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KIRITITNHUC & o THES R, REISRBILS N A~ 1 7V D < b
. WEEEOENEET—7 L LEEEPAIK SIS (Figure 1), filxiX, 1~
TNE IR L LCHWL LD oseltamivir, 381 7va-7 U a2 v 4 —BRAEEMEZ R
7 voglibose, Ht MRSA H L L THWHIN AT X/ 7 U 2 RERPUAEWE O arbekacin %
WHITOND, Lo OEMIEEFEBUL, 75 FRICEZBAFET 5 A F T L ORI TFI
RESHBEINDZ &0, HBEREDOEUNCHFLE L, SRR EMRT D EEN

REND,

} 7 RN v OH

O, COZEt : 1\n/ N

O/ \\\O/\ o K7

AcHN HO OR,
NH, NHCH(CHZOH NH,
oseltamivir voglibose core skeleton of
arbekacin
Figure 1

D DALEWOERICIE, 1) RARICEE RGN AT A 7 VENBHFET S

[ I T — k) 2) WHMEDEORTEEEZ T & IR E L THEM, S BEEE oRES
HHE EFSE) "ZNETEELTHWLNTE T, 1) OfilE LT, TH /NI
D-glucose 7°5H 7 = U = BALEZFHAL CTOANRNY AL IV EFEHE, ZOHL 05
(+)-lycoricidine D& &4 LT\ % (Schemel) 2, L2avL., LR nRFE—REL L

MR R — ZFME A TERRLSMT . ALEZRIRAIRE - BLORGE - SRR &0 TRAZ UV,
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z 0
OH OMOM
0 — = —
- ", —>
HO" “OH Y OMOM
OH N OH O
D-glucose (+)-lycoricidine
Scheme 1

—F. 2) HFELSEIOFE LTE, 7777 UNLEED Diels-Alder S THEHLD
TV RIEOHNVRUEE (TEIEK) ZAFARUULTIVHE L, SDRlERERT
MR B BIER 25 5 /NI B O GENIEH ZFIORT) YR nbiFoh s,
— AT — FE O EAT CIE B BOIIATRM AR DT, B FEARS f 2 2008 0 IR 3 LEE
b, SHICHEOSERZLEL TS (Scheme 2),

0 @]
@O + ||\ —> ﬂl? + ﬂliCOZH —>
y
CO,H CO,H

2N o
ib © \\C02
co, NH3
ackh

o)

/
L\?@ NH3 ’ ‘
)\© “CO,H

H Co,

Scheme 2

FEHIIZOL D KRBT REGRCHEROGZ B L, HREEE LTI H 0%
BHORAIK., BELOENZICHT 268 HWEOGKRERALDL Z & & Uiz, RIFFETH.LHY
V=& LTHWDEERIT, RWIE(LOIBRTT I/ BRO IR TThLE DSR4 IS HIE = fu,
EANZRRMET . SEICRIRN R 2 BT DM CTh 5, SRR LIKT X/ g
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MO SN TEY . FUSHBERARFREEICH 5 Z L6 SRS MT 2
Do ZHHETENL, 1) @WILAEIRMEZ R L7228t B R oOFRE, 2) B
B & BUS R Z B3 DRE ZTE M Uiz, AL TFE TR R EE e A BRI 22 SO 6 AT RE
Thbd, DI, WL TET LRV —HEN DN LD DBREFIFI O Tk
LWz D,

LinL, ZOX ) RAFEWMSMRIEE B OREEIANL S L2063 &
RERONENE BT DT, FEMZRL— RBRROBND, (L —BEREZ MR - FH
FHNTEH L, SESEREMEALAEME G LTl L LT 28N T 5, IHE I,
ThReZ—=NT R LT uF T h oL, B AV AFIETS, VoS-
ERWET 2T AL EIERA L, BREER T L a— v AB L OB 2%, /1 NERKIC

£ v modiolide A D& LA R L TW5 (Scheme 3) ¥,

Me)O\/l(i Y. farinosa /E\OH
MeO Me
MeO OMe
microorganism lipase
-catalyzed reduction |
OPMB
(@]
PMBO P. minuta T™S ]
NN —_—> NV
X X
TMS Y
OH
(0] O
intramolecular
esterification ©) cyclization 0) |
—_— HOC |\ .~ _,’ HO =
oTBS OH
modiolode A

Scheme 3

BEEF 513, SEIARTRFL FE2ZRFL Ne Re 53— TRFESE. E % Hv
— BT N NVEED VR BB, T L A BRI WS, —H,

syn-VA— A OF TN N BILPHB DO L7 EMEB-E R X7 L



MHHFE L, Bk, UV A—BE2 AW EHEREFEDEN L > TENTWS, B=uT
Ja—)L A LT INEERETAHADA—ILB DI a AR EE AL - T, Jacobsen’s &
IZE > THE SN TWAILEW E THE L | taurospongin A DFEX A K EZ R L TV 5

(Scheme 4) %,

epoxide
~ R. rhodochrous =
Bno/ﬂ hydrolase BnO/\<| NC/\(\/ RO,C™ )
< OH
A
0,C EtOH EtO,C — 4YY
i /Y ’ OH OAc OTBS
st04 ¢
PHB B
(biodegradable polymer)
cross
= O
metathesis ROZCW ad 3
A+B —» S OH OAc OTBS o < OH OAc OTBS
Jacobsen's intermediate
for taurospongin A
Scheme 4
ABFEIE, B EA~FURIORTIEAWE T 2b b, ZRETRF AT v 71

F—HEH, F /)T — N ENRE L TS EIFICRITESE - Mt LEERR, £

NENRNRA e b —BESRARMIRY - ARG E &R L7,

esterase COR
W o 2
D, E D, <D
CO,R enzyme-catalyzed “'CO,H '
(*)- hydrolysis
AcO,, CO,Me Pase HO,, CO;Me AcO CO,Me
O/ (Novozym 435) Q/ .
— > .
AcO” E > 500 AcO™ AcO"

CE)TBS OTBS

Scheme 5



TETIE, TEIBRSRET AT L OEERIEESENIIBW T, BER O
BTNV E OGRS & DOWTEE S 2 RGE EdZ A HWE~ & 2R EH LT
(f=—3<" Scheme 5, L&) . HF=ETIL, 7 IEMEFEATREUAS ATRE/R 3 —
TEVHFIMEAT VLN EEITIECDTER, BVOLEIERRME - SHEIRIRA 7 SOG
2R\ TAT O BRI AL A L L7 (Rif~X—< Scheme 5, TEX)

BT T, NF-xBIEMALLER], DHMEQ D& CTlL, =/ vV OAFZRF L%
HEBLPE & 32 First synthesis 2 L 7o, Z O, AF G THRET THlD Z LD TER,
RERGRIROBRE &S I Z . UV 8—8 & W DR ERRA IR 53 & 53 BIRS b i
Frd> o H FIETHER LTz (Scheme 6)

MeQ, OMe
NBoc,

? || C5H11CO \"j@
CsH
O 5 11 Q/

i asymmetric

epoxidation
MeQ_, OMe (2S, 3S 4S)-DHMEQ
. NHy _ o 5 | _ “Pase » >99.9% ee
—
I 10.1 (PS-IM) ?

(46%, 79.8% ee)

CsH1,CO
CsH11CQ l HO.
5 5M111 = H C5H11C? H
(2S,3R)- o . N
b o,

Scheme 6
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B OBEICKBILESNTEEREINVA VB AT VDO AT T —E %
FHN T2 B R 5

1. #&5

Figure 2 1R ZBRIECRF V= 270 113, TOAREMKTHHLI—RT 7 h
2 bEW, NIBIZ XY carba-Neu-5Ac + carba-KDO °&ff 7' Y =2 o & — P RLEFR M2 A
THANAFEEOARFE L LT, ZOBBOLBEEr A S TE i % RUis
Wi, FEHICE->TE I 7 AAKICEIT S PRE YL LTHY b, ITHETIE, EF -
WO & » T B AEMENEYEZ A3 5 epoxyquinol AYRC RKTS-34973 Lo ik & L
TERENL R E, —BERZEDTND,

HQ OH
ho $H CO,H HO®
HO" OH
Am HO OH
HO CO,H
carba-Neu-5Ac JPEEE . N carba-KDO
NH,
AcHN, SQ N
}Q i @? s
. v O CoRr O /
oseltamivir v , ;
1 2
0
NS
O
OH
OH
epoxyquinol A RKTS-34

Figure 2

TEIRKOZRXFTZATNLEFI—RT 7 b r2Z2fB L, 7708727 VVEge
VN D FEFRITZAM 22 R 2 VY, Diels-Alder SIS & $#EBeME & L CRBFIEETH 5, T72b
HBATIMA 3a 1% 4a & ONAREMEEOREMOEE, I — 77 Akl I 7~ 2



~NEBEH, OWNWT, TAHVEET, AbEW 2 DIk fE, 5l&fk< I —RKe KU >
SBIRFIEAOMBEE T, DT 252 L1725, mBICHIVR U EREZ T IV

FUATHZLICEST, FEIEROZRF AT /L1 ~EENTNS (Scheme 7).,

(0] (0]
"o L, — 2 e
</ CO,H ' COH
CO,H
(x)-endo-3a (x)-exo-4a
I R 0
|
o . O CO,R
(£)-2 (£)-1

Scheme 7

TARFVERATIV 1L OFGREMEGHE, TebbHF BT 5L, E OFIBEAK 3
EELDLDHRE LT, TNETEHIREINTWD,

Diels-Alder S Befs THEIERIICAER, Hifdh & L THTH L T< % endo-3a 7 & IR
2L, R)-AFARSDAT I VEEHIE, 3bDUT AT UAY—HEWET D,
ZIND, WMEROEMMEOEZFM L, 2RlE s Z AL 0EE /NS IZE > THE
hckatsniz ¥, ZBR CIEM—ERAICH S TV HETH D, Ll #
P AR A5 21 20%, RIS 2 R b VR T HERH Y, LbZOEE
TlE. (1S,2S,4S)-1K L 2sflif s f5 v 7e v, RHRIZHR 5 (1R, 2R AR)-IR 1L — 7= AViliEiiE oD 7o v
AU E LTts, BEBBRICHDHS)-ATFARU DT I Ui L CHEMR AR RS

VBN EH 5 (Scheme 8)



0 0 Q 0

®
G b 7 ® ﬂ‘j © NH
L‘? + COLH — L\?@ NH + Cco, 3

CO,H CO,
do-3b
(x)-endo-3a endo l ¢
(1S,25,45)-3a (1R,2R,4R)-3a
Scheme 8

—J5, BEHRE ORI EIDY endo-3a IZK L= B~ —DRAfRIZH 5 exo-4b
EXGE LTRE SN TWD, Y athd 7 —T12 80 % I 7 VEROEREE LT,
exo-4b ™ 7 ¥ I {RIZ%F L, Candida antarctica lipase B % F\> 2 &4 38R BN 7K 43 fif 73 4
HEN, L LT Ik exodb AL &9 L LTH, ZDONES % 524U exo-

BNZHEIT 5 Z &3 THREER 720, BRI TN A — L TIIHWL R T2

(Scheme 9)
(0] (0] C. antarctica @) @]
ﬂb L‘b/COZEt lipase B ﬂb Lb/COzH
z COEt + L E—— A COEt + /L
endo:exo 1:9 97% ee
(+)-exo0-4b (1S,2R,4S)-4b (1R,2S,4R)-4a

Scheme 9

ZHITKE L Crout 513, endo-3c DT I KA B LT HMENE xR, T3
K3cizxt L, Z7HHIB=AT 7 —ERK LA TH 72 b O OGS BRIEKF O )

W) 2 &M RT EfEIL 4 S TE HERITE ST ey (Scheme 10),

Q Q pig liver Q Q
Lb esterase b
7 + N _ / + 7
COzMe E=4 COQMG
36% ee 57% ee
(x)-endo-3c (1S,2S,4S5)-3¢c (1R,2R,4R)-3a
Scheme 10
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2. —ERMETARF X7 )V OBGIRIRIINNIIK 537
2-1. EFE DA ) —=2 7

Ak Crout & OHE WEBEIC, ZRETRF DT 270 1 OFERIDLESE %
RADH Ll Lz, FHIL, BEOKIGCREEZ SR SEmL< T2 8k, 2
WEEG RIMEAR D SUSHEE N K VAR T, £ ORER., MGG RIEREIHE 2N E T, Hig
BREL M ETH LB, UENOTRF AT V12 REE L GEE, 2080
(2 xF UBEGSRBINK 53 fift % 3k Fr 7

L L CICEHEENDIA LT 4 DTN DR Y RIZEBBLT-Z LIk,
TARLL BICROGHRITAR T, 2 < OFAD MK SRR 2R D722 b b b3, 1ZE A
EORERITEMEM LR o7z, ZOHTHE— ZTHFIBRTAT 7 —EX 2R TH %

ZEnbirolz (Tablel),

Table 1
o]
enzyme
+
CO,Et | T COEt
O CO,Et O CO5H O
(x)-1b 1a 1b
entry enzyme time (h)  conv (%)
1 A. melleus XP-488 20 N.R.*
protease
2 R. delemar XP-415 24 N. R.
3 K. oxytoca SNSM-87 24 N. R.
esterase L
4 pig liver 24 33
5 [ C. antarctica B 72 N. R.
6 lipase C. rugosa 72 N. R.
7 | pig pancreas 72 N. R.

*N. R. : no reaction



2-2. JJeE B B L= AT v D4y 1k Et & FHM

BE 1b 1Tk L, BERNUK G REOEHRIT, K bIEEO & - LRI 27 7 —F
ZANTS 30%IRE Th o7z, MFENFRENLVEON D MR RMEEEZERT 22
DIZIX, BERED TRFWEZ HIT D] ZLIEE 2 ETHROVD, 7oL 2 BERN/TINE
B BNT S, O EPEIRDS 50% % 8 2 DHsHIER 4 b > TR L2 HUE, REUGENR
RN mm WK RIE T L 2 LIXTE R, £ 2T, INFEHFECREE 22 2 inffiR
D EERA T, £, IWINT 5RO L, UG HZ 2EREETER L2 O
D, FHRITOT N BRETIZ L LERLRNo7c, £ T UHHN TV HHEZRT
NFNVTATNDTAT VNS, B RGIMEEHRIELZE AT 5 L Lz (Scheme 11),
T AT VI E ARG IMEEHEE 2 8 A TR, K 2 52 TR0 T W ERg BMER D
JERPEDNHE U, AR & U TSR SR O SO EE D ZEDN RS L BEIEIUE D ) L

T LD TIHRW &I L7z,

o 0]
(@]
V/ 2 slow é‘?
______ =
O CO.Et O COyH
1b 1a

0o

éb o o @?

COZCHZX O CO,H

1a

Introduction of
electron-withdrawing group

Scheme 11

ZOXIRBENS, R AF AT RATIL 1D, HANREAL L AF LT AT L 16,
raaxzF L 27U M) T Fn LT RTL A1 AEA. 7 X TR AT S

— B E WIS EER LT, 7aa AF LT A7/ 1d 1TIEFICREE T, EEERK

-10 -



HCHRT 5 OATHRBIITIASMEL TLEV, BERMKSORRMEZ M T 2o
7= (entry 3), MiFEFR 1% DN VIR 2 TALEW 1le T, ZEMEIXRIEICH LR
FRUSOIEE E U THoITHRE L7y, BIFFIC L, ST VXL 271 1b
BELO LTS, BIRMEE IR T LT LE -7 (entry4, E=5), UKL,

7auAFNERAT NI D AT L UEREFA L aeF Lz 270 1f 1, %
FEIRPTH I LETH Y, B8 SOSEE L BA-, iR E 50%(22E L7z (entry
5), 52, $EEIRILEEIZ51 &, AF LT AXT /L 1c (E=65) R-F/LTATIL
1b (E=11) R EEEHIC LGBl EFITEWMETH 72 (Table2), Zh b D
MW, 7 F Lz 27 L0, SHICKRETFHEOGNT ATV ALE L LT
AVIUEROEHER K0 b, DF 0 SRR OEN LY KEL LD TIERVdE
WL, N7 FuexF Lo X7 1g 2R Lz, L, BESEZRATZE D
A7 mn XAF)VEL L R, REEE TR TR 2 O TR ENSEIT L T L E W,

FNEEGDT T OEEIXZI THhoT-,

Table 2
o] 0o o]
é\? L é? + éjCOzR
O CO,R 30°C,24h O CO,H o]
(£)-1 1a 1
entry substrate R conv. (%) E value
1 1c CH3 32 6.5
2 1b CH,CH, 33 11
3 1d CH,CI*
4 1e CH,CONH, 26 5
5 1f CH,CH,CI 50 51
6 19 CH,CF,4 50 9

*Suffered from non-enzymatic hydrolysis.

-11 -



2-3. = AT VB DOARMED FOSEIZ 5 2 % 508
CEFRIMEEREZEA LI EDDD LT AN INVAF LT ATV 1e &7
0 e =T L AT L I TIN5 R 27~ L7z (Table 2,entry4,5), Z 2T, leB &
QU D= AT O 7 h HadBs K OVHD IZEH  NMR A7 R DfbFEs 7 K&
BIERD BT AT VABRLOREED H M2 i L7 (Table3), NMR 27 kLo,
7 Fvb Ha, HbIZRT 2007 v FUgd, =mF )Lz X570 1b, ANV AT
TAT) le, ZraZTF LT ATV If WTIOIEMTYH, FEHEMRREICILET D
ZENbmMot, ZOZENE, endo- Bl AT L LXK, ZARF Y ROSKEED =D H
HEEZNSLE SN TEY . 1> T AT VAL EHINARBEE A FEF IR E VD, S5
EHTNEAE, 78 b HaBE O Hb DL 7 FOETH S, BEROSTRIGHED
BErolemF LT AT VI BL ORI A NIV AT LT AT )L 1e IZHAT, BiFTho
rzunxF LT AT UL Tt noF o AT )L 1g T, {B%Y 7 hoZER
HEFIZRENoTz, TNHDOT ATV TiX, 7r b HaA 7w b Hb IZH~FE L
SARHHME L TWDHZ D, Yua b Ha E VR VBEIR LN T U TR
DORERIZH D Z Emeainsd (entry 3), —J7, AANINAF T AT )L 1le TEY
7 b Ha & Hb OEN/NSWZ Lnh | Ha—BeE & Hb—BEE O ifif O R & STk
W eEE 2 55 (entry 1, 2), BLEOEENG, Z7ooxzF L= A7 0 1f & 7N

SNVATF N AT )V le TR ETEREIZKRE 7m0 ND D & LT,

-12 -



Table 3

0 0,

e @ @?
(l) C’O\ Hb Q ,C\
‘ a /1l /CV O’ O
O L YCHoCI JHa

H
| \
0 COZ-E—X @ H-N-c-C.

eclipsed

3 (ppm, CDCl3)

entry  substrate X Ha Hb Ad (Ha-Hb) Jab (Hz)
1 1b CHj 422 4.16 0.06 10.8
2 1e CONH, 469 462 0.07 15.7
3 1f CH,CI 444 432 0.12 11.9
4 19 CF4 458  4.44 0.14 12.5

1980 AR B 7 Z T AT T — 8 & TR R OWI TR RE TN AT D L, S
X FE R HE & W TSR IR S ORRED 5 Jones B2 XY 7 2 Fig= AT 7 —E D
EHEPOLET BB SN TN D W, SRS SO E R Uiz, SUKMEETH
DHHNNINVATIVERT )L e EHKMEERES T L7 a0 F Lo A7)V If O
JEPED B WG RN 2 . Z OBFR OEETLET M H T T, BERMKIiRIE

EMERDICIAET 58 ) UERENIEEO DNV RNV IEA R BT 5 2 LIk ->TRZ S,
ZOBRET VTR, BEOBUKMER 3 3NE S D 2 DD RPN OBUKIIZER (H &
He) & EEOBKMER S EHHEAER T 5 2 DOBIKAIZEM (P& Pg) BERINLTW
L, AR L7z v F o A7)V I ITZEA R~ —DEE, 2 DOBUKAZERIC
NWR=NHE e 7 2 F T AT WSO D LT 4y FTE D, —J5, AN

