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Synthesis of bioactive heterocyclic natural products and their SAR study
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Figure 1. 3T L <HGR S N7 ORI & £ 0BG OHER (1981 ~2019)Y
B. @y TEESS, N RUEOFKKRY, NB. W, ND. KRYFHEHE,
S. {LFEMIE, S* RBMOT7 7 —~a7xT #HWZE/RE, V. vrFv
EPEMEZ AT 5 RIAILEM ORI, D FEEFICEEE, EEHLWVITMEL G
b DONRDI TR, FILE OFEMZRIKBEH 20 5 72 DI B 72 WVE % RINETR O i
T 5 Z EDRREERIGENE L, AERAKIC L2 BRIMOEWIMRNEE 25, 3512,
A BRTEME RIRB W) O G RRE DI | & DB BIEIZIE S W I BRI X DA ETE A
BAWFIE 21T 5 2 LIXEFELBABICB W TAHIN R FED—2 Lo T 5, RIRETR) O
BNERLELTH - &L AL BT Penicillin 233 %, Penicillin (X 1929 4Fi2 A.
Fleming (2L > CHB EDO—F Penicillium JB7)> O BB D SNT-HAEMETH Y | 1945 FI
Hodgkin ¥ 528 X #AEEMATIC LY ZOMELZREIAN L, ZHETICHADLIN TWVIZ KR
BREEME TR0 YETIIB LW B Z7 X 2BEAT LA THLZ 2RI L
Too TOVEAREIL, MBENICTFEET DRIV AT FHX—ER= YD B 77 XA
&1 L-Cys-D-Val 11 & D-Ala-D-Ala #i&E A4 R0k 5 2 & T, MR MIEE DL SRk A
HET D Z &b TW% (Figure 2),
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Figure 2. Penicillin 35 JX 0% D-Ala-D-Ala D&

Flo. T VT ORKHEE LTLTHWOLILSD Artemether 38 X TN Artesunate (33 & FJik
W) O HEAEE (Artemisia annua L) 2> BHBES NI EA X T LT 7 2 Artemisinin 7>
HEEKME LTERAMENTALEW THH Y, Artemisinin OFFER/2AEE X X SREIEMHT
FOZDOREGHRICE Y EE SN, ZO%, HMEEMFHEREIIZEZ 8 L T Artemisinin % U —
NMEEW) &3 DS O i b 23T o, IEMEFR BB B G O R E 36 L OMEHE T O
ICERBK L7 Y, BUTE CIXEERRSEE CAR LIZRIBMA D O A RRIC L D i S Tun s,
Artemisinin [ZZIEANMELZ O~ T U 7T L THHERMTH Y | RMEKNIIRA LT~
FZVT7RBEZZE—WTHRABRENELRT e, ~ 7 UV THREICERZ -6 L
(Figure 3),

R = CHj (Artemether)
R = 'S COzH
O (Artesunate)

Artemisinin

Figure 3. Artemisinin 35 X OV OFFER(LE W) OREE

I o, MRAKETEELHEH SN TV DHAAHF D Haraven® 13, VEREMWI DOV a1
T A A5 B S U7 Halichondrin B OVEMEFEBLE O 2 SR I L TAEE N ESE
mCh D, FE BAILY ., TOEMELR T OPOEERK O NERK S Lk, BrEIETEAES
2 X D IEMHERFFIC LB R 0 DN E STz, EORER., B eEN b I, B3 &
L CHHED AIRE L 72 o T, £ UIT, AABUEF 0 O AEN T ERGOSEFE LV 2 HAE
To D (Figure 4),
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Halichondrin B * Haraven

Figure 4. Halichondrin B % (2L 2Bk S V725U AUW'E. Haraven®
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KIREHAL B 2 BERY & LT AR SE I BRI B W CH R R o8 12 L - TiTh i
TRV, F20OWRRBETEENTH T RARTFESCTHERILI 62 A3 bR RIZEN
S>TWVW5D, FROTERO T, A LG0T O 8RR R OB A7 &
WIZFFERERRIZIN 2T, 2N 6 OREIEEFBICB T 28 21T o 72, Fio. At
FUTICRT X OISR T B —EN O H =TI DURBE L 5 a8 M1L
EWDOEFEE L OF ORSEIEEFBIFZIC OV TEH L TWA, 2L T, FlNEB L OHET
WX, 8 17 a- N a v X —EEELE A R T EMENEZRAULEY Salacinol &V — K
bEW & LTS AR B2 DD TR R T 5,

BB TH=aF VZRE~OABEERNF SN SREFETZ AT AV I A K
Gephyrotoxin 287C OIEAARFEKICE T LTz, TORER, =F I ) T AT /L ~OELRE
REY Michael fTHIRCIS & 27 F P Aldol BR AL SO & S SO & L 72 & BRI 12 K 0
Gephyrotoxin 287C D72 72 TEAAF A AL AL fENL L T2 (Figure 5-1),

£—EF ZHIILFIAOA K (-)-Gephyrotoxin 287C DX T FE K

diastereoselective Michael-type addition reaction intram%ecular Aldol-type cyclization with epimerization

Iy @ ’
I o H - H [ H - e o H
H3CO,C™ 'N 3 . HsCO,C ) N O H N 1) T N
: o 0 0)— 0 0
(-)-Gepyrotoxine 287C (0) o)
Figure 5-1

R CIIPUEEIE A R T S BRMEEERE T L v A R Lepadiformine A, C B LW
Fasicularin OFEXARFEKEZIT o7, AFEZHBL T, =F I ) = AT /L~DONAREIR Y
T VIACEOS OBEROS & LU, E#Ed 5 3 kI L4 fhRF O T 5 & iz, v
VVBRE AR LT 5 Lepadiformine FHOH 7 72 AR FIE A BPE L 72 (Figure 5-2),

CEZE ZIBMEEETILAOA R (-)-Lepadiformin A, C $L U (-)-Fasicularin DR R FE K

H l;l diastereoselective diallylation reaction H
. R=Cefys H I " XN "
i -)-Lepadiformine A > ™
N 'R ( )_ P N MeO,C™ N >
R=C4Ho 2 MeO,C '\
OH (-)-Lepadiformine C Y (-)-Fasicularin )"O )‘O
H ScN © ©

Figure 5-2

Fom Tk aF U RIKEFER) & L2 Decahydroquinoline (DHQ) HlFE W = /L7 /L b &
A ROMRERIE R ZIT>Teo AMFFEEZE LT, 4 DORFHRLNEIRD 4 DONARFEPERIZ
J& L7z DHQ M7 v A ROMBERIEMIEZHLL, TOFEKIZE L 10 FEOT IV
raA ROGREZEMR LT, SHIZ, B LT v aA RBMEKBER O =2 F il
AT LB X OMEMEBRIF DX Z X I Liiging > A7 ATk L CRE R S5 ettt 2 7R
L7z (Figure 5-3),
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BHNETIEL a-7Vav X —BHEEEEZ R T FAHEA LR =T 2ER{EAY) Salacinol
DOREETEEA I ZE D —Br & L C B 7 L Ul A2 & IR L7282 5k L,
ZDa-7Na =BT HEFEELFHME L, ZOfR, AT bEaEmTH D
Salacinol LV & S BTN a-7va s X —BHEEEZ R T Z ENRALMNI -T2, S
BT, ZOIEVEFRE OEINTIL, BER OTEMETINL b < BV THET 2 BUKMET X iRs%
FEM 555‘ L CW D ATREMEDN FHRALFHITFEIC L D R S L7z (Figure 5-4),

EE YIYTPHE HIVIVA-ERERT I/ -0 cA7ILFIVRIEE R FEARDE RHLUE0E LT

OH OH OH OH OH OH
< Y = C H2n+1 C H2n+1
s{ 080y SAR N ¢ 850y a:n= 3. 48um  CHOSOs ¢ on
HO/\(_Z ~ HO b:n=6, 1.7uM HO
c:n=8, 12uM P a:n=3,50uM
HO OH HO OH d:n=10,1.5pM HO OH ¢:n=8,2.0uM
Salacinol

(Human Maltase, IC5q = 4.9)

Figure 5-4

AR TIE, ZAVE CHFIEO/NERIFRERRD o -7V 2 o 2 —BITHE R %2 Y T
FEDE AT T E =, & 2T, Salacinol DHF7=727 I DNV AR—ZADJLiEE B & L,
GH31 jEt Y VYV —Ah -7 ay X —P~OEEEHEAER 2 RS Lz, £ ORER,
Salacinol %R & LIz TFAWEA N KR =0 ZERULEW S, e N Y VY —Lba-Tas X —

BIZkLTY H REAERH D Z &2 52 LT (Figure 5-5),

EHE Salacinol BLUZDFEARL EMERAVEGH31 oa-JILAVH—EADE T

OH OH OH OH OH OH ,QH o
: vE
st 6soy SAR i+ Or i+ &R $* OR
HOA(_Z — HO/\(_Z Ho/\(_Z Ho’\{_z
HO ~ OH HO  YoH HO Yo HO ~ OH
Salacinol

(GH 31 a-Glucosidase, Ki®P = 0.12) R =805 3"-epi-salacinol (1.0) R =S0; 2"-epi-salacinol (2794) R =S03 2, 3"-epi-salacinol (3893)
R =H 3"-epi-neosalacinol (25) R =H 2’-epi-neosalacinol (2742) R =H 2’, 3"-epi-neosalacinol (463)

Figure 5-5
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o FHTNLT I A R (-)-Gephyrotoxin 287C DIERARFTE K

55— EHI AT LA KOS

kLY BT VOGS WIIEL, KREAD Y v 7 WAZEE D N2 DFFROBRIZAE AT
HZRUDICEBATHREE LTHWONTE I, AT /VO5WINTE £ 2 ABTEEYE
ZiE, IREtEo T v e A RO, XT7FRE, 777V = A4 RE, 7 b R XV U8
RENHY ZNHITMOEDIT L CTHRWENEE R L, MIEERRES KB bE =V E S
EFORENERIZLTNDEEZDNTVD, 1960 FARDOYIEHN G, K EESZE AL
(NIH: National Institutes of Health) @ J.W.Daly Hli%, A—A +F7A4 7, HEK, =a2—F=
TEBLOHX A NVEIEGT 2TV (KiB571L Dendrobates 1) @ 52 &R
(BT DTV BRI DT DR E D" A = AT v A RERH LTS, 1968 4
\Zi, [/ 77— OfEIL 5 A3, Batrachotoxin A @ p-bromo benzoate 4% Hift b2 Z &2
IR L, Z D X MEERNTIC KX > TETONREFREEN R E S (Figure 6)7,
Batrachotoxin A 1%, P2 _EAE#) ) E?%L%ﬂf_ﬁ$&1KA¢@@¢Tﬁi%§§b\é‘F§7 VR B EDENE
T, Na* A A Fr xnaiEE kT oL, 7EFra) s ral
YDLAT Y KRR E ORE T, £ D%, Hﬁlj‘]@?ﬁlﬂﬂ@ﬁ%&$$ﬁ<‘: DA W) 72 i 3
WAEZ D2 & TEENAELD Y, 1992 Fi2iL, T.F.Spande HIZL > T/ 7 RAEDE
71 )V G A & Epibatidine 23 B S 472 9, AMEAWIEL E.J.Corey HIZX T, i
RTERDEGREINT%, R L g3 25 2 & TF Ol iE 23 E & iz (Figure 6) 10,
% 7-. Epibatidine 1% Morphine XY & 200-500 % &8 28 EH A2 R L, DA D=
ALTBBRWIC 0df2 = a2 FUoZR/EBIEAT L2 ERmbonTns, 20X 91T,
Epibatidine D =23 F U ZFER~DOT T=A MEERIZ. AT AT AT A RR=aF %
KEV T FDOY — FMeEW 2 D58 R Th o7 D, Eilko(bBEmLSMC b EN =~
VT v Jia A RIZiE Pyrrolidine, Piperidine (8% & DHEM O T /L v A4 KO,
Pyrrolizidine, Indolizidine, Quinolizidine, Decahydroquinoline Bg % Z=/E % & 32 WERMHT /v 7
oA RR=ZREDOT vV iaA Rk b, BIMEE TIZ, £ 6138 20 MEZ B2 5077 7

2 S, 800 FELL Eo T v im A R &N STV 5 (Figure 7),  FFiC
Indolizidine 3 XY Quinolizidine H. 7 Vv A R KOV 77 F2ATHY . £7-. fHxtE
KT OMERBLENARHARMEEM ORI SN TWD Z &0 ITFEIZBWTH Z D& AFZE
BEAAT O TV D 12,
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i Gephyrotoxine 287C DA kK

Gephyrotoxine (GTX) 287C (1) X 1974 FZ J.W.Daly b2 k- Tar BT ICELET S
B TOVOREMEEN OGRS N7 v e RTHDH P, 0%, A7 LV—7I12k-T
1 O SLAMEED X SEREITIC LV ES TS Y, £7-, GTX 287C (1) 23, A
2T AAEFHERZ XU & D8k 4 et AEMIEVEZ R 2 L RHE ST g 1B,
ISR 72 58 & L T, cis-Decahydroquinoline (DHQ) Eg & Indolizidine ER2MEA L 72 =B MED
HAREFH (decahydropyrrolo[1,2-a]quinolone "F#%) & H, Zd 1,3a,5a,6,9a (iLlZ 5 DDA
FHLEALTWD, £/, & LT, 1602 RaX I bz FAREoMm, 6 (7R
7o cis-m A U BID (Z)-pent-2-ene-4-ynly A i x 7o fD THLBRIRWMEIE D720, i
£ T OFRABILFHEOBIRZED | ZDOREMP A2 LN TE 2 (Figure 8) '),

P oo

HH
decahydroquinoline indolizidine

Gephyrotoxine 287C (1)

Figure 8. # 7/ /L' 7 /L. 7 1A K Gephyrotoxine 287C (1) DAk

1980 -1, GTX 287C (1) DHID 7 & I =5 Figure 9 ([T #REAZE T, EHITX
STERESNEZ, T72bb, HH1E C BOAKMPLEB L, A7 YA 2 RiFEENS
BN cis BBEOE Y D UBEERE L 7 aaFxY ) Kk ~L Aza-Michael )5S S &
HZETARBID C BEEfiIE, TD%, EXU U AMEHET 7 a~FHh o0
2NTHBRSED Z L THED B REAIIHME LT, £D%, PYALO; il 2 M\ 7= i
BICIZ XV, Sa BELW 9a (LD cis BLEDGRICEI LTz, BT 6 LD cis-= A Y
MEEBALOHEAZATH Z & T, 1 Z#2EK LT, MA T, EHIEL 1981 4 L-Pyroglutamic
acid ZJFEE LTHWAZ T, A7V A 2 RBEEROARFFEICKII L, (-)-1 ORFE
BRHER LY, ZORELOEEREFEYIIZ, Overman X° Hart HIZL->TH 1 OF
B REAY 1983 FATAHIR N TERk S A7z 19,

F72 2010 FLIFRIC S, 40D N—T 12Xk > T GTX287C (1) OEBRATTHIL TN
519 F72bbh, 2014 FIZTFHS 9 1L, 4-pentenoicacid NH AWK LI N-A FFT T IR
WD N-TUVIV-N-FFX V=0 A G w2 ESE, DFNT VIHEKINIC LY 5a BELO
9a @ cis BLiEB LN B BROME LT o7, IKIZ, B TFET 6 I HRDON K ZIRFF LT A
BRAEAR LI, BEIGERD N-A MXUT 2 RBIREZARETH T U LEOSIC E D . %
F L 3a MOMEEICEI LT, £DH%, 1 OEAFEZER LT (Figure 10),



Asymmetric synthesis
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2) Ac,0

Gephyrotoxine 287C
Figure 9. j+ 5|2 X% GTX 287C (1) D&AK

o Br(CH,)sCHO | s
BF3-(C2Hs),0 —
HNJW 93 5 5 —_—
1
H
OMe OMe

2 steps from 4-pentenoic acid

COzMe
6 H
[Cp,ZrHCI]
then
B"N“T0  CH,CH=CH,SnBu; P
OMe Sc(0Tf)3 HO H

Gephyrotoxine 287C

Figure 10. TH 52X 5 GTX287C (1) DT & I &5 /K

Smith & " X, L-pyrogulutaminol 7>5 2 TFE TEW(BHIERI AL D Y O U FFER
WX LT, Y Ui LY Wittig BUGSEIT D 2 & T, af-REdfns hor~&8nic, £0
#%. TFA HIfHd 2 & T BB LT 2 > Michael NG 3E#HEIZHETT L, Sa
BIORONMICHTEDOAREZEFTLE LD BBEOA I =T LD TF A 2R EIELEZ . E R R
BILEATO 2 & T—28I1C GTX287C (1) DR A G LTz, mZICMASIOMEELITH Z & T
(-)-1 225 L7z (Figure 11),

Amat 5 Y9 X 13-v 7 aAnFH U UL AR LT A RIS T2 B b T
FECEWE Y UREIRE (S)-T7 2= T )Y ) = VEMARILESE D Z & THED cis-
Decahydroquinoline ‘B AZME L 7=, D%, IR TE W ) —/L ) 7T — MRIZx
LT Stille 7y 7V 7%k L7ct%, & R RiEILEITO 2 & T 3a MISYARSIRIZT U
NEEEANTDHZ LIRS LT, £I0BHIFET (H)-GTX 287C (1) ODEAMEER LT
(Figure 12),



HN c O3, PPh3 TEA
P then
Ho H Ph3;P=CHC(O)CHj,

NaBH(OAc)s

(-)-Gephyrotoxine 287C
Figure 11. Smith 52X % (-)-GTX 287C (1) DEERR

NH, TBSO
Br TBSO HO
CeHs
(& —
o CO2Me o, COzMe
OTBS OTBS
/\/SnBU3 H
H

OTf 2) NaBH3CN TFA
Boc
Boc HO
(+)-Gephyrotoxine 287C

Figure 12.Amat 52X 5% (-)-GTX 287C (1) DA

VIbED X 9z, BAEE TITHEX R A RIET GTX 287C (1) DEAEMTONTEZZ &
5. KA OB BENS R T OERESLFEHEORIKAZED TNWDH I ENEHR D, £
DX, Al FFIEFIEXY U B) BEERE LEBEET VI B A ROLREFEK
EEHNT 1 OFHERIEDRRBIZEF LT,



o — i BRI T X ) = AT N A~OESLRERIRA A IS 2 8 & L
7= (-)-Gephyrotoxine 287C DEXAF A K

EELIT, INFE TS DIBEMET VD a A REER L L AFS R ATV, F 05
7R AEPEME A ST D & &I, ¥—7 v MMy O SR E # B 5 M L TE 7,
ZOWET, BIRTF I /)= ZAT7 1 (2) ~D Gilman 7R3K D 5 SRR A LA IS
L. ERMD2,3BLV6MORFRZEDNMIFZ2ZRTHIETE 5 3B~ D
VHBROERIEA ML L T D, (Figure13), 372bbH, RIR=FI /=271 (2) ~D
Gilman FRIEDO ARG (type 1 B DERIZ, 6 (L KFBIFRFICX LT, 24738 LW
SPLDOKFBIRFNEINLFI, cis BELO trans ONARELEIZEAIIL, 3 ODOAFHLE
AEE R ESRRINECSE BN D, Lz > T, ARGEZRA LT, BT v hnA
K 235B29 223A%Y BL W BHEET VB A RO Lepadin B2 O ARF AN ER ST
wéo—ﬁ\*mnytff% FXHV T UEELOMEY 3) ICEHTH &L type
1 BSOS S 132 W OSIRIEIRMEN B S, 6 fKFER I LT, 2008 X N3 kFE
Jﬁ?ﬁi%ﬂ%‘ﬂ\ trans BEWN cis BLEIZRD KO ICEASINTALEMD AR T D & H B
LML TS, BERIC, 26 ZOORIGEEZFIH L T, AL DOARAFRE D=
BRI AT Ve A K ent-205B OHRYIOEERIZH ML TWVD ),

type-1 type-2 cis
H
3 ) RS q
3 | H R2,CulLi 3 H
2 I 6J)s* H OR OR RO C2 g 2 N
RO,C™ 'N 2 RO,C H N
1
COZR1 0 0 trans )_O
2 3
type-1 H A type-1 H H type-2
Hadh LM pe-t H
N
235B° 223A Lepadin B ent 205B

Figure 13. BRIRT T X/ = X T W~ D SLAERAIAAT ISR &2 W TR IE T L 0 v A RO

T ZTCARABBME T, A VY VERE LAY 3) O Lo ISEEFIH L
72 2-epi-cis-DHQ BR DZNRAMEREA L L= GTX 287C (1) DN ARF A Z 7HE L=,
bbb, XTNRE)TIUNMVE @) PHENW TSI )= ATV (3) ITRT D SRR
R FRA SIS LY . 6 LB X ONTALD trans BEED 7 R 7T B K (5) R L7-
%, 6N A VLA LE D BRALBUGIZ & > T cis-DHQ EEEHTHILEW (6) 1ITEH<L, &
bz, 6 O FA~D LAATIIOSZFIHT 5 Z & TOMITBEZEA L7ALEY (18)
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ICEHAT D, BT, 18 BT T4 Amat HIZ K > THRE SN FEIE (7)) o=
YFA7 2L ZET 1 OIRAARFERAEER TE D LB X7 (Scheme 1),

0]

1 H
| type-2 3 -
Hn,, .“\H S “‘\H . - ; “‘\H
HO N OAc -3 Me0,C” N ....»O \
1 )_ 1

(-)-GTX 287C

Scheme 1. (-)-GTX 287C (1) JEZ AR AR

R DA BRI HEN 2,6- 8 P2 P HIVR V% 4 TRET 2,6-cis-EXY VU VT AT
J(8) ~NEEH LI, B RY RECICEL D U4 — 9) ~LEWi-, 2Dk, V—E%
WS ENC L0 BEIDT ) 7 VK 2 (4) & @IER e dEs B AR REIR 57,
IO, 4 OKIEEEZE 2 BB L TRONDINR UV BEDS TV AL TS 52 LT
AFNVERAT IR 10) ~EBH LT, RIZ, REED U U AOTFE TIZ, 10 Ziias o fig 4
HZ LWk, AFH YUY UFEK 12) [ZBN RN, ZORKIGETIEE Y nfba
(1) NERL7=0T, W&HEZOEENE, 12T N YAA NS REERSEDLZET
12 ICEH LTz, SHIZ, ATFNVZATIV (12) O o RFBCT AT = = VHEEEANL TR
AT 4R A3) I AX 7 aaBREERAEHIES 2T, MET2ALEFY RO
syn-p JHEEZ T, HIOOEFEIKL 2523 ) =25 Lk (3) 2B L7 (Scheme 2),
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1) 2,2-dimethoxypropane

I S 2) 4 atm H,, 10% Pd/C Hao L LiBH, Hu WH
“ 3)K,CO " K (98%) HO < OH
HO,C” N7 CO,H 2C03 H3C0,C~ "N~ ~CO,CH o N
2 2" 4)CbzCi, DIPEA s | 2~ )
Cbz Cbz
(80%) 8 9

Candida antarctica
lipase ’HO\H}(UQH/OA 1) Swern oxidation - Hm K,CO4
) ™ o, " " ) o —_—
(94%, 95%ee) N € 2) Pinnick oxidation HyCO,C N OAc

Sbs 3) CHaN; (94%, 11 : 12 =1: 20)

4 (95%) 10
$bz CPBA
m H
? co CQH LDA, HMPA PhSQH 26-utidine o I R
_— —_—
H3CO, then H3CO,C N (99%) 3L0U2 )—o
0 PhSSPh )‘O d
NaOMe * (98%)

(95%)

Scheme 2. $EF A (3) DAL

Wz, B gEF A 3) (2xh LT, Scheme3 2/~ L7 X 9 (2@ SEASRIR LA AN
RIE#ATo T2, 7205, ~78°C T 3 IC (CHECHRCULi 21 S, 5B K06 ot =
VI ATF L AT IVERDS trans DR E o 7-HEE L2 2 DO RFHF L Z —2FITHEE L
o Elo. ARISOEOSASERMEIL, RO X 51252 TW5, LAY 3 © hexahydro-3H-
oxazolo[3,4-a]pyridin-3-one 75 72 5 FEAREMEFF A OB I LV . OSRFIZBITS 3 @
STAKERE LT Figure 13 O X D ICEESNTWAH EEZBND, £/-, REMEN 3 25E+
HHMICIE o HE B HEOMINBEZDND, a HIODOGAEIE, twistboat H DB IKRE
ERRTRUSIEITT 2 L B OND, —H, B HHDOBAIEL, L0 LER chair OB
WA TRISDETT LB OND, DD, a TLD %)J: 0 HH7: B D DR
BWEMER L L0 L HHISND, ZO%, 14 ONKSRIC L 0 B S n7- VR VBB IC %
LT Amdt-Eistert FUSZATWHIE K, 15 2 & 5122 THRT Weinreb 7 I FE (16) ~& %8
a7z, 5l &#HiE .16 (2 Grignard REEZAEM SEDL 2 E TAF T b AR 17) ITEHI%,
Lemieux—Johnson FE(LICAT L. 17 D=L EEZ T AT REICE#HT 2 - L. AR
{LHTBEIR (5) 1ZE -,

1) LiOH
| JeH  (CH,=CH),CuLi 2) CICO,CyHs, EtsN
HsCO,C”7 N —C 3) CHa,
e 4) PhCO,Ag
3 (65%, recovery 33%)
| H
. OSO4, NaIO4 5
1) LiOH CH3MgBr 2,6-lutidine mH
e o
2) CDI then EtzN
MeNH(OCHa)-HCI (98%) © H ;—o

(88%)

Scheme 3. AREFRIK A IV /= AF Michael (UG E L OBILRTBRIA (5) DERL
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Nu- N *
: "\ CO,CH top
ol B |sH — >_Q\ / 2 30 attack | H;CO ,.: N
HsCO,C” N = =N # )0
; ; 0 0 0

e} © Nu

bottom low-energy chair

' attack Torsional effects influence
: the mr-facial selectivity of addition
. _OCH; |#
" CO,CH3;
O |,
[0 o)
Nu H

high-energy twist boat

Figure 13. =7 3/ = X7/ (3) ~OIEATIBOSTIIT 2 @ EARIEREIZ DOV T

WIT, SCERELE D 15 2 1IZ9EV BRALATERIR (5) Z ARG BRI DS TH D Aldol
BRACBUSICAT LA R, 5a fiDKFEOTE X UINEIT L, cis FL> DHQ ‘B % & OfT
HEDx ) UMK (6) ZEINETHE S Z LB LT, Figurels (7R3 L 52, (bLEW (5) @
TNTe FEBIO2-AF Y 7tV EE, Wb T 7 IV FRERWTEY . WE
BAEER CORBRII AR 72 AR E TH D, L= -> T, £7 DBU NAHALR=/L o fLdDK
FRELIEHE, 6L TOERIUNERE D, ZO/RER, 7T R N TV %E
&, AF T hEE ORITH TN Aldol IGHHET L. {LEW (6) DA EZEIRIZE
ZT2bDEEZEZ TV,

FlEfEE . 6 1Tk 2 ARSI 2 2 14N 2 Wit U7l . ARSI A2
AT L, B =LK (18) OHM 83% DUNERTHE LTz, AKJGD @ W SLARER M
I, EE 6 DY u~Ft /) UBRO o HNRERIDURBIVAXRY VY Y UBRICK
HIERNIRAE 2T D, ZD=, ARSI m (fl) »HEeL T V8o Bk
BHERBHELIERTHD EEELTWDH, £D1%, Barton-McCombie FiEEZE(L % &
T3 TIEZFET 18 O 8NALD ANV AR = )VIAZE T L, 19 (THF W, RIZ, HEEEM: TOIGEEE
IRRIC XA U VEBREBIBR%E, EUTE2H/T I % Boc HREL T 20 AR
L7z. Bz 20 OE1H{/T Va—LE2T LT R~LE{t#% . Horner-Wadsworth-
Emmons SUGIZ LY o, p-REIFI=F /LT 2T )L (21) ~E B LT-, S5 ALEW (21) ©
REFfEAE 2 I b~ 7 32 7 LAOETTELE 22 2 FuhvEEHFIf+ 28T
T a— LR (23) ICE W, KEEF A TBS A THREL 24~ REIZ, 24 D
AFINVTE AT N ZE TR, SohiT /v a—L (25) Z@{bE X O Wittig SIS 2
& T Amart H 23R L7z GTX 287C (1) O HFMA (7) D= F v F A~ —IT8EU iz,

LED L 22, KRAFNLZ AT AR (T) DERKE S > T GTX 287C (1) OFEXARFH G K
DR S T2 2 £ 1272 % (Scheme 4)%),
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[R]
DBU, MS4A aH  (CH,=CH),CuLi
—>
reflux (@) N o
H -78 °C (83%)
(86%) (0]
6 O)_
A
1) NaBH,
2)TCDI . WH 1 ) 2M KOH/(CH3)CHOH
3) ("Bu)4SnH H N 2 ) Boc,0
(56%) )"0
190

Mg|2 ‘\H 00202H5 BH3'S(CH3)2

2~ “CO,C,H;  (86%) then 3M NaOH aq
30% H202 aq

TBSCI 1) Super-H

H C02CoHs 2) DMP
3 ) PPh3=CHCOZCH3

HO
7 (-)-GTX 287C

Scheme 4. (-)-GTX 287C DIZXAF AL

Figure 15. 731 Aldol BRALEUG DOHEE BUCHERE
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o= —ERMEEEPET V1 e A R (-)-Lepadiformine A, C 3 XN (-)
Fasicularin OFEARANE A AL

i (-)-Lepadiformine A 3 X OV OHERZIKIZ SV T

Lepadiformine A (25) 1d. 1994 F\ZF o =T T iHMICAE R T 57 (Clavelina lepadiformis
Miiller in the Mediterranean) 7> 5 B X 17z ZBRIMEDOUWFLEET Va4 RTH D 2D, {bLEW
(25) 1Bk & 72 S MIARI 3 U CRIUBIESEINHITEME 2R3 2 L I2N 2 T, SUAEENRIE A <o
JERETER e EbHE ST D 2, K], 25 OffEIX, 'H BELO BC-NMR A7 kv
TN USSR M T, 7 X 7oL 2 — VLIS BUABIE D A F o & 7p o T- s 3 2
7= 2D, E D%, Weinreb®, Pearson®® | K306 OREHMFRIZ LD | 25 OREIEDE
KELE 2 5 9, Figure 16 (2783 L D ITIZHGET SN, LAY (25) DR EORHRIE, trans-
DHQ B¢ (AB ) 12t U PUENMEA L. AC BRIZT7T VA O REICHA LB LUVVEK
EHoTNWHIETHD, BT, LAY (25) 121X, AC RO TV A B o fEEMIC AR IR
RE T a-tertiary 7 I UHEEDNFET DL, 3ODOAFHLEMA TWD, £72, B BN
R— MEZ &> TEY, BALSFEELRETH D, £/, 2006 £, 25 OHRLS
¥ Lepadiformine C (26) 73 7 FHFIEUHEICA S T2 Clavelina moluccensis 7> & HLFf <
iz 3D, BERZENZ 21T, 26 23 25 L EWOMKELE 2 G925 2 LA, A D O
BRRIC L > THLMZ ST 3, 512, 1997 A2 SmithKlineBeecham #:DHFFE 7 /L— 7
XD, 27 aRx T HRIZAERT BHY Nephteis fasicularis 7>5 25 OFEPIOE Y R/
U UHERRIR D Fasicularin (28) NEEES 7= 3, F72. C BICF AT xr— b NEEATHZ
B E LCWe, ke (25) 2K E T2 ZBRMEIFEET VI v A N, ZO#FW:
HEbHE - T, wBE 20 FRER% RAEEBUETFEIZ L > TERMIZE RSN TE 7,

SCN
Lepadiformine C (27) Fusicularin (28)

Figure 16. (-)-Lepadiformine A (25) 3 & OV OFERIRO#EE
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o Lepadiformine %8 & ficHk IS

2019 #FE TIZ 11 Bl Lepadiformine ¥ DA AL HE SN TWD, £ DA AHE
FTRTH ABRBILD C RICHYT28MB 208G L., B 5ET
Lepadiformine ‘H#% £ a-tertiary 7 I UM H R0 7 AL RBREHBEL C1D, T7hb5,
2000 TR G IX A REERLBEMO —@EH L 7 a~xH 2 U x2FEE L,
Lepadiformine A (25) OHID T & I BEMEZ =R L7 30, 51352 e Re 3 A~ L
5 L T-#% . 4> F W Hetero Diels-Alder SIGIZ LY. B BRES & RIRFICHEBRENC a-tertiary 7
SUERERT A LTI L, 20, 2001 F Funk HIEZVAFAT X —ENLE
L7 F X ) T IT b R~D4r+[H Hetero Diels-Alder (25 VY 25 O A BREFHB LD o-
tertiary 7 X U OARIZEKEN L7123, F£72, Renaud HIE A BRESIZHS =57 a~FH /)~
MBEWEZX AL T U AMRA~D T AN T VR T Y MERIGIZ £V a-tertiary 7
VEROREFITREN LTS 30, X512, 2007 4EIT Craig HIZ—EHL 7 m~XH ) % 3
TERTTIUI ML, ATFILT 2= )L AJLR L REMINESE S22 T A BB EICHH
T o-tertiary 7 X 2 EFEEE LTS 3D, 2010 2 Zhao ©i. Craig o &FELLO—E i
rman Y ) ARNSL X TN TF I B ERGE SRR E W T U U BEOSIZAT L
ABRED o-tertiary 7 I A GK LI HITZE 2O THT 25 & Fusicularin (28) @
ARE A Z FRHIZER LT 5, [A U< 2010 412 Rychnovsky HIEF 7 /727 L a—/b
KNS ER LY T rEREZT I /)= b VEREBEBRKIESEDZET AR o
tertiary 7 X AR LT, EREO LI, A BEAMBMGHA E LI GRFRIX 2 E
TIZ 6 BlHE 4TV % (Figure 17),

—J, C BEEGHKIS LT 5 Lepadiformine FHDO G D . 2002 IR S IZ X - TiTH
Nz 9, #5013 C REERDBHMOX T e n U Y ) % Grignard REEDOFHINZ LD
— R L7z, 0%, oy 22X CUELT 5 Z & T/ W Hetero Diels-Alder
FOGHHELT L, a-tertiary 7 2 V& &Tr AC AV OEEOHEICKII Lz, TInb, KILE
T Lepadiformine A (25) OHIDORF 2GR E ZERK L, KW OMaxBLE 7Y 3S,5R,7aS,11aS T
HHZEEME L, £72, RUT< 2002 42 Weinreb & 3% 7 /L 722 BB IR 5E =B
RZ7 7 H2L~D)F 7 LHEDOMMBLOPELTA I =T LT F o ~Do R - 7
TUMERIGIZ LD AC A REANRISER L Y, 61T, 2010 FITfEILSIXA
7oA X RBENT o B-AREFIA VR U ~D T PG NELRORIC L D AC A
PoBRABREL, TORFEL OBWEITV 25 DT I &AM EEKR L P, 2014 £
Kim 5Z7 Vv A7 UIKIZ%9 % Ireland-Claisen $#5(712 K0 C BR LT a-tertiary 77 2
UIBE ORI LT P, SHICHARA XY EVANIGERNT A REGKTHZ LT
AC AV uBEZEK L-, £7-. Kim 5T 2017 LR & IX R 5 AN 2 VT
Lepadiformine C (27) OFEXAFAMOLER L T D M, ITH, BALIZL - T 25 OHi-
RAFEARMPER SN P, HIEFTARBIRANI T B X =L T LR A~ LiE
Wk, RU A B AZ 2 ZVAR VR () 2 V72 SRR BB RO I L 0 —ZF1T
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AC AV OBREME LT, ERICEEEHLZXLHI1C, C BREAMBAHA L Lz & AR
5FIE &N TV 5 (Figure 18),

DEDXYIZ a7 — 12X 0=V N5k T Lepadiformine JHDO &AL AN 2
ENTEZHOD, £7E B BEMKEALE LEARAITRIZHE SN TR, 22T
Bx IAITE TR XYY Y ) VFEBRA~DZ A 7 2 B0 SEAE IR LA AT SO
ZPLRT 5D Z & T.B RO D Lepadiformine FH~DNZA)T 70 —F BB A[EEIZ/2 D &5
X, 25 BEO 27 GREMIIEICEF LT,

*2000 : Kibayashi

CONH(OH)
—_— - +)-25
0 “OTHP — ®)
OMOM
=2001 : Funk
A/O JL M
— NT (%)-25
O\;l\o —_— s
*2006 : Renaud o
9 ICH,CO,C,Hs H
PySSO,Na, [("Bu)zSn], S nC.H
—_— "CgHq3 > 6713 ——— (¥)-25
Q:\l\ ’ (:\(\)( ‘BUON=NO'Bu L COCH —>
o N3 2CoHs
2007 'Craig
(0]
) (CH3)sS(O)l, NaH PhSO,CH B
2 SESNH2 KZCO3 ”Bu2L| ’ 0 @ — (*)-25
3) ADDP, PMe; . > (&
SESHN 2
=2010 : Zhao : u
- 5 : OB
H2N j< 3 OBnN 5 n
'? OBn TI[O(C ,Hs)a] (:(\/ allyl bromaide
Y ! 275)4 o < Zn 2 RS E— .)-
@\/ [}] — & HN\S‘\O — (-)-25
o >|/S.,O /i\
*2010 : Rychnovsky
oH OTIPS TBSO/\/\NACN H OTIPS
n Boc S nC,H
> L CaHo LDA, DMPU o aHo ()27
Snme O77 o it | G
B TBSO\/\/NBOC
r

Figure 17. A B2 % Ak BAAAHLS & LT Lepadiformine DA B
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*2002 : Kibayashi

MgBr
I <\//\/\ 7
N
Boc nCeH13 \

c > HN- PO

h) OBm OBm

H

"CeHiys HCO,H =
CG 13 _2» 2 (_)_25

=2002 : weinreb

H
&*\/ &‘\/ then > ()25
TBDPS BF;-(HOAcC),

=2010 : tokuyama

- SOzPh M(Bu),SnH 21 s0,Ph
Nigh > AIBN
\©\ ———> (. N\NPMB T2 5 (#)25
0

*2014 : Kim

— ()25
*2015 : Morimoto
0]
OH £ "CeH1s nCoHis
OTBDPS R
o Hg (OTf), e .25
-nOTBS _»_» N-Boc OTBDPS — 0

NHBoc

OBn OBn

Figure 18. C R34 A BB an R & LT Lepadiformine JHD A AkiE
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W @SSR DT U LS % BV Lepadiformine $HOTEEA

o> I
=

B BZf8 &9 % Lepadiformine ¥HDARICIIT CTORKISERDTF I )T AT )L
3) ~DESLRBRI DT VLIS DR 21T 572 (Table1), $ 725, 3 O 3LIZT Y
NG A LT ATV ) T — G ERIET VLT T v 795 2 L THlfe L
2 2 DORF LA FHIMRES 5 2 LA TE D EER e ARUSIZLD | 21 ovtertiary
7 UME AW TE B 2 L b, Lepadiformine M2 MR B H 5 RIS B &
NATRETH D, £ T HDIT, Grignard RIEZ T U AR E L7 Gilman 334 W CHAAHIN
RIS%4T 74, HEULATAF LT ) S5— R aT U703 RCUET2 - L3R DT +
DR, FEHEIE LT b 00, BERIRAERBIE SR (entry D)o YT, B - MR
T VLRSI £ 2 HRMAMES 24T o728, 7 UL 7R I RCLBE L, LaL, RIS
HEATE, FORHEIIC B % 7= (entry2), & =T IEEAMEISITH S Gilman 3% 7
KITUNARLERAFNLVIFTLDNT AR LE AR L7, ZO8R55E., KIVR
TOHLHLODOEHBDOTY T I NKEH —DTVT AT L A~—E LT 39% NETEHEDZ &I
E L7z (entry3), & 512, Gilman RIEFHLICHND Y F U LREOKRGT 21TV, ATF LY
FULETFAYFURMAEET DI ETREBE L EES N, 76% WETHHO VT
VLR (29) EAm, Fio. 3T UAMEOEVSIKERIET, % Scheme3 TR LT
ISt E RIS . ATV U 2 ) VERICE AR DU OREETE & SNARE 5
HT2Z B TE D,

o)l B wH diallylation
M602C N
O
O
3 -
LISIRILIY A (25)
entry reagent solvent result
allyIMgBr, Cul .
1 then allylBr Et,O/THF complex mixture
allyltrimethylsilane :
2 TiCl, then allylBr CH,CI, no reaction
tetraallyltin, CH4Li 39
3 Cul then allylBr EtO/THF °
- .
4 tetraallyltin, "C4HgLi Et,O/THF 76%

