MeOOCWMe

Me Me
(2S,3S)-82, 47% (97% ee),

Me Me
(2R,3R)-3-hydroxy-2-methyl ester 81

l 41% (85% ee)

OH

Me MeO~_~ | Me
—_—
PhO,S Y ¥ Me F Me0” N XY cHo T
M

Me Me Me e

right half 83b ISEhalred

OH
OSiMe,But MO~ Me

PhO,S Y Y Me T Me0” N
hiei M M left half 84

right half 83a

Me Me Me Me

(+)-piericidin A 79a

Fig. 14. Total Synthesis of (—)-Piericidin B; 79b and (+)-Piericidin A; 79a

ROH

/R =\/\r Me
CN

rhodiocyanoside A

-glucosidase ’m’ -
SR ———————> Ho oR =< R=\)\

HO o—<j>—No2 OH CN
_ OH . alkyl-B-glucoside osmaronin
p-nitrophenyl-B-glucoside CH,OH
immobilized B
B-glucosidase HOH,C WRETTR
with ENTP 4000 Ho o CN
ROH + D-glucose ———m > Ho OR sutherlandin

OH
alkyl-B-glucoside

1) immobilized
B-glucosidase
with ENTP 4000

allyl alcohol + D-glucose
2) acetylation

allyl-3-pentaacetyl
glucoside Pd(l)
ArB(OH),
R4

A
HO
HO

AcO

(ON"

OAc
allyl-B-pentaacetyl glucoside 85

HOH.,C RZ R?= R%= H: rosin
HO 9 R2= OH, R®= H: sachaliside 1
+ — ™ HO 6] 2 e R3= H: vimali
OH x R® R?= OMe, R®= H: vimalin

R?= OH, R®= OMe: dtrusin D

0 o R?2 R2= H,R*= OH,R5= H:rosavin
HO™ O\/\/@ R2= OMe, R*= OH,R®= H:
OH o

R2= H,R*= H,R°= OH:

Fig. 15. Enzymatic f-Glucosidation Using S-Glucosidase and Their Application to the Synthesis of Natural Products

)V RECHERN L <FFEL, T OHITIXEMIEME
ZRIIEEMDHLZLNWTT. FEETETEFHBIRFTL D i
mHh, INSOMAIRFEREGRT SLEND
DEI. ZDORE allyl alcohol & D-glucose & D

Vi FTO -7 av IR TE SN
7YV B-ZINaAT REOT&H— K (allyl-f-pen-
taacetyl glucoside 85) 1Zxt9 % 7 U )L iR w7 E
K & @ Pd (IT) fil i 2 F W 5 Mizoroki-Heck % I %
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AL LRI, KA (rosin,
sachaliside 1, vimalin, citrusin D) ZiaH & 54
DO FIINTIVA—=)IVIEEERD -7V a2 )V %
BCHER NGRS NEL /2. 50 ZOFIEIZT HIT2
WNSR2 2 F T I aA—IVFERIKD B-7 )
IR RAREKEIR (rosavin) OB TEGRKIZS
SN E Lz (Fig. 15). 67

5. &HYIC

UEINETREINZHFEITOWTHBE WL X
UZe. i, ARBERARFBORDE L WiERZ L T
FI0, HHEEHREH D ERIT D W THEMARE
RINHAET EMEYCEREDOFFDLELREEDY
AR FEEREEZHS TWS I EEHSNICT
HZEMTERLEESTWET. HUHCERFBEIC
ZOZEIZERL, MMM EZED TEELE
MY, SERE 3R, B REF ARk E 512K
ELLRESE, BEREOSEAHAZHEOPE S
LT, DRSS BRI O T ITA A7 R
K ELBERTHIENTEELE L. FEITRE
Z &, HFEEREAOFEANKRES K E B
U, WifEznEe Uik o s ())5—
B), EWEmAKymEEE B-7IVavy—t) =
RO R, B UL, 2L TROBEEFEY)
IERL TENS OEHFEREZ REICHES Y, £
LTUEHALEZECHAHEESTVET. 3512
JE Ml & DR ABHRITK D FEEEETHDEER
EMEREZ AT EHE< ORI ZEGKRT ST ENT
ZFEFELE. AFRFICRVWH I Pd(D) /CO/
MeOH 4 F TERIL-TIV R ZIMER IR S B ITA
<EBE AN, Phbox U > RDEE AN £F
Lk URISEH T TR T trans-B-methyox-
yacrylate 1G22 B T 5 EMYNEHINETE SN D
ZENMHASNITIRD, SBROFEENHEFEINDS I L
WERDELE® RoN/ZEHOHF TE R EInan
STMFRICDEEL TR THEMBENE T,

HEE AW TRANAFFERRRL, R E T
T (RERRERE AR AT EET), HEA LS
+ GHIFRRZELHEHEER), MgEEsEL (3R]
RHRFILERBAR), A NHET L, IS
TEduii, Z<ORFERE, FHEETEI TR
INBDOTT. AWIEE O —EIESE R FEVTTE
BLOBMERD L L. E<BILHL LT T,

1)

2)

3)

4)

5)

6)

7)

8)

9)

10)

11)

12)

13)

14)

15)

16)

17)

18)
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