SAVAFNT ATV Leld, BUKZERTH D Pe BN ANINDOER 2R 51 & T,
FDORERIEH LD T AT VI NVR = VEERIE SN D T2, ROSHEDMET L7z & H#E52

T& % (Figure 3),

-13 -



hydrophobic

62 A
5\.".‘.‘:. ............<............<...‘.......h '.‘S“;r::
pocket o] arh 1;3 i \
(L) @? H b \
L
o] /§3’ \C’ N S
/>O He ‘CH2@ 31k PE
o T
Ser™ Ny o hydrophobic '
X H eclipsed "YQrop . .
pocket (S) H, and Hg: hydrophobic pockets
Pg and Pg: polar binding sites
o hydrophilic
N ', pocket
I WP
@ Fo
H é,Ha 0
H/N_g \Hb \Qj \\\\\O
hydrophobic
pocket (L) '
XSGF\O': g long distance
]

H

Figure 3

2-4. HERSLARBLIE OIRGE

BN RN L > THE U7 LR VR (+)-1a DR SRR E 35 L OB (BRI 1,
BEAEA(+)-5aY & DHBIC L W IRE LT, BARUE(H+)-1a ZEHEICE Y A F kL

7. ap-REFIT AT )L 5a ~FELT-E A, ADENMEERLIZZ ENnD, v

RN U FR(+)-1a 1%, Scheme 12 |2/ T HExf SLAARLE TH D & A o> 7= (Scheme 12),
o)

1 ) 032003
@? DMF
I >

OH : OH
LHMDS :
| —— >0, y O
O CO,H 2)Mel O CO,Me THF.-78°C CO,Me CO,Me
(+)-1a (+)-1c (-)-5a ‘ (+)-5a
[alp —200 5 lalp +213
(c 1.0, MeOH) ' (c 1.0, MeOH)

Scheme 12

-14 -



— 07 REOGEUFEN-)-1f oSG EER==I%, fndo K9 (Za,p-REafim 27 L

(+)-5b & L. HPLC /o412 XV 99.4% ee TH D Z & afEi8 L7~ (Scheme 13),

0 . CO,CH,CH,CI
LHMDS oy

I ~/Co,CH,cH,cI THF.-78°C

o)

OH
(-)-1f (+)-5b

97%, 99.4% ee

Scheme 13

2-5. B O KBRS
CZETOMRIZEIY, Z7aunF Lo AT )V If 2 BB E L TRKTHZ &0

T& T, ARMRERKRE KEA T —/VCEMT 5 72DI100%, EEORERIEOMENL R
HHD, YU, WEEROHERD 7 au T fbizix, Z7rra—RZZ L)

FEFICEMA T VXA EZER L7 oo nF Lo 250 If Z2#E L CTuW/= (Scheme

14),
| 9] e} ®0 0
KOH Kl ICH,CH,CI
—_— > e
| [CHC] I
% O COXK O  CO,CH,CH,CI
(+)-2 79% 2 steps
(x)-1f
Scheme 14

L L ZDOHETIE, TV UALRINIEF 1@ e O REARITZEO 2, £ Z T,
vVrunx X Uk RISEEFRT VbRl E LT, Zrr T b el Ty, avE
JR A BB RE MR W E R 7120 2 D & ORI A B & L T HARWEE T LN E
R 1 135 bieinodz (entry 2), 22T, RISRNTZ mr I — Rm¥ U &54ES

Lo LaviklV vazimLlEn, PTRIMCE DA > TIERMETLTLE- T

-15 -



(entry 3), T DFRKNZFEAICHET LT=E Z A, I— KT 7 F v 2 DMASRIZE T
ELTL a3 UM A DNEMO 7 aa = F )L AT )LD TR X v RTx LR

WE HOFERTHAITI—RTZ Fo220RBIAELTL B2 RNbhoT,

Table 4

Q 0

| R
KOH \,
A\e
2) XCH,CH,CI
O 2 2 0O
O  additive CochzCHzCl X7y OCH,CHCI
(£)-2 (+)-1f (£)-2

entry XCH,CH,Cl additive time (h) vyield (%)

1 | - 3 79
2 Cl - 120 35
3 Cl Kl 120 3

Z 2T, RUSHREED VAR ez e, SRR LZOL, Yrunx 2o LRk
AV LERNTDEND ATMT V=DM THRICERATZEZ A, HRYET DY

D TF N AT NI ETI%E WO IERTEALZ LR TEx 5 L 927 > 7~ (Scheme 15),

Q 0
| LR K,COs3
KOH éb CICH,CH,CI
> 0® |
o—, BOH | L Lok ;I COK oME O CO,CH,CH,CI
(¥)-2 quant. (+)-1f

71% 2 steps

Scheme 15

ZOXHIC LT, REREN AR/ oo TF Lo 27V If 2 EE L, T
PSR (entry 1) 7B A7 — V& BEIFBERMGERRTZE T A, iRl GGt L
ICHB I SH#EIT LT (entry3), KREESK TIE= A MHIECHEIEY OB D FEELE

BlcBWThTLar7ua~v 97 40— R0 NWZ EREE L, AFr—LT v 7HIC

-16 -



X pH ZEZ S 2 DA TN R Ul = AT VA LT, 3. RIsREWD
STZABRPEIC U CTRER 22 KE S BT tR. RIBAKSZET R U AZINAs 7 A VS LR
FOSIEENCdo 5 = A7 V2 AT B K 0 Al FBOUKA O pH 2 FRVEIC R Linihh
(S &Y RISERTH D VR Uiz BT 5 Z EICkE), FEHRIC BAMED =I5k

TN T HZ LN TET- (Table ),

Table 5
0] 0]
| -
O  CO,CH,CH,CI O CO,H
PLE (+)-1a
—> separated by
0 0 solvent extraction
éﬁcozwzcmzc:l éjCOZCHZCHch .
@] @]
(£)-1f (-)-1f
(+)1a (-)-1f
entry  sub. (mmol) conv. (%) E value
ee (P) (%) ee (S) (%)
1 0.2 50 89.0 — 51
2 1.7 52 90.6 99.4 116
3 4.6 56 77.3 99.9 53

3. B D A WE M B~ D R B
3-1. AEZ I PR ~DFHE

FHOIF, I—FF 7 b2 bR L, REFITRE = ATV 5c M+ 54 2
TR 6 OAREBE "L TWER, TOMRETIETEIARPLHREL TV
(Scheme 16, LEB%), H L. =ARF T AT /L5 MG AR E L CREICHE
TEIUL, T LWARIEE LTI SN D, £ 2 CEEERUS T BV 1 LR VR (+)-1a
T FALL, DEBWELETH D LHMDS % V72 Btz & v =R %o R 2B

% EFRFIZ, V7 4 VEBE, LAY Th DRI ARF v = A7 )1 (-)-5c £ T

-17 -



3T, IR T0% TH D Z L Tx7- (Scheme 16, FE%).

OH

D\ AcHN,,
o | =, | ]
CO,Et } COzEt CO,Et
(£)-5 oseltam|V|r
(racemic)
OH
Q 1) CSzCO3 Q
DME LHMDS .
l > A THF, -78 °C O,
O Co,H 2)Et O CO,Et CO,Et
909
(+)-1a (+)-1b & (-)-5¢
78% 2 steps
Scheme 16

3-2.3-TEVF IMT AT L~DiFHE

BERNK DR DR ISEINER Th 5 7 m e =F )L X7 1 (-)-1f (>99.9% ee)l
vitamin D3 D FEEA ) reserpine DJFEL O KA RAL AWM O A RIFE N E L THE A
BT UFIME(-)-Ta ~EFETH L L Lz (Scheme 17), Z D DIEy ¥ I FARRE
[CE DA TIIMAGT 5 2 LM TERVIPE T, vF IO 5121 C3 LD
HANLARAC T 2 SR L 72 T V72 720, ZHVE TOEMBITIX, Wi b RIER G
DBPUEE RS R SN T 1,

T AT IVOBR-ELIZHE SRR % & DHE (-)-1f (2% L TH LHMDS % Hu 7z BRI 3

RIZERP %A T 5 Z &7 < BAFRIURCTHMYI(+)-5b ~ L B & /-, ARIEEICHE

ALl vu=F VST ROER R <, =ARFVEREEZEHER S 2 R T B UK
DIRCE D INR LT D ENTET, —h, Kkt haliihld 52270
LD, SESERAMT AT ILA~GFEEST L2 bR 7o, &E&IS, NKS
RCHEOLNTZINVRUBRICE EN D TR UERONME RN ARBRIT, EEO ) 7
VAT FEEAEAE T 2, RSO BN T U ALk USTARIC IR & N 72 03 B A 8RR A |2
KERIE DM ATk, 3-= By % 2 R(-)-7Ta & E W IR T,
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ARFECE D SECBRAERBES, SR EMED ALY A 7 LSk

SEGEMEIR L LT, BTEOEWEIRM: CHEFTREIZ 72 o 7=,

Q CO,CH,CH,CI HO CO,H
LHMDS o 1) KOH
(|) CO,CH,CH,CI THF,-78 °C 2)CF;COOH  HO“
OH OH
(-)-1f (+)-5b (-)-7a
80% 2 steps
Cs,C03 [o]p —33 (¢ 0.32, H,0)
ROH 19
[a]p —31 (c 0.1, H,0)'®)
CO,R
oy, (+)-5a: R = Me
c: Et
OH d: Bn
(+)-5
Scheme 17
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= UN—BREMHLEZ, 27U F—VHEOLE - iRy e

1 5

RKINZEE CREILKBLSNTY 27 ) b=V E LT, UF I, T ENIAR
BN TV (Figure 4) 20, 2 b OB % 1E ) L T EMIEIEWE DA K.
b DWNIA ) M VBEY B IR R AR L D LT O DRICRIBEICR D D

ES
1T, S U IS DKER I 2 A BRI A IO (R - PR 2 TR Th D 2,

OH OH
HO, COMe  HO,, 9toMe  Ho OH Meo:©,0H
OH OH
shikimic ester quinic ester myo-inositol quebrachitol
Figure 4

ZOXHEREICR L, 2002 HIZ Gotor HiEvF I AT L 8a kLY X—E &
TER &8, MESEBIR 7 B F LB AZ DT 2, 72 FAGITSLIRREE D B85 7
VY C-3 N LY C-5 NS LEESERICHELT L7228, IERIZAR WV S O DNARAIIZ 2 E E W

CANMETHLRT BT /M TLEW, (EERMEIT 0 EITE 2 2) > 7= (Scheme

18),
HO//,,( COZMe C_ antarctlca ACO/,,I, COZMe HO//,I' Cone HO/,”, COZMe
. lipase B . + . + o
HOY I—tT HO AcO" HO
vinyl acetate
OH conv. 55% OH OH OAc
8a 45% 18% 37%
Scheme 18

EZHII., hETHTa—, b RaXx ) VER EESERY A—/VEONEBEIERA

FEB SIS A BT 229 Gotor HAME L= F I 27/ 8a D 1 0 F7-
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MU LTz 3-m v F I A7 )L Th 1Tk L, B &2 W oA E IR —

AT ICIZBIR AR BRETT5 2 L & LT,

2. UNR—BEHNW= 7 U b=V D SEARIEIR SOS
2-1.3-T BT F IWET AT VTKET HALE - BIGRIR T 2 AL DA

ID3FTEVHFIMT ATV TbIET T &7 27 VLR Diels-Alder St % HI% BL
L. TEIER, TRbLEHE RIEROSERIRSWNRS D OKEICRELFTRE/WE T
bHo FE_ESZR), 22C, BATTEIRERLELLTHWS LI, 2D X
INZT DL, UFIMT AT 8a LHANIKLFE L DITOARER T2 3-= % I
T ATV Th T, 1) MERIPEICE D X 9 72EWNRE T 50, &) Iz, 2) 81
G BRI OB, BIRMEDZE & W R FT7C AT, S HITHBREEV,

Fil, IR 2 EFIMBT ATV Tb ZHEE L, FHO Y —8 & il &
LTHR E =V EER S E 57 B F /Wb BEE TLC 942 & Y Candida actarctica lipase
BORAEITHDZ ENDI o7, Gotor LW F IR A7 /L 8a CTIIfz E SRk
MZ LWDITH L, DF D C-3 MDD BNAMMEEN R DALEW Th Tk, *HREYZRHR
547z (Scheme 19), TLC b, #Hi7zlicA U2 DO ARy M2 HEE, BRI L-EZ
A, C3NLE CARNDRENENT B F MR EIT LI, £/ 78X — b 7c & 7d 035
ST EAVHIBA LT, BRI T Vb S 8 B R OHME AR E 1. LU O
EOICRE LT, CINITT BT MENE Z »7-F /) T — b 7d 23, ADIEEMHEE R
L. BEZIE DREYErE 2 & o Hele» & Scheme 19 12773 & 9 12(BR,4R,59)-7d & U 9 Hakt

SMARBLE TH D Z Lo,
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HO COzMe HO, COzMe
—_—
HO™ AcO™
{+ OH OH
b C. antarctica Tc
lipase B [odp +11
o vinyl acetate (c 0.90, CHCl3)
HO,, CO,Me AcO,, CO,Me  AcO CO,Me
O — Ty
HO™ HO™ ™ HO™
OH OH OH
ent-7Tb 7d 7d
lalp —12 [a]D +38
(c 0.60, CHCl3) (c 1.07, CHCI3)?®
Scheme 19
O, EEMREEREWVOBENDIEH o EITNIRNL DD, BB EMEE

Za il U 72 S DALEIBIR 2 BUS R Z > T D & o | BREWERS G Oz, L

L, A= To ZBEH L LI2Sa, AL TS 2bEW 7c & TdiE. WIFnbE

)T F RO, U BTN T AT~ NI T 7 0 —% 555 BT T IR
Tho., Ly 7d 1T T 5 trans-P 4 — LV OREER AT 5 DT, &kt E 2 Dok
i XBITEE LV, MU A— 7Tb ZH WIS TE LN RS Ak, migEg R

Z A B DS E O E R

PEIR & H1Z C-5 ALDIKIRIED FUSHEA T &y 5 32T,
REEEALTH, USERIZIIRE Bz 52w EZO6ND, TOL I E %

BRL, SOICERC RG22 & & L,

LL

2-2. C-5 (i /KERHEC TBS H %8 A L 72 FE ol

LI EDBSNG Bz B L LT CENOWREDKEIE%Z TBS A THR#ELZ T 3
ROA— Tf 2O LT, EPBEEIC L 0 RFTREZ2 m R & o 2 7L 5a¥ kg kI
TBS AAEA LT, DWT, 10% kU 7 /LA v FEFE/KESHRIZ K » TR F 2 K 5d DL

BTN FEEHIEA L2 DD TBS BEE TOME L CLEWEMERIBEMIC - T
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LEol, 22T, ZARFU R 6d (XL, A v TIVED LD TF A ZNA Al LT
v 7 U AGEIRE PN R e v RE SRS CHIBE, 5 &#i% DDQ % MV =ik
BRI L T, TOMMEDO B L A0 — L T AR L, 510, P I %
s LT, 80 DMAP f7(E, KEERCTT B F ik, = 2T AL 5 5

T —FTg EEmWIERETHED Z L3 TE 7= (Scheme 20),

CO,Me TBSCI co,Me PMBOH om0 Co,Me
o imidazole Yb(OTf)3
I, —_— tty, —_—
CH,Cl, CHyCl, HO™
OH 95% OTBS 84% OTBS

(+)-5a (£)-5d (£)-Te
DDQ HO, CO,Me Ac,0, DMAP AcO CO,Me
EEE—— —_—
CH,Cl, /H,O  po Py AcO™

93% OTBS 93% OTBS

(£)-7f (£)-7g

Scheme 20

2-3. U R—B &AW EREKIBEONE - SEGEIRE T > b DFRI

KD 2-1 #i Tik 7= 2 A4 — /L 7f 125 L.tk ® T Candida antarctica lipase B (Novozym®
435) & H\, Bt e =V 2 EH S5 7 v F b &2 R A 7= (Scheme 21), C-5 (LIZ&H
VVEHASL AN U7 R 7F Tl C-5 O NLIRRE ZES . C-A LT F b E T
fEEMMNETL D Z L7 MIFFEY C3MLOT VLT /b3 — Lk LT O BN EEERRN
CT B FNIEAEAT D 2 ENTE T, REUGEMUFE 7f 36 L OSUS AR 7Th D4
PRI IL, EILEI T77.6% ee & 75.4% ee & Mg BMERRICH] & 2725 B 728 il S

U, BB EfEIX 166 TH o7,
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HO CO,Me C. antarcticaB Qo CO,Me AcO,

. COzMe
) lipase .\ O/
HO' vinyl acetate ~ HO™ HO

OTBS E=16.6 OTBS OTBS
(2)-7f 7f ent-Th
34%, 77.6% ee 48%, 75.4% ee
Scheme 21

ZOEIIZCHMIIMIEmWEBREZEALZZ LTk, ERRICKEEL T
BF T D Z LI LTz, C-3 fLDKIEREDEEE2 S b Em < T, Sifgs
PFREZEY —Er LT 20 TERWNHEMFF LT, £2C, C4OKEEREE Fry ©J5F
EOZHEN, R AFAFXFY = A5 85 704 R 5 — k& proton sponge®% U,
AFMACLIE 7 ~ L B8, LBk &R URM TSRO il Tz, & ZTAHM, CARLHR
KEEFEDIE TF 1T, NE@EWA XU EEE2 SO 7) Tik, TSN B EE5R IR
WEMEIZ33 £ T FLTLE -7 (Scheme 22), ZDZ LIX CANE A RFTHEL L
T HE 7] TR, OB T 2T B F L DOEEN 2 > TR T, TOREE LT
BVEME L OOSEREOEN Kb E X b,

-24 -



CO,Me
o),

1) PMBOH
Yb(OTf),

2) proton sponge

PMBO,, CO,Me
- O/ DDQ
MeO CHoCly / Ho0

OTBS Me3OBF,, CH,Cl, 5TBS (5:2)
(£)-5d 56% 2 steps (#)-7i quant.
e HO,,,;@/COZMe ACOD/COZMe
MeO™ Y MeO™ Y
OTBS ) C. antarctica OTBS
(3R,4S,5S)-7j “pase B 7k
(i)'< vinyl acetate 20%, 44.6% ee
HO CO,Me E=33 HO. CO,Me
MeO™ MeO™
OTBS OTBS
\_ (3S,4R,5R)-7j 7j
32%, 16.4% ee
Scheme 22

2-4. V=B a2 HWIALE - BRI = X 7 L Ag i

A NXVEEBEANLTALAEY 7] O%E . C-3NKERIEDNKEE N AL, 0z &
INT I ALDER, HilgE =L L LR Y NGBS D T U VEERE GRS
T5 REZAL L LTOERPRHEE-T2LBExbND, £ T, HILWEELELTYT
X = FTgERE LT, ZOHLDIE CANMITEBRIENEAINTWHDHLOD, C-3LY
TARATIVT, BRI IRV VKBENKET S, T720bb, ZOREIT RETH
ELTHRET 22812725, U7X — 1 O%E, CAMIZETRIIEEINZEAINT
WEDT, CINT 'Y — MI—EREAOKEELZ TR0, TOME, Lk
O EnsifEsns (Figure5), ZD X 5 BRIEEICXT L, BEEEZHW e AT V3%

AArH e L,
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lower enhanced

_.-* nucleophilicity ;ﬁ:,—~"aecvophmcny
&
HO. CO,Me HsC™ O COzMe
I,’—-~\\\\\ ,”—}\{\\
| MeO", | AcO"
N OTBS ...” OTBS

steric hindrance

Figure 5

L TAT, BERREA WD = AT VAZHII RIS TH O | RIS O CITREIAT
DEFET AT WK T DO KV | HWERRA D EIR RS Ed D —EDRICEL
e ZAT, ZNUUEEIT LR 2o TCLEIR—NAH D, £Z T, ZAT AL TH
WAHTI)Va—) )V EROWRKIGHEZ DIz W raxrg ) —)Lb L, T —
N 7R D AT A A R T (Table6) 0, o7 u2r % ) — L 3MEM L CRIAL
THY X FAT v H— M, BEEMETH.OO® Y KB BRI E A2 T IC
KW, AR LT 84— FBFOREFH & LTI PR HEZ DI WD
Tdh D, REOSEIIFER 79 36 X OBUSAERD 71 OFAGREREIRITZ LN 54.2% ee &
98.4% ee T, ZNE TOT I /MKIZHEA~GHIEIREL E BT 200 DL ELIEFITE S ol
(entry 1), LA L ZOFMETIE, SHRITT ) 36% & ARG E O IS AT e i
BMEARD R > TN D OT, ERNRSE LTV, 22T, NREZH I 2
7, WIFEE Y BOSEE ITE < R AR E LT, SiE BRI OSBRI L IEF I L < S

skt RIFICE T 72 (entry 2,3),
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Table 6