Cul then allylBr

Table 1. =7 X/ T AT )LA~DESLEEIREI T T U /ALSUS D ST

19



HIO T U ABE (29) 35 572D T, (-)-Lepadiformine A (25) B LN C(27) DERK
AT T A BROBEIZE -T2, BB TR T I ) = AT LA~O AR
MINSICBT ARG A2EZET 5L .29 O30T VKT B ERREICHLEEZOND,
F 72, 29 @ hexahydro-3H-oxazolo[3,4-a]pyridin-3-one ‘BASIITEER LN HH T2, 20D
TUNKFaBEIZRD ZENTEINDLDOT, 22007 U AKEITWT LG 7 X7 L
ERWTEHE SN TWAS I ENREX LN, Z07H, 29 OFRA X AKIGIZED A
BROBKIINEZ B2, £2 T, —EAXH YUV VRERRIE T, EXU TV UVER
DOEJER R Z frEL, PARA X BV ARISEITD) 2L ZFHE LTc, £2 T, &IIZ 29 DA
FNVTZATNVDETLEARST, £7, LiBHs 2 & N U REGLHIE L THWER, RISTET
B PFITEHRIIC B £ - 7= (entry 1), RIZ. Super-H Z W Tk KU RiELE{To7-L 2 A,
FIRTIHEEIT Ui o720y, MBGETICE Y BIO 317 B2 55T b3 — L {ER
66% DULERTIE S (entry 2), —J7. LiAlHs 2T CTlE, 317 £E X 6N T /b a—/Lin
22% T LG LR o727, entry 2 ZHE st Lz, KIZ, 317 OILE ) —)b
DKEEFEE MOM FETRE L7214, 2M OKERLA U U A/A Y 7 a BV T )b 3 — WK T
MBULERS 2 2 L TAMOT I ) 7 ra—iL s LELEY (32) 21587, KBS, HE2kT
JVOREERF LD, BROIELZ oA M (33) 2155 2 1Tk o7, IRIT,
Ta—uk 31) b LEAEW) D EEICHAR A Z B ARIGERA T, TO/RR. T
BN U TARBUSMIMBGR S T CTHEAT L, BRILIRD LE(bEa 34) DEbiiz, A B
DREFIZRI L7272, 7K%D C BEBEIZWIT T, 7va— L af{b L7-%. Horner-
Wadsworth-Emmons SSIZATT 2 & T, af-F~afio 27 UESL LE{LEY 35) 157,
L L, o7 ap-REaflm 27 UKD '"H.NMR A7 hLiZid,  0ud.00 BLIO ¢
HA18 WA XYV VU VEREHDAT L U KFHRD 2D 7Ty AB ANT v b
EUTHBENEICHER SN Z 005, 29 OETHICTELNIALAEWIE 357 TlEr<
35 OEEZA L TWDZ LAVURKEE X7 (Scheme 5),
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1,2-diaxial

sH [ T e
Thc0sC ) = | HaCO,CcH % >
3L0;
(0]
O}-
29
reduction

1) MOMCI, DIPEA
2)2M KOH /
(CH3),CHOH
(quant.)
X
N-protection
OH : E OMOM
HO
33 32

Grgabtgfyg{] d 1) Swern oxidation
:
benzen 2 ) HWE reaction
reflux (85% over 2 steps)
(96%)

6:4.00/4.18 (each 1H, d, J=9.2)

C CO,C,H5
reduction N-protection
entry reagent temp yield entry reagent yield
1 LiBH,4 rt no reaction 1 CbzCl, sat. NaHCO; aq no reaction
2 Super-H reflux 66% 2  CICO,CHg, sat. NaHCO3 ag no reaction
3 LiAIH, 0°C 22% 3 BnCl, K3CO3 no reaction

Scheme 5. o p-RELFIT 2T /LK (35) DA
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Z 2T, EILE 31) OREEIZHOWT RO NMR ERZ To72& 2 A, 317 OIELWE
WL 31 THLHZENH LT, LR > T A (31) 1E. 29 DA F )L AT )VEDIE
TES CHEM LT 2N NVE ) — VKBNS U U ) VEBROINVAR =NV E B L
T, AXYH YV VBROBXELPEITLTAEKLIEZLDEEZ N, /2, 31 OF
XYY ) UBRBOAFLUKFE Ha &7 VIANIKSE Hp RO 7 LIIZ NOE 23
HWENT=Zehnn, DT VMBS E > TEASNTZ 2 207 UV VI TH@ED 7 F v
TIOBRIZH D 2 DORFHLNILIZ REEETHD Z & 2R L7 (Figure19), 7=,
BT 31 BLO 31) OFLEREDOT RNV —3H ATz 2AH BIELIEITL
72 31" OHFNERTHSD Z &b IFFS 7 (Figure 20),

NOE (:'B H?/HQC
A
H Super-H HMQC (~ N CH,

HJ !
THF o) o
roflux | _ﬁo _____ ! ) CcCosY
66% : f

29 ° 31 5 5: 4.47 (t, J = 7.6 Hz)

Figure 19.2 X7t NMR F2BRIC K D8 I0iK 31 OREERE

AE=8.1 kcal/mol

E ot =16.5 kcal/mol Eota = 8.4 kecal/mol
317 31

Figure 20. 320K 31 B 317 OFLZERET RV X —OFHHE R

FEWCH, XYV U ORI ELPEESTETE 31) OERAZ B ARS0E
7. B9 DHQ Bz bo(ba¥ (34) BEbhizZ Lhb. 34 ZHVTHMME LD
2o £, BHTZ A B A K 25 BLO 27) ORI OMREEZ A E L, 34 @O Swern [
BIzk VAT AT7LTE ikt LT Wittig KiGafiTo1m, 0%, L7 ¢ K%k
SRALBUIC A 2 & TT AR EIR (36 35X 37) AR LT, 51T, 2M OKE{ED
U LIA YT RELT a—LERKET 36 BILO 37 2BV 5L TP /7=
—/UAE (38 BET 39) ~EH U, RIT, C BROMFUTIANT T, 38 HH 2T I ~D
RAILDOBAZRHT- 0, RHEK (40) 2135 = LTk -7 (Scheme 6a), Funk & (%
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40 LIIERY DUBRERD o MAKBOSERNERDLT I ) T va—/uK 41) AL,
TDFE 2T I ORELZRATN, REREEL N TERPoTEZEEZHELTND
¥, ZOHHAELTEHE2ET IVOERFTLINLE ) —)VKRIEE ORIZAE L 258V KE
FEAIWCED T I U ORUSEMET LTV D ATREMEDS RIZ ST % (Scheme 6b), L7,
Wl s —nKgpkz7 oV ETRE LG (A) 2R8BT52 LT, H2Hk7T
2V EOEMFIZEREI LTV D,

H

; H 2M KOH /
1) Swern oxidation & CH3),CHOH
Hou 1) - N SR (CHz),
2)R! PPh3Br, "BuLi
(0]

O
3)10 % Pd/C, H,
34 36: R=C6H13 (76%)
R¢ = CsHyq 37:R=C4Hg (75%)
= C3Hy
H
N '
75 “\\H
\
HO™ PG
38 : R = CgH43 (quant.) 40
39 : R =Cy4Hg (quant.)
-b)
H H
Y H H ACzo
DMAP, Et;N
H = CeHwkN% 3 CGH13 H'N
HO H
“ 0 AcO A
MOMO~\(\| H
MOMO{ OAC
B

Scheme 6. C RIS Z A& LI2T 2 /) T a— /LD a) 73 ) 7 /La—/)L 38
BELO 39 DA, b)Funk HIZL-> THESNEZT I/ T/ha—/b 41)

ZZ T, Funk HOMREZREICLT, T/ T/ha—UE (38) DhNE ) —LKEEFEE /]
BT O MK EERS CIBINFIC T S NALT A Z LT 42 ~E B UT-%. FE 27 I v 0fi#s
RATED, ROSITRSHET Lo Tz, —FH, KR OEKEREZ ZRCEHSE5Z &1
/N %%E%@7/wm%@ﬁb T VIR (44) DMF LIV, BV E S — L KER R A AR
HELURIEMEAL T2 ENTENE, F2MT IV ET VNV TRETE S Z ENHA L,

L)L, 44 12X LT O-&RBIPLT AL ZIT o728, HRID O-ifrRiER 2155 Z L3
727> 7= (Scheme 7).
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Ac,0 (2.0 eq)

Et3N (3.0 eq) H
DMAP H
qlﬁ W*’ N

nT

AcO PG
a4
Ac,0 (10.0 eq) H
Et;N (15.0 eq) :
DI\:ItAP - " «H »  COmplex mixture

1

AcO”™ Ac

44

Scheme 7.2 %7 I o DREDO KT

RIZ IZxf L C O-BIRM e b 2l ATz, —RICT va— oIz HWL D
Swern ﬁ&ﬂﬁ"? Dess-Martin 2L CIIEMERIR A ER D AR LTz, £ 2 T AZADOL %

WET R T a— D O-RIRE 7 ZER ﬁ&ﬂ:% B ICHEALI-EZA, EEMICEMDT
T NATE RE @5) "L, kI X% ﬂLL’C?ﬁ7k@’lfﬁ&%ﬁﬁb\’(7‘//leb%ﬁof:

LA, EH#F‘%@)JD%?M%ET&;ofJx E E’J@ 47 ZHREDOINR T/, Tk, T
VIR % BEOKERRR s AL T B F L ~LBES 5 Z L THINRNOEER T47 255 2 &0
TX 7z (Figure 21),

¢ H H
«H oxidation I H N-acethylation | H
o _) Y —» =
N N N
HO o2 H @ A
38 5 47

O-selective oxidation N-acethylation
entry reagent result entry reagent and solv. temp. and time result
1 (COCI),, DMSO, Et3N complex mixture 1 ACZO,CE;?’[\&DMAP reflux, 1 d 63%
2 DMP complex mixture 2~
5  AZADOL, 2-bpy 99% 5 AcCl, CEENélDMAP rt,5h 83%
DMAP, CuCl 2~

Figure 21. 7 /LK (47) ODEH

T T a—)v 39) Ik LTH AZADOL #HW=ZE5 b x1To 2L TTrI /7T
LT E R (46) ~EEW, TEFNLI/uT A RCTUETLHZ LT 48 ~L B, £
D, TR 47 BLW 48) 1 LDA ZEHESE T, i 49 BLW 50 ~LiEL
LT CBRAMETLIZ LIRS L, F0%, 2T ILa—LE XUk LT-1% . DBU
UG5 & T Elcb BEENEIT L ) V2 AR LT, S BT/ U A KIRSIZ L 0 &
TLTHZETTIZHLS B 52 ~Z# LT, L&Y (51) 75 Lepadiformine A (25)
DOERIE Renaud 5 3L » TS CW5, F72, 52 °5 Lepadiformine C (27) O &
%1% Rychnovsky o N2 XK > THESNTNDEDOT, 25 BLW 27 OIAARF AR E ZEK
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L72Z &1Z72% (Scheme 8),

5 H H
WH  AZADOL, ,2-bpy H AcCl, EtsN : ’
X DMAP, CuCl ' DMAP e LDA
H R > PNTR > N R ———>
HO o” H 0% Ac -78°C
45: R = CgHq3 (99%) 47 : R = CgHq3 (83%)
46 :R=C,Hg (98%) 48 :R=C4Hy (80%)

1) MsCl, EtzN then DBU
2)10% Pd/C, H,

(0]
49 :R = CgHys (83%) 51:R = CgHqs (83%) Lepadiformine A (25): R = CgH1s
50:R=C4Hg (92%) 52:R=C4Hy (80%) Lepadiformine C (27) : R = C4H

Scheme 8.2 &7 I o DIRED KT

W, TIva—/LHRHE (34) HEREICE D ARRFTREZR T VT B R (83) @ o iz =t
AU THZ ENTEIX. Funk 52X - THisE 472 Fasicularin (28) @&k H AR
(41) ~LEL ZENARERE L E X LND, TDT2d, 53 ~DOTE X VLIS OBE 21T -
72 (Scheme 9),

H
H i
N 5 OH ....... >
—_— N V(TR T e B N NN e }
o\
0
34
H
H
N
Ho” H
41

SCN
Fasicularin (28)

Scheme 9. —t° X VAKIC L BT 2/ 7 —)b 41) OERLEHHE

7oV a—/ /LR (34) & Swern EE{L1%. DBU % 1 %5 &H W T E X VA LIS EIT T2,
4 FFRBICROS Z B L, & 6T HAERDICK LT Wittig KIGE{TH 2 & T, AL 7
4 UK (55) BLW o= X VALK (56) #Ek L7, TDORER, BRID 56 #2727
UAESEHINCIG D 2 ENTEREDN, RSO F LRI T LI=T 7 % 2K (57) 135

572 (Scheme 10), 723 57 OfEIE X BAEEMHTIC LV IE LT (Figure 22),
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Q\/j{H/OH 1) Swern oxidation wwg mjmg Q\/l
N

2)DBU (1.0 ), 4 h
o—&

(0] 3 ) nC5H11 PPh3Br, MBulLi (e}
34 55 56 57
(4%) (29%) (52%)

Scheme 10. = ¥° X VAL SO ET

Figure 22. X #RHEMEATIC X 0 fRLTZT 7 2 I (57) O

Wender © 1%, Taxol DA EMIE O ICBWTT AT & REEEMESRMBEZFBHEK T T b
VNEEMT LI EICERIIL TS, T, THICK LTER LT 7 Z LK (57) 1%
BOSESIE R OIEFIEFRICT LY 34 OARRK L TV D AlReMEA /R T & 7= (Figure 22),

—0 O

(CH3)3COK, O, - z

84% TBSO““

TBSO™
OH O OMe OH O OMe

Figure 23. Wender HIZ X o> THESINTZT AT & RDH T h o ~DOZEH

FIR OIS E5E 2, 22 VA LKBICBWTBEORRE B E LT I "T ) v
7 AT TR, TRIEYIZT 7 % MK (57) DEREMAD Z LIS LTz, & 512, DBU
AFEIMA D Z & T 1 RHUANIC 49% IWRTHMOT E X VLK (56) 227 AT LA
@%%Lqé_kﬁfﬁto%ﬁ_ﬂﬁﬁmmibﬁv74y%ﬁﬁ& FXRFSY D)
BRaBBRT 52 LT Funk HORE LT I/ 7 va— ) (41) ~LE X fasicularin (28)
DEAARHF AR ZZERK LT- (Scheme 11)*7,
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1) Swern oxidation

2)DBU (4.0 eq), 1 h

Ar bubbling 5
. (@]

3)"CszH41PPh3Br, "BulLi
) "CsHq4 3 55 56
(8%) (49%)

1) 10% Pd/C, H,
2 ) 2 M KOH/(CH3),CHOH
120 °C
(96%)

Fasicularin (28)

Scheme 11. Fasicularin (28) DB XA F A Ak
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B = aF R ERAOREEEEBEE 2 Ry & L7
Decahydroquinoline #!F 7= /L 7 /L 1o A RN OMEEN 42

R
1]
il

F—g EBNEMET AT AR A R

HREK S DV E~Z T ADINVEEDTE T T)VEGIER O R k72 i %2 S OIRIE
T ia A RS HEES N TWD, ZDOEIIBIEE TIZ 800 FELL EAEFR S TEH Y,
20 FEMHAZHE 2 D207 7 7 A EE N TWD ¥, ZOHC 4 | Batrachotoxin, Histrionicotoxin,
Pumiliotoxin 1358 ) 725 & L THIH LTV ) (Figure 24) |

“Qf)ﬁ : JM

Pumiliotoxin A: R=H

(=) - Batrachotoxin Histrionicotoxin Pumiliotoxin B : R = OH

Figure 22. 37 /L7 /L1 A ROEE

Bz, W< meEREFELE L THWSNTE 7~ Batrachotoxin 21X U, ZHbFEH /LT IL
JaA RiE, A RABERRHA LN 5oH D . ZOH TR -
@Egﬁﬂ4ﬁmyﬁwy—wkLT@WWH%’@%%%&OT%%“OLﬂbxﬁﬁF
DATVNE, TN Tvad RBREENT, IV E8RER, B CELICI LD
@ﬁ\HM%ﬁbﬁihiTwﬁu4k#m%éhﬁwkwo%%%%izé& INbE
AT NIaA RiE, FZoeR27), 97T T, ¥=, 7E, REORBRICHKXT D
EWVOHRER, T2 H dietary hypothesis 3 1T ESN TS 0, 612, FRIfEOET =/
THAEBHIZEIV R AT v o RBRHHEND EMEIN TS Z &b 2O E
SEFFLTND N, —F, )V OEMRERIC L VRN TAES DT Ve A RHE
HNTNDY, ZRHEDOFEHN LTIV A RiE=aF U2 BZR (nAChR) % FEFHIZ XA
eI U CHLBR R W AEMTEME 2 R Al BEtE DN s STV 528, ED dietary hypothesis
IZE U RARDS OIS EPBD THETH DL Z LITMA . BT ZANT T R UFAIC L -
TIREIN TS, xRNSO BMMFENIREE L 700 | SRR AEWIEEORFIR 2 S
TWRWVWORBIRTH 5,
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B =aF oM v T ) AT OV T

A X F v FVHNBEUZRERTH S nAChR [THIZEME DT vF Lz ) k>
flisnsT7eFLral) U ZREO—FETHY , =aF N7 I=2A M LTHS ZENE
DOHKTHDH, 5T, WILHEICIBVT nAChR 1% 16 T (al-o7, a9, al0, B1—P4, v, 8, €)
DT a=y FPERINTEBY , ZNORFREEITIA~AT e 5 &2/ T D2 & TEMIIL
TUW b (Figure 23) . F72. nAChR (% a2-07, a9, al0 & B2—P4 DOFLAA DO THK SIS
MR L alBlydle D'EREIHRLOD 2 SOV T X A FIZRKRE L BT oD, FFio, A= o
FUZRRIEIT BT L) o= aF U Iw U CORRERIEZ M ED R D2 o7 X A
TR, HEERICIEIA S A LTV D, BMNIZBW T a4f2 KN a7 nAChR 23 E728 7 4
A7 THY, FEH, RECRMERE CMMREREORESICEE AR EH STV D
(Figure 24), £7-. 2009 4EI213/X7 7 U 7 ® nAChR H~ET 7 ZHWT, KF ¥ RN T 1
ATV JHECTH D Z BN LUV TR S e 5V,

Figure 23. — 2 F L S KR O3

04P2 =2 F U ZFR (MAChR) (X, =2 F X L CEBMMERZHRIETH Y | IMNT
XL MR, RIMEE ., RS, (VTA) 3 KO IMERE 72 EI2iRIA < A L, F5IZ VTA O
R=RIv=a—ar~O=aF L5 HMZIERIT 04p2 nAChR I LV FEI S LD Y,
XI5, b MR AREM R RTEASE C A M A (autosomal dominant nocturnal frontal lobe
epilepsy: ADNFLE) & =aF UZREYFTa=y (04 BLV B2) BT & OHEHMT
LD, 2D 2 OD0BIBTBAKEDHKN TS D a[REMENRB ST D, /2, =aF
< 04p2nAChR %71 L7= JAK2/STAT3 v 7 F/VREEIZ L D . U ARZHE (Lipopolysaccharide :
LPS) HPR D RNEZFEFN L, PLRIER 2~ Al RetE N s S 47z 29, 2006 F1213 a6p2*
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nAChR & FAXMRRE R D R — NI UEREHIZE#IZE G L TWD Z &R STz, S bIT,
BITE a6p2* nAChR IR T > % T =A N CT&h D Conotoxin MII [T a6f2* nAChR DAFFLIZ

RINTZEDTERNWSTFY—LE7o TS,

Hippocampus Medial habenule
Cortex @PZ adas5B2, [04p2] a3p4,

[4B2] adasp2[a7] a3p4,[o7] a3p3p4,[o7]

Pineal gland

_meccaas R Cerebellum
a3p4,
[o7] a3p2

Spinal cord
a3f2,

P o

Striatum
adorsp2,
abB2PB3, abadp2p3 7]
Thalamus
Amygdala L Raphenuclei
gaothalamus i
A E - Locus coeruleus
Substantia nigra Interpeduncular a3p4, abB2p3
ventral tegmental area nucleus
ada5p2, a3p4, [@4B2] a2p2,
ab6P2p3 7] a3p3p4,[a7l

Figure 24. FAXMHIRRICIT D =aF U ZFRY T X A T O 4347 50
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B = aFURR AR L LA

TAMAR=TF AMRIERE/L & O AR R R B OIRRICB W T, 04p2 BLY a6p2*
=aF UK MAChR) (X, EERABIENO—>TH D, 7 A U I ORI Pizer 1%
SR CHID T adf2 nAChR DI/ EENFHE T 5 Varenicline % BAFE L. 2006 4|2 pH 4

[CHANTIX®] & L TH5E L7, AREREMIX, BEME—, BAFIHINTND adf2 BLO
a6P2* nAChR H 7 & A4 T ~DOZRNAERHIETH 2, Lo, BIEHE LTHOHr
FATE 22 & OMBRREHIER 2 RIE L, BEOHSIZARMEMZ ST 2 &3, RTEBZICHE S
NIz, D728, 2008 4 5 AT Pfizer (3872 7R L REE 20 SCEITBIN L7 ), F 72,
2012 42 Dougherty ©51d 04B2nAChR DV H> K% W =& &ETSMEARBIRFZE 2170, A%
IR E Y T RORNZ VR =)VEEOKFZ G EAEH I KO0 F A - AHAEAEH 23ME
TWAZ EHHALMMIT LT O, —J5 T, Kozikowski o % Sazetidine A FEARLFI A4 ~ I
714 (Capitella teleta) H2RT EF /)2 Uifia & 737 H (Ct-AChBP) & OROFHAAFMH %
BV IZ, Sazetidine FHEE 5 & DOIFEREZIER L, O X BT LD 7T
NWERE LT, EHIC & LNTRERAZZEIC L0 i) 72 KPR %2 © D Sazetidine #5754 12
R L7z D, F72, 2013 1T Paige B, ARk L7z Sazetidine #HE (S)-9 ZHWTT
VA= UKIFDO~ T ZZBITH 7V a— VEBREZ D S5 2 LI L, £ OERERE
PSIEIRAIIZ 04B2 nACHhR ZUEIES B TWAH Z L A5 L7, 2 BIfE. 04B2 nAChR ~D
REEIEVEARBIRFTEIC L » TR &7 AZD-1446 BNAZREDOTIR R 7T T =A k&
LTERT A2 Z &0 n, SRAEERBOHT-RIGEEKE LTSN TV 5 (Figure 25)%),

N _ OH
OO ANy
N/ | =
N

Varenicline Sazetidine A
o o
HN \0/4,\/ oH HN \OA/\’F
o 5
N N
Sazetidine analoug 5 Sazetidine analoug 12

(o]

e e
HNU\/O x Z =
Me N
cl
Sazetidine analoug (S)-9 AZD-1446

Figure 25.Varenicline, Sazetidine A 35 X OV OFFERI LT AZD-1446 DFfiE
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— ., Fx ORI N—T1F, TNETIZET =L T /a4 R Indolizidine 235B” D~
BFAREZEMR L, AMEEWD adB2nAChR #0252 & 2HE L TW\WaDH, 2 T,
AT a7, o3B2 BE adf4 nAChR LV HZENEI 6 . 40 BLO 50 FLL EH 4
732 ad4B2 nAChR Z T2 Z LB YT XA T~OFE ORI ZRTZ E AL MNT -
TU % (Figure 26) %Y,

- adf2 a7 a3p2
= — — _ -
H f V- 1 r r—_]- “‘ " raeh “/—J
0 0.3 0 03 0 0.3 uM
N a3p4d adfp4

i — __‘l— "/ — ‘r
IO VA N
indolizidine 235B" 5 A /o o

Figure 26. Indolizidine 235B" O = =1 F 52 SR INHITE MR O # R

S5, A EOMEEZ B L L7 Kentucky K5 & O HREMFIEIC LD
Indolizidine 235B" % & dp 6 FHOIEBZMN D = 3 F L aFFME N3 B ETS HEHIE S
2. EDOfER. Indolizidine 237D 7} a-conotoxin MII &5 a6p2* nAChR EAHAIEA L.
FRVN= a2 FUFERME RN VIR EEH A R L2 2 & h ., 5, 8ZiEHL indolizidine 73,
a6P2* nAChR D7 Z I =2 k& UTIEH T % mIREMED RIE S 17z %) (Figure 27),

PGP PP gt

(-)-205A (-)-207A (-)-B-6 (-)-237D (-)-B-8
2.0
% 1 3 75
=
£ 15 o
5 25
oL =
- e
505 2L 25
° s
- 1 o
0.0 = o-
' B i MEC  q-CtxMil (-)-237D (-)-237D +
Control -11 10 9 8 7 a-CtxMIl

Log[237D] (M)
Figure 27. Indolizidine 235B" 3% (K% iV /- = o F k3 ME R/ L B E TR 0 it 5
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& 5|2, Indolizidine 235B° 3 L T8 Indolizidine 237D LICZEFE D o fLOMIEH D IRFBEA 7
ThbHZ LITHEH L, U= TEAR%ZERK LT Indolizidine 239Q @ 8 (IS D fREEKL
BTICERLFEARESGHR L, Adh? ad4p2 nAChR (x4 2 HlTEIE B3 1 E S
72o T OFER.  Indolizidine 239Q-1, epi-239Q-1 7% 04p2 nAChR (Zxf L T KW Indolizidine
239Q LV LK 20 5 LIRS RMENEMEEZ R T 2 EAVHIBFI L TV 5 (Figure 28) %0

epi-239Q-1 epi-239Q-2 epi-239Q-3

/ ' ,. y / N
/o 3 M / " s M |0 3 M
239Q ICg 11.0pM 239Q-1 IC, 0.5uM epi-239Q-1  ICg 0.7uM

Figure 28. Indolizidine 239Q 35 X O O#FE (K Indolizidine 239Q-1, pi-239Q-1 DOfiE L = aF V2R
(BRGNS

S BT, TR, BAITH T PR RIE B OIRIFEIE 720 9 2 ) — ML OREEZ B
12, 2,5 fif _iEH#2 Decahydroquinoline (DHQ) !z 7 /v v A NIZHEH L7, 2,5 fif (&E#
DHQ ME A=A 7 TivaA RZ45OARFRLERATLHDOT, 16 MELOIT AT LA
~—NFEET D, TOTDHBIORE YT 7 T ATEHLLOD, REFTH D cis-195A
DIHERERTEERLMTONTE LT, 0o DHQ Mg LT /v A RiZ
ODNWTOERBNTIZE A ERNZ D | GBI ER IR STy, 0 Xk 9 7%
. 2021 FFICE LTSI )2 RXT 0 (57) ~D XA 7 1D Michael NG % $&EEO
L. BomE =LK (58) 705 ent-cis-195A (60) D ARFEA KA ER LTZ, EHI1C, bV
77— MR (59) BRI DIREEIC LY cis-211A (61) DD EAE L OF D 6 (K
FEDOSARDN IR D 6-epi-211A (62) DA RKIZAKED LTz 7, F 7z, KERM Diffaxt SEAKBLE 23 2R,
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4aR. 5R. 6S BLI O 8aS THDH Z L HLHkEE L7= (Figure 29).,

| H
3
I |sH (CH,=CHCH,),CuLi WH E—
HCOC” N ™ Haco,c” 8 -

CO,CHj £0,CH;
57

L //rr H H
/C(\J\H/\ ent-cis-195A (60)
TIO7 AN
CO,CH; \\LL

HO., NG HOL A ':I
” C(j{H/\ m
SN A S
H H AN
cis-211A (61) 6-epi-211A (62)

Figure 29. DHQ %7 /L1 1A I ent-cis-195A (60), cis-211A (61) 35 KT8 6-epi-211A (62) DEAFL

ERROBWIFIIEDORE R, Fex 1T cis B> DHQ M7 v h v A ROAKIERTES Lz, %
7o H—ETIR7 GTX 287C (1) D&M THWIZERILIK (6) 225 I% 2-¢pi-cis T D
DHQ H 7 v lvaA RREKAEEE B X biIVD, £ T, SAEFHkX IZ=aF R E~OH
TEIEMEFARAMFSE A B9 & L7 DHQ M7 oA ROMBRMIEmR~E R L, £7-. 21
FTOMANS, ERABER I OSERIRENCIEOZ R %2 5 2 5 TREMENE W ERE o MOMIEH
DRFER 2 TICER LHERLERT 22 &2,
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FVUHT  Decahydroquinoline 177 /L v A R ORI G R & T TEFEAN

DHQ B A= /L7 /14 R 195A (60), 211A (61) DAL LY GTX 287C (1) DI
XA A B EIEE LTz, 4 ODORFRLITIESW 4 SDOSIARRYER (cis, 4a-epi-cis, 2-
epi-cis, trans) \ZJ& LT-BA#E T Vv A R OMEMER S EZL Scheme 12 (TR 7, £, cis B
KON 2-epi-cis B! DHQ B DOHEEITHE —E T R7ZAKFZO=E A VA LZfED Aldol HUER
BEOSIZ LW, ZRZEH 58, 63 BED 14 nHE Z LN TE D, EHIT, 4a-epi-cis B
E O trans ! DHQ B OMEEIL, 58, 63 BLDN 14 OB A X & ARUGIT L 0 HEE
T&EHLEER L, £72. 58, 63 BXO 4 1ZZNETNEIRTFI /= AT )L (57). (64)
BELO 3) » O EMMSBIRAIERMTINESIC K D L AETH 5, KHEIZ 57, 64 BI O
3 FHEDOF I AT L a—L @) DHARTHI L L L,

R
S H H
m“ »H
NESNT R -
@S HH s trans H H cis o HVH\Zan) frans H H trans
cis 4a-epi-cis 2-epi-cis trans
eplmerlzah\ %CM epimerizatik ACM
| H I
H
H5CO,C |f| l}l R H;CO,C
CO,CH3
R ="CsH; (58)
"C7H1s5 (63)
type-1 stereoselective type-2 stereoselective
conjugate addition conjugate addition

HsCO,C™ "N™ 'R H3CO,C” "N
CO,CH, 40
R = "C3H; (57) \ / o}
"C7Hys ( 64 \ / 3

l' R\ Y H
HO UK AL 0A
l}l c

Cbz
4

Scheme 12 .DHQ 7 /L h 1A KONGRS 1E D
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RO B REV, cis-DHQ FLT7 LA K 209F (65), 223F (66). 237U (67). &5
IABE IR LS 7 OFEIR 251A (68). 209J-1 (69) 35 L1 223F-1 (70) DEFKICHEFLT-

(IUWCOV\Oﬁw

cis- 209J (65) cis-223F (66) cis- 237U (67)
cis- 251A (68) cis- 209.1 1(69) c,s_223F 1(70)

Figure 30. £ cis-DHQ B 7 V71w A ROHEE

JFECHDE T ET IR @) 2OFE—RELFEBOFIETAF LT AT LR (10) ~&
B, Thbb, 4 O BERBR(LE, DTV AZ U ERWEATFILZ AT ABIC LY B
B2 10 2B L=, WRIZ, 10 OT7 B F VI ZRINWICERE L7, Pearlman fiftfit 2 H v
THEL Cbz L LT, BEFRTFE2ATF LT L X THREL, S0, FE1RTLVa—L%E
Swern FE{b1%. Wiitig SOS3 L OMEMIR T AR T3 IRFEB LT IRFEFOMHH 3 BXLO 7%
ERY UUBRIZEAL.65S BED 66 &, 6 LEE, 72% B 58% DI TG7- (Scheme
13),

1) K,CO;4
) Swern oxidation

1 o 2) Pd(OH),/C, H,
3) CICO,CH
. H., oH 22 3 H,,/(j{H
OAc 2 ) Pinnick oxidation J\/Nj'\/OAC 4) swern oxidation >H CO,C R
1 |

H, oH
HO K | X

N H
I 3) CH,N, 3C0OL ) W|tt|g reaction
4 (95%) 10 2

(65) : R = "C3H; (72%)
(66) : R = "C7Hys5 (58%)

Scheme 13. €/ 72T /LK (4) /5D 2 MrAIEHAESE

Iz, LB (65 BED 66) %, MRKIE F T NaHMDS ELBEL 7212, ¥ 7 2 =/LT R
VT A F%{/ﬁﬁﬁ S EHNERTS-7 ==K (67 BLO 68) ~LZ&Ha 7=, D% . mCPBA
EEMSEL 2L THELULEANVEFY RO syn- B REESIS S ET L, = X/ = X7 )L (57
BEIO 64) BDIFIFTEEMITH LNz, SHIZ, 57 BEO 64 |k L THESUS TH D E AR
BRI LA NS 21T 9 2 & T, sﬁmw_zo@fﬁqﬂ'u% —ZRITHEE L, 58 BLV 63
|23\ 7= (Scheme 14),
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PhSSPh
H.,, +«H NaHMDS PhSJ\/j\\H mCPBA
3 o _) ', o —>

HsC0,C” "N" R HaCO,C” N7 R
CO,CH, CO,CHj
(65) : R = "C3H; (72%) (67) : R = "C3H; (93%)

(66) 'R = nC7H15 (580/0) (68) 'R = nC7H15 (870/0) | H
/O{‘H (CHp=CH),CuLi Sl\/j\'*
H,C0O,C~ N7 R N

H3CO,C”:*N” R

1
CO,CH H 1
] 2~113 CO,CH3
(57) : R="C3H7 (quant.) (58) : R ="C3H; (quant.)
(64) : R = "C;H45 (95%) (63) : R = "C;Hys5 (94%)

Scheme 14. =} 3 ) T AT )L ~DENAREINA Michael 00

RTINS D SEASBIRMEIZ L T O L D ICHATE %, A Tl o il THL Fm
NILEAF LT LE L DOMICE R ATV strain BNET D, T OFER. ROSKHIZE T D30k
BLEEIL B ICEES D, £o. REFEDNKET HH0AIL o e B HOMGNBZBND,
B MDD EIE, twistboat BOBEBKEZ R TRISHHEITT L LEZX NS, —J7. o W
PO OEETX, LV EER chair HOBBIRELR TN ETTEEZ 205, TDT-
DB EEYLEVEAR o WD ORBEENMEL LT EEZHILD (Figure 31),

Nu.,

. \ R
COzCH3 ‘ 3
Dt NiCOLCH, ——=" ~—5%N-CO,CH N CO5CH;
2 3 B 2 3 N
VA o CO,CH3
A Nu B
CO,CH3
R = nC3H7
R = "CyHys ba?tt;%r; high-energy twist boat
”| Torsional effects influence the m-facial selectivity of addition
HsCO 0 %0 &
C 13 i R
3C07 Sl A7 strain %OCH\% CH302C* : H
A—I—N OMe Z R : —_— N = f <
_\LR Q :..-6-_ N\CO cH ‘COZCH:‘} H3CO,C™ £ ’}l R
8 3 R Nu PALRK] & CO,CHgy
low-energy chair (58) : R="CsH;

(63) N R = nC7H15
Figure 31. =7 3 /) = A7 )L ~OIBAININEISIZ I 5 @ SRR 2D T

AR LT- 58 BLW 63 12xF LT Arndt-Eistert SUGEFTH Z & T—REBEHIKR L2, 2
THET Weinreb 7 2 R{K (71 BLW 72) ~EEWo, ZO%, A TN~ T Rxy LT o
REERHSEAZETAF AT FAR (713 BEOY 74) ~ & & 721% . Lemieux-Johnson fi#
BIZED 7 FTATER (715 BEO 76) ~EE#H LTz, RIZ, 75 BEDN 76 2 AITRROHE
KIaTHHKEFEOTE A VILELED 37N Aldol KIGIZF Lz, T72bb, 75 BLO 76
IZ%F LT, DBU f7#/E FMEGEZ1T o 72, ZORE., MBHDORFEHFHN 3 D 75 BT cis
BRALIK 77 OBZDBEIETE LN, UL, MSHRFEND 7D 76 226IE cis BRILIK 79
WDERINZZEONTZ L DD, 4a-epi-cis IKOER LD HAL7Z (Scheme 15),
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| H

1) LiOH :
1) LiOH
H
_ oH 2)CICOCHs H,CO,C N .« -
HsCO.C"A™N™ "R 3) CH,N, 5N” "R 2)CDI then Et;N
C0,CH; 4)PhCOAg, Et;N CO,CHs5 MeNH(OCHj3)-HCI
(58) : R = "C3H, (quant.) (69) : R ="C3Hy (91%)
(63) ‘R = nC7H15 (940/0) (70) R = C7H15 (750/0)
1 H
0s0,, Nalo, Q H
(|) eH _CHsMgBr : 2,6-lutidine N SR
s H B _— H
H 1 H 1 H 1
' ¢0,CHs C0,CHs CO,CH3
(71) : R ="C3H; (97%) (73) : R="C3H; (97%) (75) :R =:CsH7 (94%)
(72) : R = "C;H15 (89%) (74) : R = "C7H5 (89%) (76) : R = "C7H15 (84%)
H H
DBU ;
MS4A H + WH
—_——— A ;
reflux o g N" R 0 & N™ "R
CO2CH3 CO,CHg,

(77) : R="C3H7 (72%) (78) : R = "C3H; (0%)
(79) : R = "C;H45 (54%) (80) : R = "C;H4s5 (14%)

Scheme 15. 7 F 7L T & R~®D431WN Aldol EfbL s

T, RBALKISEOBIRMEICOWTIILL T DO L HIZBL LT\ D, F58k7e AMstrain 5
HALHZEICED A XY BOarrpA—rvarMEEanseExonn, B Oar
T F A= a U TITERILIZNEE TR 2 DD EHAELN 1,2-trans T ¥ ¥ ILVOEMRIZAR D
BALIZARAIRETH D, > T, DBU DN HNLR=)L o NOKFEEF|ERE X VLN E
THZEITEY, 3TN Aldol BALBUSE Z D . v ARBMEICHIIZ AR Lz o & HEH
TX % (Figure 32) ,

I H . )
o A3 strain 1,2-diaxial
HsC N : H3C)‘j\i¥R
, A
1
CO,CHj B H ,N(|l
HsCOC" Ny
epimerizationl DBU
0, DBUT) Oy
lgl Ho\ o]
mH = H N Intramolecular R
0P ENTOR ,NH’ll Aldol Reaction H ,N-’ll
CO,CH, H3CO,C HsCO,C" H

Figure 32.53 W Aldol BR{LSNZI T L @ L AEPEIZ DT
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WIZ, BALOBBILOEREIT-T-, T7obb, BLE (77 BXL O 79) 12k L TRKIR

THEEMMEEEITH> ZL T, B—DOYT ART LA~—& L TT TR (80~84)
Ze B TR T2 o ARBUE D @O SEARIRIRME 1T T RR O SEARBLEE IR L C i b O REZ A
B L7270 L B5 L T % (Scheme 16),

H
L El:ochi:s R Co CH
(77) : R ="C3H; (72%) 2>
(79) : R = "C7H15 (54%) (80) : R ="CgHy, R! = CoHs (73%) (83): R ="CrhHss, R = CoHs (75%)

(81): R=”C3H7 R"="C3H; (93%) (84): R— "C7H1s, R'="C3H; (72%)
(82): R ="C;Hys, R1 = CH3 (91%)

Scheme 16. A& G ZFIH L7 5 (AEHOREEE

T F ALK (80~84) ITxF LT, NaBH4 iIBILZATV, FONKMT L a— LK% 1,1-
thiocarbonyldiimidazole (TCDI) & ffi&s S 72, Barton-McCombie BiEESRILIISZ1T - 72,
BB (85~89) (X LT mudk/L ot TMSI 2Nz 7-1%. B+ Z L THAO
cis-DHQ 17 /L1 v A K 209J (65), 223F (66), = O [ZHIEH 7 758K 251A (68). 209J-1 (69)
B LW 223F-1 (70) D&k AEERK L7 (Scheme 17),

R’ R 1

R

5 1) NaBH, b s T H

2) TCDI :

0 |f| N" R 3) ("Bu)4SnH |f| N” R & °03 SN SR
\ :
CO,CHj4 CO,CHs H H

(80) : R ="C3H;, R! = C,H;g (85) : R ="C4Hy, R' =GCoHs  (68%) (65) : R="CgH;, R'=C,Hs  (72%)
(81): R="C3Hyz, R" ="C;H; (86) : R-”C3H7 R'="C3H; (78%) (66): R-”C3H7 R’ —”C3H7 (70%)
(82): R = "CsHys, R1 = CHj (87): R = "CsHys, R'=CH; (65%) (68): R="C;H5, R'=CH; (62%)
(83): R ="CsHys, R’ ;= CoHs  (88): R ="CsHys, R' = CoHs  (57%) (69) : R— "C7H15 R’ .= CoHs  (65%)

(84): R="CsHys, R"="C3H; (89): R ="C;Hy5, R'="C3H; (59%) (70): R="Cs;Hs R'="C3H; (58%)

Scheme 17. cis-DHQ L7 /v v A ROH L

F72. 223F (66) LA/ AT LT B RIFEF NaBHsCN % VW CiEoT 4% 2 & ¢ 237U
(67) ~DEHLHIT > 7= (Scheme 18),

N S
fH HCHO iH
NaBH;CN :
WH — «H
SN N
HH H |
cis-223F (66) cis-237U (67)

Scheme 18. cis-DHQ 7 /L 1 A R 237U (67) DA K

39



WIZ, BRRERIEIZHEV S, da-epi-cis-DHQ U7 /L1 A R 195A (90), & 5 IZHIEHHES IR FE 5Kk
N T OFFEMR 251A 9)DEFKIZHETF L7z (Figure 33),

C_Uw

4a-epi-cis-195A (90) 4a-epi-cis-251A (91)

T

Figure 33. 120 4da-epi-cis-DHQ BT /v H v A KO

cis-DHQ AT (71 BL O 72) kL=~ r Ry vhrnT 4 REEASE
HZETE=AT MR (92 BEON 93) ~EEW LT, TD%, HRA XU ARIGIZ
X U EIER T 4a-epi-cis-BRILIA (78 LT 80) A L7~ (Scheme 19),

Grubbs 2nd
oH __(CH=CH)MgCI m __catalyst
R N A

| H

COZCH3 C02CH3 COzCH3
(71) : R = "C4H, (92) :R ="C4H, (87%) (78) : R ="C4H, (92%)
(72) :R= nC7H15 (93) :R= nC7H15 (82%) (80) :R= nC7H15 (84%)

Scheme 19. 4a-epi-cis-DHQ ‘B 4% DL

SALOEHILOHEZLIZ AT T, Gilman R¥EE HW T IWEMINKISEI T & 2 A, H—
DT ARAT LA —ELTATIVIK 94 BLW 95) 2455 Z LIk Lz, RGO
BN, KV ZE chair BOEBIREEZRE TS o D OREIEINMES
L7 RSN D, KB cis K (80 ~84) L [FAIARIZ, 3 TEETILAEY (96 B LT 97)
~EBWR, ATV AT IIVOBREZTT O 2 & T, HIID 4a-epi-cis-DHQ 7 /v 71
A K 195A (90), 251A (9D G R A R L 72 (Scheme 20),

B - . e
H [Nu] 3 H
. ‘ H
J @ @ECIENE Y Heo,cr . -+
@ E'NT R .78 °C o= NZZR 0 R
CO,CHj3 / H R H (I;OZCH3
(78) : R="C3H; | [NuT | (94) :R="C3H, (94%)
(80) : R = "C,Hqs (95) : R = "C;Hys (90%)
H3C H3C
1) NaBH, 1 N z N
e (e —me— (e
3) ("Bu),SnH ™\ SR CHCl N OR
H 50 °C HH
CO,CH;
(96) : R="C3H, (56%) (90) R ="CH, (56%)
(97) : R = "CyHys (65%) (91) :R = "C;Hy5 (62%)

Scheme 20. 4a-epi-cis-DHQ H!7 /v 1 v A4 RDERL
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WA 2-epi-cis-DHQ U7 /LA R 251A (101) OEKEIT- 70, & T~z GTX
287C (1) OEFKAHFEAR (6) ~D Gilman RIEZ W B IMBONIZE Y H—D YT R
T LA =TT XK (98) ZEEMHED Z LTI L-, 2Dk, 3 TETILEY
99) ~EEB L%, 2TRETAIT Y I Y VEROBBRBIOELEZEE2M/MT IO
Cbz PREZITV 100 ~LE W, HFHIT, 55D 2 HIBHOHEEE L Cbz KDOMifri&E X 1T 5
ZETHBD 101 25575 Z LI L7z (Scheme 21),

H
1) NaBH,
«H (CH3),CulLi H 2)TCDI
o ) =3
0 N -78° N 3) ("Bu),SnH
ol )—-o 78 tC o H )—o ) ("Bu)s
ant. o,
60 (quant) o8 O (88%)
1) Swern oxidation H
M 2 ) "CgH43PPh3Br
2)) CbzCl > M on >
(Y 3) Pd(OH),/C, H, ! H
(quant.) Cbz (89%)
100 2-epi-cis-251A (101)

Scheme 21. 2-epi-cis-251A (103) DE Ak

%12, trans-DHQ U7 /LA R 251A OARICHE Y AT, H—2E TR GTX
287C (1) OEFLFMAE (15) TR LT, AXH V'V U7 VEBREBR SE1-%., KSR IN
R LTIV AR CBBIZ LT T S A X N ATV AT b E T -T2, S5, &
CIB2MT IV ATV ATIIVCHRETHZ LIZED, Tha—/UK (102) ~&EH
Tco TDOH%, MOM EETT NV a— a2 {ri& L LAY (103) ~LH W%, 2 TFE T Weinreb
TR Q04 ~E W LT, RIS, B~ Ry LA uT (4 ReEfl&E5 & T
= B AR (105) ~ W BB A XU ARSIZ XD EIERT trans-BRALIA (106)
AT HZ LI PI LT, 2Dk, SALOEHILOHFLIZMIT T, Gilman R3EAE W
HAME)EZAT S Te & 2 A B-T VX ALK (107) & a-T /LF U bR (108) 23 5:1 OF|
ATHEK L, 72, 107 BEO 108 135 T A LD HBENATRETH » 72720, B
Bohiz 107 ZHOWTROEGZHEE AT (Scheme 22),

T AR (107) 1Tx LT 3 LR THBFELISZITWVESY) (109) ~ &8 W%,
vranu AL TMSI ZEHSE5 28T, MOM EOBR#EEIT-T-, o7
JLa— UK (110) (2% LT, 3 TR T2V OEEER 21T o 72, D AF LT AT L5
DOLRHEZITH Z LT, FTED trans-251A (112) D& %E R L7= (Scheme 23),

41



MOMCI
1) 2M KOH/(CH3),CHOH
))CH . (CHs), > H CO2C\El\rj\/OH _DIPEA o Hscozcij\/onﬂom
2N2

3) CICO,CH, COzCHs Coch3
103
(78%)

_ | i Grubbs 2nd
1) LiOH CH2 CH)MgCI catalyst
—>
2 ) CDI then Et3N OMOM OMOM (quant.)