AcO, COzMe C. antarctica B AcO COzMe HO/,,,, COzMe
lipase . O/
o _— o
AcO" O—OH AcO" AcO Y
OTBS OTBS OTBS
24 h
(¥)-79 79 71
79 71
entr temp. (°C) conv. (% E value
y p. (°C) (%) (% ee) (% ee)
1 r.t 36 54.2 98.4 214
2 50 45 81.8 >09.9 >500
3 65 47 87.6 >99.9 >500

ZD&E, Ch5 NITEHA LT TBS HDSIKIEE DBITIREN Th o7, 2ERS
C-5 NLDOR#IEE T T NI 2 72 M) TR X —F Tm ZREEHRE, R 271
M m R T & Z A (Scheme 23), ZivE TaL UG Lo 7 C-5 LD KEEIEIZ % L
THT AT AP ET, 78X —F In PAELTLESTZNLTHSL, SIHIT, £
OGS EIECEE 7m D854 A =R 1% 56.8% ee TH V) | HifasR) b HEH S 5 855 Bk
SR E I 3.4 B LB BIR T Lz, EDOREREY, 3= FIWM=
TV TR DR LU, 1) CHALITK LN E @V TBS A E A 2) C-AMLDT &

FUENET LB RGIVEOFELRZFIT Lic, = AT VB MPZNRITH 5 &kl

L7,
AcO, COzMe C. antarcticaB AcO COZMe AcO, COzMe HO/,,/ COzMe
lipase '

AcO™ — AcO™ * = *

OAc OAc OH OAc

(£)-7Tm 24h,65°C 7m 7n 70
E=34
37%, 56.8% ee 18% 45%
Scheme 23
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2-5. e LR E DR E

(LERINA) 72 = AT VAH SERIRIR 72 B 37 0 B 2 [AIRFI2AT 5 HiEE R L7z
L OO, WA ORI SARE NS ASHOE E TIIAHME~DORAL AR TH D,
ZTIZT, TATAKBTEONEZT VLT ILa— L NN OT VN DOSAR LS 2 Kiis L,

BT D KRR E 2 A+ D BRI E 8d ISHFE L Tt 2 i L= 2, 97,

T Y NT 3= 7 O C-3 N DUEBEKIEIEITT LA VK EZE AN Bt U A% H0
TREHEBICL VSRR LY T® X — b 8 2157, D\WT, TBSE%ZRE, 0%
FEEIZEIDTEF UL N TEX—F8d~FE LT, ZOLODRENRMETT T A
DR L, RO % I fig= 27 L(3R,4R,5R)-8d D g & o bz X v FERIK
I % X [#(3S,45,55)-8d & HfEE L7- (Scheme24), Z Db DL, RIREWIENMEDE Gk
(CHET 208 LW R E L Tif S LD,

HO,, co 1) MsCl, Et;N AcO CO,M
2Me s AcO COMe 1par Acon 2V1e
CH,Cl, >
2) CsOAc AcO” ™Y THF HO™ ™
oTBS 18-crown-6 OTBS 46% OAc
71 toluene 8b 8c
(fast isomer) 65%, 2 steps
AcO CO,Me AcO,, CO,Me
Ac,0, DMAP Ij/
Py AcO™ Y AcO®
88% OAc OAc
(+)-8d (-)-8d
[alp +180.2 [alp -172.4
(c 0.52, CHCI3) (c 0.47, CHCI5)?®)
Scheme 24

3. EMiEEE b O 7 U h—=)LVFHO AT T
SrBE LTS MR A EHIERT A0

2-4 HiTlE, BERBUSIZIT DM T 720 B RUSHED O SR SRR ) & HFE
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HRESAL DR Z1E) L O a2 R L, FERRR S F I 271 8d AR LT
bOD, T IMKEHIET HHEMGRMEEOEEL VW) FERICH EOIRY . Mg RM
K& BICERITIER T 2 FIEORRIINATH D, € T, BERLUSRITRRUSITE
ELTHURESND 79 2B AN STEFRO T THB A a7 ) 2 v X —BHEEEZ R
3 voglibose 30 & Ty & L, ZORIEEA L L CHIRE SN D VA4 —/L 10a ~DZEH & iit
THZEE LI, ZOVA—10a b C6 M FRICE =7 Va—LazlK LT, &
L7 4 R ELIL, bEDOYT X — N Tg 2 HIRK LR O LWLk bF %2 o1k

BWRE~KE < BBITE % (Scheme 25) 3,

b ton
HO 5 AcO, 3 ,CO,Me AcO COsMe
O™ =00 =
HO™ ™Y AcO™ N8 AcO"
NHCH(CH,0H), OTBS OTBS
voglibose 9 10a 79

ﬂ (slow isomer)
OAc

AcO CO,Me AcO,:CECOZMe
AcO™ :;: T Ac0” Y 0Ac
OAc OAc

11

Scheme 25

3-2. AR - (ZEIRIREIKERL & B TR LUV R A~

P 8 S D Be S TR BOS EIEEF & LT 64T < % 79 % voglibose (O)IZ75ET 5 &
AT, CHALIFEFEREA TR INMERETE D720, ALV 7 4 »vb C-1 & C-2
LK LT, Hic VA= Zo-BlmlBEAT L 2 LA RERHETH D, Z OMEIC
kU, ROCHEAN TR LA A I U LA EAERT DA I VLB H VU LK,
N-AF/LENARY -N-FF2 REHBRAE LTMADE NS FEMET, P Fr¥ ik
A Te, WIFFE Y C-3MLITEANLZB-EEM DT & b % ENVRET & L THRAIC
BE. C-lBXUC2/Ca-Ailm T b Fr kA3, AL 4254 —/L 10a 73
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U TET, 2O B-ELMO VA — IR AR L TW o2, ¥4 —/1 10a @ TBS
B IRFN 72 50F N CHURTE L7254, 2 AT —#kT L a3 — L O RN T & F 1k,
7 hT7 TS — b 100 5,

Ve Mk Al oKBEOR T, LT E~DOFET 5 Z LI XY M
HDTWD, £T, T 778X — 1002k L. FEFITIEM 2 S TRISHETT 5
Martin’s sulfurane %z FHV\iAK, A L7 ¢ > 11 & BAFZRINER CH 70, & OB HIZES LTI,
C-5NKIBIED SRR F D BN RKE S NP EEWTBS KN L 7B F L~ L2527 10b
(T D ENARARTHoTz, ALV T 4 NWIFADEMEZ R L, BEEWE D
(3S,4R,5R,65)-11 DFEN:AME & D Lb#ziZ L v | (3R,45,55,6R)-11 & W ) #axt SAABLE CTH 5 =
Ebhrot= ) HK%I2, DIBAL & MWV o B-REARIT X7 )L &I, W\ o 7o AEEE L 72
ST TOREEREZT B F /AL LBEEIE 12 ~ L35, SR 2 & e S 2 40

THeZR LT % (Scheme 26) 2,

OH QAc
z OH H
AcO COMe cat. K;080,(0H);  AcO A 5.COMe ) TBAF,ACOH ) (o & OHoo,me
NMO THF _
AcO’ £-BUOH / HyO AcO™ 2) Ac,0, py AcO™
OTBS
89% OTBS 55% 2 steps OAc
79 10a 10b
(slow isomer)
OAc OAc OAc
1 1) DIBAL AcOL AcO, CO,Me
Martin's sulfurane " COzMe THE ¢ OAc 2
(. _—
CH,Cl, AO™ 2) Ac0,py  AcO™ AcO” Y
92% OAc 34% 2 Steps OAc OAc
(3R,4S,5S,6R)-11 1-epi-valienol (3S,4R,5R,65)-11
[alp —40 pentaacetate 12 lodp +23
(c 1.25, CHCI3) (c 0.68, CHCI3)3"

Scheme 26
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FUE ALFIARFT AR X OBEREMB)S 2T L
NF-xB JE (VB ERA], (2S,3S,4S)-DHMEQ DAk

1. 5

NF-kB (%, 1986 4-\Z Baltimore 512 &> T B MifdDfE 7/ v 7 U o w BEHER O~

NSRS T oY L8 L LTRE S ¥, & 512, lipopolysaccharide

(LPS) HIRIZ & 0 NF-kB 2SEMEAL 095 Z LR &En, BETIH~ /7 n 77—V %1
UHZ < OMBTRIEL TWDZ ERHBAINTWD, NFkBIZ.DNAT 7 4 =7 4 7
T A VR S, T2 NF-kB 13 65kD D % 237 & (p65, RelA, gene: 11q13) & 50kD
DX R (950, NF-kBl) OF 7= hinb 722 “RIKThHD P,

D& TN N RKmEOK 300 7 X/ FEfEIE (rel homology domain: RHD)
IZBWT, c-rel X0 v-rel DFFEFEB THFEMZTRT Z LII2X 0, “rel / NF-xB family” & I
ITHTVWS, NF-kB 24 5K 713, Rel A (p65)°?, p50°3), RelB®, p52%), c-Rel*®m> 5
ONMESH, TNOHRREHDWII~NT 0L A ~v—2BT 5 2 LIC K VEEERT &
L COMREEZBET 5, NFxBIEMEICITEE LT 2 FEORKAIFEL, 1) p65, p50
%41 L 7= canonical (classical) NF-xB # . 2) RelB, p52 % /I L 7= non-canonical (alternative)

NF-xB % T& % (Figure 6) *Y,
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canonical path non-canonical path

LPS @
TLR4 CD40

n TRAF NIK cytoplasm

l phosphorylation 1

IkB-o '\. processing of p100

\'degradationo ° @@

IL-1,6,8,12, TNF-o,
INOS, COX-2, etc

[

kB site Target gene

Figure 6

Canonical (classical) NF-xB #%# I, inhibitor of kappa B (IkB) Dl =~ k L&
52 EICE Y NFkB a2y hr—L &8T5, LiL, TNFa IL-1 12X - T NF-xB
PIEMAL SN D & IKK I X0 1kB-p2s Y g1k P&, IkB-a./ IkB-B / NEMO DL
M OTF TV —INT &0 S FGERED 1B-an S E 5 SIS BT ), RN A
FARRRT RS —=V AZ N7 Efililid 5 2 L2k 0, BOEM L, HEeT
R AMENCBI G5 2 EdbhoTz ®,

—7J7. non-canonical NF-xB #2# Tix., NIK 2/ L IKK alZ X Y RelB OFHFi> p100
D7ty 7 H NFxB OTEMALZ 4 L Ty 2%, pl00 (X, canonical ® IkB-BIZHHY
L. FE DR IREETIE RelB OIEMEZMIHI L T 5, LLZRR S, NIK 8B 7T
NEZIT % L pl00 iE, 1) IKK al2 k25 U vk, 2)plo0 7t v 7 3) ploo

23 NF-xB # kK +Tdh 2 p52 £ 729 . 4)RelB & D~T XA ~—%Fk. «B IO
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PEALDSERNZAT DA HAITIL A CERE, AIDS 22 EDJRKO—DI270 5 L #ES
nNTND M,

NF-kB OTEME(LIL, FEOHURBMITE, RAE. HRESUGR EICIROWBEEN G 5 Z L 23D )
S T& T, L7 > T, NF-kBIEME(LBREANT. HUBAIRCHIRIEAR & L THNIZEL &
EZOI, SESERIN—T L > TEICEBEREMTOR TE ™), & 2L,
TuFy V) —AERET L — R® (Figure 7) %, IkB-BOSRAMIHIT 2 = L1
£V B-aDENBATEHIE, ZOREE, RIEMD A MU A L7 E2RBLT D 2 &<
BHEMEEZ T AR F— 2 (MRERE) ~EEEXZLNATWD, LLARRb, IkB-f
Do LML Y 7T IAREO EFEICAHS L, FREICALE T D DNA R°F 7 g
WL, BHEANBESND, Z0kd, Fa77 Y —ARER DL 0 & RIVERERA
MR TE 2FEBNDOBRFEN KD B, & <IZ kB MIEZER & U0 FERTERIEOBIR

TEBETH D,

Velcade

Figure 7

WAFFEE TIE, B MIROTEE(L &2 BRI IH T X 23841 & LT, MiadEEoKuy
NF-xB IEPE(LFE 25 DHMEQ (13a) % % i L 7= %9, DHMEQ i%. 7 &¥H 0 —FE Lentinus
crinitu 7> 5 HLAE = 71 NF-xB V&AL ENEH 2 A3 % panepoxydone D =RF T b R
J VRN A FEAE KRS & L. Amicolatopsis JE& D RNFEEEEEN b BEE S - hiAEME o —fE
epoxyquinomicin C 4% U F/L7 I NE 2B LIiiE L & 5 90V NF-xB 1EPE LR

e %R Aba®m T 5 (Scheme 27) 0,
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(2S,3S,4S)-DHMEQ (13a) panepoxydone epoxyquinomicin C
dehydroxymethyl
epoxyquinomicin C

Scheme 27

ST DHMEQ (13a)i21% 2,340 =PRI A F R LA AT 2508, =RV EREED -
B, EERICIX A FEEO SR ERERO BB FRETH 5, BIBMAO=RF v > ) v &2EILT
B BE RS SEARERINAICHELT U B4R & LT 530 T & 72 (2R*,3R* 4R*)- SR A3 A
WIENE Z FRIR IR SN T & 7o, MBG AR TEREDOEZER LT~ BT, FI/L
EEMERTDHPLC iy v~ v 777 4 =2 X 0 S BYERE S L= 2 A,

D e % 715 37(2S,35,49)-13a D AW TEE (2R,3R,4R)-13a & Hlk L T 1050 B2 &
Y YISy e

& b2, DHMEQ ® NF-kB {EPEALINHNI 64 2 /E R IL, Tk £ TIcHE S hTw
57 uT A —LRERTH DL — RO, IKK & % —% >~ b &9 % panepoxydone &
[ZH20)  NFkB X U 8T TG END VAT A VIR LA LEBITZIET S 2 &
Hinor= Y, BRI, NF-kB K T-Téh % p65 D DNA F5A B A A B L=
Cys38 [ EBILAHEAT D Z L, #2227 —DHMEQ #HA1AD TOF-MS (2 X 1 i &

NTEBY, ZhaiEL p65 @ DNA fEEIEMEZH5E4 % (Figure 8),
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Structure of p65/p50-DNA complex

Among nine possible amino residue, only 105
Cys38 specifically attacked.
Figure 8

ET NG E LT, DHMEQ (13a) & v AT A V DFFEIK 14 ZEHS®T-L 2 A, K
JEHEDENTRF TERODITIRKFITH L, AT RUVEORELED E Z > TH
B L7 baW 15 M HEE, MErER S5 (Scheme 28) %), X512, canonical path
(28T 5 p6s OA72 53 DHMEQ (%, non-canonical path @ p50, c-Rel 33X UV RelB (2
LIARKET L ENRBEIN TN,

MeOZC

HO

oH 14 \@SH T

N e HO. N

o) DMF /
O phosphate buffer MeO,C = o
(1:1, pH 7.0)
NHBoc O
13a 15
Scheme 28
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DX ITENTEMIENEEZ SO DHMEQ 13, &< #MEZ I T 5 Z &L DR
HOBYE T LTI R PUIIES M, PUiETEIEZ 7~ L7z (Figure 9) », LED Z &0 b,
(25,35,4S)-DHMEQ Z =AM DO KEICEKT 2 LWFIEN RO LN TWD, FEF T
DHMEQ ™ (2S,3S,4S)- KD RF G & it d 5 Z LT LTz,

Antitumor and anti-inflammatory
activities of DHMEQ in vivo

Prostate Pancreatic Breast Adult T cell
carcinoma carcinoma carcinoma leukemia (ATL)
Hodgkin

AIDS-related
‘ =~ | lymphoma
Multiple
lymphoma

DHME
Thyroid Q Allograft

carcinoma rejection
Intest. ischemia Rheumatoid Renal Cancer  Diabetic retinal
-induced injury  arthritis inflammation cachexia jnflammation
Figrure 9

2. WiE RRARYT

FEFIILUTISRT X 9 12(28,35,45)-DHMEQ (13a) DA R 2 3 %2 L7~ (Scheme 29),
P T IERBMOBEIHEN Y, H U FAT I NEALITA RO ek B T A4
THZEEL, HIEKARDTF I 16a &, Taylor HIZ K- THESIN-F /)T
B —)V 17Ta DRFZRF AL D V& O3 PRH#IC L VFES 5,/ T4 —/L 17a

T CATRS 7 25-UA RS T =0 v 18a MLl 22 L L L= %),
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NH; deprotection
—

O
(25,38 43) DHMEQ 13a (2S,35)-16a
MeQ OMe asymmetric MeQ OMe OMe
NHBoc epoxidation NHBoc NH2
o) > —>
) @) OMe
(2S,3S5)-16b 17a 18a

Scheme 29

3. REZARF UL
31 ¥/ UE )T RY—NOFHR

97, WEHET X FEE Boc I K VIRE LT =Y UBER 18b Ikt L, 33— KRy
BT — NEHWEBKEIZLDE ) TEX —)V 17Ta ~DE B % A7 (Table 7) ,
ZORE, BRETHE T EZ =L 1Tl 9 —FHDOANKR=NVEETENRT S
— LS NTZE AT X =L 19 BEIAEL Tz, ZOH OFERLERIC X0 A E SR
(CI RN FIRE T, £/ 7B H —/b 1Ta ~IUHT 2 2 & N UAFRE D FATHIE TR b A
TIN5, 22T, BREICHEVEREZ AV BT & 4 — kg, 17a & 19 ORAICK
LikATo, LovL, B/ 78X = 1Ta BRI DITIIKRGRS L, ¥/ I E THhR#ES
NIALEREIAELTLEY, FBOE 7' —/L 17a OPERIZDT 0 21%Ic & & F
o>7= (entryl), = Z T, MKDGIIZHWDIEREZ L VW7 = UBRICH A2, ROGRE
TRERAIZE Z A, YHFEM L TOIGM T & s LRI 48% &8 2 (512 T
by SHIZW0FICAT—T v 7 L TH RSO HFHEMEITIRLGF TH -7 (entry 3),

-37-



Table 7

OMe MeO OMe MeQO OMe

NHR  bhi0Ac), NHBoc| g NHBoc
MeOH
OMe MeO OMe o)
Boc,O— 18a: R=H 19 17a
/ THF b: Boc

entry scale (mmol) acid temp. (°C) time (h) vyield (%)

1 04 HCI r.t. 5 21
2 0.4 citric acid 0 24 47
3 4.0 citric acid 0 24 48

ZOIA—RRBUUTEXY— N EAVLBUKE T, RKIGRRERE, RELZZE X
LR ESFIEFRBIITE2DL T, TR LD L2 R Z R TE o
7= AR TR THIZAE L TL DRIERYO—2% NMR Z3H71C & 0 &R L7z & 2
A, TN G RIEICH KT 2EERA A M ENMOET ) 7' X—/V 17a 125 L 1,44
ML7=T7'H%—F 20 nAE LT Tz (Table 8, entry1), & Z T, LA KT DI T
B —AF Bz THRFH 2l (Table8), 3 — KB M) 7etua7kE4— KT
1Tz > T, HHERIREWMIT> T LE-72) (entry2), ZOJFKE LTIE, BUSTHE
WRLFHEL EA T TS S MY ZvA afEgOmROERIEICRIEN H 5 &5 A2, ILHZ
= RRUBUENRT— NIEZ T, ZOTAT 4 TS, SN ET T B
NI =" FTNT, IO B —AF e L TTEZ = RN g A F b
MARBICHEFEWEZD, WEICEEND T X — ) TS B, SERORIZ LY
LA-RIER 20 MRS 2 2 &< £/ TR X — NV 1Ta % BRAFRINETH L Z LN TE -
(entry 3), ZZCEBICKIGOHET% TLCIZK VMBI L= & 2 A, KoL
OO ENAR Y RBROTNCAEL TN, £ T ELFaT7—0—T7 X 4A

A BOGRN ZURRICK L7z & 24, Bl oRIERM 2z 2< A LD Z &<, £
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JT7'E =NV 1Ta % 80% & V) BV THELZ LN TE L L IR o7 (entry 4),

Table 8
oM 0 Q
€ X MeO OMe )J\ MeO OMe
NHBoc 1) PhI(OCR), NHBoc R~ O NHBoc
MeOH
—_— +
2) aq. citric
OMe acid O OH
18b 17a 20
by-product
entry R additive  temp. (°C) yield (%)
1 CHj; — 0 48
mixture
3 C(CH3)3 - 0 71
4 C(CHz); MS4A 0 86

3-2. RETARF ALORA

HEHIZIR 72, Taylor P AFZARXAMEOEE E L THW T, 78X —L 17a 3K
B AIREIC R o2 D T, XUV ra=v=uarzal) REW) R VENRT v
TV LEEAFRE L, B R d %y ROARK 14— BigExF A3 2. )10 -
H EDORF TR AL BT LHK AT (Table 9), & ZAN, WEKISERALIZE Z A,
Taylor iIZ X » THE SN TWERREZHBET L2 LIXITE T HNET 54 %2 N 16b
DRI DT 0 30%, L SR IREEISRIE 49.9% ee TLMELINLTI 2o 72 (entry
1), BOSKR AR, IRE b FEHRICEEH SN 0 CrOEIRICE T RFAFTRI Uk
TR TN, BRI B Lo T, S 61T, BRAFEOERE T, HURKT o E=
U LM FETEER & LB KA E AR ORI EEIC RS T b v vy g o
WAET., FIHDREEIC/R D &V ERIEENEZ > TLE- (entry 1, 2), SUSHH
WA Z T D L v b 7 m RV AN AT 2 A, HBUHRT = AED

AHAR~O B E D . L OfE RFCITIH], BB ORBIIR TE b DD,
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P2 N HUICRSGEITIZ SRR By 72 (entry 3),

Table 9
MeO OMe I\(—benzyl-_ . MeO OMe
cinchonidinium
NHBOC  chioride (1.3 eq.) NHBoc
» O

TBHP (4 eq.)
aq NaOH (6 M)

O co-solvent o

17a 16b

I
entry (;C;:') temp. (°C) co-solvent time (d) vyield (%) ee (%)

1 0.2 -9 toluene 1 30 49.9
2 0.2 r.t. toluene 2 40 52.3
3 4.0 25 CHCl3 1 36 52.9

3-3. REFZARFIAICHET 2877272 58 . bis-Boc & DFH#Y
IWRMENERKDO—>2E LT, BREICIVEEO T v Fopgl &k, =/ 7—F
BT D Z LKV REFENMET, 207 R AX RO 1464168 Z
57K 2o TWADTIE Wit E 27 (Scheme 30), £ ZC, D7 v o &2
RWEE L BRMICIE, TR R0 T e & & 512 Boe TR L 7= bis-Boc K 17b
~NEFETHZ LU, ERE, B T RX—L 17a Ikt L, filllii B DMAP f77E T

Boc,O #1EH &7 & Z A, bis-Boc 14 17b Z I3 89% THH Z LN TX 1=,
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rFi0H
MeQ OMe_H MeQ OM
N )
NBoc NBoc
< ’
(O Oe
MeO OMe MeO OMe
NHBoc Boc,O, DMAP NBoc,
—_—
CH,CI,
o 89% ©
17a 17b
Scheme 30

3-4. Bis-Boc A% W = AR F =R+ 1k

Z DX D7 THREL L7 bis-Boc (R 17b 1ZxF L, BRROFHEIFELT =7 A E R
FFR L LTHW DR CTRIGZRATZ (Table 10), & Z A7, A OSSR RIR X
85.7%ee £ CIH EL72b DD, IR 20% &K 95 % FHLE MRS TIK 2 > 72 (entry
1,2),

AR DOFG AR TIRLUCRNEE T HHIH E LT, FURT o E=T AL D F
T e~ bt RRT7TXF I 00T M) oL Ra~ bty REgAEL TN
EFERT, £ZT, ¥ R F XY NOEEZBEIT L) v ra=U Uil Xk
OSREZF O Y B2 LBUS 2 B AT 28, IER, B 0BG EBRIFEOWTh b
BT DHZLixTE R o7 (entry 3, 4),

B 572 TR L OB ARREIEOEBOER 25 2 5H, SISV IZEIET
HIRMKERBERTIHARWDERE LTz, 2T, RNICHFET 2K E2R2UTHREL
EOLELFaT— =T RAAZRINL TS ERATZ L 2 A BHR AR EIEIX 74.7%
ee lZM EL, ZORICOWTIIHEMES B> 72, IRIINZ > TR TFLTLES

(entry 5, 6),
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Table 10

MeO OMe N-benzyl- MeQ OMe MeO OMe
cinchonidinium
NBoc, chloride o NBoc, TFA, CH,Cl, NH,
—_— —» O
TBHP, NaOH
o) toluene o)
17b 16¢ 16a
quaternary
entry  ammonium T{BeHP) N(anI;| MS 4A vyield (%) ee (%)
salt (eq.) q: 9.
1 2 5 1 - 20 85.7
2 2 5 1 - 33 56.1
3 6 15 3 - 58 58.9
4 6 15 3 _ 58 46.1
5 6 15 3 + 34 74.7
6 6 15 3 + 40 75.7

TARFY R 16c 2 HEMEL S, BWBHRAERIRTHLI LN TE L L2 o72h
DD, ZOFMNNT =D RE 2B H D, Bk OZM: (Table 10, entry 1~6) TITHE
R, mfiZRsra=U o fla 6 YEBED LWV O KT, ZOEFETIEEMNEITE
WEED, 22T, AFTARF LT OVWTHRE SN D GBI SE, vra=vy
OB BRI AR Lz, BARMICIE, JOSRNICHFET 27 F 7072 R~ vd %
YREMHITHEME LT T N T AL GO TH S (Figure 10, EEY), &2 T,
15-7 7y v —7 V& LI YERMLEZEZ A, Bifp@D iz ¥ 7 e ReL4d ¥
U RIBT D Z L), @iy a=UrEE 2 YRICETHL T ENTE L,
SHOICZORNTIE, Yra=V U EoYEEMA IO PN LT, RETRF UL
DINFRIT 57% F Tl b, AR OFAR AR 79.8% ee &, BHHMRLGDL I LNT

X5 & 9127 -7 (Figure 10, TE%),
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chiral quaternary
ammonium salts (2 €9.)

chiral quaternary
organic phase MS 4A ammonium salts
e

aqueous phase (:(: /ﬁ O(\O;)E
. O
® o O o (\ Ne /7
Na O-O—t-Bu <\ /7 Jd o
O O

1 \_/
(1eq) (5eq.) \/
15-crown-5
(1.1eq.)
MeO OMe chiral quaternary MeO OMe
NBoc, ammonium salts NBoc,
> 0
TBHP, NaOH
MS 4A 5
15-crown-5
17b 16¢c

(57%, 79.8% ee)

_ O—-0—t-Bu
ammonium salts =
X

-

N

i ®/ 6
chiral quaternary HO. H N|

Figure 10

4. (2S,3S,4S)-DHMEQ D #lif 728515 FMR A 1Y
4-1. 7 Ak DHMEQ ~M k&

ATTE CRRSL L7z 79.8% ee DR F L) X U 16a 1%, RE 84 ALK 10%I1F &
BALIRIEICH D, ZOLOZERE LI EZA, MRS gRIERKE255 2 L3 T
b0, BB E T HHBEMEARE THRRHRIZE > TLEW, faoREIIER TS
8% Tholm, #ZT, TTIHMILLTWAD I IREHKL— PesBIc, U F

IVERHEINL & DRfEE KSR, 70 £ 2% T DHMEQ (13a)~ & #%& L 7= (Scheme 31),,
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BF3OEt2
t- BuOLl THF 00

(0] -78°C,2h e}
o]
54% 3 steps (2S,3R)-22

C MeO OM AcO o HO
MeO OMe C e e 1) K,COy4 H
NH; aq MeOH N
(@) [®) 8

(25,3R)-16a (2S,3R)-21a

9
NaBH(OAc);
—_— N
MeOH O, Q/
(28,38,48)-DHMEQ 13a (2R,3R,4R) -DHMEQ 13a
89.9 (79.8% ee) 10.1
Scheme 31

OV, AFZARX AL TELZDO T EFHE 1172 (2R,3R,4R)-1K 713 10%F2
FEIRAL T, DHMEQ (13a)3 & 28 k7 /v a— /L& FRN0 I, BEREZ2EH Y
LEBRINAO RIS LY | RERGGR R BT 22 & & Lie, BRI, F
[ - NEBIZ L0 RS, T8 IEYT L DHMEQ OEEHE S ENE D Z MM 5 2 &
U7z, AR, SE - /NBO ik %E 9, DHMEQ (13a)id/KiC & AHIRBEIC & #HR 7221k
BEMTHY | LT - BEREON TR THORE RN DENIHEE ICNETH D, T2 T, 2
T EEE D KRR LT U NVEEEEAN LT, ZOTZ AT VO A VA=) VIR L, B
FPMEH LHEEGRI e 222 b o TEHREBEIRAITIKR SRR EITT 5 Z L 2 8fF LTz

(Figure 11) ,
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|IO

(2S, 38 ,4S)- (2R,3R,4R)-
13a:R=H
b: Ac
c: C(=0)CsHq4

Figure 11

T AT IVOEERNUKGIROBE, 7o NVHREE R D LBIRVEN LD 5 r— R iE &
NTEY O HELROBUKE L #HEIKE T 20 TlEOE S FREND, £ 2T,
HENEWTBFLE, BV /A VEE o7 VR 2 FEAFHR L, b
DT AR U R X R IN7K 551 % Fe 2 507, Burkholderia cepacia lipase (Amano
PS-IM)& 34k L7z, ZOMKGIRTIZ, 7 =/ —VENLAS T VI T B85 MR & ¢

NN, AT A —13a & ) T VUK TH 7= (Scheme 32),

% ro i HO
N fast N fast
(¢ @)
(@) O
O 0]
lipase-catalyzed (2S,3S,4S)-DHMEQ 13a
hydrolysis
0 Rﬁo i HO
RCO RC(§) H
‘_ _N fast N slow
S — > Nl EEEEY \\
o»;,,q I oz,,,q I
(0] 0]
(2R,3R,4R)-isomer
13a:R=H

Scheme 32
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ZOHEE. FUSAEIE, AL —XZHETHOBELE CTh o 7 b D DL DSy
HER U R E RN B D Z b olz, B T Y IURNR T Y 1 FVERYEIZ R LANE
ET, VT IWERE D F =AML T LEY, ZO/RREL T I DTNV T LY
v b7 7 40— XD 0BETREETH D (Scheme 33), 7 L CTRIA L TL V4 —

JVIZ B &9 5(25,35,45)- KD SR RIEIR 72D T, ZNBRIWIZIEAT 5O TIEIE
A EILT-BEWN LD TLE D,

oy HO HO
(@) : §
O O”’”Q/ o) deleterious
o o : contaminant

9 Rréo (2S,3S,4S)-DHMEQ 13a | ©
1 , i _ a ! ]
RCO 4 B. cepacia ! (2R,3R,4R)-DHMEQ 13a
N lipase ' |O
© co
© Q 9
RCO
© —— oy
13a:R=H Q/
b: Ac

c:  C(=0)CsHyy decomposed on

monoacylated silica gel

intermediate

Scheme 33

FRE BT DI D E R T 5 Wb L Rk RIC LD A —/b 13a
&) T VRO R T, ZOSBERERICB W T, T IUVEROHENSEEOR S
SEEBOZEEDOWEICRH LRESHE L, TETFALEDOLA, V4 —/118a LE
) 7S — N OBEBEEEASOEIEO 21T+ LTz 3. —ElIOfERE TIToRECE
ol ZHUSKE LT Y ) ANV, U4 —/V 13a & E /) T 2K 13d D EEE
EOZET 0T, KISOMAERDIZI LY A Y T a Lo —T b hmh G SRR T 5
DHT, A=/ 183a &T/ ~FYV /AWK 13d 2085 Z LICEPI LTz, f5bhic
A= 138ald. RO BNRELG NOLER T ~FY ) A UK 18c ~E BEFE, ¥ 7

JVIEEAH % A9 % HPLC o#Ti2 & 0 #liFe72(2S,35,45)-DHMEQ (13a) TH D Z & AR L
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7o Bif BRI OB E EITH 20 EHEE SH, T OBERRIGIE, MR TEWEifk
BIMEZ > THITLTWD Z EbhoTz, I 6IT, /INBIIRISHE ORI Z L D
GIWZL LD & MKRGEDRIEFRIZY VEEFEEIR Z X CONLIRMLRnE WS TRE
Mz, 75 DA —A L EORIET b M X < (25,35,45)-DHMEQ (13a)73%% 5415 &

INZTp o7,

4-2.(25,3S5,49)- 1Kz U » F SHTZHIERR (79.8% ee) (ZxfT 2 U S—EDIE
[ - /NER D O 5% (2S,35,45)-13 (79.8% ee) (25 A L7= & Z A, Scheme 34 [Z/RkT &
. MR DB T —[E1 D 43 G S T 66% DU T(2S,3S,4S)-DHMEQ (13a) Dififi

BB R 2155 Z LIS TE,

|l CsH11

CsH4C _ C5H11CO
B. cepacia
|ipase o Q/

(25,35,45)13¢ (25,3S,4S)-DHMEQ 13a

79.8% ee . L
| trituration in THF

v v

supernatant precipitate
13a, 13d
hexanoic acid

[ Iipase]

trituration in
diisopropyl ether

v v

precipitate supernatant
13a (2R,3R,4R)-13d

. . hexanoic acid silica gel
66%, >99.9% ee 13c + 13a chromatography

Scheme 34

Ll E. (25,35,4S)-DHMEQ OARHFARIZH T2V | HRIFEFITIARF =R X AICE 278
LWIYE L OGS EZ R L, S5 R—BIZ X RESB RERERET D L0
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I, AbF—EERIEEZRENICERT 20— M2k v, (25,35,45)-DHMEQ % 11 T, #

I 2% 9%\ L v 157~
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FIE AR

KW TIE, EEICRBETREMME SN DAY A 7 VEOASKZER L, b5 —E
FIEZ AR - FRIICTE N T 220 RN FIEIC L > T LTOMRE 2T 72,

FT. TR a v X —BHEANCEES D B - ARF R ) — VR
EOARERE LTHAR BT RS = 27 )L 1 Ofti2 85 Bk 2 14 5 72

. BERE W HERRPDE R IR R Le, BEROR T Y —=2 7 nh, 7 Xl

TRAT T =PRI TH D Z EnbroT-, JINEDE W fastisomer” |2 L, =X 7
VRS S 7 mu L, 2 AT T — B oM LET VOBUKMER 7 v ML
METHHE LD, RUOSEE - SHGRIYEL biom b, SHRIMEMARILIX(E > 100)12 2
LTze BEENMASRIC L > THELND HILR R la &= 250 1f 1%, pH Z ik - Bk
(CEZAEEETER TN T S TRl OATHEETE 5 &) AT A
BN TWD, DR lalidterZ I e ol EeE LTHEHATHY . —7H.

T ATV 1L 3-m B F I fiE~ LB (Scheme 35),

0 NH,
AcHN,,
—
— | e
O COuH 0 COEt

o 1a o

o 40%, 90.6% ee oseltamivir
pig liver
| esterase
(@] COchQCH20| E =116

(£)-1f

Q HO CO,H
— .
—> (] 7CO,CH,CH,Cl  —» HO™

O OH
1f

42%, 99.4% ee 3-epi-shikimic acid

Scheme 35

L AT, RARIZIZV R IO TRH A WNIA /) b= 7T 7% h—)L7p Pk
BB FIHBE TE DDA TIVENRZEIN N TS, 1L, I b ZARRIR

=49 -



BEE L THWE D & LB, ®ICHEE 201, 0 TFNTIEE A CTR UBREE FICAFEAE
T HIKERIEE ZNLE. « SREIRAYICIRGE - DR 2 TIRTH D, AETITZDO L D 72/
RIS LT LW D FLIC 2R DR SOC 2 B <L T8 SENE S I TEEZ 3-—
EUXFIMoATVFHEEK 79 ZREEE L, U AN—EEHOWIALE - STBIEIRW S E
Bt L7c, £OWET, KiRT 7% 7 —/LHf Candida antarctica lipase B %
MW AT NP NRITH D Z L2l LTz, ZOBE, C-5 MLIZEA Lo LR/
(27 S @ TBS 3B RAITHERE L C-4 (LD KU A 4l C-3 (7. 0D i B BRI fid 7

EF UL LIALE 71 B bav, S EREIRIZIERIZEVWEE > 500) %~ LT

(Scheme 36).
AcO,, CO:Me ¢ antarctica HOu, COxMe  AcO. CO,Me
/(j/ lipase B /(j/

—_ > +

AcO H cyclopentanol  AcO™ Y AcO"

OTBS E > 500 OTBS OTBS
(x)-79 71 79
38%, >99.9% ee 48%, 90.4% ee
Scheme 36

EB D= 2T NAZHIZ BN TRISHEDS &0 @O SR RIER 7113, C-3 (LD A IRAYIS
itk SN TR, THZEM LAY T — P 2T 53R RERIC K- T, FFERRF Y

FIMT AT L8 ~EFHEETHZ LN TE7= (Scheme 37),

HO/,,I' COZMe AcO COzMe
o —_ T
AcO —> AcO” Y

oTBS OAc

71 (3S,4R,5S)-8d
[a]p +180.2
Scheme 37

—Ji. REOGEEIE LTRSS A PT84 — 8 7g 1T ZEERP oAl e Ka

XARICE D . EBICELESY EIF VA — L 10a 0BT AZ LN TXF, Z0OHLD
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X, @A77 3 X —BHEFEEMEZ RS voglibose DORIERIA L L TIEM RIS
B IHIT, CHNMFMITEHE =MT NV a—LERAKTHZLIZED, L7 42 11 1315

S, b EDT AT LT ZEIR LI OS Kb 2 b oS~ R E L B TX 5

(Scheme 38).
9
AcO CO,Me AcO, Cone
—
ACO\\\\ Aco\\\‘\
OTBS OTBS
79 10a
QAC
AcO : CO,Me AcO,, CO,Me
—_ —
— . —
AcO" AcO I OAc
OAc OAc
11
Scheme 38

BRI, NN Y A 7 VO Z AT D NF-«B iEMHALILEA]. DHMEQ (13a) DA ihfF
FEATo T2, EMISERIKRTH 5 (25,38,4S)- KD RFGRHKIZTT, ¥/ vE ) T X —
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(Scheme 39).
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Materials and Methods

Merck silica gel 60 Fys4 thin-layer plates (1.05744, 0.5 mm thickness) and silica gel 60 (spherical
and neutral; 100-210 pum, 37560-79) from Kanto Chemical Co. were used for preparative
thin-layer chromatography and column chromatography, respectively. The commercial PLE

preparation was purchased from Sigma.

Analytical Methods

All melting points were uncorrected. IR spectra were measured ATR on a JEOL FT-IR SPX60
spectrometer. ‘H NMR spectra were measured in CDCl5 unless otherwise stated at 270 MHz
on a JEOL JNM EX-270 or at 400 MHz on a JEOL JNM GX-400 spectrometer or at 400 MHz
on a VARIAN 400-MR spectrometer, and *C NMR spectra were measured in CDCls unless
otherwise stated at 100 MHz on a JEOL GX-400 spectrometer or at 100 MHz on a VARIAN
400-MR spectrometer. High resolution mass spectra were recorded on a JEOL JMS-700
MStation spectrometer. HPLC data were recorded on Jasco MD-2010 multi-channel detectors
and SHIMADZU SPD-M20A diode array detector. Optical rotation values were recorded on a
JASCO P-1010 polarimeter. Silica gel 60 (spherical, 100-210 pum, 37558-79) of Kanto
Chemical Co. was used for column chromatography. Preparative TLC was performed with E.
Merck silica gel 60 Fs6 plates (0.5 mm thickness, No. 1.05744).