MeNH(OCH3)-HCI

840 COZCH3 CO CH
(84%) 104 1052 :
H
[ 1. _(CHaCuli
o N OMOM —— H omom + " omom
H 1
CO,CH co CH
1062 ° (93%, 107 : 108 =5 ; 1) 1%(7)2CH3 108~

Scheme 22. trans-DHQ ¥ D& [k

H
CO,CH;
107

1) Swern oxidation
2 ) "CGH13PF’h3Br

"BuLi TMSI
3) Pd(OH),/C, H, AN CHCly H ”
(68%) 1<1iszH3 trans 251A (112)

Scheme 23. frans-251A (114) DA FL

B2 TR-BBBI 3 fifiads XY TR-iIBBB13 MifaicdsiF % [PH] L&Y IAB G HT 24T
St FThbb, A L DHQ M7 v NEE FIZRE W T, Mk 7 il (5
HRASEL T o N REAIIIE PR MIRaRE, TR-BBBI13 i) ~o [PH] =25 > OV iAH
IENMENT 21T 5 2 & ¢, M#EANEIM (blood-brain barrier: BBB) |2kl 57k Ku¥x /U v
T A ROBEMEERE L, £7-. R7 Ve NEETICBWT, migEEEee
TIVRIRE (SRR SEAL T » MRS N ARk,  TR-iBRB2 #ifd) ~o [PH] X7
RINVOIY ALIEERNT 2 %M L, BBB O =3 F ik 27 A% LT BRB DT %
1”*ﬁ”k‘/xTﬁ@ﬁ%g?&ﬁ%@%,ﬂ:%tb@ L7-, f8 L LT, TR-BBBI3 Mk L8
TR-BBBI3 #filcd51F 2 [PH] {LAWEY iAZIE, DHQ Hik&H T 2 LAWIFEE Flds
WT 47% LLEAEICHD Uiz, £72. 2O RFERDN 3 THLHILEME D & 7 DN
PH] =23 F VRO AREZRD SWH 2 AR ST, MEMEMO=aF Rk 25
LB & OMLHEHERERE P DR T /8 LR S 2T L O FEFRRRIMEICE L T LA WG OE
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LD HIIRHETH L OO, TN HEWEREITIT Ve FuXx ) U UEREZERE LT 0
Z ENRIZ S dU7c (Table 1),

Table 1. DHQ ! 7/ A Fd [PH] =2 F 2 OEY IAGZEBIEAT O Fs 5H

Percentage of control

Conditions n [3H]Nicotine uptake  [3HIVerapamil uptake
control 9 100+14 100+10

cis-209J 3 14.2+1.3% 40.6+4.9*%
cis-251A 3 3.11+0.42% 20.8+1.0%
cis-209J-1 3 3.48+0.62* 16.0+1.2%
cis-223F-1 3 9.97+2.17* 37.9+2.2%
4a-epi-cis-195A 3 16.1+2.5* 53.1+4.2%
4a-epi-cis-209J 3 18.0+2.6* 40.4+3.2%
4a-epi-cis-223F 3 11.5£2.6* 29.3+0.8*
4a-epi-cis-251A 3 9.07+0.72* 33.8+2.1%
2-epi-cis-251A 3 5.05+2.22% 28.1+6.9%
trans-251A 3 9.48+1.82% 17.1+1.6*

[3H]Nicotine uptake (0.1 pCi/well, 6.0 nM) by TR-BBB13 cells, an in vitro cell
model of the rat blood-brain barrier, was tested at 37 °C for 10 sec in the absence
(control) or presence of test compounds at 200 uM with 1.0% DMSO. Similarly,
[3H]verapamil uptake by TR-iBRB2 cells, an in vitro cell model of the rat inner
blood-retinal barrier, was measured at 37°C for 3 min. Each value represents the
mean+tstandard deviation. *p < 0.01, significantly different from the control
evaluated by Dunnett’s test.

fE L LT, CEFLHE DT ) T BT K EZ )G cis, 4a-epi-cis, 2-epi-cis, trans DHQ %75
AT IVHaA ROREREAA MR ZMN L, /LT v haA R cis 209J, cis 223F,
cis 251A, cis 209J-1, cis 223F-1, 4a-epi-cis 195A, 4a-epi-cis 251A, 2-epi-cis 251A, trans251A O
EAEBAEER LTz, S5, DHQ BT /v H v A RFEEFICBIT AHild~D PH] ==F
VB LV PH] N7 8IVRY IARIZEEEN 21T\, BBB B L TN BRB Ofaii s 7
e RaXx ) ) UBEREEBLST VI E AR L 9,
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B PS5 THE a-Zas X —PIHEH Salacinol D C4NL
7V VR B AUEE EAR D G plds OV OFEPE T

i HERIFOBR & FOIREIKIZ OV T

PERIFIEA > AV AERAARRIZ L DB SIMEREZ FM & T2 REEEETHY . &
OHE L UTHBYE, BE, MRREERELOEELIRT L2206 TND, 2
DA PHEDIIEIZ LV . QOL (Quality of life) 1335 L < KT L. Lol -CRM2cH1 72 & O EHEFE
CURZIZORRN AR Z 0P T D REMEDNE £ D 2 &b R TEIR L OV D
R M _REHETH D, BEREE 1A (B iAo, ki oA U RZ) BX
V28 (42 3 DIRT) IZRELDEIND, FRC 2 BB RIF BB 2RO 95 %
PLEZE DTS, 2BIERIFIZA > AV VA RR0A v A Y ARBIEIZ 22 0 0F W RE
2, EECHEEIANE & W o TR EK, S OICMEAMb 5 Z & TRIET S, £/, F&
DENZIBWNT THERFE IR Bl HF | 13 FE 14 2T 740 5 A, A 24 21T 950
FNZDIED . S HIZFEE 28 FI21E 1000 A EFELBEMO—i& &2 L0 | SFFEICk
WTHHEEZRBDITAR LN TW W 70 X5, HRF TIN5 E 3,700 5 ADRRADE
JRIFZEBSTED, 10 A2 1T ABPARKEBIZHKE SN TS, ZOEIL, 2030 FF TIZ6(E
4,300 7 AN.2045 FEETIC 718 8,300 HAICE THINT D L FHISNTWVWD (Figure34)"),

a

2000

Figure 34. HRIYZ BRI E OHEE & Tl (IDF diabetes atlas eighth edition 2021 X b, —&BelZ),
a:2000 ~2021 £F % T IR E R BRI A R O HEE
b:2000 ~2079 4F ¥ TOHF L BERITA IR O T
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PERIE OTERIT TN A AV AARGIPESGESE, A AU o WMEESE | BEURIN - PR
HICHHEEND, A AV CPMEIEA A UIWARE L L BT 2 BUERIFICIT B
IRHETH D, TDOA LAY VIRBiEOUEROFEE S LTCiL, B 7 A REEFT VU
VURIERH Y | BIEH L LTI EEER D EH STV D, A AU U ouiEitE
WL LTFEALKR=AT LT RBEIOZ Y = FRERDHOLNATWD, ZRHITE< LV
HASNTWBHEHKTHY | g7 > TN ABERFALTA VA o DOwEEmH 5, L
U, BEDERIC L D IR 25 &2 LT W RER LN TS, Fio, A A
CWRE RN T THDHA v LF A B b a— A ERA AR L2 LUME
FBEFr OFERIFTEREE (DPP-4) PHEZE S R ST\ D, FERIN - Pt fsEIzIx 2014 4
no EfianifRFO 7 v a—ZAFBRINHAEERZ7~T Na/7va—RA TV AR—%
—FA5EA] (SGLT2 FHEA]) RNmbiTng, iz, a-7 Y 2 v 7 —VEFKIIREIER B D
THRNWI ENOHERIFIEEDOE 1EIRFELE LTHOWLND Z 520, TOEHRIT/NNET
DRIKAC D 53R % T 5 Z & T, FEOWRILZ N L, mbHEZ T %, BAERERIETHHR
HIZHNOLNTWD o-7 ) a ¥ —EHEIKIL Acarbose, Voglibose, Miglitol @ 3 FHEH T
HbH, TNHIFFEEE IR IEEZ LD, Y afEl bREHLOBMMET -7
A =BG T 52 LT, ZHEHOZE O A~DOREE 2T AE T 5 (Figure 35),

CHzOH g CH,OH  CH, CH,OH  CH,OH
o) 0 0
OH OH OH OH OH
2
HO NHCH N _\_OH HO
HO

HO O O
CH,OH HH  OH OH OH

Voglibose Miglitol Acarbose
Figure 35. I{EMRRIGEHE L LCHWOLND o7 U o ¥ —BHEHK

FRod & 51z, BUERR % 22 ERE I EED W IR IFIE RIS BHE SN TN D H DD,
iﬁf_%@f%%%ﬁ,’%%@@w\ﬁ)ﬁ BIVIRNZ LB S IR ETEYDOEODHTHIEIR
IIRRERDBAFE RO LTV D
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B T R—=F KKK YT T Bk o-F v a s X —EIHEH
Salacinol 35 X OV O¥ERZIARALEY) & N T A 15 AR BAAF 4T

Salacia JEFEY) (Salacia chinensis, S. reticulate 33 U8 S. oblonga) 13, A > KRR Y Z %
LD ZARA Y RRUT IR EDOHRET V7 — IR AT 5 2 DD SZAFEAEARART
b5, BIHITIL, £ DORCHO R CIEDFERF O THvdeE 2 B & L7 RMZEE LTE<
KOFRHENTND P, 1997 FIZ, HNSIE, ZOHEM OWRBIHIRO—LL LT, &
U Z U HFE S. reticulate FREROIH =% 25878 a-7' Y 2 0 F —BHEERMEZ LH L,
F72. FOHEFRSy & LT Salacinol (113) @ HEfER L OMEEREICKII LT ¥, KMbEW
IR T AREAN R =T Ly FNIRBEEMEZ A L TR X SEERITIC I D 2O
WS ST, 2, 113 137 v MNMEBESK o-7 Y 22 X =R LT BUERERIE DO
AL L THWSH LD Acarbose X° Voglibose (ZVLiEid 512 & D 72 EEH 2R LT
b, eV av s —BHENE LTI EED T, BIEE TICTFAEA L=
LEERUEAE I 113 Ozt Salaprinol’ (115), Ponkoranol’® (117). Kotalanol” (119) 35 &
W2 DORifiifR = A7 /LKPD Neosaracimol’®)(114), Neosalaprinol’” (116), Neoponkolanol’” (116)
F LY Neokotalanol ™ (118) 23FHR\V N CTHUEE X 417= (Figure 36, Table 2), 7=, 156 D1k
BWREORIEE I L OFEM 3B E R ORF217T 5 7o D ERIMIRZ BN & LT 2E Rk
gt X OVE T EGR OB b 2 E SN TND 7,

OH OH /C'Ji
s+ &R st ORrR
Ho’\(_z HOA(_Z
HO  YOH HO  OH
Salacia reticulata R =805’ salacinol (113) R = SO3’salaprinol (115)
R = H neosalacinol (114) R = H neosalaprinol (116)
OH OH OH OH OH OH
H A OH
§* OR OH St OR OH
Ho’\(_z Ho/\(_z
HO  ‘OH HO  “OH
R = SO3 ponkoranol (117) R = SOj™ kotalanol (119)
R = H neoponkoranol (118) R = H neokotalanol (120)

Figure 36. AW AV 78 =0 AR WEE (113-120) OIS
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Table 2. FAWEA VR =0 RS WIEE (113-120) D o-7 /b2 > X —BHETEM:

- IC50 (UM) - IC50 (MM)
Inhibitor Inhibitor
Maltase Sucrase Isomaltase Maltase Sucrase Isomaltase

Acarbose 2.0 1.7 155 Salapinol >329 (42)8 >329 (23)? 15
Voglibose 1.2 0.2 21 Neosalacinol 8.0 1.3 0.3
Salacinol 5.2 1.6 1.3 Neokotalanol 4.8 4.5 1.8
Kotalanol 7.2 0.75 5.7 Neoponkoranol 5.1 1.0 1.4
Ponkoranol 3.2 0.29 2.6 Neosalaprinol >384 (34.5)2 90 6.5

“Values in parentheses indicate inhibition (%) at the corresponding concentrations (UM).

FAWEAN KR =T MERULAE WX, WO TR a7 ) a v —BHEERZRTZ &
ME . REETEMEAHBARIZES 2 N E TIZEAIZATOIN CE 72, HiE S I 2006 412 Salacinol
(113) DOWFEFERGEE SR (121-124) DERUIKIIL, TENHDOVILEZ—EB LA T7—F

23t D EIEMEZ MM L7 30, 2 ORR, 2 68RO~ L & — BTk 2 BEETE D
113 L EEARTRIBICHAD LTW =2 Enb, C2' L @ (S)-BliEr Faxiokks C3' fro
ERRX U AFAEORGN a-7 ) 2> —BREIEEICEE CHDH Z LN RB Iz,
Fo, A7 T—FBIZXHLTE C3 it Farfxv AFEE L7220 121 B 123 12
BV S B b BLETEIEA RS H L7z (Figure 37),

OH OH OH
2
H +
0303 OSO3 0SOy’
i) AQ AQ AQ
HO
salacinol (113)
oH compound Maltase Sucrase
/\) 113 9.6 2.5
Y 121 >1370 (38) 445
8t 0soy 122 >1390  >1390 (24)
HCf""(;:Z 123 >1320 (24) 780
he Yo 124 >1260  >1260 (29)
124 9Values in parentheses indicate inhibition (%) at 400 ug/ml.

Figure 37. iif23A Salacinol &K (121-124) % FV 7o k& s MHAHBAMFFE

F7=. Pinto HIXMIEHRFESI 7 D kotalanol (119) DOFEETEIEMBARFIED —B & LT, 6-
epi-119 BE N S-epi-119 ZEp L, £DOb b~ ¥ —E-7a7 I 7 —E (ANIMGAM)
WP HEIEEZIE L& 2 A, R 119 & epi (R OIFMEREIZIZ E A EENWA
BNz o7= 78— W& SIX, 4 -epi-kotalanol FHE(K (126-132) Z & L. 7 v
FNEAE a-27 U a2 —BITx U THEEEZHIE LTERR, 4-epi-ROIEER =2 X T ) —

JNNZHARTHEFIE T LS, o OREENG, MIEHKRFHE 4L EOSE, C4 (LD
iﬁiﬁﬂ%rbﬁ (R) THDZENEMRBICEETHD Z LAVURIE ST (Figure 38),
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compound NtMGAM
119 0.19£0.03
HO ) 6-epi-119 0.20+0.03
HO  OH 5-epi-119 0.130.03
R = SOj3™ kotalanol (119)
OH OH OH
3’ 5 OH . . . . . ,
E 4 6 3'a,5B,67B(119) 3'q, 5°a, 6’a (129)
I R H 3B, 5a,6°a (125) 3'a, 5B, 6°B (130)
HO OR O 3B, 5B,6B(126) 3'a, 5°a, 6B (131)
) 3B, 5a,6B(127) 3'a, 5B, 6'a (132)
HO OH 3B, 5B, 6'a (126)
compound Maltase Sucrase Isomaltase compound Maltase Sucrase Isomaltase
119 7.2 0.75 5.7 129 49 67 1.6
125 >236 (25)¢ >236 (8)7 16 130 >236 (42)? 136 11
126 >236 (32)7 >236 (28)7 20 131 58 32 6.5
127 >236 (45)7 >236 (34)2 21 132 >236 (45)7 214 16
128 134 55 58

Values in parentheses indicate inhibition (%) at 100 ug/ml [236 pM, (MW for 125-132: 424)].

Figure 38. kotalanol #5848 % W\ 7o fEETE AR BANTZE

EHIT, HEGIE 2007 FiCH T H—T =4 ORI 2T neosalacinol (114) D
BREITo T2, TOER, M N—T T AT IVA F %S 114a BL O A 4o %2
D 114b OIEPEFREEICIE & A LT R ANVE =T DEERINEEDOARETH 5 2 & D3RR
S Fu7=(Figure 39) %%,

/ﬂLEH OH OH
HO  OH HO  OH
salacinol (113) neosalacinol
X =CH3;0S0;5 114a
X=Cr 114b
compound Maltase Sucrase
113 9.6 25
114a 15.6 3.7
114b 14.0 3.5

Values in parentheses indicate inhibition (%) at 400 pg/ml.

Figure 39. Salacinol (113) Dl 2 7 /AR A F T A& T A B 28
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UL EOEETEEABMZEORE R 6, O C2'rd (S)-FlfEe FuFk i ke C3' ffok R
DR AFNEEMGN o-7 Y 2V Z—PHEEEICEETHL Z &, @ MEHKFE 4L B

DAL, C4 SO SR E 1 (R) BLiENMETHDLZ &, @ M AT NVUSND T
Z—=T =F AV TOHIEMHICITZEN TR L2 R LTS,

—J5.2010 #iZk b~ ¥ —E-7 a7 I F7—F (h(NtMGAM) & Salacinol (113) & D3t
FERAEIEDY X BAEERAT S IC K VSN END & & HIT in silico %AV 72 hNIMGAM
E M3 LDORyF LT aIL—rary® bithbhi, s ZoDRENS, 113 D 37
NLDOFREE T =4 B FH OB MR (Tyr299, Phe575, Trip406) ([ZFH £ TV 5 Z & A3 |
L7z, Thbb, 77U a2 —BHEEEICH LT 113 O 3 OREET =74 > & JEFH OB
RMEFRFL & ORI A O AAER MO TV 5 FIEEMEDS IR BT R X472 (Figure 40),

Phe575
o S Tyr299
N His600 =
ok \ HN OH

Tyr299

’ Phe575
Asp542
N U
Asps00 )‘ nspsiz Xy T =
'.,. I .41 H -
2, 2 “'.

Aepsts  Argsze & O’:' H
|

)\ ..... )\ '}' O:(

Asp443 N s NH, Asp203

Trp406

ArgSZG—NH

Figure 40. Salacinol (113) & hNtMGAM & @ insilico K> x> 7 v 2 I b—3 3 »OfER
a)3D RyF o/ vaIlb—varET7RLD) RyFrrvaIb—ra 87 0 OYHEK

ZOIMENZTEDE 3D O-T IV F NAVHFHER (133a-g) B LT O-~ 0 DV HFEER
(134a-m) VARSI, T DO~/ Z —BIZxT 5 HEEMESHE S 7z (Figure 41)%, 2 O
AR ST O-T VX LA ER (133 B L O 134) 73, Salacinol (113) & A% 721398
PRMETE A R L, B CH AL MLIC= b A E#R S 0-X 0 UARIEEER (134K)
T 113 K068 40 FH5ENIC a-7 U a v X —BEHELZ, 51T, 134a B O 134k
DEZLORyF L T aIb—2a BT /VTlE. 7= =/VEMN Salacinol OFifiET AT
NI EIFEL BT LE CHREE EHAEH L TWD Z EP/RIB S L (Figure 42), Z O
N BEFR OIEVEEAAL ) B S BENTZ 7 X BEOBUKMEFREE D IE & OFEAAEH & #EiR 4
AIREMEZ ST DR RGN TN D
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OH OH OH OH 5:R=CH, OH OH a:X=H
)\:Vl /'\3) b:R=CyHs 3 b:X=0-CH; h:X=0-CF3
H H cl- §+ i c:R=CsHyy 1 H c:X=m-CH; i: X=m-CF3
S¥ 0s0; SL OR  d:R=CjHys Cl s+ o —>X d:X=p-CHy j:X=p-CFy
HO HO e: R=C13H27 HO N\ // e:X=o0-Cl k: X' =0-NO,
§ s f: R =CH,CH(CH;), $ f:X=m-Cl |:X=m-CF3
HO OH HO OH g : R = CH,C(CH3)3 HO OH g:X=p-Cl m:X=p-CF,
salacinol (113) 133 134
compound Epind Rat Maltase compound Eping Rat Maltase compound  Eg;ng Rat Maltase
113 -37.0 5.2 i 134a -37.2 0.32 134i -35.4 0.98
133a -35.4 5.3 134b -37.2 0.66 : 134j -40.5 0.98
133b -38.2 1.7 134c -36.7 0.84 ( 134k -38.9 0.13 )
133c -38.0 1.5 134d -35.5 0.86 1341 -37.4 0.94
133d -41.3 0.80 134e -41.6 0.31 134m -42.2 0.68
133e -41.9 1.0 134f -42.6 0.53
133f -36.6 0.8 1349 -40.0 0.89
133g -38.6 0.3 134h -37.5 0.33

Figure 41. Salacinol (113) D ifiils = 2 7 /AR A F 7o A& T M AE B2

“S.GIn603

Tyr299

Asp327 swsus °

L ‘.-
L
O...

Trp441l

/1{;)406

Asp443

le328

lle364

GIn603

Phe575:

Tyr299

.
Trpddi '
fle32s g //Ttp539

/

Arp406

lle364 Aspdd3

Phe5?

,‘ -
Ld
-

- L
Trps39 Arg
.

Tyr605

5 Aspsz | Thi205

Thr204

.
Q!£ S
598A / »
5 Arg202
e450

Lys480

2 .
»

Thr205
Asp542 :

Figure 42. K 134a ()3 LY 134k (b) D insilico Ry ¥ 7 v a3 L— g v OfER
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MR CANLT v ANBRRAL Salacinol FHRRIRD Fk

AKWFZETIX, BEE DT I 7 BRBfKMEFREE & salacinol {AIEH & OO AE/ERHIZOWTE 5
TR ERSDTZDIT, Tl C4-T X LIS ERGEER (1353, 135¢) B XL Y (136a-
d) DA EAERE LTz (Scheme24) iff\ imile = A 7 VRIEHEIR (135a,135¢) [ LHilE = A
TIVEHEEMER (136a-d) HES Z L2 L, £72. 136a-d @%ﬁﬁ;ﬁxzuﬂk:?bgﬁ%iﬁ@
B ILT A0 (137) & *aéﬁéﬁ%ﬁﬂiﬁfzix?/v (138a-d) & DN 7Y T RISIC
BT 52 EEMEE L, X512, 138 1%, D-arabinose (140) @ Wittig }i}f[%:)ﬂb\f/\ﬁkb
72 PMB & (139) % #¢H Lfé\ﬁkﬁ“é it

OH OH OH OH s
. . BnO
3 3
gA_/\C H2n+1 :A/\C H2n+1 /\s’q OBn ?Bn
$* OH S+ OSO3 BnO137 OBn . ::, Cobges
HO/\S_Z ——> HO" > 0.0
HO  ©OH HO  OH o
135 136 138
a:n=3,c=8 a:n=3,c=8
b:n=6,d=10
OH OH
M“ OpeOH
PMBO OPMB HO OH
139
a:R=CHj;, ¢:R=CgHy3 p-arabinose (140)

b:R=C4Hg,d:R= CgH17

Scheme 24. C4'-7 /L% /L salacinol #FE(K (135a,¢) 35 KON (136a-d) D Wi BT

F 9", D-arabinose (140) D/KfE%E% TBDPSCl % T 5B IRAICR#E L TEONT- v
VLIRS 141) %, 7& b PRRERfRIE A WT T 2 b= F (142) ~LEH L7, T D%,
142 % TBAF THLH$ 25 Z L TILAY 143 % 140 725 3 TR 56% DILRTH- %, =

D%, 143 O F—)V % PMB R TRi# L, {LEW (144) (T8 W25, NKDREIZE 0 7'
F= REBiLRE L, PRI EY (145) 245 L7c (Scheme 25),
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(@)

O .OH TBDPSCI OH conc. H,SO,4 TBDPSO/\Q-
imidazol TBDPSO CusO TBAF
0

Hd OH HO OH acetone

D-arabinose (140) 141
PMBCI 0o O wOH

/\Q-)( NaH TBDPSO/\Q- Q 10% H3S04 aq TBDPSO/\QN

—>
0 5 §¢ )( 74%
e pvBO O (74%) PMBO  OH
143 144 145

Scheme 25. #EHRIA (145) DAL

AR L7 g R (145) Ik L T, BAR53T7 v AMEE LS AU REHANT
Wittig SUSZATUV, A V7 o4 R (139a-d) Z B L72, RIS, 7 =7 TR LI RIE
TEMOKFILEITH) Z LT, AL 7 0 U Z2RIITEITL L, TAFLEK (147a-d) Z mIR
T, FDH%,13-VA— N EXUUNLVETRET HZ L TILEY (148a-d) ~& 25 HiLT=
#%.90% bV 74 oEiE COEE L T, i PMB K (149a-d) &5k L7-, K&, LT
F =)V TRIE L7, UiRbL 7T =0 A TigE LT, BROERRMmEET 27 /L (138a-d) (T
H\ /2 (Scheme 26),

(@) OH RCHZPPh3Br OH (E)H 10% Pd/C, H2 OH OH
TBDPSO "BulLi AN R NH; aq -
¢ > (96-98%) CoFlzns1
PMBO  OH (78-85%) PMBO  OPMB ° PMBO  OPMB
145 139 147
a:R=CH3, C:R=CGH13 a:n=3,c=8
b:R=C4Hg,d:R=CSH17 b:n=6,d=10
OBn OBn OBn OBn OBn OBn
_BnBr NaH NG o 90%TFABL ANy, SOk B ANt
PMBO OPMB (79-82%) OH OH then e}
148 149 NalOy4, RuCly 4> 138
NaHCO; o0
(78-89%)

Scheme 26. ERIKFREE= A7 /L (138a-d) DE L

BIRARE = 2 7L (138a-d) 1%, FA4HKE 137) ¥ e Db o7V VIS Lz, T772b
B, HFIP I CREEY Y 7 ADOFFE R T, 138a-d & 137 % 60 °C [ZHIEL T, FAHER L
R=7 AR (150a-d) ~&EWTo, £ GO0 150a-d DAIEES ORI T 13, NOESY
AT FJUZT H-4 & H-17 KFEHRKDOT 7 FVREIC NOE FHBEREBIRI SN2 &b,
aBliE L RE LT, £O%, 80% FEfeH ., #Ef KBTI VP L THRO
salacinol 77 /L /LRIEEE(R (136a-d) 25k L7z, S HIZ, 136a-d & A ¥ / — /WO ALIK
RIS CRE L 7= IR L . Hﬁ@ﬁﬁ&sz/W”aﬁéﬁi (135a, ¢) (2 #2172
(Scheme 27),
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H_1
gen ?Bn NOE H CnH2n+1
S CnHon+1 K,CO4 . S 08O,
BnO + 0..0 BnO" 4
2Ss HFIP y a:n=3c¢c=8
BnO  OBn 0”0 (33-52%) BnO ©OBn b:n=6d=10
137 138 150
OH OH OH OH
10% Pd/C, H, ¥ Y CaHanu CH.0SOs £. E CaMane
80% AcOH S 0SO03  Hol-MeOH 5 SE OH
T ——————>» HO
(78-87%) HOAS_Z (82-85%) A<—z
HO  OH HO  ©OH
136 135
a:n=3,c=8 a:n=3,c=8
b:n=6,d=10

Scheme 27. C4'-7 /L % /LA salacinol #5385 (135a,¢) 35 LT (136a-d) DEFL

AR L= C4' LT v VI8 RAY salacinol 75K (135a, 135¢) 35 LY (136a-d) D
K a-27 Y 3 —BHEEEEARE L, 2O/RR. 7> Mk o-7 ) 22 —BiTxt
LT 136 a-d 1T 5.4~7.7 uM O#HiPH CTRAFIZFAE L, salacinol (113) & [RZE OB 2R~
Lize £72. 7 v PHK~ALZ —FIZH L TL C4-T X AAIEEZ HE L CTHERMICE
b3 FE AV ER BN o Te, —h, BRENZ & INimiE = 2 7 VRIEEER (135¢,n=8)
IZ. neosalacinol (113) X° neokotalanol (119) & [Fl UE S OMIEHAZ AT 5 135a (n=3) (TR
TR N727 v Mk~ LVEZ —FBIHEEHZ R LT, D70, Bilig= 27 VA L&Y DY
B CA fLA~DT VR AU S 672 DR ITPABETE R A KT 2 mTREMENE 2 b7,
T2, Ty FEERTZ T —=FIZoOWTIE (135a,135¢) B LT (136a-d) ISR FRY
(CBHFTEERS R L, I8 n=8 @ 136¢ 5 LN 135¢ 2 bR N eBlFEEZ R LT, T
v NHSRA Y~ 2 —BIZH LT, IO RICE ABAFEEOEITIZE A LR TE
PEDIRE AL T A T /L DOFBEIMLAF L TN D T &R ST,

b G SE= VX2 —BIZxt L TiE (135a, 135¢) B8 KXY (136a-c) FHITMISHE 7 L0
FEOMEAKAT U CPEBETEMEA R L7223, 1&U£ﬁ7’xvﬂww§§@mﬂaéﬁw 10 @™ 136d TiXH
ERENME T L7z, 72, AIEHOEAIZ LW RKIRD salacinol (113) 35 L U8 neosalacinol (114) (2
ART, BR TR ARG OECEEEZ /R Lz, S5, TOMREEEIIBRE a-/ v
UH—EBHEHE L TH LN TS 3 DOPERE /Af?%@quﬂi%?ﬁ-ijj 72 Voglibose (ICso =
13) ERETHH- T,
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Table 3. C4-7 /L% /LA salacinol #E(K (135a,¢) B LN (136a-d) OKFE a-7 /LT X —
BN 5 [ EENE

OH OH
i, I~ ¥ C,H
H H H H nt12n+1
$* OR {, T CoMonn $* 0s0y
HO OH
HO  OH
HO  “OH HO  OH
R = SOj3™ salacinol (113) 136
135 a:n=3c=8
R = H neosalacinol (114) a:n=3,¢c=8 b.:n=6,d=10
c g E Rat Human
ompoun bind Maltase Sucrase Isomaltase Maltase
salacinol (113) -37.5 5.2 1.6 1.3 4.9
neosalacinol (114)  -34.9 8.0 1.3 0.3 9.0
136a (n = 3) -39.3 5.4 0.73 2.9 4.8
136b (n = 6) 411 7.7 0.29 4.8 1.7
136¢ (n = 8) -43.0 7.2 0.15 5.4 1.2
136d (n = 10) 444 6.3 0.17 4.4 15
135a (n=3) -37.6 4.8 1.4 0.49 5.0
135¢c (n = 8) -41.9 25 0.38 0.40 2.0

WIZ, C4-T X VG fR = A7 )ViFEAR (136a-d) & (WNIMGAM) & @ insilico K%
Y7 aIb—arETW, TOHEMENGHEIEERBROEREZFZ2 L (Figure
43), 136a-d O C2° | C3" BX O C4" NiAKBRIEIZIZNENT VX =20 526 . TART T
542 BEY TANRT X203 BRI L AKBRHEEELIK LED, 2 OfEHRIE Salacinol (113) D
AR L —F L, BEEHICEHS LTV A agEERE W, o, 2 BLUC4 ®2o
DOKEEFEDO EEMET Z N F TOMEEHMHBEORE (DB XL 0®) &b —%T+ 5, &kIZ, 136a
m=3) DRyF 7 vaIlb—TayET7/VTIHAE C7 fAFLELER LA =2 205
PRI L OBER 407A THDHZ b, 77 TV U — )V AR AANEMDME < FTREME DS RIR
SNb, LrL, & MMGHR~ AL —FBIZxT 25 136a ORHETGMEIL Salacinol (113) & [F]
HThoTmZ &b, ALA =2 205 HELEOMAERICLDEEAEOFSITIZEAL
WEEZLND, —J7, 136b-d DIEE (n=6~10) [FAL A= 205 BLIO AL A=V
204 FRIEL ONARNFEZ ST D720, 136a CITRQRHMEICHESNLD, LIENn- T,
136b-d DOMRIBHERNL LIRS D7 = =)L T T = 450 BLON VT 480 FRHk L OREEN =
NZI 4.41~3.65, 445~3.78 A LINIZ/RD Z Lt Hilo/p 2507 7 TV J — )V AR A
TERDBEN T D AREMENR B 2 b D, iz, ZOMAEEHIE 136b-d Ot hNGHEK~ /L
H— BRI B IEEMES 113 3L 136a LY I THDHZ LA LKL TV D,
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Thr205

136b

1is600

1 36a Phe575

His600
%
Asp203

s* N ke
Asp327 Arg526 ".
Asp443 Q _ 1 | 3.65A
Trp406 Trp406

Phe450

ﬁhrZos
Asp542

Asp542

// 4.07A Thr204 Thr204

Thr205 136d Phes75 e

Asp542 \)

136¢C | pheszs,

~/

His600 _ His600 _

Asp542

Thr204 Thr204

.;;J Tyr299

cr
Asp203 - c2'
; // \ g \ 3.7
o~ _f 4.21A / !
A Asp327 e p
g Asp443 d ’rl 4.41A
c12 /
Qﬁ bRt Q¢ ke
Trp406 Trpa06 Phe450

Phe450

Figure 42. 7535k (136a-d) O insilico Ny ¥ 72 Ib— 3 OfER

T2, T v FHE~ X —FIZH LT 136b-d NEEERIGIEZ /RS 2o 728l & LTI,
UTOLEICELRLTWS, Fy b wALEZ—F-Z1aryIT—F (NIMGAM) & & k
(hANtMGAM) @ N Kufillit KA A > o7 I 7 BEAINEL, £ 60% OFEFEMENH 5 2 L 23k
HINTND L2 UL, RIEROFERERO/HE LI 136b-d DOFREFIEMEIZIRD S
hNtMGAM D7 = =)L)V T T =2 450 1L tNIMGAM [ZB W TII A 2 444 (ZEH S
TV, Thob, 7= LT 7=#KD CH-= HHEEMHD (NIMGAM TlE#7H 7
VW, F72. hNIMGAM D U ¥ 480 2BV TIE tINIMGAM H CTEEIZKRAML TWDH T2,
ML D7 7 TN T =V AFEERPSIERZ 5720, 2 b 2 DOMAER O KN X
D, C4-T I MAAEHIC X DIEVETRE O RITHE LN R -T2 B2 HLD (Tabled),

Table 4. INtMGAM 1 LY hNtMGAM @ N K
VA R X A 07 2 BREA O FE A2

NtMGAM
human Phe450 Lys480 Thr205
rat Leud44 R— Thr205
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—J5. BiRiEE = A 7 VBRI EIK (135a,135¢) & (WANIMGAM) & @ insilico K2 7
23—y a VETIVEER LR, 136b-d DL IIIAONZT7 2= T T =2 450 &
OHESEANEZ DIZKWZ EPHBI LT, £72, 135a BEL O 135¢ TENENTF 1T v
204 LU 480 L LB LZ2NWEZEZONDLZ G, RyFdF /a3l —v
g BT VIS K DIEMEIRE OHINBEH 2 M5t 5 2 LTk > 72 (Figure 43), D7z
D, PihiEE = A T VISR O RETEMES I L7228l & L TIE, Pinto HIZ X > THIES
T BURRER = 2 T WALZDRAZ & 2 PR DBRKIET </ BRiR AL & ONLE A H 18 D iR 5 2 A
2725 TN D ATREME DS /R Z 47 89,

135a THr203 135¢
Phe575
His600 X / \' His600
N\ | Asps42 \\
| S |

Tyr299 i / Thr204 O
_/\\ 4 Tyr299
— ? A
{ 4 - . Pl

Asp327

Phe575 Thr205

Asp542
Thr204

Lys480
Lys480

Figure 43. 758K (135a,¢) @ insilico Ry ¥ 72 Ib—a v OfER

LB, Fex i3 salacinol (113) OREETEMEFEBIMIFE O —ER & L CTHBLIEH C4'-7 1% L7l
salacinol FHE(R (136a-d) 35 L ZEDRME= A7 LK (135a,¢) Z 5 L. TNHDT >
FBEOE FHEK -7V a v ¥ —BREEEZHIE L, ZORE. AR LTFHLLEY
IFAT 13 LV bi@hice MRk~ A 2 —BZHE L, £/, kOBOMAEEEZ TR L
72 136¢ 1% 113 L0 b 4G HEIN/EH L, 512, ZOFEMEITEE o7 av s
—EHEAE L THHITWDBERFIHRIEOHF T b /)72 Voglibose (ICso = 1.3 uM) &
% CTh o7, AREETEVEMBIRFICIZ LY 113 OIEH C4” ~D 7 /L3 UARIEH O E A AP
EIEVEOINCFH 5T A2 EHHA LT, F7=. insilico Ry¥o 7 aIb—T g%
TUZE D, hNIMGAM @ Lys 480 3 LN Phe 450 DFEILE TV F LHIH & DD 7 7
YT NT — VA EAER D AEISEOBINC T G L TV D TR 2 "5 2 &N TE 2

93)

o
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FHE  Salacinol B X OFDOFERILEY = H W= GH3l o-Z/va v X —
B ~OIEMEREAR

®w—f GH31 a-ZLaiX—F 25T

LRI B FA& 2 — F T 28 FIE, IBOMEBE 260l L TEZ L OB HZE S AF
FEL, ZNHIEFMEZ 7 L XiEns, TOHRTH, HAEDT 2/ FRES ORELIPE I E
—HEI 7 7 2 U — & LI D, 1980 014 12 Henrissat HldtENL T —FB E~AI LT —F
EXRIIC, TR BBEAIORELEE L LA T 72 %Y, D%, 1991 121
35 FOBPE KRS (Glycoside Hydrolase; GH) 7 7 X U —MNERINT P, 51T,
2013 4FE TIT, 170,000 % #8 2 D MR 72EDOBEE MK 3 REESE DS 130 FEFREED GH 7 7
U—IZhEEz 9 — 7 7 2 U —NOTXTOF /37 B OO ST
X7 7 IV —HNTHLNERS TWNDEX NIV ELEUT D ERNmoN TS, GH 77
RU—OHTYH a-Zha v —EOKEZIE GHI3 & GH31 28I ND, FRCHERIA
B ORER L S TWABE MG a-Z v a2 —P 1k GH31 IS, o773
—X7 YV a v NG ET )~ — R TR T 2 Z E BB TV 5 (Figure 44),

nucleophile M,Jgﬂ
‘ I oj :o ol 0 _ I
HO QO HoO— & ROH  HO~Y y HO 0o
HO'&% > HO & 2‘ HO_HO o8 HO 0
HO —» HO Y _ HO i —» Ho
: HO oH

H
HOOrR HO62 _J
H :

H o0x° HO._.O
1 -
OIO ‘o: io jfw E
acid/base

Figure 44. HHEFREFRUNNIK 55 i

b MNEOMIZ S GH31 RICIZY VY —ha-Zhal A—ERmbn Ty, AT
INEENTHEARINTIES XV BEORRRY Y Y — A TO7 Y a—7 U O ZH -
T3, Fi2, VYV —ha-ZNaiZ—PORBITRYFE LTHON DR 1T
MESERITIELMAINTND D, FA4E TR L 2, 2 E TIT Salacinol (113)
OREEIEVEFIRIFE A B L T, & MBI a-Z v a s F—Pioxt LT EMER 2R
FEMAWHPAEN TS, L2L, B MNBHN a-ZraiF—FLETE< GH3L IZ
SHEEINAE N YV =LA a-INavZ—B~DF FFEA K= T ZERUEE Y ORI
IZOWVWTIEZINE TIZELFER RIS N TRV, ZD72h, F AR LR =0 AERULA
MDF =727 L HIVAR—ZADIEER BINE Lzt U Y Y —ha-Zav Z—E~0
IETGTEFE B TR~ & R L 72,
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B VY Y—Lha-INa X —L~DOFFEA LR = AERUEE YD
A T AR B