(x)-7-endo-Oxabicyclo[2.2.1]hept-5-carboxylic acid (3a)

The known procedure® was slightly modified in regard to the reaction temperature. Furan (250
mL) and acrylic acid (250 mL) were mixed and kept for 6 days at room temperature, for 17 days
at 4 °C, and then for 28 days at 7 °C. The precipitated solids were recovered by filtration to
give carboxylic acid (+)-3a (41.7 g, endo:exo = 8:2) as colorless solid, m.p. 95-96 °C, lit.® m.p.
97-100 °C. To the above mentioned filtrate was added furan and acrylic acid and kept for one
month at 7 °C to give another crop of crystal. The NMR spectrum was identical with that

reported previously.®

(i)-(1R*,2R*,3R*,6R*,7S*)-2-Iodo-4,8-dioxatricyclo[4.2.1.03'7]nonan-5-one 2
To a solution of the acid (z)-3a (20.0 g, 142 mmol) in saturated NaHCOj3 aq. solution (300 mL)
was added dropwise a solution of I, (40.0 g, 157 mmol) in THF (80 mL) under ice-cooling, and

the mixture was stirred for 68 h at room temperature. To the mixture was added saturated
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Na,S,03 ag. solution, the precipitates were collected in filtration to give crude iodolactone (+)-2
(25.1 g). The filtration was extracted with EtOAc (three times). The organic layer was
washed with brine, dried over Na,SO, and concentrated in vacuo, to give another crop of
iodolactone ()-2 (2.00 g) as the sample for NMR measurement. Its NMR spectrum was
identical with that reported previously.® The combined yield of above-mentioned (+)-2 (27.0 g)

was 71%, and this was employed for the next step without further purification.

Screening of hydrolytic enzymes

The screening of hydrolytic enzymes was performed as follows. A 2 mL sample tube was
charged with an appropriate amount of racemic ethyl ester 1b (10.0 mg) and potassium
phosphate buffer (0.2 M, pH 7.0; 0.25 mL) at room temperature for 24 h in the presence of
several lipases and protease at an amount of 80-100 mg/mL of phosphate buffer, in the case of
pig liver esterase 0.2 mg/mL of phosphate buffer. The progress of the reaction was monitored
by silica gel TLC, developed with hexane-EtOAc (1:1). The reaction mixture was quenched
with citric acid to pH 2, and was extracted with EtOAc. The combined organic phases were
dried over Na,SO, and concentrated in vacuo. Among seven enzymes tested, only a pig liver

esterase showed the progress of hydrolysis.

PLE-catalyzed hydrolysis of esters 1b-1g

The hydrolysis of each substrate was carried out under the same conditions as described for the
screening of enzymes with ethyl ester 1b. The E-value of the each substrate was uniformly
calculated from the conversion and ee (P) as follows. The conversion was determined by ‘H
NMR analysis of crude reaction mixture. Ee (P) was determined by the HPLC analysis at the

stage of 5a, after methylation of hydrolyzate and following -elimination as described later.

(+)-3,8-Dioxatricyclo[3.2.1.0>*]octane-6-carboxylic acid (1a)

To a solution of iodolactone (+)-2 (1.01 g, 3.80 mmol) in DMF (15 mL) was added KOH (0.54 g,
9.98 mmol) and stirred for 24 h at room temperature. After removal of water in vacuo, the
residue was added 1 M HCI to pH 2. The organic materials were extracted with EtOAc (ten
times), and the combined organic layer was washed with brine, dried over Na,SO,, and
concentrated in vacuo. The residue was purified by silica gel column chromatography with
CHCI3-MeOH (6:1) to afford carboxylic acid (+)-1a (193 mg, 34%) as colorless solid, m.p.
153-154 °C. Its NMR spectrum was identical with that reported previously.’
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Ethyl (+)-3,8-dioxatricyclo[3.2.1.0>*]octane-6-carboxylate (1b)

To a solution of iodolactone (£)-2 (0.51 g, 1.87 mmol) in DMF (10 mL) was added with KOH
(0.37 g, 6.60 mmol) and stirred for 24 h at room temperature.  After removal of water in vacuo,
the residue was dissolved DMF.  The mixture was added Etl (0.96 g, 6.56 mmol) at 40 °C, and
stirred for 6 h. After removal of volatile materials in vacuo, the reaction was quenched with
saturated NH,CI ag. solution, and extracted with EtOAc (three times). The combined organic
phases were washed with brine and dried over Na,SOy, and concentrated in vacuo. The residue
was purified by silica gel column chromatography with hexane-EtOAc (2:1) to afford ethyl ester
(3)-1b (316 mg, 92%) as colorless solid, m.p. 52-53 °C. Its NMR spectrum was identical with

that reported previously.’

Methyl (+)-3,8-dioxatricyclo[3.2.1.0**Joctane-6-carboxylate (1c)

In a similar manner as described for 1b, a solution of iodolactone (z)-2 (0.80 g, 3.01 mmol) in
DMF (10 mL) was treated with KOH (0.40 g, 7.13 mmol) and Mel (1.28 g, 6.56 mmol) to give
methyl ester (£)-1c (390 mg, 78%) as colorless solid; m.p. 75 °C. Its NMR spectrum was

identical with that reported previously.?

Carbamylmethyl (+)-3,8-dioxatricyclo[3.2.1.0>*]octane-6-carboxylate (1e)

In a similar manner as described for 1b, a solution of iodolactone (£)-2 (0.80 g, 3.01 mmol) in
DMF (5 mL) was treated with KOH (0.40 g, 7.13 mmol) and CICH,CONH, (0.84 g, 8.98 mmol),
gave carbamylmethyl ester (+)-1le (423 mg, 66%) as a colorless solid. Further purification by
recrystallization from EtOAc afford (+)-1e: m.p. 131.0-133.0 °C: *H NMR (400 MHz): & = 2.03
(ddd, J = 4.6, 11.2, 11.6 Hz, 1H, H-7ex), 2.09 (dd, J = 4.3, 11.6 Hz, 1H, H-7engo), 3.02 (dt, J =
4.6, 11.2 Hz, 1H, H-6), 4.11 (dd, J = 1.9, 4.4 Hz, 1H, H-4), 4.18 (dd, J = 2.2, 4.4 Hz, 1H, H-2),
4.55 (dt, J = 2.2, 4.6 Hz, 1H, H-5), 4.62 (d, J = 15.6 Hz, CHHCONHS,, 1H, Ha in Fig. 3), 4.69 (d,
J =15.6 Hz, 1H, CHHCONHj,, Hb in Fig. 3), 4.77 (dt, J = 1.9, 4.4 Hz, 1H, H-1), 5.81 (br s, 1H,
NH,), 6.69 (br s, 1H, NH,); **C NMR (100 MHz): & = 29.6, 44.7, 62.8, 67.0, 67.7, 77.4, 78.1,
169.9, 170.4; IR vmax 3400, 3190, 2958, 1753, 1680, 1417, 1306, 1197 cm™*. Anal. Calcd for
CyH11NOs: C 50.70, H 5.20, N 6.57; found: C 50.53, H 5.15, N 6.47.

2-Chloroethyl (+)-3,8-dioxatricyclo[3.2.1.0**Joctane-6-carboxylate (1f)

In a similar manner as described for 1b, a solution of iodolactone (£)-2 (266 mg, 1.00 mmol) in
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DMF (3 mL) was treated with KOH (132 mg, 2.35 mmol, 2.4 eq.) and CICH,CH,l (300 mg, 1.58
mmol, 1.6 eq.), to give 2-chloroethyl ester (+)-1f (171 mg, 79%) as colorless oil: *H NMR (400
MHz): & =1.97 (ddd, J = 4.9, 11.3, 11.3 Hz, 1H, H-7ey), 2.07 (dd, J = 4.9, 11.3 Hz, 1H, H-7engo),
2.93 (dt, J = 4.9, 11.3 Hz, 1H, H-6), 3.69 (t, J = 5.7 Hz, 2H, CH.CI), 4.01 (dd, J = 2.4, 4.3 Hz,
1H, H-4), 4.11 (dd, J = 2.2, 4.3 Hz, 1H, H-2), 4.32 (dt, J = 5.7, 11.3 Hz, 1H, CHHCH,CI, Ha in
Fig. 3), 4.44 (dt, J = 5.7, 11.3 Hz, CHHCH,CI, 1H, Hb in Fig. 3), 4.50 (dt, J = 2.2, 4.9 Hz, 1H,
H-5), 4.70 (dt, J = 2.2, 4.9 Hz, 1H, H-1); **C NMR (100 MHz): & = 29.5, 41.8, 44.7, 64.1, 66.6,
66.7, 77.5, 78.2, 171.0; IR vmax 3006, 2962, 2358, 1732, 1449, 1334, 1207, 1176, 883 cm .
Anal. Calcd for CgH;;CIO,4: C 49.44, H 5.07; found: C 49.19, H 5.04.

This ester was also able to be prepared by the action of CICH,CH,Cl. To a solution of the acid
(+)-1a (15.6 mg, 0.10 mmol) in anhydrous DMF was added K,COj3; (55.2 mg, 0.40 mmol) and
CICH,CH,CI (59.4 mg, 0.60 mmol), and the mixture was stirred at 40 °C for 24 h. The same
workup as above provided (+)-1f (16.5 mg, 76%).

Scaled-up and preparative synthesis of 1f

A solution of iodolactone (+)-2 (3.20 g, 12.0 mmol) in EtOH (20 mL) was added KOH (2.00 g,
35.6 mmol, 2.9 eq.) and the mixture was stirred for 5 h at 70 °C. After removal of volatile
materials in vacuo, the residue was re-dissolved in MeOH. To the mixture was added silica gel
(50 g), and stirred for 30 min.  After concentration in vacuo, the residual solid was charged on a
glass column, and that was eluted with ethanol to give carboxylic acid (+)-1a (86.4 mg) as a
colorless solid.  Further elution with MeOH afforded potassium salt (+)-1a (2.40 g).

To a solution of the above potassium salt (+)-la (2.07 g) in DMF (10 mL) was added
CICH,CH,CI (5.28 g, 53.4 mmol, 4.5 eq.), and the mixture was stirred at 60 °C for 24 h. The
same workup provided (z)-1f (1.55 g, 71%).

2,2,2-Trifluoroethyl (+)-3,8-dioxatricyclo[3.2.1.0%*]octane-6-carboxylate (1g)

A mixture of carboxylic acid (+)-la (156 mg, 1.00 mmol), DMAP (245 mg, 2.00 mmol),
EDC-CI (384 mg, 2.00 mmol), CF3sCH,OH (150 mg, 1.50 mmol), and triethylamine (202 mg,
2.00 mmol) in DMF (1 mL) was stirred at room temperature under argon. The reaction was
monitored by silica gel TLC, developed with hexane-EtOAc (1:4). After stirring for 10 h at
room temperature, the mixture was quenched by the addition of EtOAc-water. The organic
materials were extracted with EtOAc, and the combined organic phases were washed with brine

and dried over Na,SO4 The organic phase was concentrated in vacuo. The residue was
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purified by silica gel column chromatography with hexane-EtOAc (1:1) to afford trifluoroethyl
ester (+)-1g (192 mg, 81%) as colorless oil; 'H NMR (270 MHz): § = 1.93 (ddd, J = 4.6, 11.3,
11.6 Hz, 1H, H-7¢x0), 2.04 (dd, J = 4.3, 11.6 Hz, 1H, H-7enq0), 2.94 (dt, J = 4.6, 11.3 Hz, 1H, H-6),
3.98 (dd, J = 2.4, 4.6 Hz, 1H, H-4), 4.05 (dd, J = 2.2, 4.6 Hz, 1H, H-2), 4.44 (dddd, J = 8.4, 12.7
Hz, 1H, CH,CFs3), 4.53 (dt, J = 1.9, 4.9 Hz, 1H, H-5), 4.58 (dddd, J = 8.4, 12.7 Hz, 1H, CH,CF3),
4.69 (dt, J = 1.9, 4.9 Hz, 1H, H-1); **C NMR (100 MHz): § = 29.5, 44.4, 60.2, 60.6, 66.5, 66.6,
774,775, 1215, 124.3, 169.7; IR vmax 3010, 2969, 2368, 2337, 1747, 1411,1276, 1155, 879
cm . HRMS (E): calcd for CoHgF504: [M*]: 238.0453; found: m/z = 238.0453.

PLE-catalyzed hydrolysis of 2-chloroethyl ester (1f)

To a stirred solution of 2-chloroethyl ester (+)-1f (373.3 mg, 1.71 mmol) in a phosphate buffer
(0.2 M, pH 7.0; 8.5 mL), PLE (Sigma, E2884, 850 nL) was added and the mixture was stirred
for 24 h at room temperature. The reaction was quenched with 1 M HCI to pH 2, and extracted
with EtOAc (ten times). The combined organic layer was dried over Na,SO,4 and concentrated
in vacuo, and the ratio between unreacted recovery 1f and hydrolyzate 1a was determined by *H
NMR measurement. The above mentioned crude mixture was washed with saturated NaHCO3
ag. solution. The organic layer was washed with brine and dried over Na,SQO,, concentrated in
vacuo to give (-)-1f (159.3 mg, 0.73 mmol) as the unreacted recovery.  The aqueous layer was
acidified to pH 3 and extracted with EtOAc (ten times). The extract was dried over Na,SO, and
concentrated in vacuo to give (+)-1a (145.4 mg, 0.93 mmol, m.p. 107-108 °C). These samples
were employed for the next step without further purification.

Ester (-)-1f: [a]o™ -5.3 (¢ 1.0, CHCIs) , 99.4% ee as shown below. Its IR and NMR spectra
were in good accordance with those of racemic sample.  Acid (+)-1a: [a]o*® +12 (c 1.0, MeOH),
90.6% ee as shown below. This was further purified by recrystallization from EtOAc to give
(+)-1a (93.6 mg, 71%, m.p. 114-115 °C) [o]o® +14 (c 0.75, MeOH). The sample obtained by
recrystallization as above (15.0 mg) was treated with CH,N, to give (+)-1c (15.6 mg, 96%); m.p.
63-64 °C, [a]p?® +12 (c 0.75, MeOH). This was further converted to (-)-5a (11.1 mg, 74%,
95.6% ee); [a]p®® —207 (c 0.55, MeOH). HPLC analysis was performed in the same manner: tg
(min) = 15.1 (97.8%), 33.1 (2.2%).

The further recrystallization provided a sample of (+)-1a (49% recovery, m.p. 112-113 °C),
[o]o? +16 (c 0.76, MeOH). This sample was revealed to be 96.4% ee by the HPLC analysis at
the subsequent stage of 5a as below, and we concluded that the enantiomeric excesss of the acid

1a reaches constant value by repetition of the recrystallization from EtOAc.
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The scaled-up experiment by applying (z)-1f (1.00 g, 4.59 mmol) worked well in a reproducible
manner to give (-)-1f: (230 mg, 23%) [o]p>* —5.3 (¢ 1.0, CHCls); 99.7% ee after derivatization to
5b and its HPLC anlalysis. Acid (+)-1a: (428 mg, 60%) [OL]D24 +11 (c 1.0, MeQOH); 77.3% ee
by HPLC analysis of corresponding 5a.

Methyl (1S,2R,4S,5R,6S)-3,8-dioxatricyclo[3.2.1.0**Joctane-6-carboxylate (1c)

To a solution of the acid (+)-1a (30.6 mg, 0.20 mmol) as above in anhydrous DMF was added
Cs,C0O3 (163 mg, 0.50 mmol) and CHsl (85.1 mg, 0.60 mmol). The mixture was stirred at
50 °C for 24 h.  After concentration to dryness in vacuo, the residue was extracted with EtOAc
(three times), and the combined organic layer was washed with brine, dried over Na,SO,, and
concentrated in vacuo. The residue was purified by preparative TLC with hexane-EtOAc (1:1)
to afford methyl ester (+)-1c (20.1 mg, 59%) as colorless solid. m.p. 67-68 °C, [o]p?* +12 (c
0.57, MeOH). Its IR and NMR spectra were identical with that of the authentic specimen.®

Methyl (3S,4R,55)-5-hydroxy-7-oxabicyclo[4.1.0]hept-1-en-carboxylate (5a)

To a solution of lithium hexamethyldisilazide [(TMS),NLi, 0.20 mL, 0.20 mmol] was added in
THF (0.20 mL) at —78 °C. To a solution of methyl ester (-)-1c (20.1 mg, 0.13 mmol) in THF
(0.20 mL) was added the LHMDS solution above dropwise at —78 °C, and the mixture was
stirred for 1 h at that temperature. The reaction was quenched with saturated NH,CIl aq.
solution, and extracted with EtOAc. The combined organic layer was washed with brine, dried
over Na,SO4, and concentrated in vacuo. The residue was purified by preparative TLC with
hexane-EtOAc (1:1) to afford methyl ester (—)-5a (14.0 mg, 70%, 90.6% ee) as a colorless solid.
[a]o?® =200 (c 0.70, MeOH) [lit.%: [a]o +213 (c 0.56, MeOH), for (3R,4S,5R)-6a]. The
product (-)-6a was analyzed by HPLC [column, Daicel CHIRALCEL® OD-H, 0.46 cm x 25 cm;
hexane-2-propanol (5:1); flow rate 0.5 mL/min; detected at 230 nm]: tg (min) = 15.1 (95.3%),
33.1 (4.7%).

Enantiomerically enriched acid (+)-1a (15.6 mg, 0.10 mmol) by recrystallization in twice was
treated with CH,N, to give (+)-1c (15.7 mg, 89%); m.p. 63-64 °C, [a]p?® +12 (c 0.75, MeOH).
This was converted to (-)-5a (11.1 mg, 74%, 96.4% ee):; [o]p>> =207 (c 0.55, MeOH). HPLC

analysis was performed in the same manner: tg (min) = 15.1 (98.2%), 33.1 (1.8%).

2-Chloroethyl (3R,4S,5R)-5-hydroxy-7-oxabicyclo[4.1.0]hept-1-en-carboxylate (5b)
In a similar manner as described for (-)-5a, 2-chloroetyl ester (-)-1f (47.2 mg, 0.21 mmol) in
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THF (0.30 mL) was added with a solution of lithium hexamethyldisilazide [(TMS),NLi, 0.31 ml,
0.31 mmol] in THF (0.30 mL), gave (+)-5b (36.4 mg, 77%, 99.4% ee: [a]o> +233 (c 1.08,
MeOH); The product (+)-5b was analyzed by HPLC analysis [CHIRALCEL® OD-H, 0.46 cm x
25 cm; hexane-2-propanol (5:1); flow rate 0.5 mL/min; detected at 230 nm]: tg (min) = 18.0
(0.3 %), 38.0 (99.7%); *H NMR (400 MHz): 5 = 2.32 (ddd, J = 3.3, 5.2, 1H, 17.6 Hz, H-6p),
2.80 (dt, J = 2.1, 17.6 Hz, 1H, H-6a), 3.48 (t, J = 3.9 Hz, 1H, H-3), 3.57 (ddd, J = 2.1, 2.8, 3.9
Hz, 1H, H-4), 3.69 (t, J = 5.7 Hz, 2H, CH,CI), 4.38 (t, J = 5.7 Hz, 2H, CO,CH,), 4.57 (br m, 1H,
H-5), 7.19 (dd, J = 3.3, 3.9 Hz, 1H, H-2); *C NMR (100 MHz): & = 29.3, 41.5, 46.2, 56.1, 63.5,
64.5, 130.3, 134.4, 165.5; IR vmax 3425, 2964, 1709, 1641, 1417, 1392, 1250, 1099, 918 cm ™.
Anal. Calcd for CgH1;ClO,4: C 49.44, H 5.07; found: C 49.43, H 5.36.

(3S,4S,5R)-3,4,5-Trihydroxy-1-cyclohexene-1-carboxylic acid (7a)

To a solution of (+)-5b (55.0 mg, 0.25 mmol) in THF and water (1:1, 4 mL) was added KOH
(21.2 mg, 0.38 mmol). After stirring for 1 h at 50 °C, the mixture was neutralized with 1 M
HCI to pH 3, and concentrated in vacuo. The soild was dissolved in water (1 mL) and
trifluoroacetic acid (400 uL, 5.39 mmol) was added to the solution with stirring. The mixture
was stirred for 3 hat 50 °C.  The reaction mixture was concentrated in vacuo to remove volatile
materials. The residue was purified by silica gel column chromatography with CHCl3;-MeOH
(10:1) to afford carboxylic acid (-)-7a: [a]o® - 33 (c 0.32, H,0) [lit.*®: [a]o -31 (c 0.10, H,0)];
'H NMR (400 MHz, D,0): & = 2.06 (dddd, J = 2.8, 4.0, 10.0, 16.8 Hz, 1H, H-6pB), 2.61 (ddd, J =
1.6, 6.0, 16.8 Hz, 1H, H-6a), 3.33 (dd, J = 8.4, 10.0 Hz, 1H, H-4), 3.62 (dt, J = 6.0, 10.0, 10.0
Hz, 1H, H-5), 4.11 (dddd, J = 1.6, 2.4, 4.0, 8.4 Hz, 1H, H-3), 6.51 (dd, J = 2.4, 2.8 Hz, 1H, H-2);
BC NMR (100 MHz, D,0): 6 = 31.7, 68.6, 71.5, 76.2, 128.2, 139.2, 169.7; IR vmax 3261, 1556,
1409, 1072 cm ™. Its *H-NMR spectrum was identical with that reported previously.”® As this
product 7a is a trihydroxy acid and shows highly hydrophilic property and is susceptible to an
irreversible adsorption on silica gel, the yield was estimated to be 80%, at the stage just before
the final purification, based on *H-NMR with an internal standard [methyl -D-glucoside, Tokyo
Kasei Co., M709, analytically pure grade, standard signal at 6 = 4.23 (d, J = 7.6 Hz, 1H)].