Y V—h a-7Nay B —B~OEEEEHEEZIT I ICH720 . £7 salacinol (113) &
[T D C27 BEWY C3 NEDONARD T2 5 FFER (151~153) B X E D= A 7 /v
K (154~156) DG k% 1T - 7=(Figure 45),

OH OH OH OH QH OH QH OH

&+ Or $¥ OR st OR St OR
HO/\(_Z HO/\(_Z HO/\(_Z HOA(_Z

HO' o HO OH HO OH HO OH
R =803 salacinol (113) R =803  3’-epi-salacinol (151) R =SO0j3; 2’-epi-salacinol (152) R =S0j3 2’, 3"-epi-salacinol (153)

R =H neosalacinol (114) R =H 3’-epi-neosalacinol (154) R =H 2’-epi-neosalacinol (155) R =H 2, 3"-epi-neosalacinol (156)

Figure 45. IS5 DL AK 872 % salacinol (113) #FHEARDT A >

FI. MIEE A OAERIZ M) T, D-arabinotol (157) Z X2V U F 7 & & —/L (158)
NEEB LT, W UFEEST FY AR IO NaBHs 2 H W TR L7, kT 4=
B IOV =7 A CTRERS 5 2 & T, HIOMEE A 160) 25 L7, £
7. L-arabinitol (161) ZJ5UBt& 3% 2 & T, IEHAEFRIIA (164) 25 k% L7z (Figure 28),
£/ CERELHE D J7IE OV ITHEV salacinol BUHISH O FFREA (168) AL LT

OH OH OH  PhCHO  OH 0770 Naios 070 g0, KOKHO
F i then then
OH OH OH OH NaBH, OH OH  NalOy4, RuCly O+4-0
D-arabinitol (157) 158 (83%) 159 (72%) O,' \\O 160
Ph i Ph
OH OH OH E'rg:cl:ggs OH o 0 N';lalgé3 o 0 soCl, o 0
H H then H then i
OH OH OH OH NaBH, OH OH NalOy, RuClg O.4-0
L-arabinitol (161) 162 (85%) 163 (75%) 0”0 164

Scheme 28. IS EEF AR (160) 35 LN (164) DAL

3T A (160, 164, 168) 231G 57D T, Pinto HDHIEEBZIC 7, FA4b
(165) L DI TV TR EITo T2, T b, MISHGEET R (160, 164 35 LN 168) %
HFIP HREET YV 7 ADFFAE R T, FAFE (165) EIGSHTLEZ A, BIETHMOTF A
PEA VR =0 LYK (166,167,169) #1525 Z LN TX 7=, D%, 166,167,169 % TFA T
MR 2 & T, PMB EB LRV DU F o7 4 — VO i#EN—2%IC#IT L, BRID
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g 27 VIR (151,152, 153) &Rk L7z, S B, 10% HALKFEA Z /2 — )V KEEF T
IR R AT LT, A AU RWBBIRZ R\ o o2 —7 =4 0 OB AT, i
T AT VR (154~156) ~ & E\ 72 (Scheme 29),

S I

Ph PMBO/\S—z o7 o OH OH

o"\o PMBO  OPMB /'\‘) o )\‘/\
K2CO3 $% 0soy TFA s+ 0SOs”  10% MeOH-HCI S OH
_— —_— 3 —>

N HFIP PMBO HO
0.0 (86%) )
2SS PMBO  OPMB 5
e (76%) HO ,_, OH

760 166 151 154

IRA400J X = CH;080;
S

) 5\ (CI" form) X = Cl (78%)
)\PMBO/\S_Z OH OH
Q & /\) : =

O  PMBO OPMB

AN s £, (oM oH
X K2CO3 0s0s  TFa S 0SO;  10% MeOH-HCI s+ OH
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Scheme 29. {HIH DTN F 72 2 Salacinol #5EAR (151~156) DA K

Salacinol FHEMRLAY (151~156) DA fkZ 2ERK L 72 D T, IKIZ salacinol (113) |, neosalacinol
(114), = BHIZE ]‘Eﬁa TN a v —RICx LT R REEE 2R L O-_ vV VRIEEE
K (134a-k) t3Lice MY Y Y —Aha-ZhavZ—BiZxd b0 0 REaEoORE 217
- 7=(Table 5), iﬁ”\ 113 & 114 OEERE A Lk Lf:é: A3 3 114 L0 15 30 158
A Y —ha-INav =P EHELL, (ZHLBRERVNZ LT, BUE o7 b3y
A —ERHEA & L THERFIRFRIZHN %h’(b\é Voghbose <> Acarbose @ Ki fi 1% 7.6
uM LA ETH Y . R UHEATH L FAEA L F=0 AMERLAEY 113 BL O 114) XY
HEWMETH -T2, T72b b, ALK =7 LHEFED voglibose X° Acarbose LV & hVU YV YV —
La-ZNnayZ =BT LTIy REAGERSH D Z EBH LN RoT,
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Table5. & hU Y Y=L a7 a3 X —BBILOB-7 N a s F—B OIS R

OH OH OH OH OH OH
g
§* OR Cl st 6 X S¥ OR
HO/\(_Z HO \_4 HO
HO  “OH HO  OH HO  OH
134
R = SO5™ salacinol (113) a:X=H h:X=0-CF; R = S0Oj3™ 3'-epi-salacinol (151)
b:X=0-CH; k:X=0-NO, L )
R = H neosalacinol (114) e: X =o0-Cl R=H 3'-epi-neosalacinol (154)
OH OH OH OH
St ORrR §* OR
HO/\(_Z Ho’\(_z
HO  YOH HO  “OH

R = S0j3" 2-epi-salacinol (152) R =803 27, 3"-epi-salacinol (153)

R =H 2’-epi-neosalacinol (155) R =H 2’, 3"-epi-neosalacinol (156)
Compound a-Glucosidase GAA® A. niger B-glucosidaseC
salacinol (113) 0.12 £ 0.02 > 1000

neosalacinol (114) 3.6+0.3 > 1000

134a 0.022 £ 0.007 > 1000
134b 0.034 + 0.009 > 1000
134e 0.030 £ 0.009 > 1000
134h 0.017 £ 0.010 > 1000
134k 0.17 £ 0.05 > 1000
151 1.0+0.1 > 1000
152 2794 + 294 > 1000
153 3893 + 262 > 1000
154 25+2 > 1000
155 2742 + 230 > 1000
156 463 + 36 > 1000
Voglibose 76+0.8 > 1000
Acarbose 40+ 2 > 1000

“Mean_ SEM. ?Apparent Ki. Assays conducted at pH 5.2 using a-p-NPG as the substrate.
¢ Apparent ICso. Assays conducted at pH 4.6 using b-p-NPG as the substrate.
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Wiz, & M a-Zva v —8ixt LTl EEEEZ R Lz O-_ v U )VAIEEE K
(134a-k) OPLETHEZFAH L Z A, 0017~0.17uM THY, 113 X 114 LV L5851
VI Y—=5h a-7Naid—ExHELL, T7hbb, fIEHO O-X PV ENEMERINIC
LG X TWDH AR R ST, 72, 113 & 13dh DY YV —Lh q-7a i F—
B LD insilico RyX 7T NEFRE LR, BRAT >y ~O@#EA MR 134h DOJF
NE L, BEEHOBREN IS KRS, LrLAanD, & My a-Z Vva v Z—BIokt
LRI EFRMEZ /R LT 134k (XU Y YV — L4 a-Z Va v F—Biox LTk bl
EIEPEDME D> 72 (Figure 45),

Leu678 .

2
¥

Trpag1 ¥ \/oP°18

Figure 45. Salacinol (113) B X O-X> VVRGEEIK (134h) DV YV — L
a-ZNasZ—X LD insilico N> X2 7T IVORFEREER

WIZ, BSOS b L IEHRE OB Z MET 272012, Gk L7z 278 L3 Al
BHONTARDN 72 % Salacinol 758K (151~156) DFLETEMZMIE L=, T ORF. 3 NN
L2 1581 BLXON 154 OV VYV — L -7V as X —POREEENENEFN.1.0£01 B
X252 uM DEBETHLIDICK LT, 2 MAKEELZ 152 B O 155 O HLDFEh
LA, 27944294 B XN 2742+£230uM L EF LS REREEZ R LI, £, 2" BXO3 ML
DELLLZEAUALLTZ 153 BE 156 (FZNZH 3893 +£ 262 LN 463 + 36 DO
ECHELEZZENS, VY Y —A - Nav X —FPOF ALK = AEFRU LAY D
FEES ORI 3 MLl L THIERTH Y, 2 Sk LTI TH D 2 E B RIE S
iz,
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BB, FAREA VR =0 DEAULA Y GH31 -7 Vv a v X — I CRERIICER L T 5
D% R 2 72912, Aspergillus niger FHID B -7 v 232 —8 100 (2%b4 2 B ETEMERE
HE LTz, ZOREER, 2 TOAEWIZEBWNT ICso 28 1000puM LA ETH 722 &b i
FAHEZ LR = AERULEW D GH3l -7V a v X —PERERAICEFHEL TWnWbs Z &N
RN,

b, VYY) —haq-7Z)VasZ—E~D Salacinol ZiEH & LT A FEA LK =7 AHER
LAY OREFMABEIE 2B L T, 2R HDLEwN e BN a-7 L3 X —E LS o
GH31 77 IV —IZX L CHEHAERH D Z L 2RT 2 ENTE T, iz, MISHOIRN R
% Salacinol FHEIK (151~156) & DLEIZ LY | U Y Y —LA o-7 )V a T X —EHEFHFEIC
M2 BEIOR3 N T N a—VONREFERRKRELSEE L TWA AR Z T2 LN T

f: 101)o
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< FEHT = L ET,
BINENGH HEOHITIZES L, EERE 2 21155 & HEiEE 2 15 0 £ Lol RkedE
FIREF AR W = BARICIRE R SR AR LT,
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KERDER

B—mhbE = E CORRICE L, ORI A2 FL (IR) (X H ARSI FT/IR-460
Plus, /& FTIR 8400 % FHWTHIE L7z, KEXRORFEMKILGARZ ML (H- BLO
BC-NMR) A-<Z h/LiE, Varian Gemini 300, JEOLJNM-A400, Varian UNITY plus 500 £% 1%
SALIREEE 2 W2, (b7 ME ppm fECR L, 7T O30T IROIK S %R
L7z, s=singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br = broad, dd = double doublet,
ddd = double double doudlet, dt = double triplet. B & 5347 DR EIZIXFHHEH GCMS- QP 500 |
JEOL JMS-GCmate II ., JEOL AX 505 (70 eV direct inlet system) Zf#fH L7=, FEXIE X,
HORIBA SEPA-500 # AW CHIE L7z, YU B Vs a~ 7 F 7 ¢—%, Cica Silica Gel
60 N (spherical, neutral) 63-210 um Z W TiTo7z, g/ v~ 777 4 — (TLC) D AR
> MERHNZITEESNIGE, 7 =27 T e REAE, HDHWE, VUt 77 Vs tiks
BRI L7=,

BIUENOHHEFEE TORRICEE L, R (IR) A~ MuiE, B IRAffinity-1 53
FEFH 2O THIE LT, KBEORFEZMSIE ((H- BELO BC-NMR) A7 [L
X, HAE T AL 400 % ('"H-NMR; 400 MHz, *C-NMR; 100 MHz) K % JEOL JNM-ECA 500
(500 MHz 'H, 125 MHz *C), JEOL JNM-ECA 800 (800 MHz 'H, 200 MHz *C)% i\ 7=, 7
WD oy EEERIL, RO E %R LTz, s=singlet, d=doublet, t=triplet, q= quartet, m = multiplet,
br = broad, dd = double doublet, ddd = double double doudlet, dt = double triplet, dtd = quadruple
doublet. Z &4 DORIEIZIE, HAEF JEOLIMS-700T %% AV, md 5157k (FAB) &
N Y —F7 4 vy —H AT 17 17 Exactive Plus Orbitrap B! &\, =L 7 &
ATV AAFARE ES) IZTHE L, YV BTN T AIa~ NI T T 0 —OWREH
X, BT U7 BW-200 ZHW T To 72, IGOZRAERIZ I 1T DT, 3+~ CTHAKR
[l RN S LAY
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1-Benzyl 2-methyl (2R, 6S)-6-Acetoxymethylpiperidine-1,2-dicarboxylate (10)

To a stirred solution of (COCI)2 (1.41 mL, 16.39 mmol) in CH2Cl; (30 mL) was added DMSO (2.33
mL, 32.78 mmol) at -78 °C, and the resulting mixture was stirred at -78 °C for 15 min. To the mixture
was added a solution of 424 (3.51g, 10.93 mmol) in CH2Cl, (30 mL) at -78 °C, and the stirring was
continued for 1 h. Triethylamine (6.91 mL, 49.16 mmol) was added to the reaction mixture at -78 °C,
and the reaction temperature was gradually increased to 0 °C. The reaction mixture was diluted with
H20, and the aqueous mixture was extracted with CH>Cl, (15 mL x 3). The organic extracts were
combined, dried over Na>SOa, and evaporated to give pale yellow oil, which was used directly in the
next step. To a stirred suspension of NaH2PO4:2H,O (17.04 g, 109.25 mmol), 2-methyl-2-butene
(23.22 mL, 218.50 mmol), and the crude aldehyde obtained above in t-BuOH (45 mL) was added a
solution of NaCIO; (70%, 8.47 g, 65.55 mmol) in H.O (15 mL), and the resulting suspension was
stirred at room temperature for 2 h. The reaction was quenched with satd. NaHSOz (aq) and 10% HCI
(aqg) at 0 °C, and the aqueous mixture was extracted with EtOAc (15 mL x 5). The organic extracts
were combined, dried over Na>SOs4, and evaporated to give pale yellow oil, which was used directly
in the next step.To a stirred solution of the carboxylic acid obtained above in EtOAc (30 mL) was
added a solution of CH2N: in Et2O at 0 °C, and the reaction mixture was stirred at room temperature
for 15 min. The solvent was evaporated, and the residue was chromatographed on SiO2 (60 g,
acetone/hexane = 1:10) to give 10 (3.63 g, 10.38 mmol, 95% in 3 steps) as pale yellow oil.

IR (neat) : 2953, 1743, 1699, 1456, 1409, 1313, 1229, 1071, 1036 cm™%; *H-NMR (500 MHz CDCl5)
d: 1.39-1.78 (5H, m), 1.99 (3H, s), 2.27 (1H, m), 3.68 (3H, s), 4.13 (2H, m), 4.47 (1H, m), 4.82-4.90
(1H, m), 5.14-5.22 (2H, m), 7.30-7.34 (5H, m); **C-NMR (125 MHz CDCls) &: 15.72, 20.82, 24.74,
25.88, 48.96, 52.24, 52.94, 63.40, 67.48, 127.78, 127.98, 128.40, 136.38, 156.25, 170.68, 172.80; MS
(FAB): m/z 350 [M+1]*; HRMS (FAB) Calcd for C1gH2sNOs 350.1603; Found 350.1605; [0]p?° +20.4
(c 2.79, CHCI5).

Benzyl (1R, 5S)-2- Ox0-3-0xa-9-azabicyclo[3.3.1]nonane-9-carboxylate (11) and Methyl (5R, 9S)-
3-Oxohexahydroxazolo[3,4-a]pyridine-5-carboxylate (12)

To a stirred solution of 10 (4.29 g, 12.27 mmol) in MeOH (30 mL) was added K>COs (5.09 g, 36.80
mmol) at 0 °C, and the resulting mixture was stirred at room temperature for 20 h. The solvent was

evaporated, and the residue was chromatographed on SiO2 (60 g, EtOAc/hexane = 1:1) to give 12 (2.18
g, 10.92 mmol, 89%) as pale yellow oil and 11 (169 mg, 0.61 mmol, 5%) as pale yellow oil.

11: IR (neat) : 3648, 2928, 1739, 1734, 1418, 1254, 1047 cm™; *H-NMR (400 MHz CDCls) §: 1.26-
1.37 (2H, m), 1.68-1.76 (1H, m), 1.77-1.89 (2H, m), 2.18-2.22 (1H, m), 3.89 (1H, t, J = 8.0), 4.03-4.07
(1H, m), 4.45 (1H, t, J = 8.0), 4.66 (1H, d, J = 6.0), 5.19 (2H, s), 7.34-7.39 (5H, m); *C-NMR (100
MHz CDCl3) &: 19.46, 26.19, 29.52, 51.87, 52.29, 67.11, 68.90, 128.09, 128.41, 128.60, 135.25,
157.06, 170.40; MS (FAB): m/z 276 [M+1]"; HRMS (FAB) Calcd for C15H1sNO4 276.1236; Found
276.1234; [a]p?°-15.7 (c 1.20, CHClI3).
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12: IR (neat) : 2952, 1742, 1767, 1419, 1280, 1254, 1047 cm’!; 'H-NMR (500 MHz CDCls) &: 1.29-
1.42 (2H, m), 1.68-1.75 (1H, m), 1.81-1.89 (2H, m), 2.17-2.22 (1H, m), 3.76 (3H, s), 3.90 (1H, t, J =
8.0), 4.02-4.08 (1H, m), 4.50 (1H, t, J = 8.0), 4.62 (1H, d, J = 6.0); *C-NMR (100 MHz CDCI;) &:
19.55, 26.16, 29.60, 51.90, 52.21, 52.43, 68.92, 157.06, 171.05; MS (FAB): m/z 200 [M+1]"; HRMS
(FAB) Calcd for CoH14NO4 200.0923; Found 200.0924; [a]n*°-8.3 (c 0.40, CHCl5).

Conversion of 11 to 12:To a stirred solution of 5 (330 mg, 1.20 mmol) in MeOH (5 mL) was added
NaOMe (65 mg, 1.20 mmol) at 0 °C, and the resulting mixture was stirred at room temperature for 18
h. The solvent was evaporated, and the residue was chromatographed on SiO, (12 g, EtOAc/hexane =
1:1) to give 12 (228 mg, 1.14 mmol, 95%) as pale yellow oil.

Methyl (8a5)-3-Oxo0-5-(phenylthio)hexahydro-1H-o0xazolo[3.4-a]pyridine-5-carboxylate (13)

To a stirred solution of diisopropylamine (1.14 mL, 8.13 mmol) in THF (15 mL) was added n-BuLi
(1.6 M in n-hexane, 5.05 mL, 8.13 mmol) at 0 °C, and the resulting mixture was stirred at 0 °C for 20
min. To a stirred solution of 12 (1.08 g, 5.42 mmol) in THF (15 mL) was added a solution of LDA in
THF prepared above at -78 °C, and the reaction mixture was stirred at -78 °C for 5 min. To the reaction

mixture was added HMPA (1.41 mL, 8.13 mmol) at -78 °C, and the reaction mixture was stirred at -
78 °C for 25 min. To the reaction mixture was added a solution of (PhS) (1.78 g, 8.13 mmol) in THF
(10 mL) via cannula at -78 °C, and the temperature was gradually raised to 0 °C. The solvent was
evaporated, and the residue was chromatographed on SiO> (30 g, EtOAc/hexane = 1:3) to give 13 (1.63

g, 5.30 mmol, 98%) as pale yellow oil as a mixture of diastereomers.

Methyl (5)-3-Ox0-3.7.8.8a-tetrahydro-1H-oxazolo[3.4-a]pyridine-S-carboxylate (3)

To a solution of 13 (4.20 g, 13.68 mmol) in CH>Cl, (50 mL) was added 2,6-lutidine (4.11 mL, 35.29
mmol). mCPBA (70%, 8.09 g, 32.83 mmol) was added to the resulting mixture in 4 equal portions
once every 15 min at 0 °C. The reaction mixture was stirred at room temperature for 1 h. The reaction
was quenched with 10% Na>S,03 in sat. NaHCO3 (aq) (90 mL), and extracted with CH>Cl, (10 mL x
3). The organic extracts were combined, and washed with 10% HCI (aq) (20 mL). The organic layer

was dried over Na;SOys, and evaporated to give pale yellow oil, which was chromatographed on Si0»
(20 g EtOAc/hexane = 1:3) to give 7 (2.62 g, 13.29 mmol, 97%) as a colorless solid. whose spectral

data were identical with those for the reported ones.?

(3a8, 5as8, 65, 9aR)-6-Vinyloctahydro-1H-oxazolo[3.4-a]quinolone-1,8(3H)-dione (18)
To a stirred suspension of Cul in Et20 (3 mL) was added a solution of vinyl lithium at -78 °C, prepared
from tetravinyltin (49 pL, 0.27 mmol) and MeLi (1.13 M in Et2O, 97 puL, 1.07 mmol) in Et;O (1 mL)

at 0 °C for 30 min, and the resulting suspension was warmed to -35 °C for 30 min. The resulting

suspension was re-cooled to -78 °C, and a solution of 6 (37 mg, 0.18 mmol) in Et,O (0.5 mL) was
added to the resulting suspension. The reaction mixture was warmed to 0 °C for 1 h, and the reaction

66



was quenched with sat. NH4Cl (aq) (3 mL). The aqueous mixture was extracted with CH>Cl, (3 mL x
3), and the organic extracts were combined, dried over Na>SO4, and evaporated to give pale yellow oil,
which was chromatographed on SiO; (5 g, acetone/hexane = 1:5) to give 18 (36 mg, 0.15 mmol, 83%)
as pale yellow oil.

IR (neat) : 1747, 1717, 1684, 1418, 1231, 1084, 1028 cm™'; "TH-NMR (400 MHz CDCls) &: 1.42-1.57
(1H, m), 1.80-1.88 (2H, m), 1.90-2.02 (2H, m), 2.41-2.58 (4H, m), 2.61-2.65 (1H, m), 3.78-3.85 (1H,
m), 3.92 (1H, dd, J = 8.4, 6.0), 4.29-4.35 (1H, m), 4.42 (1H, t, J = 8.4), 5.04 (1H, dd, J = 17.2, 1.4),
5.12 (1H, dd, J=10.8, 1.4), 5.77 (1H, ddd, J= 17.2, 10.8, 5.6) ; *C-NMR (125 MHz CDCl;) §: 24.04,
30.48, 38.12, 39.69, 39.99, 41.55, 47.95, 49.98, 68.09, 116.69, 139.00, 156.154, 207.29; MS (EI): m/z
235 [M]"; HRMS (EI) Caled for C13H17NO3235.1208; Found 235.1202; [o]p*!-55.9 (c 1.00, CHCI;).

(3a8, 5as8. 6S. 9aR)-6-Vinyldacahydro-1H-oxazolo [3.4-a]quinolin-1-one (10)

To a stirred solution of 18 (220 mg, 0.94 mmol) in CH>Cl; (8 mL) and MeOH (0.8 mL) was added
NaBH4 (106 mg, 2.81 mmol) at 0 °C, and the resulting mixture was stirred at 0 °C for 1 h. The reaction
was quenched with sat. NH4Cl (aq) (5 mL), and the aqueous mixture was extracted with CH>Cl, (4 mL

x 5). The organic extracts were combined, dried over Na;SOs4, and evaporated to give white solid,
which was used directly in the next step. To a stirred solution of the above solid in 1,2-dichloroethane
(8 mL) was added 1,1-thiocarbonyldiimidazole (500 mg, 2.81 mmol) at room temperature. The
resulting mixture was refluxed for 16 h. After cooling, the solvent was evaporated to give yellow paste,
which was chromatographed on silica gel (8 g, acetone/hexane = 1:7) to give yellow oil, which was
used in the next step. A stirred solution of #n-Bu3SnH (0.74 mL, 2.81 mmol) in toluene (7 mL) was
heated to reflux for 30 min, and then a solution of above yellow oil in toluene (1.5 mL) was added to
the above solution, and the reaction mixture was refluxed for 4 h. After cooling, the solvent was
evaporated to give a colorless oil, which was chromatographed on Si0; (10 g, EtOAc/hexane = 1:15)
to give 19 (115 mg, 0.52 mmol, 56% in 3 steps) as a colorless oil.

IR (neat) : 2932, 1830, 1749, 1541, 1418, 846, 772 cm’'; 'TH-NMR (400 MHz CDCl3) &: 1.29-1.41 (2H,
m), 1.45-1.64 (6H, m), 1.72-1.88 (3H, m), 2.28 (1H, br), 3.72-3.78 (1H, m), 3.81 (1H, t, J=7.6), 3.94-
4.00 (1H, m), 4.34 (1H, t, J="7.6), 5.04 (1H, dm, J = 10.0), 5.05 (1H, dm, J = 18.2), 5.93 (1H, ddd, J
=18.2, 10.0, 5.7); *C-NMR (125 MHz CDCl;3) &: 20.02, 24.11, 24.23, 24.70, 30.94, 38.66, 42.47,
48.02,50.43, 68.16, 114.46, 140.86, 156.60; MS (EI): m/z 221 [M]"; HRMS (EI) Calcd for Ci3H9NO;
221.1416; Found 221.1419; [a]p**-3.9 (c 1.00, CHCl5).

t-Butyl (2, 4aS, 55, 8aR)-2-(Hydroxymethyl)-5-vinyloctahydroquinoline-1(2H)-carboxylate (20)
A solution of 2M KOH in i-PrOH (7 mL) was added to 19 (24 mg, 0.11 mmol), and the resulting
mixture was heated at 120 °C in a sealed tube for 24 h. After cooling, the solvent was evaporated, and

residue was dissolved in H>O. The aqueous mixture was extracted with CH2Cl» (3 mL x 5). The organic

extracts were combined, dried over K,COs3, and evaporated to give a pale yellow oil, which was used

directly in the next step. To a stirred solution of the oil obtained above in THF (3 mL) were added
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satd. NaHCO3 (aq) (3 mL) and Boc20 (118 mg, 0.54 mmol) at 0 °C, and the resulting mixture was
stirred at room temperature for 4 h. The reaction mixture was diluted with CH2Cly, the organic layer
was separated, and the aqueous layer was extracted with CH>Cl, (3 mL x 5). The organic layer and
extracts were combined, dried over Na>SOs, and evaporated to give pale yellow oil, which was
chromatographed on SiO; (5 g, EtOAc/hexane = 1:7) to give 20 (23 mg, 0.08 mmol, 72% in 2 steps)
as pale yellow oil.

IR (neat) : 3449, 1830, 1670, 1558, 1541, 1456, 1396, 1173, 856, 772 cm™'; '"H-NMR (400 MHz CDCl;)
0:1.44 (9H, s), 1.48-1.82 (10H, m), 1.91-1.96 (1H, m), 2.23 (1H, br), 3.59-3.80 (4H, m), 5.06 (1H, dm,
J=10.8 Hz), 5.07 (1H, dm, J = 17.5 Hz), 5.94 (1H, ddd, J = 17.5, 10.8, 5.7 Hz); 3*C-NMR (125 MHz
CDCl) 8: 20.93, 22.51, 24.72, 25.79, 27.04, 28.52, 37.44, 42.41, 51.97, 54.42, 66.46, 80.04, 114.27,
141.64, 156.40; MS (EI): m/z 295 [M]"; HRMS (EI) Calcd for C17H20NO3295.2147; Found 295.2140;
[a]p?-5.8 (¢ 1.00 , CHCI3).

t-Butyl (2S5, 4aS., 5S. 8aR)-2-((E)-3-Ethoxy-3-oxoprop-1-en-1-yl)-5-vinyloctahydroquinoline-
1(2H)- carboxylate (21)

To a stirred solution of 20 (23 mg, 0.08 mmol) in CH2Cl, (3 mL) was added Dess-Martin periodinane
(50 mg, 0.12 mmol) at 0 °C, and the resulting mixture was stirred at room temperature for 1 h. The

reaction was quenched with satd.Na>S>03 (aq) (3 mL), and the aqueous mixture was extracted with
CH>Cl> (3 mL x 3). The organic extracts were combined, dried over Na>SOs, and evaporated to give
an aldehyde as pale yellow oil, which was used directly in the next step. To a stirred suspension of
NaH (60%, 5 mg, 0.130 mmol) in THF (3 mL) was added (EtO),P(O)CH2CO:Et (33 pL, 0.16 mmol)
at 0 °C, then the reaction mixture was stirred at 0 °C for 30 min. To the mixture was added the above
aldehyde in THF (1 mL) at 0 °C, then the mixture was stirred at room temperature for 16 h. The reaction
was quenched with H>O, and the aqueous layer was extracted with CH>Cl> (3 mL X 5). The organic
extracts were combined, dried over NaxSO4, and evaporated to give pale yellow oil, which was
chromatographed on SiOz (8 g, EtOAc/hexane = 1:7) to give 21 (22 mg, 0.06 mmol, 79% in 2 steps)
as pale yellow oil.

IR (neat) : 1830, 1717, 1697, 1653, 1558, 1506, 1456, 1394 cm™'; '"H-NMR (400 MHz CDCls) §: 1.26
(3H, t, /= 7.2 Hz), 1.29-1.33 (1H, m), 1.40 (9H, s), 1.47-1.52 (3H, m), 1.56-1.69 (3H, m), 1.75-1.83
(2H, m), 1.93-2.02 (2H, m), 2.21 (1H, br), 3.98 (1H, br), 4.16 (2H, q, J=7.2),4.37 (1H, br), 5.03 (1H,
dm,J=17.2),5.04 (1H, dm, J=10.8), 5.76 (1H, dd, /= 15.6, 1.6), 5.95 (1H, ddd, /= 17.2, 10.8, 6.0),
6.96 (1H, dd, J = 15.6, 5.4); *C-NMR (125 MHz CDCI3) &: 14.19, 20.40, 20.63, 24.44, 26.66, 28.33,
36.00, 42.15, 50.77, 51.87, 53.37, 60.23, 79.79, 114.38, 119.24, 141.30, 151.24, 155.09, 166.59; MS
(ED): m/z 363 [M]"; HRMS (EI) Calcd for C21H33NO4 363.2410; Found 363.2412; [a]p**-46.8 (c 1.00,
CHCI).
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t-Butyl (2S5, 4aS. 58, 8aR)-2-(3-Methoxy-3-oxopropyl)-3-vinyloctahydroquinoline-1(2H)-
carboxvlate (22)

To a stirred suspension of magnesium turnings (362 mg, 14.88 mmol) in MeOH (8 mL) was added

iodine (19 mg, 0.07 mmol), and the resulting brown colored mixture was stirred at room temperature
for 30 min. as the solution becomes colorless. A solution of 21 (90 mg, 0.25 mmol) in MeOH (1 mL)
was added to the resulting suspension, and the reaction mixture was heated to 60 °C for 2 h. After
cooling, the MeOH was evaporated and the residue was acidified with 10% HCI (aq) (5 mL). The
aqueous mixture was extracted with CH2Cl> (5 mL x 5). The organic extracts were combined, dried
over NaSOs, and evaporated to give pale red oil, which was chromatographed on SiO; (8 g,
EtOAc/hexane = 1:10) to give 22 (75 mg, 0.21 mmol, 86%) as pale yellow oil.

IR (neat) : 1734, 1697, 1684, 1541, 1506, 1456, 1364, 1173, 856,772 cm™'; '"H-NMR (400 MHz CDCl;)
0:1.19-1.29 (2H, m), 1.39-1.41 (2H, m), 1.43 (9H, s), 1.45-1.90 (7H, m), 1.91-2.00 (1H, br), 2.10 (1H,
br), 2.21 (1H, br), 2.32 (2H, t, J = 8.2 Hz), 3.64 (3H, s), 3.73 (1H, br), 3.81-3.86 (1H, m), 5.03 (1H,
dm, J=9.8), 5.04 (1H, dm, J = 18.2), 5.97 (1H, ddd, J = 18.2, 9.8, 6.8); *C-NMR (125 MHz CDCI;)
d: 19.60, 20.39, 23.46, 24.51, 28.44, 29.10, 30.68, 31.81, 35.56, 42.18, 50.42, 50.67, 51.49, 79.08,
114.20, 141.55, 154.99, 173.88; MS (EI): m/z 351 [M]"; HRMS (EI) Calcd for C20H33NO4 351.2410;
Found 351.2415; [a]p**-11.1 (c 1.00, CHCl5).

t-Butyl (25, 4aS. 55. 8aR)-5-(2-Hydroxyethyl)-2-(3-methoxy-3-oxopropyl)octahydroquinoline-
1(2H)-carboxylate (23)

To a stirred solution of 22 (70 mg, 0.20 mmol) in THF (5 mL) was added BH3-SMe> (28 puL, 0.30
mmol) at 0 °C, and the resulting solution was stirred at room temperature for 1 h. To the reaction
mixture were added 10% NaOH (aq) (1 mL) and 30% H>0: (aq) (1 mL) at 0 °C, and the resulting

solution was stirred at room temperature for 1 h. The reaction mixture was diluted with CH2Cly, the

organic layer was separated, and the aqueous layer was extracted with CH2Cl> (5 mL x 5). The organic
layer and extracts were combined, dried over Na>SQOs, and evaporated to give pale yellow oil, which
was chromatographed on SiO2 (8 g, EtOAc/acetone = 1:7) to give 23 (44 mg, 0.12 mmol, 60%) as pale
yellow oil.

IR (neat) : 3734, 1830, 1734, 1697, 1653, 1558, 1456, 1173, 856, 772 cm™'; '"H-NMR (400 MHz CDCl;)
o: 1.15-1.28 (2H, m), 1.35-1.52 (12H, m), 1.54-1.86 (9H, m), 1.90-1.99 (2H, m), 2.32 (2H, t, J = 8.0),
3.62-3.68 (6H, m), 3.70-3.76 (1H, m), 3.79-3.84 (1H, m); *C-NMR (125 MHz CDCls) &: 19.92, 20.17,
23.59,24.06, 28.60,29.46,30.87,31.96, 34.97,35.32,35.54, 50.59, 50.72, 51.66, 61.52, 79.30, 155.20,
174.06; MS (EI): m/z 369 [M]*; HRMS (EI) Calcd for C20H3sNOs 369.2515; Found 369.2524; [o]p*-
10.7 (¢ 1.00 , CHCI3).

69



t-Butyl (25, 4aS. 5S. 8aR)-5-(2-((+-Butyldimethylsilyl)oxy)ethyl)-2-(3-methoxy-3-oxopropyl)-
octahydroquinoline-1(2H)-carboxylate (24)

To a stirred solution of 23 (35 mg, 95 umol) in CH2Cl, (3 mL) were added imidazole (13 mg, 0.19
mmol) and TBSCI (29 mg, 0.19 mmol) at 0 °C, and the resulting mixture was stirred at room

temperature for 1 h. The solvent was evaporated and the residue was chromatographed on SiO; (8 g,
acetone/hexane = 1:10) to give 24 (37 mg, 77 pmol, 80%) as pale yellow oil.

IR (neat) : 1747, 1717, 1684, 1558, 1456, 1364, 1175, 1099, 839, 770 cm™'; '"H-NMR (400 MHz CDCl;)
5: 0.04 (6H, s), 0.89 (9H, s), 1.19-1.43 (4H, m), 1.45 (9H, s), 1.53-1.70 (7H, m), 1.74-1.91 (3H, m),
1.93-2.00 (2H, m), 2.34 (2H, t,J=7.8), 3.58-3.68 (5H, m), 3.76 (1H, br), 3.80-3.85 (1H, m); *C-NMR
(125 MHz CDCls) 8: -5.34, 18.31, 19.80, 20.15, 23.47, 24.06, 25.94, 28.50, 29.43, 30.78, 31.91, 34.97,
35.08, 35.40, 50.48, 50.68, 51.53, 61.80, 79.10, 155.08, 173.92; MS (EI): m/z 483 [M]"; HRMS (EI)
Calcd for C26H49NOsSi 483.3380; Found 483.3377; [a]p**-2.7 (¢ 1.00 , CHCl5).

t-Butyl (28, 4aS, 55, 8aR)-5-(2-((¢-Butyldimethylsilyl)oxy)ethyl)-2-((E)-5-methoxy-5- oxopent-3-
en-1-yl)octahydroquinoline-1(2H)-carboxylate (7)

To a stirred solution of 24 (23 mg, 48 umol) in THF (3 mL) was added Super-Hydride (0.14 mL, 0.14
mmol) at 0 °C, and the resulting mixture was stirred at room temperature for 1 h. The reaction was
quenched with satd. NH4Cl (aq) (2 mL), and the aqueous mixture was extracted with CH2Cl, (4 mL X

5). The organic extracts were combined, dried over Na;SOs, and evaporated to give yellow oil, which

was used directly in the next step. To a stirred solution of the above oil in CH2Cl> (3 mL) was added
Dess-Martin periodinane (30 mg, 72 pummol) at 0 °C, and the resulting mixture was stirred at room
temperature for 1 h. The reaction was quenched with satd.Na»S»0s (aq) (3 mL), and the aqueous
mixture was extracted with CH2Cl (4 mL x 3). The organic extracts were combined, dried over
NaxSOs, and evaporated to give an aldehyde as pale yellow oil, which was used directly in the next
step.To a stirred solution of the above oil in THF (3 mL) was added (methoxycarbonylmethylene)
triphenylphosphorane (24 mg, 72 pumL) at room temperature, and the resulting mixture was stirred at
room temperature for 16 h. The solvent was evaporated, and the residue was chromatographed on Si0»
(5 g, EtOAc/hexane = 1:7) to give 7 (17 mg, 33 umol, 69% in 3 steps) as pale green oil.

The 'H- and '3C-NMR spectra of our synthetic material were good accordance with those for reported
values.'” IR (neat) : 2930, 1732, 1684, 1653, 1558, 1506, 1456, 1175, 1099, 856 cm™'; '"H-NMR (400
MHz CDCls) &: 0.04 (6H, s), 0.88 (9H, s), 1.18-1.39 (4H, m), 1.45 (9H, s), 1.53-1.97 (12H, m), 2.13-
2.38 (2H, m), 3.58-3.67 (2H, m), 3.71 (3H, s), 3.74 (1H, br), 3.81-3.85 (1H, m), 5.83 (1H, d, J = 15.6),
6.96 (1H, dt, J=15.6, 7.0); 3*C-NMR (125 MHz CDCls) &: -5.3, 18.3, 19.8, 20.15, 22.88, 24.13, 25.93,
28.55, 29.57, 29.97, 33.66, 35.01, 35.13, 35.39, 50.58, 51.37, 61.78, 79.08, 121.03, 148.97, 155.02,
167.01; MS (EI): m/z 509 [M]*; HRMS (EI) Calcd for C2sHsiNOsSi 509.3537; Found 509.3535; [a]p®
-5.4 (¢ 0.75, CHCL).
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Methyl (5R.6R.8a5)-5.6-Diallyl-3-oxohexahydro-1H-oxazolo[3.4-a]pyridine-5-carboxylate (29)
To a stirred suspension of Cul (948 mg, 4.98 mmol) in tetrahydrofuran (THF) (20 mL) was added a
solution of allyl lithium at =78 °C, prepared from tetraallyltin (0.90 mL, 3.74 mmol) and n-BuLi (1.6

M in n-hexane, 6.23 mL, 9.96 mmol) in THF (7 mL) at 0 °C for 30 min, and the resulting suspension
was warmed to —15 °C for 45 min. The resulting suspension was re-cooled to —78 °C, and a solution
of 3 (491 mg, 2.49 mmol) in THF (3 mL) was added to the resulting suspension. The reaction mixture
was warmed to —30 °C, and allyl bromide (1.48 mL, 17.43 mmol) was added to the reaction mixture.
The reaction mixture was warmed to 0 °C for 1 h, and the reaction was quenched with sat. NH4Cl (aq)
(15 mL). The aqueous mixture was extracted with CH2Cl, (10 mL X 3), and the organic extracts were
combined, dried over Na>xSOs, and evaporated to give pale yellow oil, which was chromatographed on
Si0; (20 g, n-hexane/EtOAc = 7:1) to give 29 (531 mg, 1.90 mmol, 76%) as pale yellow oil. IR (neat):
3076, 2949, 1751 cm™!; 'TH NMR (400 MHz, CDCls): § 1.44-1.55 (2H, m), 1.57-1.70 (1H, m), 1.83—
1.88 (2H, m), 1.97-2.03 (1H, m), 2.40-2.45 (1H, m), 2.77 (1H, dd, J = 14.6, 8.6), 3.17 (1H, dd, J =
14.6, 5.2), 3.75 (3H, s), 3.91-3.98 (2H, m), 4.40-4.51 (1H, m), 5.02 (1H, dd, /= 15.2, 1.8), 5.03 (1H,
dd,J=11.6,1.8),5.18 (1H, d, J=11.6), 5.19 (1H, d, J = 16.8), 5.65 (1H, m), 5.77 (1H, m); '*C-NMR
(100 MHz, CDCl3): 8 21.2, 27.0, 34.4, 36.2, 36.3, 50.6, 52.3, 64.7, 69.0, 117.1, 120.1, 132.2, 135.7,
156.4, 171.1; MS (El/double focusing) m/z: 279 [M]"; HRMS (El/double focusing) m/z: [M]" caled
for C1sH21NOs, 279.1471; found, 279.1476; [o]p>® —87.7 (¢ 1.0, CHCI3).
(5S5.8R.8aR)-8.8a-Diallyl-5-(hydroxymethyltetrahydro-1H-oxazolo|3.4-a|pyridin-3(SH)-one
31n

To a stirred solution 0f 29 (1.11 g, 3.97 mmol) in THF (15 mL) was added Super-Hydride (1 M in THF,
10.56 mL, 11.90 mmol) at 0 °C, and the resulting mixture was refluxed for 30 min. The reaction was

quenched with sat. NH4Cl (aq) (5 mL), and the aqueous mixture was extracted with CH,Cl> (7 mL x
3). The organic extracts were combined, dried over Na;SOs, and evaporated to afford colorless oil,
which was chromatographed on SiO2 (15 g, n-hexane/acetone = 7:1) to give 31 (658 mg, 2.62 mmol,
66%) as pale yellow oil. IR (neat): 3041, 1734, 1684 cm™'; 'H NMR (500 MHz, CDCls): § 1.37 (1H,
ddd, /=10.2, 6.0, 3.0), 1.60-1.69 (2H, m), 1.75 (1H, ddd, J = 11.2, 6.0, 2.8), 1.84 (1H, tt, J = 11.2,
2.8),2.12 (1H, ddd, /= 19.2, 11.6, 4.4), 2.30 (1H, td, J = 11.6, 4.2), 2.45 (1H, dd, J = 14.3, 7.5), 2.62
(1H, dd, J=14.3, 7.5), 3.30-3.35 (1H, m), 3.81-3.93 (2H, m), 4.08 (1H, d, J=9.3),4.24 (1H, d, J =
9.3),4.44 (1H, t,J=17.5), 5.05 (1H, d, J=10.0), 5.07 (1H, dd, J = 17.0, 1.0), 5.20 (1H, d, J = 15.5),
5.22 (1H, d, J=9.0), 5.60-5.71 (2H, m); *C-NMR (125 MHz, CDCl;): § 21.5,22.2, 31.4, 36.5, 39.1,
54.4, 63.1, 64.1, 68.5, 117.1, 120.8, 130.6, 136.0, 157.4; MS (EI/ double focusing) m/z: 251 [M]*;
HRMS (El/double focusing): [M]* caled for Ci14H21NO3, 251.1521; found, 251.1521; [a]p?' —1.3 (c
1.0, CHCI).