C. antarctica lipase B-catalyzed acetylation of methyl

(3R*,4R* 55*)-3,4,5-trihydroxy-1-cyclohexenecarboxylate (7b)

To a solution of ()-7b (50.3 mg, 0.27 mmol) in vinyl acetate (1.25 mL) was added C. antarctica
lipase B (Novozym® 435, 75 mg).  The mixture was stirred for 24 h at 30 °C.  The reaction
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was monitored by silica gel TLC, developed with hexane-EtOAc (1:2). After removal of
insoluble materials by filtration with a pad of Celite, the filtrate was concentrated in vacuo to
give a mixture of (3S,4S,5R)-7¢ and (3R,4R,5S)-7d (total 65.0 mg). The conversion was
determined to be 100% by *H NMR analysis of crude mixture. The residue was purified by
silica gel column chromatography (2 g). Elution with hexane-EtOAc (1:2) afforded
(3S,4S,5R)-7¢ (18.0 mg, 29%) and (3R,4R,5S)-7d (12.0 mg, 19%) as colorless oil.

(35,4S,5R)-7¢: [a]p® +11 (c 0.90, CHCI3); *H NMR (400 MHz): & = 2.13 (s, 3H, Ac), 2.28 (ddd,
J=3.2,10.0, 17.6 Hz, 1H, H-6p), 2.59 (br s, 1H, OH), 2.83 (dd, J = 6.0, 17.6 Hz, 1H, H-6c),
3.74 (s, 3H, Me ester), 3.99 (ddd, J = 6.0, 10.0, 10.0 Hz, 1H, H-5), 4.33 (ddd, J = 2.4, 7.2 Hz, 1H,
H-3), 4.86 (dd, J = 7.2, 10.0 Hz, 1H, H-4), 6.59 (dd, J = 2.4, 3.2 Hz, 1H, H-2); *C NMR (100
MHz, CDCls): 6 = 21.1, 31.6, 52.2, 69.5, 74.8, 75.0, 130.5, 134.4, 166.0, 171.5; IR vmax 3406,
2354, 1714, 1655, 1431, 1371, 1228, 1061, 1026, 960 cm .

(3R,4R,55)-7d: [a]o*® =12 (c 0.60, CHCI3) [lit.: [op +38 (c 1.07, CHCI3), for (3S,4S,5R)-7d];
'H NMR (400 MHz): & = 2.15 (s, 3H, Ac), 2.39 (ddd, J = 2.2, 6.8, 14.4 Hz, 1H, H-6p), 2.83 (dd,
J=4.4,14.4 Hz, 1H, H-6a), 3.67 (dd, J = 7.2, 10.0 Hz, 1H, H-4), 3.75 (s, 3H, Me ester), 3.83
(ddd, J=4.4, 6.8, 10.0 Hz, 1H, H-5), 5.40 (ddd, J = 3.2, 7.2 Hz, 1H, H-3), 6.78 (dd, J = 2.2, 3.2
Hz, 1H, H-2); B3C NMR (100 MHz): 6 =21.1, 31.7,52.2, 67.3, 69.5, 69.9, 75.0, 128.3, 137.2,
166.4, 172.2; IR vmax 3490, 3405, 3232, 2859, 1699, 1650, 1427, 1372, 1238, 1184, 1144, 1059,

999 cm™.  Its NMR spectra were identical with those reported previously.?

Methyl

(3R*,4R* 5R*)-5-(tert-butyldimethyl)silyloxy-7-oxabicyclo[4.1.0]hept-1-en-carboxylate (5d)
To a solution of 5a (2.95 g, 17.3 mmol) in CH,Cl, (20 mL) were added tert-butyldimethylsilyl
chloride (TBSCI, 3.13 g, 20.8 mmol, 1.2 eq.) and imidazole (1.42 g, 20.8 mmol, 1.2 eq.) with
stirring at 10 °C under argon atmosphere. The reaction was monitored by silica gel TLC,
developed with hexane-EtOAc (6:1). The mixture was stirred for 24 h, with gradually raising
the reaction temperature to 25 °C, then the reaction was quenched by adding saturated NH,CI
aqueous solution.  The organic materials were extracted with EtOAc several times, and the
combined extracts were washed with brine, dried over Na,SO,, and concentrated in vacuo. The
residue was purified by silica gel column chromatography (100 g). Elution with hexane-EtOAc
(7:1) afforded (+)-5d (4.73 g, 96%) as colorless oil. *H NMR (400 MHz): & = 0.06 (s, 3H,
SiCH3), 0.08 (s, 3H, SiCHs), 0.84 (s, 9H, tert-butyl), 2.22 (ddd, J = 3.2, 4.8, 17.2 Hz, 1H, H-6B),
2.67 (ddd, J = 2.0, 2.4, 17.2 Hz, 1H, H-6c), 3.40 (ddd, J = 2.0, 4.0, 4.4 Hz, 1H, H-4), 3.43 (dd, J
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= 4.0, 4.0 Hz, 1H, H-3), 3.74 (s, 3H, Me ester), 4.50 (ddd, J = 2.4, 4.4, 4.8 Hz, 1H, H-5), 7.07
(dd, J = 3.2, 4.0 Hz, 1H, H-2); **C NMR (100 MHz):  =-4.8, 18.1, 25.7, 29.4, 46.7, 51.9, 56.4,
64.0, 131.0, 133.0, 166.6; IR vmax 2963, 2924, 2893, 2868, 1720, 1473, 1259, 1203, 1095 cm .
Anal. Calcd for C14H,40,Si: C 59.12, H 8.51; found: C 59.17, H 8.55.

Methyl (3R*,4S* 55*)-5-(tert-butyldimethyl)silyloxy
-4-hydroxy-3-(p-methoxy)benzyloxy-1-cyclohexenecarboxylate (7e)

To a solution of 5d (1.77 g, 6.22 mmol) in anhydrous CH,Cl, (18 mL), Yb(OTf)3 (0.39 g, 0.62
mmol, 0.1 eq.) and p-methoxybenzyl alcohol (2.33 mL, 18.7 mmol, 3.0 eq.) were added with
stirring.  The reaction was monitored by silica gel TLC, developed with hexane-EtOAc (5:1).
The mixture was stirred for 24 h at room temperature, then the reaction was quenched by adding
water. The organic materials were extracted with EtOAc, and the combined extracts were
washed with brine, dried over Na,SQO,, and concentrated in vacuo. The residue was purified by
silica gel column chromatography (100 g). Elution with hexane/EtOAc = 6:1 afforded (£)-7e
(2.13 g, 81%) as colorless oil. *H NMR (400 MHz): & = 0.11 (s, 6H, Si(CHs),), 0.90 (s, 9H,
tert-butyl), 2.20 (ddd, J = 2.8, 4.8, 14.8 Hz, 1H, H-6B), 2.67 (ddd, J = 2.0, 4.0, 14.8 Hz, 1H,
H-6a.), 3.67 (M, 2H, H3, H4), 3.72 (s, 3H, Me ester), 3.78 (s, 3H, OCHs), 4.10 (ddd, J = 2.0, 4.8,
6.4 Hz, 1H, H-5), 4.67 (d, J = 11.2 Hz, 1H, Bn-CH), 4.74 (d, J = 11.2 Hz, 1H, Bn-CH), 6.73 (dd,
J=2.4,28Hz, 1H, H-2), 6.86 (dd, J = 2.4, 6.8 Hz, 2H, Ar-H), 7.30 (d, J = 2.4, 6.8 Hz, 2H,
Ar-H): °C NMR (100 MHz): & = -4.23, -4.76, 18.0, 25.8, 33.0, 52.0, 55.3, 71.1, 72.1, 78.2,
113.8, 128.6, 129.5, 130.3, 137.0, 159.3, 166.5; IR: 3473, 3417, 2954, 2908, 2862, 1686, 1446,
1365, 1254, 1086, 1030 cm ™. Anal. Calcd for Cy,Hs406Si: C 62.53, H 8.11; found: C 62.71, H
8.01.

Methyl

(3R*,4S* 55*)-5-(tert-butyldimethyl)silyloxy-3,4-dihydroxy-1-cyclohexenecarboxylate (7f)
To a mixture of 7e (2.05 g, 4.85 mmol) in CH,CI, (40 mL) and water (16 mL) was added
2,3-dichloro-5,6-dicyano-p-benzoquinone (DDQ, 1.32 g, 5.82 mmol, 1.2 eq.). The reaction was
monitored by silica gel TLC, developed with hexane-EtOAc (2:1). The organic materials were
stirred for 12 h at 20 °C, then the reaction was quenched with water. The aqueous layer was
extracted with CHCIs, and the combined extracts were washed with brine, dried over Na,SO,,
and concentrated in vacuo. The residue was purified by silica gel column chromatography (40

g). Elution with hexane-EtOAc (3:1) afforded (z)-7f (1.36 g, 93%) as colorless needles. Mp
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99.5-100 °C; *H NMR (400 MHz): & = 0.10 (s, 6H, Si(CHs),), 0.89 (s, 9H, tert-butyl), 2.23 (ddd,
J=28,6.4,17.6 Hz, 1H, H-6B), 2.69 (br s, 2H, OH), 2.70 (dd, J = 5.6, 17.6 Hz,1H, H-6c.), 3.55
(dd, J = 7.6, 9.2 Hz, 1H, H-4), 3.73 (s, 3H, Me ester), 3.74 (ddd, J = 5.6, 6.4, 9.2 Hz, 1H, H-5),
4.27 (ddd, J = 2.4, 7.6 Hz, 1H, H-3), 6.73 (dd, J = 2.4, 2.8 Hz, 1H, H-2); *C NMR (100 MHz): &
=-4.80,-4.32,18.0, 25.8, 32.9, 52.0, 70.4, 71.2, 128.2, 138.0, 166.6; IR vmax 3423, 2947, 2929,
2852, 1714, 1662, 1432, 1257, 1074, 1025, 985 cm*.  Anal. Calcd for C14H,605Si: C 55.60, H
8.67; found: C 55.68, H 8.65.

C. antarctica lipase B-catalyzed acetylation of (x)-7f

In a similar manner as described for the acylation of (x)-7b, a solution of (x)-7f (90.1 mg, 0.31
mmol) was treated with Novozym® 435 (90 mg) in vinyl acetate (900 pL) to give (3R,4S,5S)-7h
(51.0 mg, 48%, 75.4% ee) and (3S,4R,5R)-7f (30.2 mg, 34%, 77.6% ee) as colorless oil.
(3R,4S,55)-7h: [a]p® -15.3 (c 1.45, CHCI3); *H NMR (400 MHz): & = 0.10 (s, 6H, Si(CHa),),
0.88 (s, 9H, tert-butyl), 2.10 (s, 3H, Ac), 2.23 (ddd, J = 2.8, 10.4, 17.6 Hz, 1H, H-6B), 2.63 (br s,
1H, OH), 2.75 (ddd, J = 1.2, 5.2, 17.6 Hz, 1H, H-6a), 3.55 (dd, J = 8.0, 10.0 Hz, 1H, H-4), 3.72
(s, 3H, Me ester), 3.74 (ddd, J = 5.2, 10.0, 10.4 Hz, 1H, H-5), 4.27 (ddd, J,3=1.2,2.4, 8.0 Hz
1H, H-3), 6.73 (dd, J = 2.8 Hz,1H, H-2); *C NMR (100 MHz): & = —4.83, -4.31, 18.0, 21.0, 25.7,
32.9,52.1,70.8,73.4,74.5, 129.9, 134.9, 166.1, 170.6; IR vmax 2950, 2917, 2863, 1728, 1444,
1363, 1227, 1097, 968 cm . HPLC [CHIRALCEL® AD-H, 0.46 cm x 25 cm;
hexane-isopropyl alcohol (70:1); flow rate 0.5 mL/min; detected at 216 nm]: tg (min) = 27.9
(87.7%), 33.4 (12.3%). The authentic specimen of (x)-7h was prepared by the acetylation of
(2)-7f.

(3S,4R 5R)-7f: [a]o™ —40.0 (c 1.50, CHCIl3). HPLC [CHIRALCEL® AD-H, 0.46 cm x 25 cm;
hexane-isopropyl alcohol (15:1); flow rate 0.5 mL/min; detected at 216 nm]: tg (min) = 22.3
(88.8%), 23.9 (11.2%).

Methyl

(3R*,45* 55*)-5-(tert-butyldimethyl)silyloxy-3-(p-methoxy)benzyloxy-4-methoxy-1-cyclohe
xenecarboxylate (7i)

To a solution of 7e (75.0 mg, 0.18 mmol) in anhydrous CH,Cl, (3 mL), Proton Sponge® (91.3 mg,
0.43 mmol, 2.4 eq.) and Me3OBF, (32.0 mg, 0.22 mmol, 1.2 eq.) were added with stirring. The
reaction was monitored by silica gel TLC, developed with hexane-EtOAc (5:1). The mixture

was stirred for 14 h at 0 °C under argon atmosphere, then the reaction was quenched with water.
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The organic materials were extracted with EtOAc, and the combined extracts were washed with
brine, dried over Na,SO,, and concentrated in vacuo. The residue was purified by silica gel
column chromatography (4 g). Elution with hexane-EtOAc (5:1) afforded (£)-7i (54.2 mg,
69%) as colorless oil. *H NMR (400 MHz): & = 0.07 (s, 3H, SiCHs), 0.09 (s, 3H, SiCHs), 0.89
(s, 9H, tert-butyl), 2.23 (ddd, J = 3.2, 9.6, 18.0 Hz, 1H, H-6B), 2.65 (dd, J = 6.0, 18.0 Hz, 1H,
H-6a), 3.22 (dd, J = 7.6, 9.6 Hz, 1H, H-4), 3.60 (s, 3H, OCHj3), 3.72 (s, 3H, Me ester), 3.73 (ddd,
J=6.0,9.6,9.6 Hz, 1H, H-5), 3.79 (s, 3H, ArOCHs), 4.06 (ddd, J = 2.4, 7.6 Hz, 1H, H-3), 4.64
(s, 2H, Bn-CH,), 6.72 (dd, J = 2.4, 3.2 Hz 1H, H-2), 6.87 (dd, J = 2.0, 6.8 Hz, 2H, Ar-H), 7.28 (d,
J=2.0, 6.8 Hz, 2H, Ar-H); **C NMR (100 MHz): & = -4.84, —4.63, 18.1, 25.8, 34.0, 51.9, 55.2,
61.1,70.7,71.4,72.2,79.4, 86.0, 113.7, 113.8, 129.4, 130.3, 132.0, 136.9, 159.1, 159.2, 166.6;
IR vmax 2941, 2858, 1714, 1605, 1522, 1444, 1246, 1068, 1034, 827 cm™*.  This was employed

for the next step without further purification.

Methyl
(3R*,45*,55*)-5-(tert-butyldimethylsilyloxy)-3-hydroxy-4-methoxy-1-cyclohexenecarboxyla
te (7))

In a similar manner as described for the deprotection of (£)-7e, treatment of (+)-7i (35.2 mg, 0.08
mmol) with DDQ (20.4 mg, 0.09 mmol, 1.2 eq.) in CH,CI, (700 uL) and water (280 uL) gave
(+)-7j (25.5 mg, quant.) as colorless oil. *H NMR (400 MHz): & = 0.08 (s, 3H, SiCHs), 0.11 (s,
3H, SiCHj3), 0.87 (s, 9H, tert-butyl), 2.23 (dddd, J = 1.6, 2.0, 6.4, 18.0 Hz, 1H, H-6p), 2.54 (ddd,
J=2.0,4.4,18.0 Hz 1H, H-60)), 2.82 (br s, 1H, OH), 3.36 (dd, J = 4.8, 6.4 Hz, 1H, H-4), 3.49 (s,
3H, OCHy), 3.74 (s, 3H, Me ester), 4.12 (m, 2H, H-3, H-5), 6.86 (dd J = 2.0 Hz, 1H, H-2); B¢
NMR (100 MHz): 6 = -5.04, —4.88, 18.0, 25.8, 30,7, 51.9, 59.2, 67.6, 68.4, 81.9, 127.6, 136.8,

167.2. Its NMR spectra were identical with those reported previously .*°

C. antarctica lipase B-catalyzed acetylation of (z)-7j

In a similar manner as described for the acetylation of (+)-7b, treatment of (£)-7j (12.3 mg, 0.04
mmol) with Novozym® 435 (20 mg) and vinyl acetate (200 uL) gave (3R,4S,55)-7k (2.8 mg,
20%, 44.6% ee) and (3S,4R,5R)-7j (4.0 mg, 32%, 16.4% ee) as colorless oil.

(3R,48,55)-7k: *H NMR (400 MHz): & = 0.07 (s, 3H, SiCHs), 0.08 (s, 3H, SiCH5), 0.89 (s, 9H,
tert-butyl), 2.10 (s, 3H, Ac), 2.29 (ddd, J = 2.8, 8.4, 18.0 Hz, 1H, H-6B), 2.68 (ddd, J = 1.2, 6.0,
18.0 Hz,1H, H-601), 3.27 (dd, J = 7.2, 8.8 Hz, 1H, H-4), 3.50 (s, 3H, OCH3), 3.73 (s, 3H, Me
ester), 3.84 (ddd, J = 6.0, 8.4, 8.8 Hz, 1H, H-5), 5.39 (ddd, J = 1.2, 2.0, 7.2 Hz 1H, H-3), 6.86

-63 -



(dd, J =2.0, 2.8 Hz 1H, H-2). Its ee was determined by the HPLC analysis at the stage of 7i,
after the hydrolysis of acetate. HPLC [CHIRALCEL® AD-H, 0.46 cm x 25 cm;
hexane-isopropyl alcohol (50:1); flow rate 0.5 mL/min; detected at 220 nm]: tg (min) = 26.0
(27.7%), 36.7 (72.3%).

(3S,4R,5R)-7j: HPLC: tg (min) = 26.0 (58.2%), 36.7 (41.8%).

Methyl

(3R*,45* 55*)-3,4-diacetoxy-5-(tert-butyldimethyl)silyloxy-1-cyclohexenecarboxylate (79)
To a solution of 7f (203 mg, 0.67 mmol) in pyridine (2 mL) were added Ac,0 (204 mg, 2.00
mmol, 3.0 eq.) and 4-N,N-dimethylaminopyridine (DMAP, 41.5 mg, 0.34 mmol, 0.5 eq.) under
argon atmosphere.  The reaction was monitored by silica gel TLC, developed with
hexane-EtOAc (5:1). The mixture was stirred for 2 h at room temperature, then the reaction
was quenched with water. The organic materials were extracted with EtOAc, and the combined
extracts were washed with brine, dried over Na,SO4, and concentrated in vacuo. The residue
was purified by silica gel column chromatography (12 g). Elution with hexane-EtOAc (5:1)
afforded (+)-7g (241 mg, 93%) as colorless oil. *H NMR (400 MHz): & = 0.04 (s, 3H, SiCHj),
0.07 (s, 3H, SiCHs), 0.84 (s, 9H, tert-butyl), 2.03 (s, 3H, Ac), 2.04 (s, 3H, Ac), 2.34 (ddd, J = 3.2,
9.2, 18.0 Hz,1H, H-6B), 2.68 (ddd, J = 1.2, 5.6, 18.0 Hz 1H, H-601), 3.74 (s, 3H, Me ester), 3.91
(ddd, J =5.6, 9.2, 9.6 Hz, 1H, H-5), 5.11(dd, J = 7.6, 9.6 Hz, 1H, H-4), 5.53 (ddd, J = 1.2, 2.0,
7.6 Hz, 1H, H-3), 6.58 (dd, J = 2.0, 3.2 Hz, 1H, H-2); **C NMR (100 MHz): § = —5.00, —4.69,
17.7, 20.8, 21.0, 25.5, 33.2, 52.1, 67.9, 71.5, 74.4, 130.2, 134.1, 165.9, 169.9, 170.3; IR vmax
2958, 2933, 2863, 2362, 1745, 1724, 1437, 1232, 1124, 1052, 1014 cm ™. Its "H NMR spectra
was identical with that reported previously.61 Anal. Calcd for C1gH300-Si: C 55.93, H 7.82;
found: C 55.62, H 7.77.