(2R.3R.65)-(2.3-Diallyl-6-((methoxymethoxy)methyl)piperidin-2-yl)methanol (32)
To a stirred solution of 31 (12 mg, 48 umol) in CH2Clz (2 mL) were added diisopropylethylamine (25

pL, 0.14 mmol) and chloromethyl methyl ether (11 pL, 0.144) at 0 °C, and the resulting mixture was
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refluxed for 48 h. The solvent was evaporated to afford a yellow oil, which was chromatographed on
SiO2 (5 g, n-hexane/acetone = 5:1) to give (55,8R,8aR)-8,8a-diallyl-5-((methoxymethoxy)methyl)-
tetrahydro-1H-oxazolo[3,4-a]pyridin-3(5H)-one (IM1) (14 mg, 0.48 mmol, quant.) as a pale yellow
oil. "H NMR (400 MHz, CDCls): § 1.58-1.69 (3H, m), 1.73-1.88 (2H, m), 2.14-2.22 (1H, m), 2.30—
2.36 (1H, m), 2.52 (1H, dd, J = 14.4, 7.0), 2.59 (1H, dd, J = 14.8, 7.0), 3.33-3.42 (1H, m), 3.37 (3H,
s),3.72 (1H, dd, J=10.0, 7.2), 4.02 (1H, d, J=9.2),4.17 (1H, d, J=9.2), 4.30 (1H, d, J = 10.0, 5.6),
4.65 (1H, d, J=6.4),4.69 (1H, d, J = 6.4), 5.05-5.23 (4H, m), 5.63-5.74 (1H, m). A solution of 2 M
KOH in i-PrOH (3 mL) was added to IM1 (14 mg, 47 umol), and the resulting mixture was heated at
120 °C in a sealed tube for 12 h. After cooling, the solvent was evaporated and the residue was
dissolved in H>O. The aqueous mixture was extracted with CH>Cl> (4 mL X 5). The organic extracts
were combined, dried over K»>COs, and evaporated to afford pale yellow oil, which was
chromatographed on Si0; (3 g, CH2Cl,/MeOH = 3:1) to give 32 (13 mg, 47 umol, 100%) as a pale
yellow oil. "H NMR (400 MHz, CDCls): & 1.28 (1H, m), 1.39-1.48 (2H, m), 1.65-1.78 (3H, m), 2.20—
2.36 (2H, m), 2.50 (1H, dd, J = 13.6, 8.0), 2.56 (1H, dd, J = 13.6, 7.0), 3.15-3.21 (1H, m), 3.37 (3H,
s), 3.50 (1H, t,J=9.2),3.52 (1H, d, J=11.6), 3.61 (1H, d, J=11.6), 3.62 (1H, br), 3.63 (1H, dd, J =
9.2,3.6),4.63 (1H,d,J=6.2),4.64 (1H,d, J=6.2),5.02 (1H, d, J=9.6), 5.06 (1H, dd, J=16.8, 1.2),
5.17 (2H, dd, J = 13.8, 1.2), 5.65-5.76 (1H, m), 5.78-5.86 (1H, m); *C-NMR (125 MHz, CDCl;3): &
22.5, 23.1, 32.4, 36.6, 38.0, 49.2, 554, 57.2, 66.1, 72.8, 96.7, 115.8, 118.5, 134.2, 138.5; MS
(El/double focusing) m/z: 269 [M]"; HRMS (El/double focusing): [M]" calcd for CisH27NOs,
269.1991; found, 269.1994.

(55.7aR.11aR)-5-(Hydroxymethvl)-5.6.7.7a.8.11-hexahydrooxazolo[4.3-jlquinolin-3(1 H)-one

(34)
To a stirred solution of 31 (69 mg, 0.28 mmol) in benzene (5 mL) was added Grubbs Catalyst, 2nd

generation (24 mg, 0.03 mmol), and the resulting solution was refluxed for 1 h. After cooling, the

solvent was evaporated to afford brown oil, which was chromatographed on SiO> (7 g, n-
hexane/acetone = 7:1) to give 34 (60 mg, 0.27 mmol, 96%) as a pale yellow oil. IR (neat): 3118, 2841,
1747 cm™'; "TH NMR (400 MHz, CDCl3): § 1.31-1.41 (1H, m), 1.56-1.68 (2H, m), 1.74-1.84 (1H, m),
1.88-2.01 (2H, m), 2.13-2.20 (1H, m), 2.26 (1H, dd, J=16.8, 4.8), 2.35-2.41 (1H, m), 3.35-3.42 (1H,
m), 3.92 (2H, m), 4.07 (1H, d, J = 8.8), 4.11 (1H, d, J = 8.8), 4.12-4.15 (1H, m), 5.59-5.75 (2H, m);
BC-NMR (100 MHz, CDCls): §21.2,23.9,29.0,35.8,36.0,51.7,61.2,61.7,69.8, 124.7, 128.4, 158.9;
MS (El/double focusing) m/z: 223 [M]"; HRMS (El/double focusing): [M]* caled for Ci2H;7NO:s,
223.1208; found, 223.1204; [a]p** —114.3 (c 1.0, CHCl5).

(E)-Ethyl 3-((55.7aR.11aR)-3-Ox0-1.3,5.6,7.7a.8,11-octahydrooxazolo[4.3-j]quinolin-5-

yDacrylate (35)

To a stirred solution of (COCIl)2 (43 pL, 0.50 mmol) in CH>Cl> (6 mL) was added dimethyl sulfoxide

(DMSO) (69 pL, 1.00 mmol) at =78 °C, and the resulting solution was stirred at —78 °C for 15 min.
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To the mixture was added a solution of 31 (37 mg, 0.17 mmol) in CH>Cl, (3 mL) at =78 °C, and the
reaction mixture was stirred at —78 °C for 1 h. Triethylamine (0.21 mL, 1.49 mmol) was added at
—78 °C, and the reaction mixture was warmed to 0 °C for 1 h. The reaction was quenched with H»O,
and the aqueous mixture was extracted with CH>Cl> (5 mL x 3). The organic extracts were combined,
dried over Na>SOs, and evaporated to give pale yellow oil, which was used directly in the next step.
To a stirred suspension of NaH (60%, 13 mg, 0.33 mmol) in THF (3 mL) was added
(EtO)2P(O)CH2COzEt (83 pL, 0.42 mmol) at 0 °C, and then the reaction mixture was stirred at 0 °C
for 30 min. To the mixture was added the above aldehyde in THF (1 mL) at 0 °C, and the mixture was
stirred at room temperature for 16 h. The reaction was quenched with H>O, and the aqueous mixture
was extracted with CH>Clz (3 mL x 5). The organic extracts were combined, dried over Na;SOy4, and
evaporated to afford pale yellow oil, which was chromatographed on SiO2 (5 g, n-hexane/EtOAc =
5:1) to give 35 (39 mg, 0.13 mmol, 81% in 2 steps) as pale yellow oil. 'H NMR (400 MHz, CDCl3): §
1.29 (3H, t, J=17.0), 1.31-1.40 (1H, m), 1.60-1.71 (2H, m), 1.85-1.92 (3H, m), 2.08-2.22 (3H, m),
2.63-2.59 (1H, m), 4.00 (1H, d, J=9.2),4.17 (q, 2H, J=17.0), 4.18 (1H, d, J=9.2),5.20 (1H, q, J =
9.4), 5.59-5.71 (2H, m), 5.90 (1H, d, J = 11.6), 7.28 (1H, dd, J = 11.6, 9.4); ’*C-NMR (100 MHz,
CDClz): 6 14.2, 21.2, 26.5, 29.0, 35.6, 37.6, 50.3, 60.5, 60.8, 69.7, 121.2, 124.8, 128.3, 145.7, 159.1,
166.0; MS (El/double focusing) m/z: 291 [M]"; HRMS (El/double focusing): [M]" caled for
Ci16H21NOy4, 291.1471; found, 291.1471.

(58.7aR.11aR)-5-(Hex-1-en-1-y1)-5.6.7.7a.8.11-hexahydrooxazolo[4.3-j]quinolin-3(1H)-one (55)

To a stirred solution of (COCI); (0.07 mL, 0.81 mmol) in CH2Cl, (6 mL) was added DMSO (0.12 mL,
1.61 mmol) at —78 °C, and the resulting solution was stirred at =78 °C for 15 min. To the mixture was
added a solution of 34 (60 mg, 0.27 mmol) in CH>Cl> (3 mL) at —78 °C, and the reaction mixture was
stirred at —78 °C for 1 h. Triethylamine (0.34 mL, 2.42 mmol) was added at —78 °C, and the reaction

mixture was warmed to 0 °C for 1 h. The reaction was quenched with H>O, and the aqueous mixture

was extracted with CH>Cl, (5 mL x 3). The organic extracts were combined, dried over Na;SO4, and
evaporated to give pale yellow oil, which was used directly in the next step. To a stirred suspension of
amylPPh;Br (445 mg, 1.08 mmol) in THF (5 mL) was added »n-BuLi (1.6 M in n-hexane, 0.50 mL,
0.81 mmol) at 0 °C, and the resulting suspension was stirred at 0 °C for 30 min. To the suspension was
added a solution of the above oil in THF (1.5 mL) at 0 °C, and the resulting suspension was stirred at
room temperature for 15 h. The reaction was quenched with sat. NH4Cl (aq) (5 mL), and the aqueous
mixture was extracted with CH>Cl> (5 mL x 3). The organic extracts were combined, dried over
NaxSOs, and evaporated to afford pale yellow oil, which was chromatographed on SiO> (15 g, n-

hexane/acetone = 10:1) to give 55 (56 mg, 2.03 mmol, 76%) as a mixture of E- and Z-isomers.

(S5R.7aS,11aR)-5-Hexyloctahydrooxazolo[4.3-j]quinolin-3(1H)-one (36)

To a stirred solution of IM2 (82 mg, 0.30 mmol) in EtOAc (5 mL) was added 10% Pd/C (10 mg), and

the resulting suspension was hydrogenated at 1 atm under hydrogen atmosphere for 24 h. The catalyst
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was filtered off, and the filtrate was evaporated to give 36 (83 mg, 0.30 mmol, quant.) as a pale yellow
oil. IR (neat): 1749 cm™!; 'H NMR (400 MHz, CDCls): § 0.86 (3H, t, J = 6.6), 0.95 (1H, qd, J = 12.4,
3.6), 1.21-1.43 (10H, m), 1.44-1.62 (6H, m), 1.65-1.81 (5H, m), 2.27-2.35 (1H, m), 3.10-3.20 (1H,
m), 4.03 (1H, d, J = 9.0), 4.07 (1H, d, 9.0); 3C-NMR (100 MHz, CDCls): § 14.0, 22.2, 22.5, 22.6,
25.5,27.1,27.5,29.0,31.3,31.8, 35.6,40.7, 50.9, 63.0, 67.1, 158.8; MS (El/double focusing) m/z: 279
[M]*; HRMS (El/double focusing): [M]* caled for C17H2NO2, 279.2198; found, 279.2196; [a]p**
—31.3 (c 1.0, CHCI5).

((2R.4aS.8aR)-2-Hexyldecahydroquinolin-8a-yl)methanol (38)
A solution of 2 M KOH in i-PrOH (7 mL) was added to 36 (80 mg, 0.29 mmol), and the resulting
mixture was heated at 120 °C in a sealed tube for 12 h. After cooling, the solvent was evaporated and

the residue was dissolved in H>O. The aqueous mixture was extracted with CH2Cl, (4 mL x 5). The
organic extracts were combined, dried over K2CO3, and evaporated to afford a pale yellow oil, which
was chromatographed on SiO2 (12 g, CH2Cl2/MeOH = 2:1) to give 38 (73 mg, 0.29 mmol, quant.) as
a pale yellow oil. IR (neat): 3672, 3506 cm™!; "TH NMR (400 MHz, CDCl3): § 0.86 (3H, t, J= 6.8), 0.99
(2H, dtd, J = 25.4, 12.6, 4.0), 1.20-1.74 (20H, m), 1.86 (1H, br d, J = 12), 3.00-3.06 (1H, m), 3.25
(1H, d, J=11.0), 3.56 (1H, d, J = 11.0); *C-NMR (100 MHz, CDCls): § 14.1, 22.3, 22.6, 23.8, 26.0,
26.4,27.7,28.5,29.4,31.8,36.4,37.4,40.7,49.9, 55.5, 59.4; MS (EIl/double focusing) m/z: 253 [M]";
HRMS (El/double focusing): [M]* calcd for C16H31NO, 253.2406; found, 253.2402; [a]p>® +46.7 (c
1.3, CHCI).

(2R.4aS.8aR)-(1-Acetyl-2-hexyldecahydroquinolin-8a-yl)methyl Acetate (42)
To a stirred solution of 38 (6 mg, 24 pmol) in CH>Cl; (1.5 mL) were added Et;N (51 pL, 0.36 mmol),
4-dimethylaminopyridine (DMAP) (0.1 mg, 12 pmol), and Ac20 (23 pL, 0.24 mmol) at 0 °C, and the

resulting solution was refluxed for 18 h. The reaction was quenched with sat. NaHCO3 (aq) (2 mL),

and the aqueous mixture was extracted with CH>Cl> (3 mL x 3). The organic extracts were combined,
dried over Na>SOs4, and evaporated to afford pale green oil, which was chromatographed on SiO> (3 g,
n-hexane/EtOAc = 3:1) to give 42 (6 mg, 18 pmol, 75%) as a pale yellow oil. 'H NMR (400 MHz,
CDCl3): 6 0.88 (3H,t,J=17.2), 1.22-2.15 (23H, m), 2.06 (3H, s), 2.16 (3H, s), 3.34-3.52 (1H, m), 3.84
(1H, br), 425 (1H, d, J = 12.4), 4.73 (1H, d, J = 12.4); 3C-NMR (100 MHz, CDCl5): § 14.0, 21.1,
22.6,23.2,23.4,25.8,26.7,27.9,28.5,29.4,30.2,31.8,35.3,36.5,47.2,55.6,62.7,63.3, 171.2,173.4;
MS (El/double focusing) m/z: 337 [M]"; HRMS (El/double focusing): [M]* caled for C20H3sNOs,
337.2617; found, 337.2617.

(2R.4aS.8aR)-2-Hexyldecahydroquinoline-8a-carbaldehyde (45)

To a mixture of 38 (69 mg, 0.27 mmol), DMAP (3 mg, 27 umol), 2,2-bipyridyl (2 mg, 14 umol), and

AZADOL (2 mg, 14 pmol) in MeCN (3 mL) was added CuCl (1 mg, 14 pmol) at room temperature.

The mixture was stirred at room temperature under air atmosphere for 16 h. The reaction was quenched
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with sat. NaHCOs3 (aq) (2 mL) and 20% Na2S203 (aq) (2 mL), and the aqueous mixture was extracted
with CH2Cl, (4 mL x 3). The organic extracts were combined, dried over K2CO3, and evaporated to
afford pale green oil, which was chromatographed on SiO; (7 g, n-hexane/EtOAc = 5:1) to give 45 (67
mg, 0.26 mmol, 99%) as a pale yellow oil. IR (neat): 3421, 1726 cm™'; 'H NMR (400 MHz, CDCl3):
60.86 (3H,t,J=6.6), 1.12-1.18 (2H, m), 1.24-1.31 (11H, m), 1.38-1.43 (1H, m), 1.46-1.61 (4H, m),
1.65-1.78 (5H, m), 1.91 (1H, br), 2.95-2.99 (1H, m), 9.68 (1H, d, J = 1.6); 3*C-NMR (100 MHz,
CDCls): 6 14.0, 22.2,22.6, 23.4, 26.1, 27.0, 28.6, 29.2, 29.5, 31.8, 35.5, 36.7, 43.4, 52.3, 61.8, 206.4;
MS (El/double focusing) m/z: 251 [M]*; HRMS (El/double focusing): [M]" caled for Ci6H20NO,
251.2249; found, 251.2254; [a]p*' +36.9 (¢ 1.0, CHCI5).

(2R.4aS.8aR)-1-Acetyl-2-hexyldecahydroquinoline-8a-carbaldehyde (47)
To a stirred solution of 45 (65 mg, 0.26 mmol) in CH2Cl> (3 mL) were added triethylamine (73 pL,
0.52 mmol), DMAP (3 mg, 26 umol), and acetyl chloride (28 pL, 0.39 mmol) at room temperature.

The resulting mixture was stirred at room temperature for 2 h. The solvent was evaporated to afford a
pale yellow oil, which was chromatographed on SiO: (7 g, n-hexane/EtOAc = 7:1) to give 47 (63 mg,
0.21 mmol, 83%) as a pale yellow oil. IR (neat): 1722, 1699 cm™'; 'TH NMR (400 MHz, CDCls): § 0.87
(3H, t,J=17.0), 1.25-1.36 (13H, m), 1.39-1.52 (3H, m), 1.69-1.81 (5H, m), 1.89 (1H, ddd, J = 25.6,
13.0, 3.8), (1H, m), 2.18 (3H, s), 3.60 (1H, br), 3.83-3.87 (1H, m), 9.83 (1H, s); *C-NMR (100 MHz,
CDCls): 6 14.0, 22.5, 22.9, 23.1, 25.2, 25.9, 27.5, 27.8, 29.1, 30.0, 31.7, 32.8, 35.2, 46.1, 56.6, 69.0,
174.66, 202.7; MS (El/double focusing) m/z: 293 [M]"; HRMS (EI/double focusing): [M]" calcd for
CisH31NO2, 293.2355; found, 293.2359; [a]p** +200.0 (c 0.5, CHCl5).

(S5R.7aS,11aR)-5-Hexyl 5.6,7.72.8.9.10,11-octahydro-3H-pyrrolo[2.1-j]quinolin-3-one (IM3)

To a stirred solution of diisopropylamine (52 pL, 0.37 mmol) in THF (1 mL) was added n-BuLi (1.6
M in n-hexane, 0.23 mL, 0.37 mmol) at 0 °C, and the resulting mixture was stirred at 0 °C for 20 min.
To a stirred solution of 47 (60 mg, 0.20 mmol) in THF (3 mL) was added a solution of lithium
diisopropylamide (LDA) in THF prepared above at —78 °C, and the reaction mixture was stirred at

—78 °C for 2 h. The reaction was quenched with 10% HCI (aq) (1 mL), and the aqueous mixture was
extracted with CH>Cl, (5 mL x 3). The organic extracts were combined, dried over Na;SO4, and
evaporated to afford a pale yellow oil, which was chromatographed on SiO; (15 g, n-hexane/acetone
= 5:1) to give (5R,7aS,11aR)-5-hexyl-1-hydroxyoctahydro-1H-pyrrolo[2,1-j]quinolin-3(2H)-one
(IM2) (50 mg, 0.17 mmol, 83%) as a mixture of diastereomers. To a stirred solution of IM2 (6 mg, 20
pmol) in CH2Cl; (1 mL) were added trimethylamine (4 pL, 26 pmol) and methanesulfonyl chloride (2
uL, 24 umol) at 0 °C. The resulting mixture was stirred at room temperature for 2 h. 2,3,4,6,7,8,9,10-
Octahydropyrimido[ 1,2-a]azepine (DBU) (15 pL, 100 pmol) was added to the reaction mixture at 0 °C,
and the reaction mixture was refluxed for 2 h. The solvent was evaporated to afford pale yellow oil,
which was chromatographed on SiO> (3 g, n-hexane/acetone = 5:1) to give IM3 (5 mg, 18 pmol, 83%)
as a pale yellow oil. IR (neat): 1693 cm™'; 'TH NMR (400 MHz, CDCls): § 0.814-0.90 (1H, m), 0.87
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GH, t, J = 6.8), 1.25-1.38 (7H, m), 1.41—1.54 (4H, m), 1.61=1.76 (5H, m), 1.81-1.94 (5H, m), 2.46—
2.55 (1H, m), 3.21-3.29 (1H, m), 6.11 (1H, d, J = 5.8), 7.29 (1H, d, J = 5.8); *C-NMR (100 MHz,
CDClz): 6 14.1,22.63,23.8,26.7,27.4,29.1,29.4,31.7,31.9,32.2,35.6,43.6,52.2,72.3,129.1, 149.3,
176.5; MS (EI/double focusing) m/z: 275 [M]"; HRMS (EI/double focusing): [M]" calcd for C1sH2oNO,
275.2249; found, 275.2242; [a]p** —36.0 (¢ 1.0, CHCI).

(5R.7aS,11a8)-5-Hexyloctahydro-1H-pyrrolo|2,1-jlquinolin-3(2H)-one (49)
To a stirred solution of IM3 (30 mg, 0.11 mmol) in EtOAc (3 mL) was added 10% Pd/C (7 mg), and

the resulting suspension was hydrogenated at 1 atm under hydrogen atmosphere for 24 h. The catalyst

was filtered off, and the filtrate was evaporated to give 49 (30 mg, 0.11 mmol, quant.) as a pale yellow
oil. IR (neat): 1692 cm™!; 'TH NMR (400 MHz, CDCls): § 0.86 (3H, t, J = 6.6), 1.15 (1H, qd, J = 12.2,
3.6), 1.27-1.70 (20H, m), 1.75 (2H, tdd, /= 13.0, 9.2, 1.6), 1.87 (1H, dd, J = 12.6, 8.0), 2.10 (1H, dd,
J=16.2,9.0),2.44 (1H, ddd, /= 16.4, 12.8, 8.4), 2.50 (1H, dd, J = 13.6, 5.2), 3.16 (1H, quint-like, J
=8.0); 3C- NMR (100 MHz, CDCl3): § 14.1,22.1, 22.6, 23.5,24.4,26.1,27.2,27.8,29.1, 30.4, 31.6,
31.8,31.9,33.2,42.5, 51.6, 66.1, 176.3; MS (El/double focusing) m/z: 277 [M]"; HRMS (EI/double
focusing): [M]" caled for C1sH31NO, 277.2406; found, 277.2411; [a]p®® —57.1 (¢ 1.0, CHCl5).

(SR.7aS.11aR)-5-Butyloctahydrooxazolo[4.3-jlquinolin-3(1H)-one (37)

To a stirred solution of (COCI); (0.14 mL, 1.68 mmol) in CH>Cl, (7 mL) was added DMSO (0.24 mL,
3.36 mmol) at —78 °C, and the resulting solution was stirred at =78 °C for 15 min. To the mixture was
added a solution of 34 (125 mg, 0.56 mmol) in CH>Cl, (3 mL) at =78 °C, and the reaction mixture was
stirred at =78 °C for 1 h. Triethylamine (0.71 mL, 5.04 mmol) was added at —78 °C, and the reaction

mixture was warmed to 0 °C for 1 h. The reaction was quenched with H>O, and the aqueous mixture

was extracted with CH>Cl, (5 mL x 3). The organic extracts were combined, dried over Na;SO4, and
evaporated to give pale yellow oil, which was used directly in the next step. To a stirred suspension of
propylPPh3Br (863 mg, 2.24 mmol) in THF (7 mL) was added n-BuLi (1.6 M in n-hexane, 1.05 mL,
1.68 mmol) at 0 °C, and the resulting suspension was stirred at 0 °C for 30 min. To the suspension was
added a solution of the above oil in THF (2 mL) at 0 °C, and the resulting suspension was stirred at
room temperature for 15 h. The reaction was quenched with sat. NH4Cl (aq) (10 mL), and the aqueous
mixture was extracted with CH>Cl, (7 mL x 3). The organic extracts were combined, dried over
NaxSOs, and evaporated to afford pale yellow oil, which was chromatographed on SiO> (15 g, n-
hexane/acetone = 10:1) to give (55,7aR,11aR)-5-(but-1-en-1-yl)-5,6,7,7a,8,11-hexahydrooxazolo[4,3-
Jlquinolin-3(1H)-one (IM4) (104 mg, 0.42 mmol, 75%) as a mixture of E- and Z-isomers. To a stirred
solution of IM4 (125 mg, 0.51 mmol) in EtOAc (5 mL) was added 10% Pd/C (30 mg), and the resulting
suspension was hydrogenated at 1 atm under hydrogen atmosphere for 24 h. The catalyst was filtered
off, and the filtrate was evaporated to give 37 (127 mg, 0.51 mmol, quant.) as a pale yellow oil. IR
(neat): 1747 cm™'; 'TH NMR (400 MHz, CDCls): § 0.86 (3H, t, J = 7.0), 0.93 (1H, qd, J = 12.8, 4.0),
1.19-1.71 (16H, m), 1.75-1.79 (1H, m), 2.24-2.33 (1H, m), 3.12 (1H, tt, J=10.2, 6.2), 4.01 (1H, d, J
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—8.8), 4.04 (1L, d, J = 8.8); BC-NMR (100 MHz, CDCL): 5 14.0, 22.1, 22.3, 22.5, 25.4, 27.4. 28.9,
293, 31.0, 35.5, 40.6, 50.9, 62.9, 67.0, 158.7: MS (El/double focusing) m/z: 251 [M]"; HRMS
(El/double focusing): [M]" calcd for CisHasNO», 251.1885; found, 251.1884; [a]p® —37.1 (¢ 1.0,
CHCl).

(2R.4aS.8aR)-(2-Butyldecahydroquinolin-8a-yl)methanol (39)
A solution of 2 M KOH in i-PrOH (8 mL) was added to 37 (115 mg, 0.46 mmol), and the resulting
mixture was heated at 120 °C in a sealed tube for 12 h. After cooling, the solvent was evaporated and

the residue was dissolved in H>O. The aqueous mixture was extracted with CH2Cl, (7 mL x 5). The
organic extracts were combined, dried over K2CO3, and evaporated to afford a pale yellow oil, which
was chromatographed on SiO> (12 g, CH2Clo/MeOH = 2:1) to give 39 (103 mg, 0.46 mmol, quant.).
IR (neat): 3699, 3292 cm™'; '"H NMR (400 MHz, CDCls): § 0.85 (3H, t, J = 6.6), 0.94-1.05 (2H, m),
1.18-1.49 (12H, m), 1.51-1.58 (1H, m), 1.62—1.73 (3H, m), 1.86 (1H, br d, J = 12.0), 3.02-3.08 (1H,
m), 3.28 (1H, d, J = 10.4), 3.59 (1H, d, J = 10.4); 3C-NMR (100 MHz, CDCl3): § 14.0, 22.2, 22.7,
23.4,25.9,27.4,28.4,28.7,35.9, 36.4, 40.8, 50.1, 56.1, 59.0; MS (EIl/double focusing) m/z: 225 [M]";
HRMS (El/double focusing): [M]" caled for C14H27NO, 225.2093; found, 225.2089; [a]p** +43.8 (¢
1.0, CHCI3).

(2R.4aS.8aR)-2-Butyldecahydroquinoline-8a-carbaldehyde (46)

To a mixture of 39 (85 mg, 0.38 mmol), DMAP (5 mg, 38 umol), 2,2-bipyridyl (3 mg, 19 umol), and
AZADOL (3 mg, 19 pmol) in MeCN (3 mL) was added CuCl (2 mg, 19 pmol) at room temperature.
The mixture was stirred at room temperature under air atmosphere for 16 h. The reaction was quenched
with sat. NaHCOs3 (aq) (3 mL) and 20% Na>S>03 (aq) (3 mL), and the aqueous mixture was extracted
with CH2Cl; (4 mL x 3). The organic extracts were combined, dried over K2COs, and evaporated to

afford pale green oil, which was chromatographed on SiO> (12 g, n-hexane/EtOAc = 5:1) to give 46
(82 mg, 0.37 mol, 98%) as pale yellow oil. IR (neat): 3498, 1724 cm™!; '"H NMR (400 MHz, CDCl5):
60.85(3H,t,J="7.2),1.12-1.19 (2H, m), 1.21-1.33 (7H, m), 1.36-1.41 (1H, m), 1.43-1.59 (4H, m),
1.63-1.80 (5H, m), 1.86 (1H, br), 2.92-2.98 (1H, m), 9.65 (1H, d, J = 1.6); 3*C-NMR (100 MHz,
CDCls): 8 14.0, 22.2, 22.6, 23.3, 26.1, 28.5, 29.2, 29.5, 35.5, 36.4, 43.4, 52.3, 61.7, 206.3; MS
(El/double focusing) m/z: 223 [M]"; HRMS (El/double focusing): [M]* caled for C14H2sNO, 223.1936;
found, 223.1939; [a]p*® +46.5 (c 1.0, CHCI;).

(2R.4aS.8aR)-1-Acetyl-2-butyldecahydroquinoline-8a-carbaldehyde (48)
To a stirred solution of 46 (90 mg, 0.40 mmol) in CH2Clz (5 mL) were added triethylamine (0.11 mL,
0.81 mmol), DMAP (5 mg, 40 umol), and acetyl chloride (43 pL, 0.61 mmol) at room temperature.

The resulting mixture was stirred at room temperature for 2 h. The solvent was evaporated to afford

pale yellow oil, which was chromatographed on SiO2 (12 g, n-hexane/EtOAc = 7:1) to give 48 (86 mg,

0.32 mmol, 80%) as a pale yellow oil. IR (neat): 1722, 1655 cm™'; 'TH NMR (400 MHz, CDCl5): § 0.85
77



GH, t, J = 7.4 Hz), 1.10-1.49 (11H, m), 1.65-1.78 (6H, m), 1.81=1.93 (1H, m), 2.14 (3H, s), 3.57—
3.60 (1H, m), 3.82-3.85 (1H, m), 9.82 (1H, s); >*C{'H} NMR (100 MHz, CDCl;): § 13.9, 22.5, 22.8,
23.0, 25.2,25.8,27.4, 29.9, 30.0, 32.7, 34.9, 46.1, 56.5, 68.9, 174.6, 202.8; MS (EI/double focusing)
m/z: 265 [M]"; HRMS (EI/double focusing): [M]" caled for C16H27NO2, 265.2042; found, 265.2041;
[a]p? +271.8 (¢ 1.0, CHCL:).

(5R.7aS.11aR)-5-Butyl-5.6.7.7a.8.9.10.11-octahydro-3H-pyrrolo|2.1-j]quinolin-3-one (IM35)

To a stirred solution of diisopropylamine (74 pL, 0.53 mmol) in THF (1.5 mL) was added n-BuLi (1.6
M in n-hexane, 0.33 mL, 0.53 mmol) at 0 °C, and the resulting mixture was stirred at 0 °C for 20 min.
To a stirred solution of 48 (78 mg, 0.29 mmol) in THF (4 mL) was added a solution of LDA in THF
prepared above at —78 °C, and the reaction mixture was stirred at —78 °C for 2 h. The reaction was
quenched with 10% HCI (aq) (2 mL), and the aqueous mixture was extracted with CH>Cl, (5 mL x 3).

The organic extracts were combined, dried over Na>SOs, and evaporated to afford pale yellow oil,

which was chromatographed on SiO> (15 g, n-hexane/acetone = 5:1) to give (5R,7aS,11aR)-5-butyl-1-
hydroxyoctahydro-1H-pyrrolo[2,1-j]quinolin-3(2H)-one (IM4) (72 mg, 2.71 mmol, 92%) as a mixture
of diasterecomers. To a stirred solution of IM5 (47 mg, 0.18 mmol) in CH2Cl, (4 mL) were added
trimethylamine (32 pL, 0.23 mmol) and methanesulfonyl chloride (16 pL, 0.21 mmol) at 0 °C. The
resulting mixture was stirred at room temperature for 2 h. DBU (0.132 mL, 0.89 mmol) was added to
the reaction mixture at 0 °C, and the reaction mixture was refluxed for 2 h. The solvent was evaporated
to afford pale yellow oil, which was chromatographed on SiO> (7 g, n-hexane/acetone = 5:1) to give
IMS5 (35 mg, 0.14 mmol, 80%) as a pale yellow oil. IR (neat): 1693 cm™!; 'H NMR (400 MHz, CDCls):
6 0.78-0.87 (1H, m), 0.89 (3H, t, J=7.0), 1.24-1.38 (5H, m), 1.39-1.52 (3H, m), 1.60—1.76 (4H, m),
1.80-1.92 (5H, m), 2.45-2.54 (1H, m), 3.19-3.27 (1H, m), 6.09 (1H, d, /= 5.6), 7.27 (1H, d, J = 5.6);
BC{™H} NMR (100 MHz, CDCl5): & 14.1, 22.5, 22.6, 23.8, 26.7, 29.4, 29.7, 31.8, 31.9, 35.6, 43.6,
52.2,72.4,129.1, 149.3, 176.6; MS (El/double focusing) m/z: 247 [M]*; HRMS (El/double focusing):
[M]" calcd for C16H25NO, 247.1936; found, 247.1931; [a]p* —36.9 (c 1.0, CHCl5).

(S5R.7aS,11a8)-5-Butyloctahydro-1H-pyrrolo|2.1-j]lquinolin-3(2H)-one (33)
To a stirred solution of IMS (26 mg, 0.11 mmol) in EtOAc (3 mL) was added 10% Pd/C (7 mg), and

the resulting suspension was hydrogenated at 1 atm under hydrogen atmosphere for 24 h. The catalyst

was filtered off, and the filtrate was evaporated to give 50 (26 mg, 0.11 mmol, quant.) as a pale yellow
oil. IR (neat): 1691 cm™'; "TH NMR (400 MHz, CDCls): § 0.88 (3H, t, J= 7.0 Hz), 1.15 (1H, qd, J =
12.6, 3.6 Hz), 1.22—-1.38 (7H, m), 1.39-1.54 (4H, m), 1.55-1.79 (9H, m), 1.87 (1H, m), 2.10 (1H, dd,
J=16.2, 8.2 Hz), 2.40-2.52 (2H, m), 3.15 (1H, quint-like, J = 8.1 Hz); 3C{'H} NMR (100 MHz,
CDClh): 6 14.11,22.1,22.5,23.5,24.4,26.1,27.2, 30.0, 30.4, 31.6, 31.6, 33.2,42.5, 51.6, 66.2, 176.3;
MS (El/double focusing) m/z: 249 [M]*; HRMS (El/double focusing): [M]" caled for Ci6H27NO,
249.2093; found, 249.2094; [a]p* —53.5 (c 1.0, CHCl5).
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(5R.,7aR.11aR)-5-(Hex-1-en-1-yD-5.6,7,7a.8.11-hexahvdrooxazolo[4.3-j]quinolin-3(1H)-one (55)
To a stirred solution of (COCI); (46 uL, 0.54 mmol) in CH>Cl» (4 mL) was added DMSO (76 uL, 1.07

mmol) at =78 °C, and the resulting solution was stirred at =78 °C for 15 min. To the mixture was added

a solution of 19 (40 mg, 0.18 mmol) in CH>Cl> (1 mL) at =78 °C, and the reaction mixture was stirred
at —78 °C for 1 h. Triethylamine (0.23 mL, 1.61 mmol) was added at —78 °C, and the reaction mixture
was warmed to 0 °C for 1 h. The reaction was quenched with H>O, and the aqueous mixture was
extracted with CH2Cl, (3 mL x 3). The organic extracts were combined, dried over Na>SO4, and
evaporated to give pale yellow oil, which was used directly in the next step. A stirred solution of above
oil in THF (1 mL) was bubbled by argon gas at room temperature for 15 min. To the above solution
was added DBU (0.11 mL, 0.716 mmol) at 0 °C, and the resulting solution was stirred at room
temperature for 1 h. The reaction was quenched with 10% HCI (aq) (1 mL), and the aqueous mixture
was extracted with CH2Cl (2 mL x 3). The organic extracts were combined, dried over Na;SOy4, and
evaporated to afford pale yellow oil, which was used directly in the next step. To a stirred suspension
of amylPPh3Br (296 mg, 0.72 mmol) in THF (3 mL) was added n-BuLi (1.6 M in n-hexane, 0.34 mL,
0.53 mmol) at 0 °C, and the resulting suspension was stirred at 0 °C for 30 min. To the suspension was
added a solution of the above oil in THF (1 mL) at 0 °C, and the resulting suspension was stirred at
room temperature for 15 h. The reaction was quenched with sat. NH4Cl (aq) (3 mL), and the aqueous
mixture was extracted with CH>Cl> (4 mL x 3). The organic extracts were combined, dried over
Na»SO4, and evaporated to afford pale yellow oil, which was chromatographed on SiO> (7 g, n-
hexane/EtOAc = 15:1) to give 56 (28 mg, 87 umol, 49%) and 55 (4 mg, 14 umol, 8%) as a mixture of
E-and Z-isomers.

(7aR.11aR)-6,7.7a.8-Tetrahydrooxazolo[4.3-jlquinoline-3.5(1H,11H)-dione (57)

To a stirred solution of (COCl), (75 pL, 0.87 mmol) in CH>Cl, (4 mL) was added DMSO (0.12 mL,
1.74 mmol) at =78 °C, and the resulting solution was stirred at —78 °C for 15 min. To the mixture was
added a solution of 34 (65 mg, 0.29 mmol) in CH>Cl> (1 mL) at —78 °C, and the reaction mixture was
stirred at —78 °C for 1 h. Triethylamine (0.29 mL, 2.61 mmol) was added to the reaction mixture at

—78 °C, and the reaction mixture was warmed to 0 °C for 1 h. The reaction was quenched with H>O,
and the aqueous mixture was extracted with CH>Cl, (3 mL x 3). The organic extracts were combined,
dried over Na;SO4, and evaporated to give pale yellow oil, which was used directly in the next step.
To a stirred solution of above oil in THF (1 mL) was added DBU (43 pL, 0.29 mmol) at 0 °C, and the
resulting solution was stirred at room temperature for 4 h. The reaction was quenched with 10% HCl
(aq) (1 mL), and the aqueous mixture was extracted with CH>Cl> (2 mL x 3). The organic extracts were
combined, dried over Na>SQOs, and evaporated to afford pale yellow oil, which was chromatographed
on SiO2 (7 g, n-hexane/acetone = 5:1) to give aldehydes (30 mg, 0.14 mmol, 47%) as a mixture of
diastereomers and 57 (31 mg, 0.15 mmol, 52%). mp: 102-103 °C; IR (KBr): 1798, 1747 cm™!; 'H
NMR (400 MHz, CDCl3): 6 1.66 (1H, qd, J=13.6, 3.6), 1.74—1.80 (1H, m), 1.86—1.96 (1H, m), 2.15—
2.35 (1H, m), 2.37-2.51 (1H, m), 2.75 (1H, ddd, J = 18.0, 3.6, 2.4), 4.04 (1H, dd, /= 8.2, 2.4), 4.16
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(1H, d, J=8.2), 5.83-5.64 (2H, m); '*C-NMR (100 MHz, CDCl5): § 22.4, 28.9, 35.6, 38.0, 38.3, 62.5,
69.5,124.8,127.9, 152.3, 169.3; MS (El/double focusing) m/z: 209 [M]*; HRMS (EI/double focusing):
[M]" caled for C11H1sNOs, 209.1052; found, 209.1054; [a]p? —129.8 (¢ 1.0, CHCI3).

(58.7aS.11aR)-5-Hexyloctahydrooxazolo|4.3-j]lquinolin-3(1H)-one (IM6)
To a stirred solution of 34 (45 mg, 0.16 mmol) in EtOAc (2 mL) was added 10% Pd/C (10 mg), and
the resulting suspension was hydrogenated at 1 atm under hydrogen atmosphere for 24 h. The catalyst

was filtered off, and the filtrate was evaporated to give IM6 (46 mg, 0.16 mmol, quant.) as a pale
yellow oil. IR (neat): 1751 cm™!; 'TH NMR (400 MHz, CDCls): § 0.87 (3H, s, J = 7.0), 0.93 (1H, qd, J
=13.2, 4.0), 1.27-1.81 (20H, m), 1.94 (1H, d, J = 8.0), 2.09-2.18 (1H, m), 3.90-3.98 (1H, m), 3.96
(1H, d, J=17.8), 4.19 (1H, d, J = 7.8); 3*C- NMR (100 MHz, CDCl3): § 14.0, 22.6, 22.9, 25.6, 26.6,
28.5,29.0, 31.7, 37.40, 39.3, 41.1, 50.1, 61.5, 68.0, 160.2; MS (El/double focusing) m/z: 279 [M]";
HRMS (EI/double focusing): [M]" calcd for C17H20NO2, 279.2198; found, 279.2197; [a]p* —23.8 (c
1.0, CHCL).