C. antarctica lipase B-catalyzed transesterification of (+)-7g

Bisacetate 7g (186 mg, 0.48 mmol) was treated with cyclopentanol (3.7 mL) in the presence of
Novozym® 435 (370 mg) was added to the solution with stirring.  The mixture was stirred for
24 hat 65 °C. After removal of insoluble materials, the filtrate was concentrated in vacuo to
give a mixture of (3R,4S,5S)-71 and (3S,4R,5R)-7g (total 195 mg). The conversion was
determined by *H NMR analysis of crude reaction mixture. The residue was purified by silica
gel column chromatography (2 g). Elution with hexane-EtOAc (4:3) afforded (3R,4S,5S)-71
(60.3 mg, 38%, >99.9% ee) and (3S,4R,5R)-7g (89.0 mg, 48%, 90.4% ee) as colorless oil.
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(3R,4S,55)-71: [o]o® +19.4 (c 0.75, CHCIl5); *H NMR (400 MHz): & = 0.08 (s, 3H, SiCHs), 0.09
(s, 3H, SiCHs), 0.86 (s, 9H, tert-butyl), 2.07 (s, 3H, Ac), 2.41 (ddd, J = 2.4, 6.0, 18.0 Hz, 1H,
H-6B), 2.58 (ddd, J = 1.6, 4.8, 18.0 Hz 1H, H-60), 3.76 (s, 3H, Me ester), 4.08 (ddd, J = 4.8, 6.0,
7.2 Hz, 1H, H-5), 4.19 (ddd, J = 1.6, 4.8 Hz, 1H, H-3), 4.92 (dd, J = 4.8, 7.2 Hz, 1H, H-4), 6.84
(dd, J = 1.6, 2.4 Hz,1H, H-2); *C NMR (100 MHz): § = -5.02, -4.83, 17.9, 21.1, 25.6, 31.3,
52.1,67.0, 68.8, 75.4, 127.8, 136.8, 166.8, 171.0; IR: 2933, 2854, 2366, 2326, 1714, 1518, 1252,
1115, 1047, 1007 cm ™. Anal. Calcd for C15H2506Si: C 55.79, H 8.19; found: C 55.68, H 8.42.
HPLC [CHIRALCEL® OD-H, 0.46 cm x 25 cm; hexane-isopropyl alcohol (30:1); flow rate 0.5
mL/min; detected at 216 nm]: tg (min) = 30.0 (single peak). The retention time of the antipode
was confirmed to be 24.0 min, by the analysis of an authentic specimen of (£)-71. This was
prepared as follows: a solution of (+)-7e (55.8 mg, 0.13 mmol) was treated with DMAP (7.2 mg,
0.07 mmol, 0.5 eq.) and Ac,0 (17.0 mg, 0.17 mmol, 1.2 eq.) in pyridine (200 pL) to give the
acetate. Removal of (p-methoxy)benzyl group provided (z)-71 (18.8 mg, 68% over two steps)
as colorless oil.

(35,4R,5R)-7g: [o]p> +19.1 (¢ 1.55, CHCI3). HPLC [CHIRALCEL® OD-H, 0.46 cm x 25 cm;
hexane-isopropyl alcohol (150:1); flow rate 0.5 mL/min; detected at 216 nm]: tg (min) = 18.8
(4.8%), 22.7 (95.2%).

Methyl (3R*,4R*,55%)-3,4,5-triacetoxy-1-cyclohexenecarboxylate (7m)

To a solution of 5b (320 mg, 1.88 mmol) in THF (2 mL) were added water (1 mL) and
trifluoroacetic acid (300 puL). After stirring for 40 h at room temperature, the mixture was
concentrated in vacuo, and the residue was dissolved in pyridine (2 mL). To the mixture were
added Ac,0 (1.15 g, 11.3 mmol, 6.0 eq.) and DMAP (24.4 mg, 0.20 mmol, 0.1 eq.). The
reaction was monitored by silica gel TLC, developed with hexane-EtOAc (4:1). The mixture
was stirred for 4 h at room temperature, then the reaction was quenched with water. The
organic materials were extracted with EtOAc, and the combined extracts were washed with brine,
dried over Na,SQ,, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (30 g). Elution with hexane-EtOAc (4:1) afforded (x)-7m (334 mg, 56%) as
colorless oil. *H NMR (400 MHz): & = 2.00 (s, 3H, Ac), 2.01 (s, 3H, Ac), 2.02 (s, 3H, Ac), 2.37
(ddd, J = 2.8, 9.2, 18.0 Hz, 1H, H-6pB), 2.94 (dd, J = 6.0, 18.0 Hz,1H, H-60.), 3.71 (s, 3H, Me
ester), 5.11 (ddd, J = 6.0, 9.2, 9.2 Hz, 1H, H-5), 5.25 (dd, J = 7.6, 9.2 Hz 1H, H-4), 5.55 (ddd, J
=2.4,7.6 Hz, 1H, H-3), 6.62 (dd, J = 2.4, 2.8 Hz,1H, H-2); *C NMR (100 MHz): & = 20.7, 20.8,
29.3,52.3,68.3, 70.9, 71.3, 129.7, 133.9, 165.5, 169.9, 170.0, 170.1; IR vmax 2962, 2362, 1734,
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1708, 1437, 1363, 1227, 1039, 968 cm . Anal. Calcd for C14H50s: C 53.50, H 5.77; found: C
53.73, H5.79.

C. antarctica lipase B-catalyzed transesterification of (£)-7m

In a similar manner as described for the transesterification of (x)-7g, a solution of (£)-7m (150
mg, 0.48 mmol) was treated with Novozym® 435 (300 mg) in cyclopentanol (3 mL) to give
(3R,4R,5S)-70 and (3S,4S,5R)-7n (70.8 mg) and (3S,4S,5R)-7m (50.8 mg, 34%, 56.8% ee) as
colorless oil.

Through *H NMR measurement of the mixture of 70 to 7n, the following signals were assigned
for each component, respectively. (3R,4S,5S)-70 (400 MHz): 6 = 2.03 (s, 3H, Ac), 2.09 (s, 3H,
Ac), 2.39 (ddd, J = 2.8, 8.8, 17.6 Hz, 1H, H-6pB), 2.89 (ddd, J = 1.2, 5.6, 17.6 Hz,1H, H-6.), 3.74
(s, 3H, Me ester), 4.40 (ddd, J = 1.2, 3.2, 6.8 Hz, 1H, H-3), 5.02 (dd, J = 6.8, 10.0 Hz, 1H, H-4),
5.12 (ddd, J = 5.6, 8.8, 10.0 Hz 1H, H-5), 6.78 (dd, J = 2.8, 3.2 Hz,1H, H-2); (35,4S,5R)-7n: & =
2.05 (s, 3H, Ac), 2.09 (s, 3H, Ac), 2.36 (ddd, J = 3.2, 9.6, 18.0 Hz, 1H, H-6a), 2.94 (ddd, J = 1.2,
5.2, 18.0 Hz, 1H, H-6b), 3.74 (s, 3H, Me ester), 3.93 (ddd, J = 5.2, 9.6, 9.6 Hz, 1H, H-5), 5.06
(dd, J=7.6,9.6 Hz,1H, H-4), 5.56 (ddd, J = 1.2, 2.8, 7.6 Hz 1H, H-3), 6.78 (dd, J = 2.8, 3.2 Hz
1H, H-2).

(3S,4S,5R)-7m: [o]p?* +28.3 (¢ 2.50, CHCl5). HPLC [CHIRALCEL® AD-H, 0.46 cm x 25 cm;
hexane-isopropyl alcohol (30:1); flow rate 0.5 mL/min; detected at 216 nm]: tg (min) = 20.6
(21.6%), 21.9 (78.4%).

Methyl  (3S,4S,55)-3,4-diacetoxy-5-(tert-butyldimethylsilyloxy)-1-cyclohexenecarboxylate
(8b)

To a solution of 71 (50.0 mg, 0.14 mmol) in anhydrous CH,CI;, (420 uL) were added Et3N (44.6
mg, 0.44 mmol, 3.1 eq.) and MsClI (65.6 mg, 0.44 mmol, 3.1 eq.) under argon atmosphere, and
stirred for 10 minat 0 °C.  The reaction was quenched with water, and the organic materials
were extracted with EtOAc. The combined extracts were washed with brine, dried over
Na,SO4, and concentrated in vacuo. The residue was dissolved in toluene (500 uL) and to that
were added 18-crown-6 (73.9 mg, 0.18 mmol, 1.3 eq.) and CsOAc (84.5 mg, 0.44 mmol, 3.1 eq.)
at 10 °C under argon atmosphere. The mixture was stirred for 48 h at 25 °C, then the reaction
was quenched with water. The organic materials were extracted with EtOAc, and the combined
extracts were washed with brine, dried over Na,SO4, and concentrated in vacuo. The residue

was purified by silica gel column chromatography (2 g). Elution with hexane-EtOAc (5:1)
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afforded 8b (35.2 mg, 65% over two steps) as colorless oil. *H NMR (400 MHz): & = 0.07 (s,
3H, SiCHs), 0.08 (s, 3H, SiCHs), 0.86 (s, 9H, tert-butyl), 2.02 (s, 3H, Ac), 2.05 (s, 3H, Ac), 2.32
(ddd, J = 1.6, 4.8, 18.4 Hz, 1H, H-6p), 2.65 (ddd, J = 2.0, 4.4, 18.4 Hz,1H, H-6c), 3.75 (s, 3H,
Me ester), 4.14 (ddd, J = 4.4, 4.8, 6.8 Hz, 1H, H-5), 5.08 (dd, J = 4.0, 6.8 Hz 1H, H-4), 5.75 (ddd,
J=2.0,3.6,4.0 Hz 1H, H-3), 6.69 (dd, J = 1.6, 3.6 Hz 1H, H-2); *C NMR (100 MHz): § =
-4.96, -4.87, 17.9, 20.9, 25.6, 31.3, 52.1, 65.9, 66.9, 70.2, 131.0, 133.2, 166.5, 170.0, 170.1; IR
vmax 3419, 2952, 2345, 1718, 1446, 1375, 1238, 1041, 927,843 cm™.  Its 'H NMR spectra

was identical with that reported previously.®

Methyl (3S,4R,5S)-3,4,5-triacetoxy-1-cyclohexenecarboxylate (8d)

To a solution of 8b (35.2 mg, 0.09 mmol) in THF (1 mL) were added acetic acid (13.2 mg, 0.22
mmol 2.4 eq.) and tetra-n-butylammonium fluoride (TBAF, 1M solution in THF, 11 plL, 0.11
mmol, 1.2 eq.). The mixture was stirred for 40 h at 20 °C, then the reaction was quenched with
water. The organic materials were extracted with EtOAc, and the combined extracts were
washed with brine, dried over Na,SO,, and concentrated in vacuo. The residue was purified by
silica gel column chromatography (2 g). Elution with hexane-EtOAc (3:1) afforded diacetate
8c (11.2 mg) as colorless oil. This residue was employed for next step without further
purification.

This was dissolved in pyridine (300 uL) were added Ac,O (4.6 mg, 0.45 mmol, 1.2 eq.) and
DMAP (2.3 mg, 0.20 mmol, 0.5 eq.). The reaction was monitored by silica gel TLC, developed
with hexane-EtOAc (2:1). The mixture was stirred for 2 h at room temperature, and the
reaction was quenched with water. The organic materials were extracted with EtOAc, and the
combined extracts were washed with brine, dried over Na,SO,, and concentrated in vacuo. The
residue was purified by preparative TLC with hexane-EtOAc (2:1) to afford 8d (10.2 mg, 36%
over two steps) as colorless oil.  [a]p?® +180 (c 0.52, CHCI3) [lit.?*: [a]o —174 (c 1.07, CHClI5),
for (3R,4S,5R)-1f]; *H NMR (400 MHz): & = 2.03 (s, 3H, Ac), 2.05 (s, 3H, Ac), 2.06 (s, 3H, Ac),
2.41 (ddd, J = 2.0, 5.2, 18.0 Hz, 1H, H-6B), 2.58 (ddd, J = 1.6, 4.8, 18.0 Hz 1H, H-6a), 3.75 (5,
3H, Me ester), 5.25 (dd, J = 4.8, 8.0 Hz, 1H, H-4), 5.27 (ddd, J = 4.8, 5.2, 8.0 Hz,1H, H-5), 5.71
(ddd, J = 1.6, 3.6, 4.8 Hz, 1H, H-3), 6.74 (dd, J = 2.0, 3.6 Hz 1H, H-2); *C NMR (100 MHz): &
=20.7, 20.8, 21.0, 52.2, 66.0, 66.8, 67.7, 131.2, 132.7, 165.9, 169.9, 170.0; IR vmax 1745, 1714,
1439, 1371, 1216, 1036 cm >, Its NMR spectra were identical with those reported previously.?

Methyl
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(1R,2S,3S,4R,5R)-3,4-diacetoxy-5-(tert-butyldimethyl)silyloxy-1,2-dihydroxy-cyclohexaneca
rboxylate (10a)

Diacetate 7g (259.4 mg, 0.67 mmol) was dissolved in tert-BuOH (1.3 mL) and H,O (1.3 mL).

To this, K;0sO,(OH),4 (12.5 mg, 0.034 mmol, 0.05 eq.) and N-methylmorpholine N-oxide (NMO,
102.2 mg, 0.87 mmol 1.3 eq.) were added with stirring.  The reaction was monitored by silica
gel TLC, developed with hexane-EtOAc (2:1). The mixture was stirred for 2 h at 40 °C, then
the reaction was quenched with water. The organic materials were extracted with EtOAc, and
the combined extracts were washed with saturated aqueous Na,S,0s3, brine, dried over Na,SO,,
and concentrated in vacuo. The residue was purified by silica gel column chromatography (10
g). Elution with hexane-EtOAc (2:1) afforded 10a (249.4 mg, 89%) as white solid. Mp
59.5-60.5 °C; 'H NMR (400 MHz): & = 0.02 (s, 3H, SiCHs), 0.03 (s, 3H, SiCHj), 0.82 (s, 9H,
tert-butyl), 1.88 (dd, J = 10.8, 13.6, 1H, H-6p), 1,96 (dd, J = 5.2, 13.6 Hz, 1H, H-601), 2.02 (s,
3H, Ac), 2.05 (s, 3H, Ac), 3.59 (br s, 1H, OH), 3.83 (s, 3H, Me ester), 3.92 (d, J = 9.6 Hz, 1H,
H-2), 4.02 (ddd, J = 5.2, 9.2, 10.8 Hz, 1H, H-5), 5.02 (dd, J = 9.2, 9.8 Hz, 1H, H-4), 5.10 (dd, J =
9.6, 9.8 Hz 1H, H-3); *C NMR (100 MHz): & = -4.95, —4.68, 17.8, 20.8, 21.0, 25.5, 39.2, 53.6,
67.7,73.6, 74.0, 75.1, 169.8, 171.5, 173.9; IR vmax 2954, 2860, 2368, 2324, 1736, 1517, 1240,
1039 cm™.  Anal. Calcd for C1gH3,00Si: C 51.41, H 7.67; found: C 51.64, H 7.56.

Methyl (1R,2S,3S,4R,5R)-2,3,4,5-tetraacetoxy-1-hydroxycyclohexanecarboxylate (10b)

To a solution of 10a (68.6 mg, 0.15 mmol) in THF (700 uL) were added acetic acid (18 mg, 0.30
mmol, 2 eq.) and TBAF (1 M in THF, 300 pL, 0.30 mmol, 2 eq.). The mixture was stirred for 2
d at room temperature, then the reaction was quenched with water. The organic materials were
extracted with EtOAc and the combined extracts were washed with brine, dried over Na;SO,,
and concentrated in vacuo. The residue was treated with pyridine (100 pL) and Ac,0 (35 uL,
0.33 mmol, 2.2 eq.) for 12 h at room temperature to afford 10b (32.0 mg, 55%) as white solid.
Mp 141-142 °C; *H NMR (400 MHz): & = 1.96 (s, 3H, Ac), 1.98 (s, 3H, Ac), 1.99 (s, 3H, Ac),
2.00 (s, 3H, Ac), 2.06 (ddd, J = 2.4, 4.8, 13.6 Hz, 1H, H-6p), 2.27 (dd, J = 4.8, 13.6 Hz, 1H,
H-6c), 3.54 (br s, 1H, OH), 3.73 (s, 3H, Me ester), 5.25 (m, 3H), 5.43 (dd, J = 9.6, 10.0 Hz, 1H);
BC NMR (100 MHz, CDCl3): 6 = 20.4, 20.5, 20.6, 20.8, 34.6, 53.6, 68.6, 70.6, 72.8, 73.6, 169.4,
169.6, 169.7, 169.9, 172.2; IR vmax 3469, 1741, 1380, 1230, 1034, 956 cm*.  This was

employed for the next step without further purification.

Methyl (3R,4S,5S,6R)-3,4,5,6-tetraacetoxy-1-cyclohexenecarboxylate (11)
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To a solution of 10b (29.2 mg, 0.075 mmol) in anhydrous CH,Cl, (600 uL) was added Martin’s
sulfurane (75.7 mg, 0.11 mmol, 1.5 eq.). The mixture was stirred for 4 h at room temperature,
then the reaction was quenched with water. The organic materials were extracted with EtOAc,
and the combined extracts were washed with brine, dried over Na,SO,, and concentrated in
vacuo. The residue was purified by silica gel column chromatography (2 g). Elution with
hexane-EtOAc (3:1) affored 6 (25.0 mg, 90%) as colorless needles. Mp 121-122 °C [lit.*! mp
122-124 °C]; [a]o®® -39.5 (c 1.25, CHCly) [lit®: [a]o +23 (c 0.68, CHCIs), for
(3S,4R 5R,6S)-11]; *H NMR (400 MHz): § = 1.99 (s, 3H, Ac), 2.01 (s, 3H, Ac), 2.02 (s, 3H, Ac),
2.06 (s, 3H, Ac), 3.74 (s, 3H, Me ester), 5.29 (dd, J = 7.6, 10.4 Hz, 1H, H-5), 5.30 (dd, J = 10.4,
10.4 Hz, 1H, H-4), 5.66 (dd, J = 2.0, 7.6 Hz, 1H, H-6), 5.99 (dd, J = 2.8, 10.4 Hz 1H, H-3), 6.74
(dd, J = 2.0, 2.8 Hz 1H, H-2); BC NMR (100 MHz): & = 20.5, 20.6, 20.6, 20.7, 52.4, 68.9, 69.9,
70.2, 71.7, 130.1, 137.8, 163.9, 169.5, 169.6, 169.8, 169.9; IR vmax 1734, 1367, 1273, 1223,
1026, 970 cm™.  Its **C NMR spectra was identical with that reported previously.™

(3R,4S,5S,6R)-3,4,5,6-tetraacetoxy-1-cyclohexeylmethyl acetate (12)

To a solution of 11 (14.3 mg, 0.04 mmol) in anhydrous THF (140 uL) was added DIBAL (300
uL, 0.30 mmol, 7.8 eg.) at 0 °C. The mixture was stirred for 10 h at room temperature, then the
reaction was quenched with water (600 uL) and NaOH aqueous solution (10%, 300 uL). After
removal of insoluble materials by filtration with a pad of Celite, the filtrate was concentrated in
vacuo. The residue was treated with pyridine (100 uL) and Ac,O (10 uL, 0.33 mmol, 8.3 eq.)
for 12 h at room temperature. Conventional workup and purification afforded 12 (5.4 mg, 34%)
as colorless oil. [a]p”® —61.3 (c 0.24, CHCI53); *H NMR (400 MHz): & = 1.95 (s, 3H, Ac), 1.96
(s, 3H, Ac), 1.98 (s, 3H, Ac), 1.99 (s, 3H, Ac), 2.00 (s, 3H, Ac), 4.32 (d, J = 10.8 Hz, 1H), 4.61
(dd,J=1.2,10.4 Hz, 1H), 5.25 (d, J = 14.8 Hz, 1H), 5.30 (d, J = 14.8 Hz, 1H), 5.52 (dd, J = 1.2,
5.6 Hz, 1H), 5.69 (br s, 1H), 5.72 (d, J = 5.6 Hz, 1H); *C NMR (100 MHz): & = 20.5, 20.6. 20.7,
20.8, 62.4,70.2, 70.7, 71.9, 72.0, 126.2, 133.6, 169.8, 170.0, 170.2, 170.3; IR vmax 1745, 1433,
1371, 1209, 1024, 958, 920 cm™. Its 3C NMR spectra was identical with that reported

previously.*?