(25.4aS5.8aR)-2-Hexyl(decahydroquinolin-8a-yl)methanol (41)
A solution of 2 M KOH in i-PrOH (5 mL) was added to IM6 (63 mg, 0.23 mmol), and the resulting
mixture was heated at 120 °C in a sealed tube for 12 h. After cooling, the solvent was evaporated, and

the residue was dissolved in H>O. The aqueous mixture was extracted with CH2Cl, (4 mL x 5). The
organic extracts were combined, dried over K2CO3, and evaporated to afford a pale yellow oil, which
was chromatographed on SiO> (8 g, CH2Cl2/MeOH = 2:1) to give 41 (55 mg, 0.22 mmol, 96%) as a
white solid. mp: 75-77 °C; IR (KBr): 3150, 1456 cm™'; '"H NMR (500 MHz, CDCls): § 0.84 (3H, t, J
=6.8), 0.95-1.05 (2H, m), 1.25-1.76 (20H, m), 1.85 (1H, brd, J=13.0), 2.62 (1H, brd, J=7.5), 3.53
(1H, d, J=10.5), 3.65 (1H, d, J = 10.5); *C-NMR (125 MHz, CDCl3): § 14.1, 22.4, 22.6, 26.1, 26.4,
27.2,28.5,29.4,31.8,34.3,35.4,37.7,46.2,49.8, 55.6, 55.8; MS (EIl/double focusing) m/z: 253 [M]*;
HRMS (El/double focusing): [M]* calcd for C16H31NO, 253.2406; found, 253.2409; [a]p?* +4.0 (c 1.0,
CHCIy).

X-ray crystallographic analyses of 57
Data Collection
A colorless block crystal of C11H13NO3 having approximate dimensions of 0.240 x 0.040 x 0.040

mm was mounted in a loop. All measurements were made on a Rigaku R-AXIS RAPID diffractometer
using multi-layer mirror monochromated Cu-Ka radiation. The crystal-to-detector distance was 127.00
mm.Cell constants and an orientation matrix for data collection corresponded to a primitive monoclinic
cell with dimensions:

a =  7.35354(15) A
b = 587211(1DHA B = 95496(7)°
c = 11.1184(2) A
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V = 477.895(17) A3
For Z =2 and F.W. = 207.23, the calculated density is 1.440 g/cm3. Based on the reflection conditions
of:

0k0: k=2n
packing considerations, a statistical analysis of intensity distribution, and the successful solution and
refinement of the structure, the space group was determined to be:

P21

The data were collected at a temperature of -100 + 19C to a maximum 20 value of 136.40. A total of
90 oscillation images were collected. A sweep of data was done using ® scans from 80.0 to 260.00 in
10.000 step, at y=54.0° and ¢ = 0.00. The exposure rate was 20.0 [sec./9]. A second sweep was
performed using o scans from 80.0 to 260.00 in 10.000 step, at x=54.00 and ¢ = 90.00. The exposure
rate was 20.0 [sec./9]. Another sweep was performed using o scans from 80.0 to 260.00 in 10.00° step,
at x=54.00 and ¢ = 180.0°. The exposure rate was 20.0 [sec./O]. Another sweep was performed using
o scans from 80.0 to 260.0° in 10.000 step, at x=54.00 and ¢ = 270.00. The exposure rate was 20.0
[sec./O]. Another sweep was performed using o scans from 80.0 to 260.00 in 10.000 step, at x=0.0°

and ¢ = 0.00. The exposure rate was 20.0 [sec./9]. The crystal-to-detector distance was 127.00 mm.
Readout was performed in the 0.100 mm pixel mode.

Data Reduction
Of the 5415 reflections were collected, where 1695 were unique (Rjnt = 0.0331); equivalent

reflections were merged. The linear absorption coefficient, p, for Cu-Ka radiation is 8.736 cm1. An
empirical absorption correction was applied which resulted in transmission factors ranging from 0.745

to 0.966. The data were corrected for Lorentz and polarization effects.

Structure Solution and Refinement
The structure was solved by direct methods and expanded using Fourier techniques. The non-
hydrogen atoms were refined anisotropically. Hydrogen atoms were refined using the riding model.

The final cycle of full-matrix least-squares refinement on F2 was based on 1695 observed reflections
and 136 variable parameters and converged (largest parameter shift was 0.00 times its esd) with

unweighted and weighted agreement factors of:
R1=2X |[Fo| - |F¢||/ 2 [Fo| = 0.0346

wR2 =[ T (w (Fo? - Fc2)2 )/ = w(F02)2]1/2 = 0.0837
The goodness of fit was 1.09. Unit weights were used. The maximum and minimum peaks on the
final difference Fourier map corresponded to 0.13 and -0.21 e/A3, respectively. The final Flack

parameter was 0.16(14), indicating that the present absolute structure is correct.
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Neutral atom scattering factors were taken from International Tables for Crystallography (IT), Vol.
C, Table 6.1.1.4 . Anomalous dispersion effects were included in Fcalc; the values for Af' and Af"
were those of Creagh and McAuley. The values for the mass attenuation coefficients are those of
Creagh and Hubbell. All calculations were performed using the CrystalStructure crystallographic
software package except for refinement, which was performed using SHELXL Version 2018/3.

A. Crystal Data

Empirical Formula
Formula Weight
Crystal Color, Habit
Crystal Dimensions
Crystal System
Lattice Type

Lattice Parameters

Space Group
Z value

Dcalc

F000
w(CuKa)

B. Intensity Measurements

Diffractometer
Radiation

Voltage, Current

Temperature

Detector Aperture

Data Images

o oscillation Range (x=54.0, $=0.0)
Exposure Rate

woscillation Range (y=54.0, $=90.0)
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C11H13NO3

207.23

colorless, block
0.240 X 0.040 X 0.040 mm
monoclinic
Primitive

a= 7.35354(15) A
b= 5.87211(11) A
c=11.1184(2) A
B= 95.496(7)0

V =477.895(17) A3
P21 (#4)

2

1.440 gl/cm3

220.00
8.736 cm-1

R-AXIS RAPID

CuKa (A =1.54187 A)

multi-layer mirror monochromated
40kV, 30mA

-100.00C

460.0 x 256.0 mm

90 exposures

80.0 - 260.00

20.0 sec./0

80.0 - 260.00



Exposure Rate
woscillation Range (x=54.0, $=180.0)

Exposure Rate

woscillation Range (x=54.0, $=270.0)
Exposure Rate

woscillation Range (x=0.0, $=0.0)

Exposure Rate
Detector Position

Pixel Size
20max

No. of Reflections Measured

Corrections

C. Structure Solution and Refinement

Structure Solution
Refinement

Function Minimized
Least Squares Weights

20max cutoff

Anomalous Dispersion

No. Observations (All reflections)

No. Variables

Reflection/Parameter Ratio

Residuals: R1 (1>2.0001(1))

Residuals: R (All reflections)

Residuals: wR2 (All reflections)
Goodness of Fit Indicator

Flack parameter (Parsons' quotients = 634)
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20.0 sec./O
80.0 - 260.00

20.0 sec./0O
80.0 - 260.00
20.0 sec./0O
80.0 - 260.00

20.0 sec./O
127.00 mm

0.100 mm
136.40

Total: 5415
Unique: 1695 (Rjnt = 0.0331)
Parsons quotients (Flack x parameter): 634
Lorentz-polarization
Absorption
(trans. factors: 0.745 - 0.966)

Direct Methods (SHELXT Version 2018/2)

Full-matrix least-squares on F2

T w (Fo2 - Fc2)2

w = 1/[ 62(Fo2) + (0.0310 - P)2
+0.1025- P]
where P = (Max(Fo2,0) + 2Fc2)/3

136.40

All non-hydrogen atoms
1695

136

12.46

0.0346

0.0386

0.0837

1.087

0.16(14)



Max Shift/Error in Final Cycle 0.000
Maximum peak in Final Diff. Map 0.13 e/A3
Minimum peak in Final Diff. Map -0.21 e/A3

X-ray thermal ellipsoid plot of 36 (50% probability)

MM calculations of 31" and 31
The three-dimensional (3D) structures of 31" and 31 were first constructed by Schrodinger maestro

and Ligprep program (Schrdodinger Co.). Following the 3D structure constructions, the conformational
analyses of 31" and 31 were carried out by Confgen program. Energy minimizations were then
performed for all of the generated conformers by Prime program. The lowest energy structures of
31’and 31 obtained by energy minimization were defined as the most stable structures of them. OPLS3

force field was applied for all MM calculations.

The calculated total energies of the most stable structures of compound 31°and 31 are 16.5 and 8.4

kcal/mol, respectively. These Cartesian coordinates are placed below.

Cartesian coordinate of the most stable structure of compound 31" [A]
N -0.06710 -1.03010 0.10690
C -0.47270 -1.89920 -0.99980
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-0.00580
-0.34700
0.21420
-0.32870
1.76990
2.38410
3.36220
-1.88660
-2.40160
-3.15160
-0.16410
0.40230
-0.17240
0.19580
0.21440
0.24050
-1.55810
0.45830
1.07310
-0.45210
0.04030
-1.42730
2.24350
2.06840
1.99180
3.78590
3.75720
-2.39200
-2.24170
-2.13350
-3.44150
-3.48900
1.44570
0.41220
-0.01460
-0.35420
1.21820

-1.31240
0.17680
0.98400
0.45490
1.07640
2.37800
2.46630
0.60440
2.03480
2.55720
2.00010
1.21850
1.02890
-3.19960
-3.10440
-1.82580
-2.01690
-1.54050
-1.43820
-1.87510
0.56420
0.30380
0.22170
1.01010
3.28570
1.58620
3.42560
0.03510
0.16880
2.64890
1.97250
3.58300
0.90850
2.29090
0.09730
-4.07490
-3.26450
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-2.34850
-2.48840
-1.29000
0.10450
-1.41130
-0.92340
-0.00780
0.18510
0.15350
-0.83000
-1.42010
1.27190
2.55450
-0.61280
0.79150
1.22090
-0.98600
2.39600
-2.45580
-3.16980
-3.43240
-2.56100
-0.92480
-2.45860
-1.36300
0.45540
0.29590
-0.59350
1.12070
1.00440
-1.69110
-0.78660
1.33790
1.07220
2.79350
-0.96030
-0.99000



Cartesian coordinate of the most stable structure of compound 31 [A]

N 0.24100 0.52950 0.82400
C 1.23120 -0.52530 1.18800
C 1.36270 -1.44800 -0.05170
C 0.00080 -1.92250 -0.60320
C -0.96920 -0.73290 -0.86280
C -1.12060 0.14580 0.43990
C -0.59790 -0.00870 -2.19030
C -0.71920 -0.86350 -3.44060
C 0.30910 -1.18900 -4.24030
H -1.95230 -1.16500 -1.05390
H 0.75970 -1.09790 1.98610
C 2.59510 -0.04450 1.76150
O 3.41110 0.60370 0.80570
C -1.85920 -0.57990 1.60510
C -3.33890 -0.83570 1.36500
C -4.33430 -0.25110 2.05060
C -1.73020 1.53160 0.22860
O -0.62030 2.36280 -0.02340
C 0.51990 1.85840 0.47890
O 1.56100 2.50980 0.52320
H 1.90480 -0.92000 -0.83870
H 1.98120 -2.31170 0.19560
H 0.15420 -2.51260 -1.50770
H -0.44870 -2.61820 0.10530
H -1.25260 0.84780 -2.34840
H 0.40990 0.40460 -2.12420
H -1.71190 -1.21810 -3.68340
H 1.31450 -0.85160 -4.02950
H 0.16300 -1.79920 -5.12010
H 2.43280 0.62350 2.60940
H 3.14690 -0.89960 2.15480
H 2.96370 1.43730 0.57240
H -1.39980 -1.54230 1.82530
H -1.74770 0.00210 2.52270
H -3.58370 -1.54760 0.58770
H -4.13760 0.46260 2.83840
H -5.36890 -0.47850 1.83460
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H -2.45500 1.55600 -0.58520
H -2.23420 1.89360 1.12650

w2
General procedure for the synthesis of methyl urethanes (65-66)

To a stirred solution of 10 (500 mg, 1.43 mmol) in MeOH (5 mL) was added K>CO3 (297 mg, 2.15
mmol) at -50 °C, and the resulting mixture was stirred at -50 °C for 20 min. The reaction was quenched

with sat. NH4Cl (aq.), and the aqueous mixture was extracted with CH>Cl» (5 mL x 5). The organic
extracts were combined, dried over Na;SOs, and evaporated to give pale yellow oil, which was used
directly in the next step. To a stirred solution of the above primary alcohol in EtOAc (5 mL) was added
20% Pd(OH),/C (5 mg), and the resulting mixture was hydrogenated at 1 atm for 16 h. The catalyst
was removed through a celite pad and washed with MeOH (3 mL x 3). The filtrate and washings were
combined and evaporated to give pale yellow oil, which was used directly in the next step. To a stirred
solution of the above amino alcohol in THF and (2.5 mL) and sat. NaHCO3 (aq.) (2.5 mL) was added
CICO2Me (0.12 mL, 1.50 mmol) at 0 °C, and the resulting mixture was stirred at room temperature for
16 h. The layers were separated and the aqueous layer was extracted with CH>Cl> (3 mL x 3). The
organic layer and extracts were combined, dried over Na;SOs, and evaporated to give a yellow oil,
which was used directly in the next step. To a stirred solution of DMSO (0.30 mL, 4.29 mmol) in
CH>Cl> (5 mL) was added (COCIl), (0.18 mL, 2.15 mmol) at -78 °C for 15 min, and then a solution of
the above alcohol in CH>Cl, (3 mL) was added to the reaction mixture at -78 °C. The reaction mixture
was stirred at -78 °C for 1 h, and then Et;N (0.90 mL, 6.44 mmol) was added to the reaction mixture
at -78 °C. The resulting mixture was gradually warmed to 0 °C. The reaction was quenched with H>O,
and the organic layer was separated. The aqueous layer was extracted with CH,Cl> (3 mL x 3). The
organic layer and extracts were combined, washed with brine, 10% HCI (aq.), and brine, successively,
dried over Na,SOs4, and evaporated to give a yellow oil, which was used directly in the next step. To a
stirred solution of the corresponding Wittig reagent (2.86 mmol) in THF (5 mL) was added n-BuLi
(1.6 M in n-hexane, 1.61 mL, 2.57 mmol) at 0 °C, and the reaction mixture was stirred at 0 °C for 5
min. To the solution was added a solution of the above aldehyde in THF (3 mL) at 0 °C, and the
resulting mixture was stirred at room temperature for 15 h. The reaction was quenched with sat. NH4Cl
(aq.), and the organic layer was separated. The aqueous layer was extracted with CH2Cl, (3 mL x 3).
The organic layer and extracts were combined, dried over Na>SOs, and evaporated to give a yellow
paste, which was passed through a thin celite pad and washed with Et2O (3 mL x 3). The filtrate and
washings were combined and evaporated to give a yellow oil, which was used directly in the next step.
To a stirred solution of the above olefin in EtOAc (5 mL) was added 10% Pd/C (10 mg), and the
resulting mixture was hydrogenated at 1 atm for 30 h. The catalyst was removed through a celite pad
and washed with EtOAc (3 mL x 3). The filtrate and washings were combined and evaporated to give
a yellow oil, which was chromatographed on SiO> (15 g, EtOAc/n-hexane = 1/10 — 1/5) to give the
corresponding methyl esters 65-66 as a colorless oil.
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(2R.6R)-dimethyl 6-propylpiperidine-1,2-dicarboxylate (65)

Yield: 72% in 6 steps; '"H-NMR (500 MHz, CDCls) 6: 0.90 (3H, t, J = 7.2), 1.26-1.35 (3H, m), 1.48-
1.65 (6H, m), 2.28-2.30 (1H, m), 3.70 (3H, s), 3.72 (3H, s), 4.20 (1H, br), 4.89 (1H, br); *C-NMR
(125 MHz, CDCl) 6: 14.01, 15.71, 20.13, 25.84, 27.71, 34.29, 51.05, 52.04, 52.78, 53.51, 157.03,
173.21; IR (neat): 1210, 1699, 1733 cm™'; MS (EI): m/z 243; HRMS (EI): Calcd for Ci2H21NO4
243.1470, Found 243.1474; [a]p* +77.1 (c 1.00, CHCl5).

(2R.6R)-dimethyl 6-heptylpiperidine-1,2-dicarboxylate (66)

Yield: 58% in 6 steps; 'H-NMR (500 MHz, CDCls) &: 0.87 (3H, t, J = 6.9 Hz), 1.24-1.36 (10H, m),
1.47-1.69 (7H, m), 2.27-2.29 (1H, m), 3.69 (3H, s), 3.71 (3H, s), 4.16 (1H, br), 4.88 (1H, br); 1*C-
NMR (125 MHz, CDCl3) &: 14.13,15.72,22.71, 25.87,27.05, 29.39, 29.66, 29.73, 31.95, 51.34, 52.05,
52.13,52.81, 53.49, 156.90, 173.24; IR (neat): 1207, 1701, 1734 cm™'; MS (EI); m/z 299; HRMS (EI):
Calcd for C16H20NO4 299.2097, Found 299.2098; [a]p?® +65.2 (¢ 1.00, CHCI5).

General procedure for the synthesis of thiophenyl ethers (67-68)

To a stirred solution of 65-66 (10.39 mmol) in THF (30 mL) was added a solution of sodium
bis(trimethylsilyl)amide (1.9 M in THF, 8.20 mL, 15.59 mmol) at -78 °C, and the reaction mixture was
stirred at -78 °C for 30 min. To the reaction mixture was added a solution of diphenyl disulfide (3.40
g, 15.59 mmol) in THF (15 mL), and the resulting mixture was stirred at 0 °C for 30 min. The solvent

was evaporated and the residue was chromatographed on Si0; (50 g, acetone/n-hexane = 1/30 — 1/20)

to give the corresponding thiophenyl ethers 67-68 as a yellow oil as a mixture of diastereomers.

(6R)-dimethyl 2-(phenylthio)-6-propylpiperidine-1,2-dicarboxylate (67)

Yield: 93%; 'H-NMR (400 MHz, CDCls) &: 0.90 & 0.94 (3H, each t, J = 7.2 Hz), 1.28-1.79 (8H, m),
1.90-1.98 (1H, m), 2.26-2.38 (1H, m), 3.49 & 3.62 (3H, each s), 3.73 & 3.74 (3H, each s), 4.06-4.20
(1H, m), 7.29-7.35 (3H, m), 7.73-7.78 (2H, m).

(6R)-dimethyl 6-heptyl-2-(phenylthio)piperidine-1.2-dicarboxylate (68)

Yield: 87%; 'H-NMR (400 MHz, CDCls) §: 0.87-0.92 (3H, m), 1.22-1.37 (10H, m), 1.50-1.79 (6H,
m), 1.91-1.98 (1H, m), 2.24-2.37 (1H, m), 3.39 & 3.49 (3H, each s), 3.74 & 3.76 (3H, each s), 4.07-
4.14 (1H, m), 7.29-7.33 (3H, m), 7.70-7.81 (2H, m).

General procedure for the synthesis of enaminoesters (57 and 64)
To a stirred solution of 57 or 64 (3.61 mmol) in CH2Cl> (12 mL) was added 2,6-lutidine (0.84 mL, 9.03
mmol), and then mCPBA (70%, 1.50 g, 8.67 mmol) was added to the reaction mixture in four portions

in 15 min interval at 0 °C. The resulting mixture was stirred at room temperature for 8 h. The reaction

was quenched with 10% Na»S>03 in sat. NaHCOs3 (aq.) (25 mL), and the aqueous mixture was diluted

with EtOAc. The layers were separated and the aqueous layer was extracted with EtOAc (5 mL x 3).
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The organic layer and extracts were combined, washed with brine, 10% HCI (aq.), and brine,
successively, dried and evaporated to give pale yellow oil, which was chromatographed on SiO> (20 g,

acetone/n-hexane = 1/30 — 1/25) to give the corresponding enaminoesters 57, 64 as pale yellow oil.

(6R)-dimethyl 6-propyl-5.6-dihydropyridine-1,2(4H)-dicarboxylate (57)

Yield: quant. "TH-NMR (400 MHz, CDCI3) §: 0.93 (3H, t, J=7.3), 1.17-1.28 (1H, m), 1.37-1.58 (3H,
m), 1.69-1.76 (1H, m), 1.79-1.89 (1H, m), 2.15-2.22 (2H, m), 3.70 (3H, s), 3.76 (3H, s), 4.42 (1H, br),
6.06 (1H, t, J = 3.6); 3C-NMR (125 MHz, CDCl3) &: 13.75, 19.10, 19.53, 25.70, 31.62, 50.99, 51.87,
52.85, 122.08, 129.87, 154.63, 165.56; IR (neat): 1231, 1275, 1330, 1442, 1714, 1733 cm™'; MS (EI):
m/z 241; HRMS (EI): Calcd for C12H19NO4 241.1314, Found 241.1315; [a]p'? -68.0 (¢ 1.00, CHCl5).

(6R)-dimethyl 6-heptyl-5.6-dihydropyridine-1,2(4H)-dicarboxylate (64)

Yield: 95%; 'H-NMR (500 MHz, CDCI3) 8: 0.87 (3H, t, J = 6.9), 1.21-2.04 (14H, m), 2.12-2.32 (2H,
m), 3.71 (3H, s), 3.76 (3H, s), 4.39 (1H, br), 6.06 (1H, t, J = 3.6); *C-NMR (125 MHz, CDCIs) &:
13.95, 22.51, 25.66, 25.84, 29.23, 29.28, 29.04, 29.46, 31.66, 51.32, 51.89, 52.88, 122.12, 129.92,
154.62, 165.60; IR (neat): 1700, 1717 cm™; MS (EI): m/z 297; HRMS (EI): Calcd for Ci6H27NO4
297.1940, Found 297.1939; [a]p*® -62.7 (¢ 1.00, CHCl5).

General procedure for the synthesis of Michael adducts (58 and 63)

To a stirred solution of Cul (1.31 g, 6.90 mmol) in Et>O (15 mL) was added a solution of vinyl lithium,
prepared from tetravinyltin (0.61 mL, 3.45 mmol) and MeLi (1.13 M in Et;0, 12.20 mL, 13.80 mmol)
in Et20 (15 mL) at 0 °C for 30 min, at -78 °C, and the reaction mixture was warmed to -35 °C for 30

min. The reaction mixture was re-cooled to -78 °C, and a solution of 57 or 64 (2.30 mmol) in Et,O (7
mL) was added to the reaction mixture. The resulting mixture was gradually warmed to 0 °C and stirred
at same temperature for 1 h. The reaction was quenched with sat. NH4Cl (aq.) (30 mL). The aqueous
mixture was diluted with CH>Cl> (30 mL), and the resulting mixture was filtered. The filtrate was
separated, and the aqueous layer was extracted with CH2Clz (10 mL x 3). The organic layer and extracts
were combined, dried, and evaporated to give a colorless oil, which was chromatographed on SiO (20

g, acetone/n-hexane = 1/30 — 1/25) to give the Michael adducts 58, 63as a colorless oil.

(2R.3S,6R)-dimethyl 6-propyl-3-vinylpiperidine-1,2-dicarboxylate (58)

Yield: 99%; 'H-NMR (400 MHz, CDCls) &: 0.90 (3H, t, J = 7.0), 1.25-1.56 (6H, m), 1.78-1.92 (2H,
m), 3.08 (1H, br), 3.71 (3H, s), 3.74 (3H, s), 4.17-4.18 (1H, m), 4.88 (1H, br), 5.09-5.15 (2H, m), 5.81
(1H, ddd, J=17.1,10.7, 6.4); 3C-NMR (125 MHz, CDCl3) &: 13.86, 19.88,21.03, 22.45, 34.59, 36.52,
50.96, 51.99, 52.75, 55.07, 115.16, 139.00, 157.08, 172.86; IR (neat): 1200, 1340, 1363, 1448, 15006,
1558, 1683, 1699, 1734 cm'; MS (EI): m/z 269; HRMS (EI): Calcd for C14H23NO4 269.1627, Found
269.1631; [a]p? +53.6 (¢ 1.00, CHCI5).
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(2R.3S.6R)-dimethyl 6-heptyl-3-vinylpiperidine-1,2-dicarboxylate (63)

Yield: 97%; 'H-NMR (500 MHz, CDCI3) é: 0.87 (3H, t, J = 6.7), 1.25-1.56 (14H, m), 1.77-1.92 (2H,
m), 3.08 (1H, br), 3.70 (3H, s), 3.74 (3H, s), 4.14-4.15 (1H, m), 4.87 (1H, br), 5.10 (1H, dd, J = 10.6,
1.4),5.12 (1H, dd, J=17.1, 1.4), 5.85 (1H, ddd, J = 17.1, 10.6, 6.4); 3C-NMR (125 MHz, CDCI;) &:
14.06,21.09,22.39,22,63,26.37,29.29,29.57,31.84,32.40,36.61, 51.30, 52.06, 52.83, 55,15, 115.24,
139.09, 157.15, 172.94; IR (neat): 1701, 1735 cm™'; MS (EI): m/z 325; HRMS (EI): Calcd for
CisH31NO4 325.2250, Found 325.2244; [o]p*? +43.2 (¢ 1.00, CHCI3).

General procedure for the synthesis of homologated esters (69-70)
To a stirred solution of 58 or 63 (1.59 mmol) in MeOH (6 mL) and H>O (2 mL) was added LiOH-H,O
(266 mg, 6.36 mmol), and the resulting mixture was refluxed for 2 h. After cooling, MeOH was

evaporated and the residue was acidified with 10% HCI (aq.) (5 mL). The aqueous mixture was
extracted with EtOAc (3 mL x 5). The organic extracts were combined, dried, and evaporated to give
a yellow oil, which was used directly in the next step. To a stirred solution of the above oil in THF (10
mL) were added CICOzEt (0.18 mL, 1.91 mmol) and EtsN (0.27 mL, 1.91 mmol) at 0 °C, and the
resulting mixture was stirred at 0 °C for 1 h. The reaction mixture was diluted with Et;0 (3 mL), and
EtsN'HCI was filtered off. The filtrate was evaporated to give a yellow oil, which was used directly in
the next step. To a stirred solution of the above oil in Et2O (10 mL) was added a solution of CH2N» in
Et,0O at 0 °C, and the reaction mixture was stirred at room temperature for 16 h. The solvent was
evaporated to give a yellow oil, which was dissolved in MeOH (10 mL). To the MeOH solution were
added AgCO-Ph (37 mg, 0.16 mmol) and EtsN (0.45 mL, 3.18 mmol), and the resulting mixture was
stirred at room temperature for 24 h. The reaction mixture was diluted with Et,O and the insoluble
material was filtered off. The filtrate was evaporated to give a black oil, which was chromatographed
on Si0; (20 g, EtOAc/n-hexane = 1/30 — 1/25) to give the corresponding homologated esters 69-70 as
a colorless oil.

(25,35,6R)-methyl 2-(2-methoxy-2-oxoethyl)-6-propyl-3-vinylpiperidine-1-carboxylate (69)
Yield: 91% in 4 steps; '"H-NMR (400 MHz, CDCls) §: 0.92 (3H, t, J = 7.3), 1.20-1.42 (4H, m), 1.43-
1.52 (2H, m), 1.78-1.92 (2H, m), 2.32 (1H, br), 2.54 (1H, dd, J = 14.9, 4.8), 2.65 (1H, dd, J = 14.9,
10.1), 3.66 (3H, s), 3.68 (3H, s), 4.12 (1H, br), 4.61 (1H, br), 5.06 (1H, dt, J=10.6, 1.4), 5.09 (1H, dt,
J=17.2,1.4),5.84 (1H, ddd, J=17.2, 10.6, 6.6); >*C-NMR (125 MHz, CDCls) §: 13.96, 20.05, 20.32,
22.18,37.46,39.73,39.90, 50.73, 50.92, 51.67, 52.62, 115.07, 140.04, 156.76, 171.64; IR (neat): 1101,
1363, 1443, 1696, 1740 cm™'; MS (EI): m/z 283; HRMS (EI): Calcd for C15sH2sNO4 283.1784, Found
269.1780; [a]p'® -31.4 (c 1.00, CHCI;).

(25.3S.6 R)-methyl 6-heptyl-2-(2-methoxy-2-oxoethyl)-3-vinvlpiperidine-1-carboxvlate (70)

Yield: 75% in 4 steps; "H-NMR (500 MHz, CDCl) o: 0.87 (3H, t, J=6.9), 1.21-1.91 (16H, m), 2.31

(1H, br), 2.55 (1H, dd, J=14.9, 4.6), 2.66 (1H, dd, J=14.9, 9.7), 3.67 (3H, s), 3.69 (3H, s), 4.11 (1H,
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br), 4.62 (1H, br), 5.07 (1H, dt, J = 10.6, 1.4), 5.09 (1H, dt, J = 17.2, 1.4), 5.85 (1H, ddd, J = 17.2,
10.6, 6.6); *C-NMR (125 MHz, CDCls) &: 14.05, 20.03, 22.12, 22,61, 27.18, 29.24, 29.52, 31.79,
35.20, 39.70, 39.90, 50.50, 50.90, 51.65, 52.60, 115.05, 140.04, 156.73, 171.62; IR (neat): 1696, 1700
cm’'; MS (EI): m/z 339; HRMS (EI): Calcd for C1sH31NO4 339.2410, Found 339.2405; [o]p?* -27.3 (¢
1.00, CHCLs).

General procedure for the synthesis of Weinreb amides (71-72)
To a stirred solution of 69-70 (2.02 mmol) in MeOH (4.5 mL) and H>O (1.5 mL) was added LiOH-H,O
(338 mg, 8.06 mmol), and the resulting mixture was refluxed for 2 h. After cooling, MeOH was

evaporated and the residue was acidified with 10% HCI (aq.) (3 mL). The aqueous mixture was
extracted with EtOAc (3 mL x 5). The organic extracts were combined, dried, and evaporated to give
a yellow oil, which was used directly in the next step. To a stirred solution of the above oil in CH2Cl,
(7 mL) was added 1,1-carbonyldiimidazole (457 mg, 2.82 mmol) at 0 °C, and the reaction mixture was
stirred for 30 min. To the reaction mixture were added MeO(Me)NH-HCI (275 mg, 2.82 mmol) and
Et:N (0.40 ml, 2.82 mmol) at 0 °C, and the resulting mixture was stirred at room temperature for 16 h.
The solvent was evaporated and the residue was chromatographed on SiO> (10 g, acetone/n-hexane =

1/10 - 1/7) to give the corresponding Weinreb amides 71-72 as a colorless oil.

(25.35.6R)-methyl 2-(2-(methoxy(methyl)amino)-2-oxoethyl)-6-propyl-3-vinylpiperidine-1-
carboxylate (71)

Yield: 97% in 2 steps; 'H-NMR (500 MHz, CDCIs) &: 0.91 (3H, t, J = 7.3), 1.16-1.43 (4H, m), 1.48
(2H, q, J=6.0), 1.76-1.92 (2H, m), 2.37 (1H, br), 2.53-2.56 (1H, m), 2.80 (1H, m), 3.12 (3H, br), 3.65
(3H, s), 3.67 (3H, s), 4.12 (1H, br), 4.63 (1H, br), 5.04 (1H, dd, J=10.7, 1.4), 5.07 (1H, dd, J=17.2,
1.4), 5.84 (1H, ddd, J = 17.2, 10.7, 1.4); >*C-NMR (125 MHz, CDCls) §: 13.96, 19.85, 20.26, 22.15,
29.20,32.12,37.36, 39.15, 50.20, 50.55, 52.51, 61.22, 114.82, 140.30, 156.75, 172.01; IR (neat): 1100,
1348, 1362, 1444, 1667, 1694, 1698 cm™'; MS (EI): m/z 312; HRMS (EI): Calcd for C16H2sN204
312.2049, Found 312.2046; [a]p*® -36.0 (¢ 1.00, CHCI5).

(25,35,6R)-methyl 6-heptyl-2-(2-(methoxy(methyl)amino)-2-oxoethyl)-3-vinylpiperidine-1-
carboxylate (72)

Yield: 89% in 2 steps; 'H-NMR (500 MHz, CDCls) &: 0.88 (3H, t,J = 6.9), 1.25-1.71 (14H, m), 1.81-
2.00 (2H, m), 2.14-2.60 (2H, m), 2.84 (1H, br), 3.18 (3H, s), 3.69 (3H, s), 3.70 (3H, s), 4.14 (1H, br),
4.67 (1H, br), 5.04-5.12 (2H, m), 5.86 (1H, ddd, J = 17.5, 10.7, 6.5); 3*C-NMR (125 MHz, CDCl;) &:
14.07, 19.88, 22.18, 22.62,27.17, 29.26, 29.56, 31.83, 32.11, 32.17, 35.18, 37.35, 39.16, 50.49, 52.55,
61.25, 114.85, 140.35, 156.79, 172.10; IR (neat): 1670, 1694 cm™'; MS (EI): m/z 368; HRMS (EI):
Calcd for C2oH36N204 368.2675, Found 368.2672; [a]p** -25.5 (¢ 1.00, CHCI5).

General procedure for the synthesis of methyl ketones (73-74)
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To a stirred solution of 71- 72 (0.60 mmol) in THF (3 mL) was added a solution MeMgBr (0.91 M
in THF, 0.97 mL, 0.72 mmol) at 0 °C, and the resulting mixture was stirred at 0 °C for 1 h. The reaction
was quenched with sat. NH4Cl (aq.) (5 mL). The layers were separated and the aqueous layer was
extracted with CH>Cl> (5 mL x 3). The organic layer and extracts were combined, dried, and evaporated
to give a colorless oil, which was chromatographed on SiO> (7 g, acetone/n-hexane = 1/10 - 1/7) to

give the corresponding methyl ketones 73-74as a colorless oil.

(25.35.6R)-methyl 2-(2-oxopropyl)-6-propyl-3-vinylpiperidine-1-carboxylate (73)

Yield: 99%; 'H-NMR (500 MHz, CDCls) &: 0.93 (3H, t, J = 7.3), 1.19-1.62 (6H, m), 1.79-1.91 (2H,
m), 2.18 (3H, s), 2.24 (1H, br), 2.61 (1H, dd, J = 12.0, 2.8), 2.74 (1H, dd, J = 12.0, 8.4), 3.69 (3H, s),
4.12 (1H, br), 4.62-4.64 (1H, m), 5.07 (1H, dd, J = 10.6, 1.5), 5.09 (1H, dd, /= 17.2, 1.5), 5.86 (1H,
ddd, J = 17.2, 10.6, 1.5); *C-NMR (125 MHz, CDCl;) &: 13.97, 19.82, 20.29, 22.00, 29.86, 37.30,
39.59, 49.44, 50.00, 50.26, 52.56, 115.08, 140.07, 156.74, 206.60; IR (neat): 1102, 1277, 1361, 1407,
1443, 1640, 1694 cm'; MS (EI): m/z 267; HRMS (EI): Caled for CisH2sNOs3 267.1834, Found
267.1835; [a]p'? -70.0 (c 1.00, CHCI3).

(25.35.6R)-methyl 6-heptyl-2-(2-oxopropyl)-3-vinylpiperidine-1-carboxylate (74)

Yield: 94%; 'H-NMR (400 MHz, CDCI3) §: 'H-NMR (500 MHz, CDCls) §: 0.88 (3H, t, J=6.9), 1.25-
1.59 (14H, m), 1.79-1.89 (2H, m), 2.18 (3H, s), 2.59-2.63 (1H, m), 2.74-2.79 (1H, m), 3.69 (3H, s),
4.10 (1H, br), 4.63 (1H, br), 5.06-5.11 (2H, m), 5.86 (1H, ddd, J = 17.2, 10.6, 6.6); *C-NMR (100
MHz, CDCIs) 6: 13.98, 19.71, 21.88, 22.53, 27.05, 29.15, 29.43, 29.77, 31.71, 34.94, 39.48, 49.34,
49.88, 50.40, 52.46, 114.98, 139.99, 156.63, 206.46; IR (neat): 1701, 1735 cm™!; MS (EI): m/z 323;
HRMS (EI): Calcd for C19H33NO3 323.2460, Found 323.2461; [o]p'” -55.8 (¢ 1.00, CHCl5).

General procedure for the synthesis of ketoaldehydes (75-76)
To a stirred solution of 73-74 (1.38 mmol) in 1,4-dioxane (6 mL) and H>O (2 mL) was added 2,6-
lutidine (0.32 mL, 2.75 mmol), OsO4 (2% aqueous solution, 1.7 mL, 0.14 mmol) and NalO4 (1.18 g,

5.51 mmol) at 0 °C, and the resulting mixture was stirred at room temperature for 3 h. The reaction

was quenched with 10% Na»S>03 in sat. NaHCOs3 (aq.) (10 mL), and the aqueous mixture was diluted
with CH>CL. The layers were separated and the aqueous layer was extracted with CH>Cl> (5 mL x 3).
The organic layer and extracts were combined, washed with brine, 10% HCI (aq.), and brine,
successively, dried and evaporated to give a yellow oil, which was chromatographed on SiO» (10 g,

acetone/n-hexane = 1/10 — 1/8) to give the corresponding ketoaldehydes 75-76 as a colorless oil.

(25.3R.6R)-methyl 3-formyl-2-(2-oxopropyvl)-6-propylpiperidine-1-carboxylate (75)

Yield: 94%; 'H-NMR (500 MHz, CDCls) &: 0.90 (3H, t, J = 7.3), 1.16-1.26 (1H, m), 1.26-1.36 (1H,

m), 1.38-1.57 (4H, m), 1.74-1.82 (1H, m), 1.93-1.99 (1H, m), 2.17 (3H, s), 2.37 (1H, br), 2.70-2.80

(2H, m), 3.67 (3H, s), 4.06 (1H, br), 5.15 (1H, br), 9.66 (1H, s); 3*C-NMR (125 MHz, CDCls) §: 13.94,
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14.37,20.22, 23.39, 30.15, 36.61, 45.10, 48.19, 48.90, 49.93, 52.74, 156.29, 202.79, 206.29; IR (neat):
1100, 1328, 1354, 1447, 1684, 1694, 1717, 2873, 2957 cm™'; MS (EI): m/z 269; HRMS (EI): Calcd for
C14H23NO4 269.1627, Found 269.1629; [a]p* -114.8 (¢ 1.00, CHCI3).

(28.3R.6R)-methyl 3-formyl-6-heptyl-2-(2-oxopropyl)piperidine-1-carboxylate (76)

Yield: 84%; 'H-NMR (500 MHz, CDCI3) 8: 0.87 (3H, t, J = 6.3), 1.25-1.61 (14H, m), 1.79-1.86 (1H,
m), 1.95-2.00 (1H, m), 2.19 (3H, s), 2.39 (1H, br), 2.72-2.81 (2H, m) 3.69 (3H, s), 4.06 (1H, br), 5.17
(1H, br), 9.68 (1H, s). Since the ketoaldehyde 76 was not stable, 76 was used for the next reaction
immediately after the structure of 76 was confirmed by 1H-NMR.

General procedure for the synthesis of cis-fused enones (77 and 79)
To a stirred solution of 77, 79 (1.30 mmol) in benzene (30 mL) was added DBU (0.78 mL, 5.18 mmol)

and MS 4A (50 mg), and the resulting mixture was refluxed for 48 h. After cooling, benzene was

evaporated and the residue was acidified with 10% HCI (aq.) (5 mL). The aqueous mixture was
extracted with EtOAc (3 mL x 5). The organic extracts were combined, dried, and evaporated to give
a brown oil, which was chromatographed on SiO> (25 g, EtOAc/n-hexane = 1/30 - 1/10) to give the
corresponding cis-fused enones 77, 79 as a yellow oil together with trans-fused enone 80 as a yellow

oil.

(2R.4aR,8aS)-methyl 7-0x0-2-propyl-2.3.4.4a.8.8a-hexahydroquinoline-1(7H)-carboxylate (77)
Yield: 72% from 21a; 'H-NMR (500 MHz, CDCl5) &: 0.91 (3H, t, J = 7.2), 1.24-1.41 (2H, m), 1.44-
1.55 (2H, m), 1.59 (1H, td, J=10.0, 2.4), 1.67 (1H, tdd, J = 10.0, 4.8, 2.4), 1.73-1.78 (1H, m), 1.78-
1.83 (1H, m), 2.40-2.45 (1H, m), 2.61 (2H, br), 3.70 (3H, s), 4.25 (1H, br), 4.63 (1H, br), 6.13 (1H, d,
J=9.7),6.77 (1H, dd, J=9.7, 5.7); 3C-NMR (125 MHz, CDCl;) &: 13.88, 19.95, 20.24, 27.09, 36.53,
37.00, 40.30, 48.43, 49.73, 52.60, 128.64, 152.18, 156.04, 198.22; IR (neat): 771, 1089, 1115, 1246,
1275, 1314, 1444, 1685, 2934 cm™!; MS (EI): m/z 251; HRMS (EI): Calcd for C14H21NO3 251.1521,
Found 251.1522; [a]p** +29.9 (¢ 1.00, CHCl5).

(2R.4aR.8aS)-methyl 2-heptyl-7-0x0-2.3.4.4a,8.8a-hexahydroquinoline-1(7H)-carboxylate (79)
Yield: 54% together with 23b in 14% from 21b; 'H-NMR (500 MHz, CDCl3) &: 0.88 (3H, t, J = 6.8),
1.26-1.83 (16H, m), 2.41-2.46 (1H, m), 2.67 (2H, br), 3.71 (3H, s), 4.22-4.25 (1H, m), 4.65 (1H, br),
6.02 (1H,d,J=10.3),6.93 (1H, dd, J=10.3, 5.7); *C-NMR (100 MHz, CDCl;) §: 14.06, 20.01, 22.59,
26.81, 27.16, 29.19, 29.49, 31.72, 31.78, 34.35, 37.07, 48.49, 50.02, 52.67, 128.73, 152.21, 156.10,
198.31; IR (neat): 1701, 1735 cm™; MS (EI): m/z 307; HRMS (EI): Calcd for C1sH20NO3 307.2147,
Found 307.2149; [a]p®* +20.0 (¢ 1.00, CHCI5).

General procedure for the synthesis of Michael adducts (80-84)
To a stirred suspension of Cul (765 mg, 4.02 mmol) in EtoO (12 mL) was added a solution of the
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corresponding Grignard reagent (8.04 mmol) at -78 °C, and the reaction mixture was warmed to 0 °C
for 30 min. The resulting suspension was re-cooled to -78 °C, and a solution of 22a-b (0.80 mmol) in
Et;0 (3 mL) was added to the reaction mixture at -78 °C, and the resulting mixture was gradually
warmed to 0 °C. The reaction was quenched with sat. NH4Cl (aq) (5 mL), and the organic layer was
separated. The aqueous layer was extracted with CH>Cl, (3 mL x 3), and the organic layer and extracts
were combined, dried, and evaporated to give a colorless oil, which was chromatographed on SiO> (10

g, EtOAc/n-hexane = 1/15 - 1/10) to give the corresponding Michael adducts 24a-e as pale yellow oil.

(2R.4aR.5S,8aS5)-methyl 5-ethyl-7-0x0-2-propyloctahydroquinoline-1(2H)-carboxylate (80)

Yield: 73%; 'H-NMR (400 MHz, CDCls) &: 0.88 (3H, t, J=7.6), 0.88 (3H, t, J = 7.6), 1.22-1.59 (8H,
m), 1.62-1.91 (5H, m), 2.17 (1H, dd, J= 14.6, 4.4), 2.47 (2H, dd, /= 14.6, 4.4), 3.65 (3H, s), 4.15 (1H,
br), 4.48 (1H, br); *C-NMR (100 MHz, CDCls) &: 11.81, 13.90, 20.49, 20.86, 26.69, 27.46, 29.17,
37.17,38.78,41.22, 41.44, 49.30, 50.18, 52.52, 156.03, 209.30; IR (neat): 1697, 1715 cm™'; MS (FAB):
m/z 282; HRMS (FAB): Calcd for C16H2sNOs: 282.2069, Found 282.2070; [a]p** -8.8 (¢ 1.00, CHCI3).

(2R.4aR.5S.8aS)-methyl 7-0x0-2.5-dipropyloctahydroquinoline-1(2H)-carboxylate (81)

Yield: 93%; '"H-NMR (400 MHz, CDCls) 8: 0.86 (3H, t,J=6.8), 0.89 (3H, t,J=7.2), 1.23-1.85 (15H,
m), 2.13-2.17 (1H, dd, J= 14.0, 4.0), 2.45 (2H, dd, J=14.0, 5.2), 3.67 (3H, s), 4.12 (1H, br), 4.45 (1H,
br); BC-NMR (100 MHz, CDCls) §: 13.80, 13.82, 20.23, 20.42, 20.77, 27.40, 35.98, 37.12, 39.11,
39.31,41.41, 49.33, 50.12, 52.43, 53.33, 155.98, 209.19; IR (neat): 1313, 1445, 1697, 1712 cm™!; MS
(FAB): m/z 296; HRMS (FAB): Calcd for C17H30NO3296.2226, Found 296.2227; [a]p** +0.6 (c 1.00,
CHCI).

(2R.4aR.5S.8aS)-methyl 2-heptyl-5-methyl-7-oxooctahydroquinoline-1(2H)-carboxylate (82)
Yield: 91%; 'H-NMR (400 MHz, CDCI3) : 0.88 (3H, t, J=6.8), 1.03 (3H, d, J=7.2), 1.19-1.32 (9H,
m), 1.49-1.66 (4H, m), 1.71 (2H, ddd, J = 12.8, 5.6, 3.0), 1.79-1.91 (2H, m), 2.10 (2H, d, J = 12.8),
2.52 (2H, br), 2.54 (1H, br), 3.69 (3H, s), 4.16 (1H, br), 4.58 (1H, br); *C-NMR (100 MHz, CDCls)
o: 14.02, 20.16, 20.85, 22.56, 27.36, 29.18, 29.48, 29.53, 31.75, 34.36, 34.93, 40.72, 43.50, 49.10,
50.45, 52.53, 156.09, 209.25; IR (neat): 1682, 1694 cm™'; MS (EI): m/z 323; HRMS (EI): Calcd for
C19H33NO3 323.4702, Found 323.2461; [a]p?® -8.0 (c 1.00, CHCI3).

(2R.4aR,5S,8aS)-methyl 5-ethyl-2-heptyl-7-oxooctahydroquinoline-1(2H)-carboxylate (83)

Yield: 75%; "H-NMR (400 MHz, CDCls) §: 0.83 (3H, t, J=6.6), 0.88 (3H, t, J=7.6), 1.20-1.40 (12H,
m), 1.40-1.57 (3H, m), 1.63-1.90 (5H, m), 2.16 (1H, dd, J = 14.4, 4.0), 2.44-2.49 (3H, m), 3.64 (3H,
s), 4.12 (1H, br), 4.46 (1H, br); *C-NMR (100 MHz, CDCl3) &: 11.77, 13.98, 20.84, 22.51, 26.67,
27.33, 29.14, 29.42,31.69, 34.91, 38.78, 40.02, 41.19, 41.40, 49.43, 50.38, 52.46, 53.35, 156.03,
209.22 ; IR (neat): 1312, 1444, 1697 cm™'; MS (EI): m/z 337; HRMS (EI): Calcd for C20H3sNO;
337.2617, Found 337.2618 ; [a]p'® -3.4 (c 1.00, CHCl5).
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(2R.4aR,5S,8aS)-methyl 2-heptyl-7-oxo-5-propyloctahydroquinoline-1(2H)-carboxylate (84)

Yield: 72%; '"H-NMR (500 MHz, CDCIs) é: 0.84 (3H, t, J=6.0), 0.85 (3H, t, J=5.8), 1.22-1.87 (23H,
m), 2.13 (1H, dd, J= 14.4, 4.0), 2.44-2.49 (2H, m), 3.65 (3H, 5), 4.09-4.12 (1H, m), 4.47 (1H, br); 13C-
NMR (125 MHz, CDCl3) &: 13.84, 13.99, 20.28, 20.81, 22.50, 27.34, 29.15, 29.15, 29.38, 31.57, 31.71,
34.93, 36.04, 39.15, 39.35, 40.33, 41.46, 49.39, 50.40, 52.49, 156.04, 209.27; IR (neat): 1445, 1699,
1714 ecm’'; MS (EI): m/z 351; HRMS (EI): Caled for C21H37NO;3 351.2773, Found 351.2774; [a]p®
+2.4 (c 1.00, CHCI).

General procedure for the synthesis of the deoxygenated compounds 85-89
To a stirred solution of 80-84 (0.15 mmol) in CH2Cl> (2 mL) and MeOH (0.2 mL) was added NaBH4
(11 mg, 0.30 mmol) at 0 °C, and the resulting mixture was stirred at room temperature for 2 h. The

reaction was quenched with sat. NH4Cl (aq) (2 mL), and the aqueous mixture was extracted with
CH>Cl> (2 mL x 5). The organic extracts were combined, dried, and evaporated to give colorless oil,
which was used directly in the next step. To a stirred solution of the above alcohol in 1,2-dichloroethane
(5 mL) was added 1,1-thiocarbonyldiimidazole (107 mg, 0.60 mmol) at room temperature. The
resulting mixture was refluxed for 10 h. After cooling, the solvent was evaporated to give yellow paste,
which was used directly in the next step. To a stirred solution of the above thiocarbonylimidazolate in
toluene (10 mL) was added »n-Bu3SnH (0.16 mL, 0.60 mmol) at room temperature, and then the
resulting mixture was refluxed for 8 h. The solvent was evaporated and the residue was diluted with
MeCN. The MeCN layer was washed with hexane and evaporated to give a colorless oil, which was
chromatographed on SiO (10 g, CH>Clo/n-hexane = 1/5 - 1/1) to give the corresponding deoxygenated

compounds 85-89 as a colorless oil.

(2R.4aR.5S.8aS)-methyl 5-ethyl-2-propyloctahydroquinoline-1(2H)-carboxylate (85)

Yield: 68% in 3 steps; 'H-NMR (400 MHz, CDCl;) &: 0.87 (3H, t, J=7.0), 0.89 (3H, t,J = 7.4), 1.16-
1.81 (17H, m), 1.86 (1H, qd, J = 13.2, 3.2), 3.66 (1H, s), 4.06-4.12 (2H, m); 3*C-NMR (100 MHz,
CDCl3) d: 12.55, 14.01, 20.48, 20.56, 21.24, 24.29, 25.24, 28.08, 28.51, 37.67, 40.32, 42.16, 50.04,
50.34, 52.18, 156.58; IR (neat): 1332, 1443, 1697 cm™'; MS (FAB): m/z 268; HRMS (FAB): Calcd for
C16H30NO2268.2277, Found 268.2279; [a]p*® -26.4 (c 1.00, CHCI5).

(2R.4aR.5S.8aS)-methyl 2.5-dipropyloctahydroquinoline-1(2H)-carboxylate (86)

Yield: 78% in 3 steps; 'H-NMR (400 MHz, CDCl;) &: 0.88 (3H, t, J=6.8), 0.90 (3H, t,J=7.2), 1.18-
1.69 (19H, m), 1.86 (1H, qd, J = 13.6, 3.6), 3.66 (3H, s), 4.06-4.20 (2H, m); *C-NMR (100 MHz,
CDCl3) o: 14.04, 14.19, 20.57, 21.25, 21.25, 24.73, 28.15, 34.90, 37.71, 39.90, 40.65, 50.10, 50.37,
52.22, 156.61; IR (neat): 1443, 1694 cm™'; MS (FAB): m/z 282; HRMS (FAB): Calcd for C17H3.NO,
282.2433, Found 282.2429; [a]p® -25.4 (¢ 1.00, CHCl5).

(2R.4aR.55.8aS)-methyl 2-heptyl-5-methyloctahydroquinoline-1(2H)-carboxvlate (87)
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Yield: 65% in 3 steps; 'H-NMR (500 MHz, CDCls) 6: 0.87 (3H, t, J=6.9), 1.06 (2H, d, J = 7.5), 1.21-
1.87 (24H, m), 3.67 (3H, s), 4.04 (1H, br), 4.17-4.22 (1H, m); 3C-NMR (125 MHz, CDCls) §: 12.25,
14.09, 19.30, 20.30, 21.25,22.64, 26.71, 27.48, 28.04, 29.28, 29.61, 31.83, 34.50, 35.42, 42.08, 49.70,
50.60, 52.24, 156.65; IR (neat): 1699 cm™'; MS (EI): m/z 309; HRMS (EI): Caled for C19H3sNOx:
309.2668, Found 309.2665; [o]p'® -9.9 (¢ 1.00, CHCl5).

(2R.4aR.5S.8aS)-methyl 5-ethyl-2-heptyloctahydroquinoline-1(2H)-carboxylate (88)

Yield: 57% in 3 steps; 'H-NMR (400 MHz, CDCl3) &: 0.87 (3H, t, J= 6.4), 0.87 (3H, t, J = 6.4), 1.18-
1.78 (25H, m), 1.87 (1H, qd, J = 11.6, 5.5), 3.66 (3H, s), 4.04-4.32 (2H, m); '*C-NMR (100 MHz,
CDCl3) d: 12.59, 14.02, 20.52, 21.28, 22.62, 24.34, 25.27, 28.13, 28.88, 29.27, 29.57, 31.83, 35.42,
3867, 40.36, 42.20, 50.07, 50.59, 52.22, 156.61; IR (neat): 1312, 1443, 1697 cm™'; MS (EI): m/z 323;
HRMS (EI): Caled for CaoH37N0O2 323.2824, Found 323.2824; [a]p!® -17.2 (¢ 1.00, CHCI3).

(2R.4aR.5S.8a85)-methyl 2-heptyl-5-propyloctahydroquinoline-1(2H)-carboxylate (89)

Yield: 59% in 3 steps; 'H-NMR (400 MHz, CDCls) 8: 0.87 (3H, t, /= 6.2), 0.89 (3H, t,J = 6.2), 1.18-
1.49 (20H, m), 1.53-1.74 (7H, m), 1.86 (1H, qd, J = 13.2, 2.8), 3.67 (3H, s), 4.04 (1H, s), 4.17-4.27
(1H, m); 3 C-NMR (100 MHz, CDCls) §: 14.08, 14.21,20.59, 21.11, 21.26, 22.63, 22.95, 28.89, 29.28,
29.58, 30.32, 31.83, 34.91, 35.44, 38.69, 39.91, 40.67, 50.12, 50.63, 52.24, 156.63; IR (neat): 1443,
1697 cm™'; MS (EI): m/z 337; HRMS (EI): Calcd for C21H3oNO2 337.2981, Found 337.2981; [a]p'’-
6.0 (¢ 1.00, CHCI3).

General procedure for the synthesis of cis-decahydroquinoline poison-frog alkaloids cis-209J,
ent-cis-223F, cis-251A, cis-209J-1, and cis-223F-1

To a stirred solution of 85-89 (0.17 mmol) in CHCI3 (3 mL) was added Nal (197 mg, 1.32 mmol) and
TMSCI (0.10 mL, 0.83 mmol), and the resulting mixture was heated to 50 °C for 24 h. After cooling,

the reaction was quenched with 10% Na>S>0Os3 in sat. NaHCOs (aq.) (3 mL), and aqueous mixture was

extracted with CH>Cl, (2 mL x 10). The organic extracts were combined, dried, and evaporated to give
pale yellow oil, which was chromatographed on SiO2 (3 g, MeOH/CH>Cl, = 1/30 - 1/20) to give the

corresponding cis-decahydroquinoline poison-frog alkaloids as pale yellow oil.

(2R.4aR.5S.8aS8)-5-ethyl-2-propyldecahydroquinoline (cis-209J)

Yield: 72%; 'H-NMR (400 MHz, CDCls) &: 0.82 (3H, t, J=7.4), 0.89 (3H, t, J=7.0), 0.98-1.14 (2H,
m), 1.22-1.77 (16H, m), 1.96 (1H, ddd, J = 15.2, 4.8, 2.0), 2.52-2.56 (1H, m), 2.87 (1H, d, J = 2.4),
BC-NMR (100 MHz, CDCls) &: 10.28, 14.28, 19.14, 21.16, 25.35, 26.73, 27.30, 31.33, 32.98, 33.22,
39.55, 39.75, 56.25, 57.81; IR (neat): 1456, 3666 cm™'; MS (FAB): m/z 210; HRMS (FAB): Calcd for
C14H2sN 210.2222, Found 210.2223; [o]p!® +6.5 (¢ 1.00, CHCl5).

(2R.4aR.55.8a5)-2.5-dipropyvldecahyvdroquinoline (ent-cis-223F)
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Yield: 70%; 'H-NMR (400 MHz, CDCl5) &: 0.87 (3H, t, J = 6.8 Hz), 0.90 (3H, t, J = 7.6 Hz), 0.96-
1.64 (16H, m), 1.51-1.61 (2H, m), 1.72-1.79 (2H, m), 1.95-2.00 (1H, m), 2.51-2.55 (1H, m), 2.86 (1H,
d,J=3.2 Hz); 3C-NMR (100 MHz, CDCls) &: 14.28, 14.64, 19.15, 19.26, 21.18, 26.83, 27.41, 31.65,
32.11, 33.29, 35.58, 39.65, 40.42, 56.25, 57.80; IR (neat): 1457, 3628 cm’'; MS (FAB): m/z 224;
HRMS (FAB): Caled for C1sHsoN 224.2378, Found 224.2381; [a]p® +9.7 (¢ 0.45, CHCL3).

(2R.4aR.5S.8aS5)-2-heptyl-5-methyldecahydroquinoline (cis-251A)

Yield: 62%; 'H-NMR (400 MHz, CDCI3) : 0.83 (3H, d, J = 6.0), 0.87 (3H, t, J= 6.4), 0.91-0.95 (1H,
m), 1.04-1.16 (1H, m), 1.26-1.42 (15H, m), 1.48-1.69 (5H, m), 1.80-1.90 (1H, m), 1.94 (1H, dt, J =
11.2,2.9),2.47-2.53 (1H, m), 2.85 (1H, d, J=2.8); 3C-NMR (100 MHz CDCl3) §: 14.09, 19.90, 21.22,
22.66, 26.02, 27.00, 27.26, 27.35, 29.30, 29.84, 31.83, 33.30, 35.89, 37.41, 56.01, 58.09; IR (neat):
1457,3853 cm™!; MS (EI): m/z 251; HRMS (EI): Calcd for C17H33N: 251.2613, Found 251.2614; [a]p®
-1.6 (¢ 1.00, MeOH).

(2R.4aR.55.8aS5)-5-ethyl-2-heptyldecahydroquinoline (cis-209J-1)

Yield: 65%; '"H-NMR (400 MHz, CDCl5) &: 0.83 (3H, t, J=17.6), 0.87 (3H, t, J=7.6), 0.93-1.14 (2H,
m), 1.22-1.38 (15H, m), 1.43-1.56 (4H, m), 1.59-1.63 (2H, m), 1.96 (1H, ddd, J=13.6, 4.8, 2.8), 2.45-
2.54 (1H, m), 2.87 (1H, d, J=2.8); 3C-NMR (100 MHz, CDCl;) &: 10.29, 14.09, 21.17, 22.65, 25.36,
26.04, 26.75, 27.35, 29.29, 29.84, 31.34, 31.83, 32.98, 33.25, 37.39, 39.77, 56.27, 58.14; IR (neat):
3583 cm™!; MS (EI): m/z 265; HRMS (EI): Calcd for CisH3sN 265.2770, Found 265.2770; [o]p*® +2.2
(c 1.00, CHCI5).

(2R.4aR.5S.8aS5)-2-heptyl-5-propyldecahydroquinoline (cis-223F-1)

Yield: 58%; 'H-NMR (400 MHz, CDCI3) &: 0.88 (6H, t, J = 7.2), 0.94-1.67 (26H, m), 1.74-1.79 (2H,
m), 1.78 (2H, d, J = 10.8), 1.98 (1H, dd, J = 13.6, 2.4), 2.54 (1H, t, J = 8.0), 2.89 (1H, s); 3*C-NMR
(100 MHz, CDCl3) 8: 14.09, 14.65, 19.24, 21.14, 22.66, 26.00, 26.72,27.21,29.31, 29.51, 31.64, 31.84,
32.05, 33.02, 35.57, 37.16, 40.31, 56.37, 58.23; IR (neat): 1456, 3574 cm™'; MS (EI): m/z 279; HRMS
(EI): Calcd for C19H37N 279.2926, Found 279.2926; [a]p'” +12.1 (¢ 1.00, CHCI3).

(2R.4aR.5S.8a5)-1-methyl-2.5-dipropyldecahydroquinoline (cis-237U)
To a stirred solution of ent-cis-223F (25 mg, 0.11 mmol) in MeOH (4.5 mL) and H>O (1.5 mL) were
added formaldehyde (37% aqueous solution, 0.03 mL, 0.67 mmol) and NaBH3CN (26 mg, 0.42 mmol),

and the resulting mixture was stirred at room temperature for 24 h. The reaction mixture was diluted

with CH2Clz (2 mL), and aqueous mixture was extracted with CH2Cl, (2 mL x 5). The organic extracts

were combined, dried, and evaporated to give colorless oil, which was chromatographed on Si0> (3 g,

MeOH/CHxCl; = 1/10) to give cis-237U (21 mg, 0.09 mmol, 78%) as a colorless oil.

"H-NMR (400 MHz, CDCI3) §: 0.88 (3H, t, J = 6.8), 0.89 (3H, t, J = 7.2), 0.94-1.05 (1H, m), 1.14-

2.02 (21H, m), 2.19 (3H, s); *C-NMR (100 MHz, CDCls) §: 14.53, 14.59, 18.98, 19.25, 20.33, 26.08,
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26.86,30.01,31.46,33.14, 35.22,36.02, 37.66, 41.82, 64.00, 64.31; IR (neat): 1456, 2619, 2706, 2770,
2870, 2930, 2955 cm™'; MS (EI): m/z 237; HRMS (EI): Calcd for C16H31N 237.2464, Found 237.4310;
[a]p?* +9.7 (¢ 1.20, CHCI).

General procedure for the synthesis of vinyl ketones 92-93
To a stirred solution of 71-72 (0.60 mmol) in THF (3 mL) was added a solution vinyIMgCl (1.7 M in
THF, 0.42 mL, 0.72 mmol) at 0 °C, and the resulting mixture was stirred at 0 °C for 3 h. The reaction

was quenched with sat. NH4Cl (aq.) (3 mL). The layers were separated and the aqueous layer was

extracted with CH2Cl> (3 mL x 3). The organic layer and extracts were combined, dried, and evaporated
to give a colorless oil, which was chromatographed on SiO> (10 g, acetone/n-hexane = 1/15 - 1/10) to

give the corresponding vinyl ketones 92-93 as a colorless oil.

(25.35.6R)-methyl 2-(2-oxobut-3-en-1-yl)-6-propyl-3-vinylpiperidine-1-carboxylate (92)

Yield: 87%; 'H-NMR (400 MHz, CDCls) &: 0.93 (3H, t, J = 7.2), 1.21-1.58 (6H, m), 1.78-1.94 (2H,
m), 2.27 (1H, s), 2.80-2.92 (2H, m), 3.68 (3H, s), 4.13 (1H, d, J = 5.6), 4.62-4.65 (1H, m), 5.04-5.08
(2H, m), 5.79-5.88 (2H, m), 6.30-6.42 (2H, m); *C-NMR (100 MHz, CDCl;3) &: 14.00, 19.72, 20.31,
21.96, 37.36, 39.03, 45.54, 50.27, 50.51, 52.55, 115.09, 128.95, 136.07, 140.04, 156.76, 198.59; IR
(neat): 1393, 1445, 1690 cm™'; MS (FAB): m/z 280; HRMS (FAB): Calcd for C16H26NOs3 280.1913,
Found 280.1911; [a]p?® -82.7 (¢ 1.00, CHCl5).

(25.35.6R)-methyl 6-heptyl-2-(2-oxobut-3-en-1-yl)-3-vinylpiperidine-1-carboxylate (93)

Yield: 82%; 'H-NMR (400 MHz, CDCl3) 8: 0.87 (3H, t, J = 6.6), 1.21-1.52 (14H, m), 1.78-1.92 (2H,
m), 2.26 (1H, s), 2.83 (1H, t, J=14.6), 2.87 (1H, t, J= 14.6), 3.68 (3H, s), 4.10 (1H, d, /= 5.6), 4.64
(1H, dd, /= 8.0, 4.4), 5.03 (1H, d, /= 1.6), 5.07 (1H, d, J = 6.8), 5.79-5.88 (2H, m), 6.30-6.41 (2H,
m); *C-NMR (100 MHz, CDCls) §: 14.05, 19.69, 21.92, 22.61, 27.14, 29.23, 29.48, 31.79, 35.10,
45.53, 50.49, 52.53, 115.06, 128.94, 136.07, 140.03, 156.74, 198.58; IR (neat): 1404, 1444, 1694 cm"
I; MS (FAB): m/z 336; HRMS (FAB): Calcd for C20H3sNO3 336.2539, Found 336.2535; [a]p'® -80.4
(c 1.00, CHCI3).

General procedure for the synthesis of 4a-epi-cis-fused enones 78 and 80
To a stirred solution of 92-93 (0.44 mmol) in CH>Cl, (10 mL) was added 2™ generation Grubbs catalyst

(19 mg, 0.02 mmol) at room temperature, and the resulting mixture was stirred at room temperature

for 15 h. The solvent was evaporated to give a black oil, which was chromatographed on SiO> (15 g,

n-hexane/acetone = 10/1 — 5/1) to give the corresponding 4a-epi-cis enones 78, 80 as a yellow oil.
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(2R.4aS§,8a8)-methyl 7-0x0-2-propyl-2.3.4.4a.8.8a-hexahydroquinoline-1(7H)-carboxylate (78)
Yield: 92%; 'H-NMR (400 MHz, CDCls) &: 0.90 (3H, t, J = 7.6), 1.30-1.45 (3H, m), 1.48-1.57 (1H,
m), 1.62-1.73 (2H, m), 1.94-2.01 (1H, m), 2.08-2.17 (1H, m), 2.23 (1H, dd, J = 16.8, 12.8), 2.82 (1H,
t, J=12.4),3.26 (1H,dd,J=16.8, 2.8), 3.68 (3H, s), 3.75 (1H, td, J=12.4, 2.8), 4.23 (1H, qd, /= 9.2,
2.4), 6.00 (1H, 9.6, 1.6), 6.80 (1H, dd, J = 9.6, 1.6); '*C-NMR (100 MHz, CDCl;) &: 13.88, 19.99,
23.84,26.49,36.36,42.24,46.37, 50.68, 52.53, 56.53, 129.85, 153.04, 157.03, 198.51; IR (neat): 1450,
1679, 1697 cm™'; MS (FAB): m/z 252; HRMS (FAB): Calcd for C14H22NO3 252.1600, Found 252.1597;
[o]p!® +121.2 (¢ 1.00, CHCI5).

(2R.4aS§.8a8)-methyl 2-heptyl-7-0x0-2,3.4.4a.8.8a-hexahydroquinoline-1(7H)-carboxylate (80)
Yield: 84%; 'H-NMR (400 MHz, CDCI3) 8: 0.83 (3H, t, J = 6.6), 1.24-1.70 (14H, m), 1.92-1.99 (1H,
m), 2.05-2.14 (1H, m), 2.21 (1H, dd, /= 16.4, 12.0),2.79 (1H, t,J=12.0), 3.24 (1H, dd, /= 16.4, 3.4),
3.66 (3H, s), 3.73 (1H, td, J=12.0,3.4),4.18 (1H, q, J=7.5), 5.97 (1H, dd, /= 9.6, 2.4), 6.78 (1H, d,
J=9.6); *C-NMR (100 MHz, CDCl3) §: 13.93,22.45, 23.74,26.38, 26.67, 29.05, 31.66, 36.28, 39.87,
46.23, 50.86, 52.40, 56.45, 129.71, 152.98, 156.90, 198.38; IR (neat): 1447, 1683, 1699 cm™'; MS
(FAB): m/z 308; HRMS (FAB): Calcd for C1sH30NOs 308.2226, Found 308.2225; [a]p® +99.1 (c 1.00,
CHCI).

General procedure for the synthesis of Michael adducts 94-95
To a stirred suspension of Cul (383 mg, 2.01 mmol) in Et;0 (7.5 mL) was added a solution of MeLi
(1.17 M in Et20, 3.44 mL, 4.02 mmol) at -78 °C, and the reaction mixture was warmed to 0 °C for 30

min. The resulting suspension was re-cooled to -78 °C, and a solution of 78, 80 (0.40 mmol) in Et,O

(3 mL) was added to the reaction mixture at -78 °C, and the resulting mixture was gradually warmed
to 0 °C. The reaction was quenched with sat. NH4Cl (aq) (5 mL), and the organic layer was separated.
The aqueous layer was extracted with CH>Cl> (3 mL x 3), and the organic layer and extracts were
combined, dried, and evaporated to give a yellow oil, which was chromatographed on SiO> (10 g,

EtOAc/n-hexane = 1/15 - 1/10) to give the corresponding Michael adducts 94-95 as pale yellow oil.

(2R.4aS§.,5S.8a85)-methyl 5S-methyl-7-0x0-2-propyloctahydroquinoline-1(2H)-carboxylate (94)
Yield: 94%; 'H-NMR (400 MHz, CDCI3) 8: 0.85 (3H, d, J=17.2), 0.90 3H, t, J=7.2), 1.24-1.40 (3H,
m), 1.47-1.71 (4H, m), 2.14-2.29 (5H, m), 2.54 (1H, dd, J = 14.4, 6.4), 2.97-3.02 (1H, m), 3.68 (3H,
s), 3.81 (1H, dd, J = 11.6, 3.6), 4.32 (1H, qd, J = 8.8, 2.0); >*C-NMR (100 MHz, CDCls) §: 13.83,
13.90, 19.95, 23.52, 27.53, 32.40, 39.57, 42.95, 49.07, 49.26, 52.15, 52.55, 157.03, 208.96; IR (neat):
1450, 1681, 1699 cm™'; MS (FAB): m/z 268; HRMS (FAB): Calcd for CisH26NO3 268.1913, Found
268.1920; [a]p?® +50.3 (¢ 1.00, CHCI5).

(2R.4aS.5S.8aS5)-methyl 2-heptyl-5-methyl-7-oxooctahydroquinoline-1(2H)-carboxvlate (95)
Yield: 90%; '"H-NMR (400 MHz CDCI3) 6: 0.83 (6H, t, J=6.4), 1.19-1.45 (12H, m), 1.48-1.71 (4H,
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m), 2.12-2.26 (4H, m), 2.52 (1H, dd, J = 14.8, 7.2), 2.97 (1H, ddd, J = 12.2, 3.8, 1.9), 3.65 (3H, s),
3.78 (1H, td, J=12.2, 3.8), 4.27 (1H, dd, J = 16.0, 7.2); *C-NMR (100 MHz, CDCls) &: 13.77, 13.99,
22.52,27.49, 32.34, 39.52, 40.67, 49.01, 49.19, 49.46, 52.10, 52.48, 156.94, 208.86; IR (neat): 1448,
1683, 1699 cm™'; MS (FAB): m/z 324; HRMS (FAB): Caled for C19H34NO3 324.2539, Found 324.2534;
[0]p?® +39.5 (¢ 1.00, CHCI).

General procedure for the synthesis of the deoxygenated compounds 96-97
To a stirred solution of 94-95 (0.30 mmol) in CH2Cl> (3 mL) and MeOH (0.3 mL) was added NaBH4
(22 mg, 0.60 mmol) at 0 °C, and the resulting mixture was stirred at room temperature for 2 h. The

reaction was quenched with sat. NH4Cl (aq) (2 mL), and the aqueous mixture was extracted with
CH>Cl> (2 mL x 5). The organic extracts were combined, dried, and evaporated to give a colorless oil,
which was used directly in the next step. To a stirred solution of the above alcohol in 1,2-dichloroethane
(5 mL) was added 1,1-thiocarbonyldiimidazole (214 mg, 1.20 mmol) at room temperature. The
resulting mixture was refluxed for 10 h. After cooling, the solvent was evaporated to give a yellow
paste, which was used directly in the next step. To a stirred solution of the above
thiocarbonylimidazolate in toluene (10 mL) was added n-Bu3sSnH (0.32 mL, 1.20 mmol) at room
temperature, and then the resulting mixture was refluxed for 8 h. The solvent was evaporated and the
residue was diluted with MeCN. The MeCN layer was washed with hexane and evaporated to give a
colorless oil, which was chromatographed on SiO> (10 g, CH2Clo/n-hexane = 1/5 - 1/1) to give the

corresponding deoxygenated compounds 96-97as a colorless oil.

(2R.4aS§.,5S.8a85)-methyl 5S-methyl-2-propyloctahydroquinoline-1(2H)-carboxylate (96)

Yield: 56% in 3 steps; 'H-NMR (400 MHz, CDCl;) §: 0.86 (3H, d, J = 7.4 Hz), 0.90 (3H, t, J = 7.6
Hz), 1.09-1.68 (12H, m), 1.73-1.82 (1H, m), 1.93-2.01 (1H, m), 2.10-2.19 (2H, m), 3.53 (1H, td, J =
12.4, 3.2 Hz), 3.68 (3H, s), 4.23 (1H, qd, J = 9.2, 2.4 Hz); 3C-NMR (100 MHz, CDCls) §: 12.22,
13.94, 19.90, 20.75, 24.43, 28.14, 33.02, 33.37, 34.29, 40.68, 43.06, 49.04, 52.17, 54.38, 157.45; IR
(neat): 1696 cm!; MS (FAB): m/z 254; HRMS (FAB): Calcd for CisH2sNO> 254.2120, Found
254.2120; [a]p? +66.0 (¢ 1.00, CHCI5).

(2R.4aS,5S,8a8)-methyl 2-heptyl-5-methyloctahydroquinoline-1(2H)-carboxylate (97)

Yield: 65% in 3 steps; 'H-NMR (400 MHz, CDCls) §: 0.87 (6H, t, J = 7.6), 1.05-1.67 (20H, m), 1.77
(1H, tdd, J = 18.4, 6.4, 2.8), 1.96 (1H, ddd, J = 14.0, 6.4, 2.8), 2.09-2.18 (2H, m), 3.52 (1H, td, J =
11.6,2.8),3.67 (3H,s),4.20 (1H, qd, J= 8.8, 1.2); 3*C-NMR (100 MHz, CDCl5) §: 12.25, 14.09, 20.77,
22.64,22.46,26.72,28.16,29.27,29.51, 31.84, 33.05, 33.39, 34.30, 40.72, 40.85, 49.29, 52.20, 54.41,
157.45; IR (neat): 1699 cm™'; MS (FAB): m/z 310; HRMS (FAB): Calcd for C19H36NO2 310.2746,
Found 310.2744; [a]p®® +42.6 (¢ 1.00, CHCI5).
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General procedure for the synthesis of 4a-epi-cis-decahydroquinoline poison-frog alkaloids 4a-
epi-cis-195A and 4a-epi-cis-251A

To a stirred solution of 28a-b (0.34 mmol) in CHCI3 (3 mL) was added Nal (394 mg, 2.64 mmol) and
TMSCI (0.20 mL, 1.66 mmol), and the resulting mixture was heated to 50 °C for 24 h. After cooling,
the reaction was quenched with 10% Na>S>03 in sat. NaHCOs (aq.) (3 mL), and aqueous mixture was
extracted with CH>Cl> (2 mL x 5). The organic extracts were combined, dried, and evaporated to give
pale yellow oil, which was chromatographed on SiO2 (3 g, MeOH/CH2Cl> = 1/30 - 1/25) to give the

corresponding 4a-epi-cis-decahydroquinoline poison-frog alkaloids as pale yellow oil.

(2R.4a8§.,5S,8a85)-5-methyl-2-propyldecahydroquinoline (4a-epi-cis-195A)

Yield: 56%; 'H-NMR (400 MHz, CDCls) §: 0.85-0.88 (6H, m), 1.26-1.52 (13H, m), 1.64-1.73 (2H,
m), 1.74-1.82 (1H, m), 2.41-2.48 (2H, m); 3C-NMR (100 MHz, CDCls) &: 14.30, 19.14, 19.91, 21.24,
27.02,27.28, 27.36, 33.33, 35.90, 39.64, 42.53, 55.99, 57.75; IR (neat): 1448, 3566 cm™'; MS (FAB):
m/z 196; HRMS (FAB): Calcd for C13H26N 196.2065, Found 196.2066; [a]p'” -3.8 (¢ 1.00, CHCl5).

(2R.4a8.,5S.8a5)-2-heptyl-5-methyldecahydroquinoline (4a-epi-cis-251A)

Yield: 62%; 'H-NMR (400 MHz, CDCls) §: 0.86 (3H, d, J=6.8), 0.87 (3H, t,J=6.8), 1.03-1.35 (17H,
m), 1.42-1.54 (5H, m), 1.56-1.73 (2H, m), 1.77-1.80 (1H, m), 2.45 (2H, m); "*C-NMR (100 MHz,
CDCl3) d: 13.56, 14.08, 19.59, 22.64, 26.06, 29.25, 29.30, 29.78, 31.82, 32.28, 33.30, 33.57, 34.40,
37.27,45.26, 54.92, 56.83; IR (neat): 1452, 3421 cm’!; MS (FAB): m/z 252; HRMS (FAB) Calcd for
C17H34N 252.2691, Found 252.2689; [a]p® -1.5 (¢ 1.00, CHCl5).

(3aS.5aS,6R.9aR)-6-methyldecahydro-1H-o0xazolo[3.4-a]quinolin-1-one (99)
To a stirred solution of 98 (67 mg, 0.30 mmol) in CH2Cl, (3 mL) and MeOH (0.3 mL) was added
NaBH4 (22 mg, 0.60 mmol) at 0 °C, and the resulting mixture was stirred at room temperature for 2 h.

The reaction was quenched with sat. NH4Cl (aq) (2 mL), and the aqueous mixture was extracted with
CH2Clz (2 mL x 3). The organic extracts were combined, dried, and evaporated to give colorless oil,
which was used directly in the next step. To a stirred solution of the above alcohol in 1,2-dichloroethane
(5 mL) was added 1,1-thiocarbonyldiimidazole (214 mg, 1.20 mmol) at room temperature. The
resulting mixture was refluxed for 10 h. After cooling, the solvent was evaporated to give a yellow
paste, which was used directly in the next step. To a stirred solution of the above
thiocarbonylimidazolate in toluene (5 mL) was added n-Bu3SnH (0.32 mL, 1.20 mmol) at room
temperature, and then the resulting mixture was refluxed for 8 h. The solvent was evaporated and the
residue was diluted with MeCN. The MeCN layer was washed with hexane and evaporated to give a
colorless oil, which was chromatographed on SiO> (10 g, CH2Cly/n-hexane = 1/1) to give 99 (55 mg,
0.26 mmol, 88% in 3 steps) as a colorless oil.

"H-NMR (500 MHz, CDCI3) &: 1.08 (3H, d, J=7.5), 1.25-1.39 (3H, m), 1.48-1.60 (6H, m), 1.75-1.86
(3H, m), 3.76-3.78 (1H, m), 3.84 (1H, t, J = 7.0), 4.01-4.02 (1H, m), 4.37 (1H, t, J = 7.0); *C-NMR
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(100 MHz, CDCIl3) 6: 18.93, 19.38, 24.41, 24.73, 26.04, 31.14, 33.64, 40.33, 47.79, 50.63, 68.29,
156.79; IR (neat): 1747, 2971 ecm™; MS (EI): m/z 209; HRMS (EI): Calcd for C12Hj9NO; 209.1416,
Found 209.1420; [a]p® -15.8 (¢ 1.00, CHCI3).

(25.4aS.5R.8aR)-benzyl 2-(hydroxymethyl)-5-methyloctahvdroquinoline-1(2H)-carboxylate
100
To a stirred solution of 99 (13 mg, 0.06 mmol) in i-PrOH (5 mL) was added KOH (35 mg, 0.62 mmol)

at room temperature, and the resulting mixture was heated at 120 °C in sealed tube for 24 h. After

cooling, the solvent was evaporated, and residue was dissolved in H>O. The aqueous mixture was
extracted with CH>Cl, (3 mL x 10). The organic extracts were combined, dried over K>COs3, and
evaporated to give a red oil, which was used directly in the next step. To a stirred solution of the above
amino alcohol in THF (2 mL) and sat. NaHCO3 (aq.) (2 mL) was added CbzCl (0.01 mL, 0.08 mmol)
at 0 °C, and the resulting mixture was stirred at room temperature for 2 h. The reaction mixture was
diluted with CH2Cl,, the organic layer was separated, and the aqueous layer was extracted with CH>Cl»
(2 mL x 5). The organic layer and extracts were combined, dried, and evaporated to give a yellow oil,
which was chromatographed on silica gel (6 g, EtOAc/n-hexane = 1/5) to give the alcohol 100 (19 mg,
0.06 mmol, quant. in 2 steps) as pale yellow oil.

'H-NMR (400 MHz, CDCls) &: 1.04 (3H, d, J = 7.5), 1.19-1.25 (1H, m), 1.48-1.75 (11H, m), 3.67-
3.80 (3H, m), 4.25 (1H, br), 5.15 (2H, s), 7.31-7.38 (5H, m); *C-NMR (100 MHz, CDCls) §: 18.96,
20.01, 22.78, 25.86, 27.13, 33.41, 38.93, 51.51, 54.87, 66.08, 66.92, 77.21, 127.44, 127.87, 128.48,
136.75, 156.59; IR (neat): 1698, 2966, 3630 cm’!; MS (FAB): m/z 318; HRMS (FAB): Calcd for
C19H2sNO3 318.2069, Found 318.2069; [a]p*® -7.1 (¢ 1.00, CHCl5).

(2R.4aS.5R.8aR)-2-heptyl-5-methyldecahydroquinoline (2-epi-cis 251A)

To a stirred solution of DMSO (0.03 mL, 0.34 mmol) in CH2Cl> (3 mL) was added (COCI); (0.02 mL,
0.17 mmol) at -78 °C for 15 min, and then a solution of 100 (18 mg, 0.06 mmol) in CH>Cl, (1.5 mL)
was added to the reaction mixture at -78 °C. The reaction mixture was stirred at -78 °C for 1 h, and
then EtzN (0.07 mL, 0.51 mmol) was added to the reaction mixture at -78 °C. The resulting mixture

was gradually warmed to 0 °C. The reaction was quenched with H>O, and the organic layer was
separated. The aqueous layer was extracted with CH2Cl2 (2 mL x 5). The organic layer and extracts
were combined, washed with brine, 10% HCI (aq.), and brine, successively, dried over Na>SOa, and
evaporated to give a yellow oil, which was used directly in the next step. To a stirred solution of
HexPPhsBr (96 mg, 0.22 mmol) in THF (3 mL) was added -BuOK (24 mg, 0.21 mmol) at 0 °C, and
the reaction mixture was stirred at 0 °C for 5 min. To the solution was added a solution of the above
aldehyde in THF (1.5 mL) at 0 °C, and the resulting mixture was stirred at room temperature for 15 h.
The reaction was quenched with sat. NH4Cl (aq.), and the organic layer was separated. The aqueous
layer was extracted with CH>Cl> (2 mL x 5). The organic layer and extracts were combined, dried over
NaxSOs, and evaporated to give a yellow paste, which was passed through a thin celite pad and washed
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with Et2O (2 mL x 5). The filtrate and washings were combined and evaporated to give a yellow oil,
which was used directly in the next step. To a stirred solution of the above olefin in EtOAc (5 mL) was
added 20% Pd(OH)./C (3 mg), and the resulting mixture was hydrogenated at 1 atm for 24 h. The
catalyst was removed through a celite pad and washed with EtOAc (2 mL x 5). The filtrate and
washings were combined and evaporated to give a yellow oil, which was chromatographed on SiO> (5
g, EtOAc/n-hexane = 1/5) to give 2-epi-cis 251A as pale yellow oil.

"H-NMR (500 MHz, CDCl3) &: 0.90 (3H, t, J = 7.0), 1.04 (3H, d, J = 6.5), 1.13-1.47 (15H, m), 1.52-
1.76 (4H, m), 1.74-1.90 (5H, m), 2.80-2.86 (1H, m), 3.15-3.19 (1H, m); '*C-NMR (100 MHz, CDCls)
d: 14.08, 19.23, 20.36, 22.62, 25.04, 26.09, 27.91, 29.27, 29.68, 31.81, 32.39, 35.70, 41.41, 49.97,
50.12; IR (neat): 1449, 3630 cm™'; MS (EI): m/z 251; HRMS (EI) Calcd for C17H33N 251.2613, Found
251.2613; [a]p? +11.9 (¢ 1.00, CHCL).