N-tert-Butoxycarbonyl-2,5-dimethoxyaniline (18b)
A solution of 18a (5.01 g, 32.6 mmol) and di-tert-butyl dicarbonate (8.55 g, 39.2 mmol, 1.2 eq.)
in THF (20 mL) was heated under reflux for 2 d. After removal of volatile materials in vacuo,

the residue was purified by silica gel column chromatography (100 g) with hexane-EtOAc (10:1)
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to afford 18b (8.16 g, 99%) as colorless oil. *H NMR (400 MHz): & = 1.51 (s, 9H, t-butyl),
3.76 (s, 3H, OCHj3), 3.80 (s, 3H, OCHj3), 6.47 (dd, J = 3.2, 9.2 Hz, 1H), 6.73 (d, J = 9.2 Hz, 1H),
7.08 (br s, 1H, NH), 7.77 (br s, 1H, NH). Its NMR spectra was identical with that reported

previously.®*

3-tert-Butoxycarbonylamino-4,4-dimethoxycyclohexa-2,5-dien-1-one (17a)

To a solution of 18b (3.20 g, 12.6 mmol) in anhydrous MeOH (45 mL) at 0 °C under N, were
added MS 4A (1.2 g), and then portionwise PhI(OPiv), (6.16 g, 15.2 mmol, 1.2 eq.). The
mixture was stirred for 24 h at 0 °C. The mixture was diluted with EtOAc (25 mL) and
saturated citric acid ag. solution (10 mL) was added to organic layer. After stirring for 30 min,
the mixture was extracted with EtOAc, and the combined organic layer was washed with
saturated NaHCOgz ag. solution, water and brine. The organic phase was dried over Na,SO, and
concentrated in vacuo. The residue was purified by recrystallization from hexane-EtOAc to
give 17a (1.90 g, 60%) as colorless needles. The residue from mother liquor was further
purified by silica gel column chromatography (90 g) with hexane-EtOAc (1:1) to afford 17a
(0.63 g, 20%). Mp 130-131 °C [Iit.® mp 130-131 °C]. *H NMR (400 MHz): & = 1.49 (s, 9H,
t-butyl), 3.25 (s, 6H, (OCHs),), 6.39 (dd, J = 2.0, 10.0 Hz, 1H, H-2), 6.50 (d, J = 10.0 Hz, 1H,
H-3), 6.81 (br s, 1H, NH), 6.99 (d, J = 2.0 Hz, 1H, H-6). Its NMR spectra was identical with

that reported previously.*®

(2S,3R)-5-tert-Butoxycarbonylamino-2,3-epoxy-4,4-dimethoxycyclohexa-5-en-1-one (16b)
According to the reported procedure,®® 17a (50.0 mg, 0.19 mmol) was treated with
N-benzylcinchonidinium chloride (117 mg, 0.28 mmol, 1.5 eq.), tert-butyl hydroperoxide (TBHP,
32 uL, 0.30 mmol, 1.6 eq.), and NaOH ag. solution (6 M, 15 uL) in toluene (3 mL) for 1 h at
—10 °C, and then allowed to warm to room temperature and stirred for further 48 h to afford 16b
(21.2 mg, 40%, 52.4% ee) as colorless needle. Mp 118-119 °C [lit.>® mp 116-117 °C]; [a]o*
~103.1 (c 0.92, CHCIs) [lit.*®: [a]p —189.4 (c 1.0, CHCI3), for (2S,3R)-16b]. ‘H NMR (400
MHz): & = 1.47 (s, 9H, t-butyl), 3.29 (s, 3H, OCHj), 3.49 (dd, J = 2.2, 4.2 Hz, 1H, H-2), 3.62 (s,
3H, OCHs), 3.79 (d, J = 4.2 Hz, 1H, H-3), 6.74 (d, J = 2.2 Hz, 1H, H-6), 7.01 (br s, 1H, NH).
Its NMR spectra was identical with that reported previously.”® The product 16b was analyzed
by HPLC [CHIRALCEL® OD-H, 0.46 cm x 25 cm; hexane-2-propanol (15:1); flow rate 0.5
mL/min; detected at 300 nm]: tg (min) = 18.8 (76.2%), 28.8 (23.8%).
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Direct approach to (2S,3R)-5-amino-2,3-epoxy-4,4-dimethoxycyclohexa-5-en-1-one (16a)

In a similar manner as described above, to a solution of 17a (2.50 g, 9.50 mmol),
N-benzylcinchonidinium chloride (5.85 g, 14.7 mmol, 1.5 eq.) and TBHP (1.6 mL, 15.0 mmol,
1.6 eq.) in toluene (150 mL), was added NaOH ag. solution (6 M, 750 uL) at —-10 °C. The
similar workup as above yielded a mixture of (-)-16b and 17a (total 2.71 g) as yellow oil.

Then, it was treated with TFA (25 mL, 27.0 mmol, 2.8 eq.) according to the reported procedure®
to give 16a (528 mg, 30%, 43.8% ee) as dark brown oil. This was further purified by
recrystallization from EtOAc to give (-)-16a (141 mg, 8.0%, 99.0% ee) as colorless needles.
Mp 162-163 °C [lit.*? mp 161-162 °C]; [o]p* —105.9 (c 0.6, MeOH) [lit.%*: [a]p —91.0 (c 1.0,
MeOH), for (2S,3R)-16a]. IR vmax 3398, 3331, 3149, 2946, 1660, 1592, 1554, 1425, 1392,
1199, 1126, 1052 cm’; *H NMR (400 MHz): & = 3.33 (s, 3H, OCHs), 3.43 (dd, J = 2.0, 4.0 Hz,
1H, H-2), 3.60 (s, 3H, OCHs), 3.75 (d, J = 4.0 Hz, 1H, H-3), 5.02 (br s, 2H, NH,), 5.15 (d, J =
2.0 Hz, 1H, H-6). Its IR and NMR spectra were identical with those reported previously.®
The product 16a was analyzed by HPLC [CHIRALCEL® OD-H; hexane-2-propanol (2:1); flow
rate 0.5 mL/min; detected at 300 nm]: tg (min) = 17.1 (99.5%), 28.2 (0.5%).

3-N,N-Bis-(tert-butoxycarbonyl)amino-4,4-dimethoxycyclohexa-2,5-dien-1-one (17b)

To a solution of 17a (538 mg, 2.0 mmol) in anhydrous THF (6 mL) were added DMAP (122 mg,
1.0 mmol, 0.5 eq.) and di-tert-butyl dicarbonate (874 mg, 4.0 mmol, 2.0 eq.) at 25 °C. The
mixture was stirred at 70 °C under argon atmosphere for 6 h.  The reaction was quenched by the
addition of water, and then extracted with EtOAc. The organic layer was washed with brine,
dried over Na,SO,4, and concentrated in vacuo. The residue was purified by silica gel column
chromatography (10 g). Elution with hexane-EtOAc (4:1) afforded 17b (561 mg, 89%) as
white solid. Mp 117-118 °C; IR vmax 2981, 1753, 1718, 1674, 1340, 1234, 1122 cm™; 'H
NMR (400 MHz): & = 1.47 (s, 18H, [C(CH3)s]), 3.29 (s, 6H, (OCHs)y), 6.28 (d, J = 2.4 Hz, 1H,
H-6), 6.36 (dd, J = 2.4, 10.4 Hz, 1H, H-2), 6.80 (d, J = 10.4 Hz, 1H, H-3); *C NMR (100 MHz):
d = 27.8,51.3, 83.3, 94.8, 130.6, 130.8, 142.1, 149.4, 150.8, 185.7; MS (FAB): m/e (% relative
intensity) 370.30 (33) [M+1]", 392.29 (22) [M+23]"; HRMS (FAB): calcd for CigHyNO;:
[M+1]": 370.1866; found: m/z = 370.1864.

Asymmetric epoxidation of 17b:
(2S,3R)-5-N,N-bis-(tert-butoxycarbonyl)amino-2,3-epoxy-4,4-dimethoxycyclohexa-6-en-1-0
ne (16c)
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To a mixture of N-benzylcinchonidinium chloride (30.0 g, 70.5 mmol, 2.0 eg.) and MS 4A (20.0
g) in anhydrous toluene (130 mL), were added TBHP (2 M in toluene, 88 mL, 176 mmol, 5.0
eq.), NaOH (1.40 g, 35.2 mmol, 1.0 eq.), and 15-crown-5 (9.50 g, 8.50 mL, 39.0 mmol, 1.1 eq.)
at 10 °C. The resulting suspension was stirred for 30 min, and then to the mixture was added
17b (13.0 g, 35.2 mmol) at 10 °C under argon atmosphere. After stirring for 24 h, the mixture
was quenched with saturated Na,S,03 ag. solution. MS 4A and other insoluble materials were
removed by filtration, and the filtrate was extracted with CHCl;. The organic layer was washed
with brine, dried over Na,SO,, and concentrated in vacuo to give a mixture of 16c and 17b (total
10.3 g) as oil.  As the product 16¢ and the starting material 17b showed same R¢s on silica gel,
the yield was estimated to be 57%, based on *H NMR with an internal standard [ethyl benzoate,
Tokyo Kasei Co., B0069, analytically pure grade, standard signal at 6 = 4.36 (dd, J = 6.8, 7.2 Hz,
2H, CH,CH3)].

Then, the crude product in CH,CI, (120 mL) was treated with TFA (30 mL, 32.4 mmol, 0.9 eq.)
and anisole (12 mL), to give epoxide (-)-16a (2.90 g, 46% over two steps, 79.8% ee) as solid.
HPLC analysis was performed in the same manner as above: tg (min) = 17.1 (89.9%), 28.1
(10.1%).

(2S,3R)-5-N-[(2-Acetoxybenzoyl)amino]-2,3-epoxy-4,4-dimethoxycyclohexa-6-en-1-one
(21a)

To a solution of (—)-16a (2.80 g, 15.1 mmol) in THF (140 ml) at —78 °C were added the lithium
tert-butoxide (Aldrich, 398185, 16.6 mL, 16.6 mmol, 1.1 eq.), and subsequently acetylsalicyloyl
chloride (3.50 g, 18.1 mmol, 1.2 eq.) in portionwise. After stirring for 1 h at —78 °C, the
mixture was quenched with saturated NH4Cl ag. solution and extracted with EtOAc. The
organic layer was washed with brine, dried over Na,SO,4, and concentrated in vacuo. The
residue was purified by silica gel column chromatography (240 g). Elution with hexane-EtOAc
(2:1) afforded 21a (3.50 g) as white solid. Mp 84-85 °C; IR vmax 3367, 2920, 2848, 1772,
1670, 1597, 1495, 1456, 1363, 1273, 1234, 1178, 1109, 1045 cm™; *H NMR (400 MHz): 6 =
2.37 (s, 3H, Ac), 3.29 (s, 3H, OCHs), 3.55 (dd, J = 2.0, 4.4 Hz, 1H, H-2), 3.67 (s, 3H, OCHy),
3.83(d, J = 4.4 Hz, 1H, H-3), 7.15 (dd, J = 1.2, 8.4 Hz, 1H, Ar-H), 7.31 (d, J = 2.0 Hz, 1H, H-6),
7.33 (ddd, J = 1.2, 7.6, 8.4 Hz, 1H, Ar-H), 7.54 (ddd, J = 1.6, 7.6, 8.0 Hz, 1H, Ar-H), 7.85 (dd, J
= 1.6, 8.0 Hz, 1H, Ar-H), 8.73 (br s, 1H, NH); *C NMR (100 MHz): § = 20.9, 50.8, 51.5, 51.6,
52.1, 95.7, 109.7, 123.5, 126.9, 130.5, 133.2, 145.1, 148.0, 164.1, 168.7, 192.7. This was

employed for the next step without further purification.
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(2S,3R)-2,3-Epoxy-5-N-[(2-hydroxybenzoyl)amino]-4,4-dimethoxycyclohexa-6-en-1-one
(21b)

To a solution of 21a (3.50 g) in MeOH (42 mL) and H,O (14 mL) was added K,COj3; (1.40 g,
10.1 mmol, 0.67 eq.). After stirring for 30 min at room temperature, the mixture was diluted
with H,O (20 mL), and then extracted with EtOAc. The organic layer was washed with
saturated NaHCOg3 ag. solution and brine, dried over anhydrous Na,SO,4, and concentrated in
vacuo to afford 21b (3.10 g, 67% over two steps) as white solid. Mp 117-118 °C; IR vmax
3211, 2948, 1739, 1656, 1516, 1464, 1281, 1203, 1051 cm™; *H NMR (400 MHz) & = 3.31 (s,
3H, OCHj3), 3.41 (dd, J = 2.4, 4.4 Hz, 1H, H-2), 3.61 (s, 3H, OCHj3), 3.99 (d, J = 4.4 Hz, 1H,
H-3), 6.92 (ddd, J = 1.2, 7.6 7.6 Hz, 1H, Ar-H), 7.01 (dd, J = 1.2, 7.6 Hz, 1H, Ar-H), 7.20 (d, J =
2.4 Hz, 1H, H-6), 7.36 (dd, J = 1.6, 8.0 Hz, 1H, Ar-H), 7.94 (ddd, J = 1.6, 7.6, 8.0 Hz, 1H, Ar-H).
Its IR and NMR spectra were identical with those reported previously.>* This was employed for

the next step without further purification.

(2S,3R)-2,3-Epoxy-5-N-[(2-hydroxybenzoyl)amino]-cyclohexa-6-en-1,4-dione (22)

According to the reported procedure,® ketal 21b (2.90 g, 9.50 mmol) was treated with BF;-OEt,
(3.74 mL, 29.0 mmol, 3.0 eq.) in CH,Cl; (15 mL) for 1 h at —20 °C, and then allowed to warm to
room temperature and stirred for further 7 h to afford 22 (1.03 g, 42%) as yellow solid. *'H
NMR (400 MHz): & = 3.88 (dd, J = 2.0, 3.6 Hz, 1H, H-2), 3.98 (d, J = 3.6 Hz, 1H, H-3), 6.96
(ddd, J=1.2,7.6, 8.0 Hz, 1H, Ar-H), 7.03 (dd, J = 1.2, 8.0 Hz, 1H, Ar-H), 7.48 (ddd, J=1.2, 7.6,
8.4 Hz, 1H, Ar-H), 7.50 (dd, J = 1.2, 8.4 Hz, 1H, Ar-H), 7.62 (d, J = 2.0 Hz, 1H, H-6), 8.83 (br s,
1H, NH), 11.1 (br s, 1H, OH). Its NMR spectrum was identical with that reported previously.>*

This was employed for the next step without further purification.

(2S,3S,45)-2,3-Epoxy-4-hexanoyloxy-5-N-[(2-hexanoyloxybenzoyl)amino]-cyclohexa-6-en-1-
one (dihexanoyl DHMEQ, 13c)

According to the reported procedure,® diketone 22 (1.0 g, 3.90 mmol) was treated with
NaBH(OACc);3 (1.70 g, 7.80 mmol, 2.0 eqg.) in MeOH (100 mL) for 20 min at 0 °C, and then the
mixture was allowed to warm to room temperature and stirred for further 4 h to afford crude
mixture (2.7 g) containing 13a.

The residue was suspended in THF (100 mL) and to that were added hexanoic anhydride (2.80

mL) and DMAP (16.0 mg). After stirring for 30 min at room temperature, the mixture was
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quenched with ice-water (20 mL), then stirred for 20 min at room temperature and extracted with
EtOAc. The organic layer was washed with 0.5 M HCI, saturated NaHCO3 ag. solution and
brine, dried over Na,SO,, and concentrated in vacuo. The residue was purified by silica gel
column chromatography (190 g) with hexane-EtOAc (4:1) to afford (-)-13c (1.30 g, 72%, 79.8%
ee) as yellow oil.  [a]p?® -82.0 (c 1.0, CHCIs); *H NMR (270 MHz): & = 0.85 (t, J = 6.8 Hz, 3H,
CHz), 0.91 (t, J = 6.8 Hz, 3H, CH3), 1.30 (m, 4H, C,H4CHs), 1.34 (m, 4H, C,H4CHs), 1.70 (m,
4H, (CH,C3Hs),), 2.53 (t, J = 7.8 Hz, 2H, COCH,), 2.56 (t, J = 7.8 Hz, 2H, COCH,), 3.50 (dd, J
= 2.0, 3.9 Hz, 1H, H-2), 3.91 (dd, J = 2.9, 3.9 Hz, 1H, H-3), 5.85 (dd, J = 1.5, 2.9 Hz, 1H, H-4),
7.02(dd, J = 1.5, 2.0 Hz, 1H, H-6), 7.10 (d, J = 7.8 Hz, 1H, Ar-H), 7.35 (dd, J = 7.8, 7.8 Hz, 1H,
Ar-H), 7.54 (ddd, J = 1.5, 7.8, 7.8 Hz, 1H, Ar-H), 7.67 (dd, J = 1.5, 7.8 Hz, 1H, Ar-H), 7.99 (br s,
1H, NH); BC NMR (100 MHz): 6 = 13.8, 13.9, 22.3, 24.5, 31.2, 34.0, 34.2, 52.8, 66.5, 109.9,
123.5, 126.6, 127.9, 129.6, 133.0, 147.7, 164.3, 172.3, 173.3, 192.2; IR vmax 3372, 3284, 3256,
3217, 3148, 3102, 3043, 2956, 2930, 2871, 1752, 1699, 1642, 1520, 1282, 1241, 1214, 1155,
1099, 1033, 905, 781 cm™: Anal. Calcd for CxsHsNO;: C, 65.6; H, 6.83; N, 3.06. Found: C,
65.6; H, 6.73; N, 3.10. The product 13c was analyzed by HPLC [CHIRALCEL® AD-H, 0.46
cm x 25 cm; hexane-2-propanol (7:1); flow rate 0.5 mL/min; detected at 290 nm]: tg (min) =
28.3 (10.1%), 30.9 (89.9%).

Burkholderia cepacia lipase-catalyzed hydrolysis of (-)-13c

To a solution of (-)-13c (46.0 mg, 79.8% ee, 0.10 mmol) in acetone (0.7 mL) and water (0.7 mL)
was added Burkholderia cepacia lipase (Amano PS-IM, 70 mg).  After stirring for 24 h at room
temperature, the mixture was concentrated in vacuo for 1 h to dryness and then mixed with THF
(10 mL). Ultrasonic vibration (200 W) was applied for the resulted suspension for 10 min, and
the mixture was filtered through a pad of Celite to remove insoluble materials. The filtrate was
concentrated in vacuo and the residue was mixed with i-Pr,O (10 mL). To the mixture was
again applied the ultrasonic vibration (200 W) for 10 min, to wash out monohexanoyl DHMEQ
13d. After filtration, the residue on the filter paper was charged on a silica gel column (300
mg), and the elution with THF afforded (2S,3S,4S)-13a (18.0 mg, 69%, >99.9% ee) as white
solid. Mp 187 °C [lit.>* mp 185 °C].  As the solubility of DHMEQ was very low in methanol,
the comparison of the sign of rotations between that of present sample and authentic datum
seemed not to be reliable enough, then the ee as well as of the absolute configuration of the
present DHMEQ was confirmed by derivation to the corresponding dihexanoate (2S,3S,4S)-1c
again. Colorless oil; [a]p®® —126.0 (c 0.66, CHCI3). HPLC analysis was performed in the
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same manner as above: tg (min) = 38.0 (single peak), and this was in good accordance with that

of an authentic specimen.
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