(2R.3R.65)-methyl 6-(hydroxymethyl)-2-(2-methoxy-2-oxoethyl)-3-vinylpiperidine-1-
carboxylate (102)

To a stirred solution of 15 (124 mg, 0.58 mmol) in i-PrOH (10 mL) was added KOH (325 mg, 5.80
mmol) at room temperature, and the resulting mixture was heated at 120 °C in sealed tube for 24 h.

After cooling, the solvent was evaporated to give a red paste, which was passed through a thin Dowex
50W x 8-100 ion-exchange resin pad and washed with water and ammonium hydroxide aqueous
solution. The basic fractions were evaporated to give a aminoalchol, which was used directly in the
next step. To a stirred solution of the aminoalchol in MeOH (3 mL) was added a solution of CH2N>,
prepared from N-methyl-N-nitrosourea (179 mg, 1.74 mmol) and KOH (292 mg, 5.22 mmol) in Et,O
(5§ mL) and H20O (5 mL), in Et;0 at 0 °C, and the resulting mixture was stirred at room temperature for
30 min. The solvent was evaporated to give pale yellow oil, which was used directly in next step. To a
stirred solution of the above methyl ester in THF (2 mL) and sat. NaHCO3 (aq.) (2 mL) was added
CICO2Me (0.05 mL, 0.66 mmol) at 0 °C, and the resulting mixture was stirred at room temperature for
1 h. The reaction mixture was diluted with CH>Cl,, the organic layer was separated, and the aqueous
layer was extracted with CH>Cl> (3 mL x 3). The organic layer and extracts were combined, dried, and
evaporated to give a yellow oil, which was chromatographed on SiO> (7 g, acetone/n-hexane = 1/7) to
give 102 (123 mg, 0.45 mmol, 78% in 3 steps) as pale yellow oil.

"H-NMR (400 MHz, CDCls) &: 1.55-1.61 (2H, m), 1.65-1.78 (2H, m), 2.33 (1H, quin, J= 7.0 ), 2.59
(1H,dd,J=16.4,5.2),3.17 (1H, br), 3.65 (3H, s), 3.66 (3H, s), 3.68-3.72 (2H, m), 3.68 (1H, br), 3.69
(1H, t, J=5.2),3.95 (1H, br), 5.06 (1H, d, J=11.0, 1.2), 5.10 (1H, d, J = 18.2,), 5.67 (1H, ddd, J =
18.2,11.0, 7.0); *C-NMR (100 MHz, CDCls) &: 23.19, 26.22, 35.73,42.51, 51.83, 52.47, 53.48, 55.81,
62.20, 116.34, 138.87, 156.92, 172.78; IR (neat): 1171, 1319, 1566, 1682, 1695, 2860, 2953 cm™!; MS
(ED): m/z 271; HRMS (EI): Calcd for C13H21NOs 271.1420, Found 271.1417; [a]p?® -14.4 (c 1.00,
CHCI).
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(2R.3R.65)-methyl 2-(2-methoxy-2-oxoethyl)-6-((methoxymethoxy)methyl)-3-vinylpiperidine-1-
carboxylate (103)

To a stirred solution of 102 (250 mg, 0.92 mmol) in CH2Cl, (7 mL) was added DIPEA (0.36 mL, 2.02
mmol) at room temperature, and then MOMCI (0.14 mL, 1.84 mmol) was added to the reaction mixture

at 0 °C. The resulting mixture was stirred at room temperature for 2 h. The solvent was evaporated to
give a red oil, which was chromatographed on SiO> (10 g, acetone/n-hexane = 1/7) to give 103 (258
mg, 0.82 mmol, 89%) as pale yellow oil.

"H-NMR (400 MHz, CDCI3) 8: 1.58 (1H, quin, J = 8.4), 1.68-1.77 (3H, m), 2.32 (1H, tt, J= 8.6, 7.0),
2.69 (1H, dd, J=16.2,7.0), 2.98 (1H, dd, /= 16.2, 7.0), 3.36 (3H, s), 3.64 (3H, s), 3.65 (3H, s), 3.73
(1H, dd, J=9.8, 7.6), 3.81 (1H, dd, J=9.8, 6.0), 3.85 (1H, dd, /= 7.6, 6.0), 4.13 (1H, quin, J = 7.0),
4.63 (1H,d,J=6.4),4.66 (1H,d,J=6.4),5.02 (1H,d,J=11.0,1.2),5.08 (1H, d, J=18.2), 5.64 (1H,
ddd, J = 18.2, 11.0, 8.6); *C-NMR (100 MHz, CDCl3) &: 23.79, 25.82, 37.33, 43.65, 51.52, 52.29,
53.39, 53.76, 55.22, 67.48, 96.51, 116.08, 139.47, 156.90, 172.19; IR (neat): 1109, 1417, 1703, 1738
cm’!; MS (EI): m/z 315; HRMS (EI): Caled for C15H2sNOg 315.1682, Found 315.1687; [a]p? -23.6 (¢
1.00, CHCIs).

(2R.3R.65)-methyl 2-(2-(methoxy(methyl)amino)-2-oxoethyl)-6-((methoxymethoxy )methyl)-3-
vinylpiperidine-1-carboxylate (104)

To a stirred solution of 103 (318 mg, 1.01 mmol) in MeOH (4.5 mL) and H>O (1.5 mL) was added
LiOH'H:0 (169 mg, 4.03 mmol), and the resulting mixture was refluxed for 2 h. After cooling, MeOH
was evaporated and the residue was acidified with 10% HCI (aq.) (3 mL). The aqueous mixture was

extracted with EtOAc (3 mL x 5). The organic extracts were combined, dried, and evaporated to give
a yellow oil, which was used directly in the next step. To a stirred solution of the above oil in CH>Cl
(5 mL) was added EDC-HCI (270 mg, 1.41 mmol) at 0 °C, and the reaction mixture was stirred for 30
min. To the reaction mixture were added MeO(Me)NH-HCI (138 mg, 1.41 mmol) and EtzN (0.20 ml,
1.41 mmol) at 0 °C, and the resulting mixture was stirred at room temperature for 15 h. The solvent
was evaporated and the residue was chromatographed on SiO> (10 g, acetone/n-hexane = 1/7) to give
104 (285 mg, 0.83 mmol, 84% in 2 steps) as a colorless oil.

"H-NMR (400 MHz, CDCls) &: 1.57 (1H, quin, J= 8.2), 1.67-1.74 (3H, m), 2.34 (1H, dt, J= 14.2, 7.6),
2.75 (1H, dd, J=14.2, 5.2), 3.11 (3H, s), 3.13 (1H, br), 3.33 (3H, s), 3.61 (3H,s), 3.72 (3H, s), 3.75
(1H,t,J=28.8),3.83 (1H, dd, /= 8.8, 5.4), 3.98 (1H, d, J = 5.4), 4.07 (1H, br), 4.60 (1H, d, J = 6.4),
4.63 (1H,d,J=6.4),497 (1H,d, J=10.4),5.05 (1H, d, J=17.8), 5.64 (1H, ddd, J=17.8, 10.4, 8.2);
BC-NMR (100 MHz, CDCls) &: 23.85, 25.77, 32.21, 34.71, 43.36, 52.16, 53.56, 55.17, 61.07, 67.65,
96.50, 115.54, 139.97, 156.83, 172.56; IR (neat): 1456, 1683, 1697, 2927 cm™'; MS (EI): m/z 344;
HRMS (EI): Calcd for C16H2sN206 344.1947, Found 344.1946; [0]p*® -25.0 (¢ 1.00, CHCl5).

(2R.3R.65)-methyl 6-((methoxymethoxy)methyl)-2-(2-oxobut-3-en-1-yl)-3-vinylpiperidine-1-
carboxvlate (105)
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To a stirred solution of 104 (206 mg, 0.60 mmol) in THF (3 mL) was added a solution vinylIMgCl (1.7
M in THF, 0.42 mL, 0.72 mmol) at 0 °C, and the resulting mixture was stirred at 0 °C for 3 h. The
reaction was quenched with sat. NH4Cl (aq.) (3 mL). The layers were separated and the aqueous layer
was extracted with CH>Cl, (3 mL x 3). The organic layer and extracts were combined, dried, and
evaporated to give a colorless oil, which was chromatographed on SiO; (10 g, acetone/n-hexane =
1/10) to give 105 (186 mg, 0.60 mmol, 100%) as a colorless oil.

"H-NMR (400 MHz, CDCI3) §: 1.58 (1H, quin, J = 8.0), 1.69-1.71 (3H, m), 2.29 (1H, ddd, J = 16.8,
7.8, 5.6), 2.84 (1H, dd, J = 16.8, 5.6), 3.35 (3H, s), 3.38 (1H, br), 3.73 (1H, dd, J = 10.0, 7.8), 3.82
(1H, dd, J=10.0, 5.6), 3.90 (1H, dd, J=13.2, 5.6), 4.21 (1H, br), 4.62 (1H, d, /= 6.8), 4.66 (1H, d, J
=6.8),4.97 (1H, d, J=9.8), 5.05 (1H, d, J = 17.8), 5.57 (1H, ddd, 17.8, 9.8, 7.8), 5.76 (1H, d, J =
10.8), 6.20 (1H, d, J = 17.6), 6.32 (1H, dd, J = 17.6, 10.8); *C-NMR (100 MHz, CDCls) &: 24.11,
26.36,42.45,44.41, 52.36, 52.58, 53.76, 55.37, 67.30, 96.68, 116.16, 127.95, 136.65, 139.87, 156.91,
198.29; IR (neat): 918, 1045, 1109, 1402, 1448, 1703,2932 cm™'; MS (EI): m/z 311; HRMS (EI): Calcd
for C16H25NOs 311.1733; Found 311.1724; [a]p® -17.3 (¢ 1.00, CHCI3).

(25.4aR.8aR)-methyl  2-((methoxymethoxy)methyl)-7-0x0-2.3.4.4a.8.8a-hexahydroquinoline-1
(7H)-carboxylate (106)

To a stirred solution of 105 (137 mg, 0.44 mmol) in CH>Cl, (10 mL) was added 2™ generation Grubbs
catalyst (19 mg, 0.02 mmol) at room temperature, and the resulting mixture was stirred at room

temperature for 16 h. The solvent was evaporated to give a black oil, which was chromatographed on
Si02 (15 g, n-hexane/acetone = 7/1) to give 106 (125 mg, 0.44 mmol, 100%) as a yellow oil.
'H-NMR (400 MHz, CDCls) &: 1.48 (1H, qd J=12.8, 5.6), 1.77-1.96 (3H, m), 1.92 (1H, ddd, J=17.2,
7.6, 3.6) 2.49 (1H, t, J=10.2), 3.07 (1H, d, J = 14.0), 3.33 (3H, s), 3.38 (1H, t, J = 14.0), 3.40-3.45
(1H, m), 3.61 (1H, dd, J=10.2, 6.8), 3.67 (3H, s), 3.73 (1H, dd, J = 10.2, 7.6), 4.58 (1H, d, J = 6.4),
4.61 (1H, d, J = 6.4), 4.59-4.65 (1H, m), 5.98 (1H, dd, J=9.8, 2.0), 6.574 (1H, dd, J = 9.8, 2.0); 1*C-
NMR (100 MHz, CDCl3) &: 25.84, 26.39, 39.69, 43.51, 52.39, 52.81, 54.57, 55.34, 65.41, 96.25,
129.07, 151.68, 156.76, 199.01; IR (neat): 766, 916, 1111, 1447, 1682, 1703, 2930 cm™'; MS (EI): m/z
283; HRMS (EI): Caled for C14H21NOs 283.1420, Found 283.1420; [a]p?® +56.0 (¢ 1.00, CHCl5).

(2S.4aR.5R.8aR)-methyl 2-((methoxymethoxy)methyl)-5-methyl-7-oxooctahydroquinoline-
1(2H)-carboxylate (107)

To a stirred suspension of Cul (192 mg, 1.01 mmol) in Et;O (5 mL) was added a solution of MeLi
(1.17 M in Et2O, 1.72 mL, 2.01 mmol) at -78 °C, and the reaction mixture was warmed to 0 °C for 30

min. The resulting suspension was re-cooled to -78 °C, and a solution of 106 (60 mg, 0.20 mmol) in

Et20O (3 mL) was added to the reaction mixture at -78 °C, and the resulting mixture was gradually

warmed to 0 °C. The reaction was quenched with sat. NH4Cl (aq) (3 mL), and the organic layer was

separated. The aqueous layer was extracted with CH>Cl> (2 mL x 3), and the organic layer and extracts

were combined, dried, and evaporated to give a colorless oil, which was chromatographed on Si0O2 (15
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g, EtOAc/n-hexane = 1/20 - 1/10) to give 107 (46 mg, 0.16 mmol, 78%) as pale yellow oil and 108 (9
mg, 0.03 mmol, 15%) as pale yellow oil, respectively.

39a: 'H-NMR (400 MHz, CDCl3) &: 0.88 (3H, d, J = 7.6), 1.58-1.64 (2H, m), 1.76-1.81 (2H, m), 2.01-
2.09 (1H, m), 2.16-2.22 (1H, m), 2.24 (1H, dt, /= 14.0, 2.0) , 2.60 (1H, dd, J = 14.0, 5.8), 2.22-3.18
(2H, m), 3.35 (3H, s), 3.52 (1H, td, J=11.2, 5.8), 3.58 (1H, dd, J = 10.0, 6.8), 3.66 (3H, s), 3.66 (1H,
dd, J=10.0, 6.8), 4.39 (1H, ddd, J = 11.6, 5.8, 4.8), 4.59 (1H, d, J = 6.4), 4.61 (1H, d, J = 6.4); 1*C-
NMR (100 MHz, CDCI3) o: 13.93,23.42,25.05,33.17,41.34,46.67,48.62, 51.35, 52.15, 53.16, 55.20,
66.59, 96.24, 157.51, 209.64; IR (neat): 918, 1109, 1302, 1443, 1705, 2934 cm™'; MS (EI): m/z 299;
HRMS (EI): Calcd for C1sH2sNOs 299.1733, Found 299.1732; [a]p** +5.9 (¢ 1.00, CHCI3).

(25.4aR.5R.8aR)-methyl 2-((methoxymethoxy)methyl)-5-methyloctahydroquinoline-1(2H)-
carboxylate (108)

To a stirred solution of 107 (45 mg, 0.15 mmol) in CH>Cl; (3 mL) and MeOH (0.3 mL) was added
NaBH4 (11 mg, 0.30 mmol) at 0 °C, and the resulting mixture was stirred at room temperature for 1 h.

The reaction was quenched with sat. NH4ClI (aq) (2 mL), and the aqueous mixture was extracted with
CH>Cl> (2 mL x 3). The organic extracts were combined, dried, and evaporated to give a colorless oil,
which was used directly in the next step. To a stirred solution of the above alcohol in 1,2-dichloroethane
(3 mL) was added 1,1-thiocarbonyldiimidazole (107 mg, 0.60 mmol) at room temperature. The
resulting mixture was refluxed for 15 h. After cooling, the solvent was evaporated to give a yellow
paste, which was used directly in the next step. To a stirred solution of the above
thiocarbonylimidazolate in toluene (5 mL) was added n-BuzSnH (0.16 mL, 0.60 mmol) at room
temperature, and then the resulting mixture was refluxed for 12 h. The solvent was evaporated and the
residue was diluted with MeCN. The MeCN layer was washed with hexane and evaporated to give a
colorless oil, which was chromatographed on SiO2 (10 g, CH2Cl2/n-hexane = 1/1) to give 108 (30 mg,
0.11 mmol, 71% in 3 steps) as a colorless oil.

"H-NMR (400 MHz, CDCls) &: 0.90 (3H, d, J=7.2), 1.17-1.76 (10H, m), 1.82-1.91 (1H, br), 2.43 (1H,
dd,J=12.8,3.2),3.22 (1H, td, J=11.2, 3.2), 3.34 (3H, s), 3.58 (1H, dd, J = 10.0, 6.5), 3.62 (3H, s),
3.68 (1H, dd, J = 10.0, 6.5), 4.26 (1H, quin, J = 6.5), 4.59 (1H, d, J = 6.8), 4.61 (1H, d, J = 6.8); 1*C-
NMR (100 MHz, CDCl3) 8: 13.19, 20.79, 23.94, 25.45,32.07, 33.09, 33.73,42.86, 51.89, 53.12, 53.31,
55.17,67.13,96.31, 157.74; IR (neat): 918, 1111, 1277, 1443, 1645, 1711, 2876, 2926 cm™'; MS (EI):
m/z 285; HRMS (EI): Calcd for CisH27NO4 285.1940, Found 285.1940; [a]p* -28.8 (¢ 1.00, CHCls).

(2S.4aR.5R.8aR)-methyl 2-(hydroxymethylD)-5-methyloctahydroquinoline-1(2H)-carboxvlate
109
To a solution of Nal (63 mg, 0.42 mmol) in CH>Cl, (1 mL) was added TMSCI (0.42 mL, 0.42 mmol),

and the resulting mixture was stirred at room temperature for 15 min. To a solution of 108 (60 mg,

0.21 mmol) in CH2Cl, was transferred a solution of TMSI, prepared above, via a cannula, and then
stirred at room temperature for 1 h. The reaction was quenched with 10% Na>S>0; in sat. NaHCOs3
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(aq.) (3 mL), and aqueous mixture was extracted with CH2Cl, (2 mL x 5). The organic extracts were
combined, dried, and evaporated to give pale yellow oil, which was chromatographed on SiO> (10 g,
acetone/n-hexane = 1/5) to give 109 (32 mg, 0.13 mmol, 63%) as a colorless oil.

"H-NMR (400 MHz, CDCI3) &: 0.87 (3H, d, J = 7.2), 1.24-2.00 (12H, m), 3.39-3.45 (1H, m), 3.67-
3.85 (7H, m); *C-NMR (100 MHz, CDCls) &: 12.51, 20.60, 23.76, 25.10, 31.70, 32.86, 33.32, 41.33,
52.28, 54.49, 55.16, 62.89, 157.46; IR (neat): 918, 1111, 1277, 1443, 1645, 1711, 2876, 2926 cm™';
MS (EI): m/z 285; HRMS (EI): Calcd for C1sH27NO4 285.1940, Found 285.1940; [a]p*® -84.7 (c 1.00,
CHCl).

(2R.4aR.5R.8aR)-methyl 2-heptyl-5-methyloctahydroquinoline-1(2H)-carboxylate (110)

To a stirred solution of DMSO (0.05 mL, 0.72 mmol) in CH>Cl» (3 mL) was added (COCI); (0.03 mL,
0.36 mmol) at -78 °C for 15 min, and then a solution of 109 (29 mg, 0.12 mmol) in CH2Cl, (1.5 mL)
was added to the reaction mixture at -78 °C. The reaction mixture was stirred at -78 °C for 1 h, and
then Et3N (0.15 mL, 1.08 mmol) was added to the reaction mixture at -78 °C. The resulting mixture

was gradually warmed to 0 °C. The reaction was quenched with H>O, and the organic layer was
separated. The aqueous layer was extracted with CH2Cl; (2 mL x 5). The organic layer and extracts
were combined, washed with brine, 10% HCI (aq.), and brine, successively, dried over Na>SOs, and
evaporated to give a yellow oil, which was used directly in the next step. To a stirred solution of
HexPPh3Br (205 mg, 0.48 mmol) in THF (3 mL) was added n-BuLi (1.6M in hexane, 0.26 mL, 0.42
mmol) at 0 °C, and the reaction mixture was stirred at 0 °C for 5 min. To the solution was added a
solution of the above aldehyde in THF (1.5 mL) at 0 °C, and the resulting mixture was stirred at room
temperature for 15 h. The reaction was quenched with sat. NH4Cl (aq.), and the organic layer was
separated. The aqueous layer was extracted with CH2Cl2 (2 mL x 5). The organic layer and extracts
were combined, dried over Na>SOs, and evaporated to give a yellow paste, which was passed through
a thin celite pad and washed with Et;O (2 mL x 5). The filtrate and washings were combined and
evaporated to give a yellow oil, which was used directly in the next step. To a stirred solution of the
above olefin in EtOAc (5 mL) was added 10% Pd/C (3 mg), and the resulting mixture was
hydrogenated at 1 atm for 24 h. The catalyst was removed through a celite pad and washed with EtOAc
(2 mL x 5). The filtrate and washings were combined and evaporated to give a yellow oil, which was
chromatographed on SiO> (5 g, EtOAc/n-hexane = 1/5) to give 110 (25 mg, 0.08 mmol, 68% in 3 steps)
as pale yellow oil.

"H-NMR (400 MHz CDCls) &: 0.88 (3H, t, J = 6.6), 0.92 (3H, d, J = 6.8), 1.27-1.35 (12H, m), 1.37-
1.70 (9H, m), 1.85 (1H, quin, J = 3.2), 2.01 (1H, qd, /= 12.0, 3.2), 2.24 (1H, dd, /= 13.2, 3.2), 3.14
(1H, td, J = 12.0, 3.2), 3.61 (3H, s), 4.12-4.18 (1H, m);'*C-NMR (100 MHz, CDCl;) &: 13.56, 14.08,
20.95,22.65,23.97,26.27,28.01, 29.47, 30.85, 31.82,31.94, 33.30, 33.54,42.61, 51.69, 52.21, 54.24,
157.54; IR (neat): 1089, 1247, 1446, 1712, 2856, 2925 cm™'; MS (EI): m/z 309; HRMS (EI): Calcd for
Ci5sH27NO4 309.2668, Found 309.2662; [a]p? -12.4 (¢ 1.00, CHCl5).
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(2R.4aR.5R.8aR)-2-heptyl-5-methyldecahydroquinoline (trans-251A)

To a stirred solution of 110 (24 mg, 0.08 mmol) in CHCI3 (3 mL) was added Nal (99 mg, 0.66 mmol)
and TMSCI (0.05 mL, 0.42 mmol), and the resulting mixture was heated to 50 °C for 24 h. After
cooling, the reaction was quenched with 10% Na>S>0; in sat. NaHCOs3 (aq.) (3 mL), and aqueous

mixture was extracted with CH2Cl, (2 mL x 10). The organic extracts were combined, dried, and
evaporated to give pale yellow oil, which was chromatographed on SiO (3 g, MeOH/CH,Cl, = 1/20)
to give trans-251A (16 mg, 0.07 mmol, 84%) as pale yellow oil.

"H-NMR (400 MHz, CDCl3) &: 0.88 (3H, t, J = 6.6), 0.89 (3H, d, J = 6.6), 1.25-1.37 (14H, m), 1.48-
1.62 (6H, m), 1.68-1.78 (2H, m), 1.83-1.97 (3H, m), 2.86 (1H, t, J = 10.8), 3.20 (1H, s); *C-NMR
(100 MHz, CDCl3) 8: 13.48, 14.09, 19.72,22.66, 23.68, 26.93,29.32,29.66, 30.65, 31.83, 32.49, 33.42,
34.43, 45.70, 47.66, 52.42; IR (neat): 2854, 2923, 3059, 3665 cm™'; MS (EI): m/z 251; HRMS (EI):
Calcd for C17H33N 251.2613, Found 251.2613; [a]p® -3.2 (c 0.80, CHCI5).

FHUE

1.2-O-Isopropvlidene-D-arabinofuranose (143)

To a suspension of D-arabinofuranose 140 (15 g, 0.1 mmol), imidazole (10.3 g, 0.15 mol) in DMF
(700 mL) was gradually added a solution of tert-butyldiphenylsilyl chloride (TBDPSCI, 39.3 mL, 0.15
mol) at 0 °C. After being stirred at 0 °C for 2 h, the resulting suspension turned into clear solution,
which was further stirred at room temprature for another 5 h. The reaction mixture was poured into
ice-cooled water (3500 mL), and the resulting mixture was divided into two parts. Each part was
extracted with diethyl ether (1x300 mL, 2x200 mL, 4x100 mL,). The extract was washed with brine
and condensed to give a pale yellow oil (55 g), which on trituration with n-hexane (3x100 mL, 1x50
mL) gave 5-O-tert-butyldiphenylsilyl-D-arabinofuranose (141, 39 g) as a pale yellow oil, which was
used in the next step without further purification.

To a mixture of the oil (34.1 g) and anhydrous cupper (I1) sulfate (15 g, 0.88 mmol), and acetone
(300 mL) was added concentrated H>SO4 (1 mL) at room temperature, and the mixture was stirred at
room temperature for 3 h. The resulting mixture was filtered into aqueous NaHCOj3 solution (200 mL)
to quench the reaction. The deposited precipitate was filter off, and washed with acetone. To remove
excess acetone, the combined filtrate and washings were evaporated at reduced pressure, and the
aqueous residue was extracted with diethyl ether (1200 mL, 2x50 mL). The extract was washed with
brine and condensed to give 5-O-tert-butyldiphenylsilyl -1,2-O-isopropylidene-D-arabinofuranose
(142, 40 g) as a pale yellow oil, which was used in the next step without purification.

A mixture of the oil (40 g), 1 M solution of TBAF in THF (100 mL), and water (3 mL) was stirred
at room temperature for 2.5 h, and the resulting mixture was condensed in vacuo. The residue was
purified by means of column chromatography (n-hexane—acetone, 30/1—10/1—2/1) to give the title
compound (143, 10.6 g, 56%) as a colorless prisms. Mp. 111.5-112.5 °C (from dichloromethane), 'H
NMR (500 MHz, CDCI3) &: 1.34/1.53 [each 3H, s, C(CH;3)2], 2.38 (1H, br dd, J = ca. 5.9, 2.1, OH),
2.52 (1H,d, J=4.0, OH), 3.75 (1H, ddd, /= 11.3, 5.9, 5.3, H-5a), 3.81 (H, ddd, J=11.3, 7.3, 2.1, H-
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5b), 4.10 (1H, ddd, J=7.3, 5.3, 2.7, H-4), 4.26 (1H, br dd, J = ca. 4.0, 2.7, H-3), 4.59 (1H, d, J= 4.2,
H-2),5.95 (1H, d, J=4.2, H-1). 3C NMR (125 MHz, CDCl:) &. 26.1/26.9 [C(CHs)2], 62.4 (C-5), 75.8
(C-3), 87.2 (C-2), 87.9 (C-4), 105.5 (C-1), 112.8 [C(CH)a].

1,2-O-Isopropylidene-3.5-di-O-(p-methoxybenzyl)-D-arabinofuranose (144).

A solution of 143 (5.7 g, 30 mmol) in dry DMF (50 mL) was added to a mixture of p-methoxybenzyl
chloride (10 mL, 74 mmol), sodium hydride (3.6 g, 90 mmol, 60% in mineral oil), and dry DMF (50
mL) at 0 °C. After being stirred at room temperature for another 2 h, the reaction mixture was poured
into ice-cooled water (500 mL), and extracted with diethyl ether (1300 mL, 5 x 50 mL). The extract

was washed with brine and condensed to give a pale yellow oil (16.1 g), which on column

chromatography (n-hexane—ethyl acetate, 5:1) gave the title compound 144 (12.1 g, 94%) as a pale
yellow oil. [o]p* +9.4 (¢ = 1.02, CHCl3). IR (neat): 1614, 1516, 1456, 1373, 1301, 1248, 1211, 1173,
1094, 1034 cm™'. 'H NMR (500 MHz, CDCl;3) &: 1.32/1.44 [each 3H, s, C(CH3),], 3.58/3.60 (each 1H,
dd-like, J = 10.0, 6.3, H-5a and H-5b), 3.798/3.803 (each 3H, s, OCHs), 3.98 (1H, d, J = 3.0, H-3),
4.23 (1H, td, J= 6.3, 3.0, H-4), 4.47/4.50 (each 1H, d, J = 11.5, CH.PMP), 4.48/4.52 (each 1H, d, J =
11.5, CH.PMP), 4.62 (1H, d, J=4.0, H-2), 5.88 (1H, d, /= 4.0, H-1), 6.83-6.89 (4H, m, arom.), 7.21—
7.25 (4H, m arom.). *C NMR (125 MHz, CDCl;) &: 26.3/27.0 [C(CH3).], 55.2 (2xC, OCH3), 69.7 (C-
5), 71.3/72.9 (CH,PMP), 82.6 (C-3), 83.5 (C-4), 85.2 (C-2), 105.7 (C-1), 112.6 [C(CH3)2],
113.7/113.8/129.3/129.5 (d, arom.), 129.3/130.1/159.2/159.3 (s, arom.). HRMS (ESI) m/z: [M+Na]"
Calcd for C24H3007Na 453.1884; Found 453.1888.

3.5-Di-O-(p-methoxybenzyl)-D-arabinofuranose (145).
A mixture of 144 (11.8 g, 27.4 mmol), 10% aqueous sulfuric acid (60 mL), and 1,4-dioxane (200 mL)
was heated at 45 °C for 6 h, and the resulting mixture was further heated at 55 °C for another 1.5 h.

After being cooled, the reaction mixture was poured into aqueous sodium hydrogen carbonate (300
mL), and extracted with ethyl acetate (3100 mL). The extract was washed with brine, and condensed
to give a pale yellow oil (11.4 g), which on column chromatography (n-hexane—ethyl acetate, 2:1—1:1)
gave an anomeric mixture (o/f = ca. 1/1) of the title compound (145, 7.9 g, 74%) as a colorless viscous
oil, which solidified on standing at room temperature. Waxy solid. Mp 53-56 °C. IR (neat): 3399, 1612,
1516, 1456, 1304, 1250, 1174, 1078, 1031 cm’’. 'H NMR (500 MHz, CDCls) & 3.46 (0.5H, dd, J =
10.3, 2.2, H-5a), 3.50 (0.5H, dd, J=10.4, 1.9, H-5a), 3.54 (0.5H, d, /= 10.3, OH), 3.62 (0.5H, d, J =
11.0, OH), 3.63 (0.5H, dd, J = 10.3, 2.0, H-5b), 3.66 (0.5H, dd, J = 10.4, 2.3, H-5b),
3.805/3.807/3.808/3.810 (each 1.5H, s, OCHs3), 3.89 (0.5H, br s-like, H-3), 3.94 (0.5H, br dd, J =34,
3.0, H-3), 4.00 (0.5H, ddd, J=10.3, 3.6, 3.4, H-2), 4.05 (0.5H, d, /= 10.7, OH), 4.07 (0.5H, d, J =
10.6, H-2), 4.09 (0.5H, ddd, J=3.0, 2.2, 2.0, H-4), 4.15 (0.5H, d, J = 11.6, OH), 4.38 (0.5H, br dd, J
=23, 1.9, H-4), 4.42/4.56 (each 0.5H, d, J = 11.4, CH.PMP), 4.44-4.48/4.54-4.63 (each 2H, m,
CH>PMP), 5.22 (0.5H, br d, J = 11.0, H-1), 5.28 (0.5H, dd, J = 10.7, 3.6, H-1), 6.85-6.91 (4H, m,
arom.), 7.18=7.25 (4H, m, arom.). "*C NMR (125 MHz, CDCl;) & 55.23/55.25 (OCH3), 69.1/69.9 (C-
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5), 71.5/71.9/73.4/73.5 (CH,PMP), 75.6/76.3 (C-2), 81.4/83.4 (C-4), 83.3/84.3 (C-3), 97.9/104.1 (C-
1), 113.8/113.95/113.97/113.98/129.4/129.58(2xC)/129.65 (d, arom.), 128.49/128.52/128.7/129.53 (s,
arom.), 159.3/159.53/159.55/159.58 (s, arom.). HRMS (ESI) m/z: [M+Na]" Calcd for C21H2607Na
413.1571; Found 413.1570.

Preparation of (2R,35,4R)-1,3-di-O-(p-methoxybenzyl)alkane-1,2,3,4-tetraol (147a-d)

(2R ,35,4R)-1,3-di-O-(p-methoxybenzyloxy)heptane-2,4-diol (139a). Under argon atmosphere, a 1.6
M solution of n-butyl lithium in hexane (2.0 mL, 3.2 mmoL) was added dropwise to a suspension of
ethyltriphenylphosphonium bromide (1.18 g, 3.1 mmol) in dry THF (20 mL) at 0 °C, and the mixture
was stirred for 0.5 h. At that temperature, a solution of 145 (300 mg, 0.77 mmol) in dry THF (5 mL)
added, and the resulting mixture was stirred at room temperature for 1.5 h. After the reaction was
quenched with ice-cooled aqueous ammonium chloride (100 mL), the resulting mixture was extracted
with diethyl ether (1x50 mL, 2x20 mL). The extract was washed with brine and evaporated to give a
pale yellow oil (980 mg), which on column chromatography (n-hexane—ethyl acetate, 10:1—5:1), gave
a ca. 3:1 mixture of (2R,35,4R,57)- and (2R,3S,4R,5E)-1,3-di-O-(p-methoxybenzyl)hept-5-ene-
1,2,3,4-tetraol (Z- and E-139a, 262 mg, 85%) as a colorless oil.

The oil (250 mg, 0.50 mmol) was hydrogenated in the presence of 28% aqueous ammonia (10 pL)
in methanol (3 mL) over 10% palladium-on-carbon (60 mg) for 15 min. The catalysts were filtered off
and washed with methanol. The combined filtrate and the washings were condensed to give a
practically pure title compound 147a (246 mg, 98%) as a colorless oil, which was used in the next step
without purification. [a]p?® +13.2 (¢ = 0.21, CHCl3). IR (neat): 3426, 1613, 1514, 1464, 1302, 1248,
1175, 1078, 1034 cm™. '"H NMR (500 MHz, CDCls) & 0.91 (3H, t, J= 7.2, H-7), 1.28-1.37 (1H, m,
H-6a), 1.43-1.58 (3H, m, H-5 and H-6b), 3.41 (1H, dd, J = 6.6, 2.6, H-3), 3.57 (1H, dd, J=9.7, 6.0,
H-1a), 3.61 (1H, dd, J = 9.7, 4.0, H-1b), 3.75-3.79 (1H, m, H-4), 3.802/3.804 (each 3H, s, OCH3),
3.99 (1H, ddd, J = 6.6, 6.0, 4.0, H-2), 4.45/4.49 (each 1H, d, /= 11.5, CH,PMP), 4.49/4.53 (each 1H,
d, J=10.9, CH,PMP), 6.86/6.88 (each 1H, d-like, J= 8.9, arom.), 7.18/7.25 (each 1H, d-like, J = 8.9,
arom.), 3C NMR (125 MHz, CDCls) &: 14.0 (C-7), 19.2 (C-6), 35.9 (C-5), 55.3 (2xC, OCH3), 70.7
(C-1, C-2), 70.9 (C-4), 73.1/73.3 (CH2PMP), 79.7 (C-3), 113.79/113.85/129.6/129.7 (d, arom.),
129.8/130.1/159.4(2xC) (s, arom.). HRMS (FAB) m/z: [M+Na]" Calcd for C23H3206Na 427.2097;
Found 427.2113.

(2R,3S,4R)-1,3-Di-O-(p-methoxybenzyloxy)decane-2,4-diol (147b). Following the method similar
to that used for the preparation of 147a, D-arabinose derivative 145 (300 mg, 0.77 mmol) was treated
with pentylidenetriphenylphosphorane, which was prepared from pentyltriphenylphosphonium
bromide (1.27 g, 3.1 mmol). Work-up gave a pale yellow oil (740 mg), which on column
chromatography (n-hexane—ethyl acetate, 10:1—5:1) gave a ca. 3:1 mixture of (2R,35,4R,57)- and
(2R,3S,4R,5F)-1,3-di-O-(p-methoxybenzyloxy)dec-5-ene-1,2,3,4-tetraol (Z- and E-139b, 266 mg,
78%). The olefin mixture (220 mg) was then hydrogenated over the ammonia poisoning palladium
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catalyst. Work-up gave the title compound 147b (216 mg, 98%) as a colorless oil. [o]p*® +19.8 (c =
0.59, CHCI). IR (neat): 3404, 1614, 1587, 1516, 1508, 1456, 1302, 1246, 1175, 1058, 1038, 1032 cm"
. TH NMR (500 MHz, CDCls) &: 0.88 (3H, t, J= 7.2, H-10), 1.21-1.35 (7H, m, H-6a, H-7, H-8 and
H-9), 1.41-1.57 (3H, m, H-5 and H-6b), 2.15 (1H, d, /= 8.3, OH), 2.82 (1H, d, /= 5.0, OH), 3.41 (1H,
dd, J=6.7,2.6,H-3),3.57 (1H, dd, J=9.6, 5.7, H-1a), 3.61 (1H, dd, J= 9.6, 4.0, H-1b), 3.75 (1H, m,
H-4), 3.801/3.804 (each 1H, s, OCH3), 4.00 (1H, dddd-like, J = ca. 6.7, 5.7, 5.0, 4.0, H-2), 4.45/4.49
(each 1H, d, J = 11.5, CH.PMP), 4.48/4.53 (each 1H, d, J = 11.0, CH,PMP), 6.85/6.88 (each 1H, d-
like, J = 8.6, arom.), 7.18/7.25 (each 1H, d-like, J = 8.6, arom.). *C NMR (125 MHz, CDCls) &: 14.1
(C-10), 22.6 (C-9), 25.9 (C-6), 29.3/31.8 (C-7, C-8), 33.8 (C-5), 55.3(2xC, OCH3), 70.68 (C-2), 70.70
(C-1), 71.2 (C-4), 73.1/73.3 (CH2PMP), 79.5 (C-3), 113.77/113.83/129.6/129.7 (d, arom.),
129.9/130.1/159.4(2xC) (s, arom.). HRMS (FAB) m/z: [M+Na]" Calcd for C26H3s06Na 469.2566;
Found 469.2578.

(2R,3S5,4R)-1,3-Di-O-(p-methoxybenzyloxy)dodecane-2,4-diol (147¢). Following the method
similar to that used for the preparation of 147a, D-arabinose derivative 145 (500 mg, 1.28 mmol) was
treated with heptylidenetriphenylphosphorane, prepared from heptyltriphenylphosphonium bromide
(2.26 g, 5.1 mmol). Work-up gave a pale yellow oil (1.26 g), which on column chromatography (n-
hexane—ethyl acetate, 5:1) gave a ca. 4:1 mixture of (2R,3S5,4R,57)- and (2R,3S,4R,5E)-1,3-di-O-(p-
methoxybenzyl)dodec-5-ene-1,2,3,4-tetraol (Z- and E-139¢, 486 mg, 80%). The olefin mixture (466
mg) was then hydrogenated over the ammonia poisoning palladium catalyst. Work-up gave the title
compound 147¢ (454 mg, 97%) as a colorless oil. [a]p?® +14.5 (¢ = 0.55, CHCI3). IR (neat): 3323,
1616, 1559, 1514, 1301, 1247, 1171, 1090, 1036 cm™'. 'TH NMR (500 MHz, CDCls) & 0.88 (3H, t, J =
7.2, H-12), 1.22-1.32 (11H, m, H-6a, H-7, H-8, H-9, H-10 and H-11), 1.42-1.57 (3H, m, H-5 and H-
6b), 3.41 (1H, dd, J = 6.9, 2.6, H-3), 3.57 (1H, dd, /= 9.7, 5.7, H-1a), 3.61 (1H, dd, J = 9.7, 4.0, H-
1b), 3.73-3.77 (1H, m, H-4), 3.802/3.806 (each 3H, s, OCH3), 4.00 (1H, ddd, /= 6.9, 5.7, 4.0, H-2),
4.45/4.50 (each 1H, d, J=11.5, CH,PMP), 4.49/4.53 (each 1H, d, J=10.9, CH,PMP), 6.85/6.89 (each
1H, d-like, J = 8.6, arom.), 7.18/7.25 (each 1H, d-like, J = 8.6, arom.). '*C NMR (125 MHz, CDCls)
0. 14.1 (C-12),22.6 (C-11), 26.0 (C-6), 29.3/29.56/29.64/31.9 (C-7, C-8, C-9, C-10), 33.8 (C-5), 55.3

(2 X C) (OCHs), 70.70 (C-1), 70.72 (C-2), 71.2 (C-4), 73.1/73.3 (CH.PMP), 79.6 (C-3),

113.8/113.9/129.6/129.7 (d, arom.), 129.8/130.1/159.4(2C) (s, arom.). HRMS (FAB) m/z: [M+Na]"
Calcd for C2sH4:0O6¢Na 497.2879; Found 497.2884.

(2R,3S5,4R)-1,3-Di-O-(p-methoxybenzyloxy)tetradecane-2,4-diol (147d). Following the method

similar to that used for the preparation of 147a, D-arabinose derivative 145 (200 mg, 0.51 mmol) was

treated with nonylidenetriphenylphosphorane, prepared from nonyltriphenylphosphonium bromide

(0.96 g, 2.0 mmol). Work-up gave a pale yellow oil (529 mg), which on column chromatography (n-

hexane—ethyl acetate, 5:1) gave a ca. 6:1 mixture of (2R,35,4R,57)- and (2R,3S,4R,5F)-1,3-di-O-(p-
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methoxybenzyl)tetradec-5-ene-1,2,3,4-tetraol (Z- and E-139d, 202 mg, 79%). The olefin mixture (184
mg) was hydrogenated over the ammonia poisoning palladium catalyst. Work-up gave the title
compound 147d (177 mg, 96%) as a colorless oil. [a]p?® +12.2 (¢ = 0.51, CHCl3). IR (neat): 3377,
1613, 1514, 1456, 1250, 1173, 1090, 1065, 1032 cm™'. 'TH NMR (700 MHz, CDCls) & 0.88 (3H, t, J =
7.1, H-14), 1.23-1.33 (15H, m, H-6a, H-7, H-8, H-9, H-10, H-11, H-12 and H-13), 1.43-1.58 (3H, m,
H-5 and H-6b), 3.41 (1H, dd, /= 6.6, 2.6, H-3),3.57 (1H, dd, /= 9.6, 6.0, H-1a), 3.61 (1H, dd, J=9.6,
3.8, H-1b), 3.75 (1H, ddd, J = 8.4, 4.4, 2.6 H-4), 3.801/3.805 (each 3H, s, OCH3), 4.00 (1H, ddd, J =
6.6, 6.0, 3.8, H-2), 4.46/4.49 (each 1H, d, J = 11.6, CH,PMP), 4.49/4.53 (each 1H, d, J = 11.0,
CH-PMP), 6.86/6.88 (each 1H, d-like, J = 8.6, arom.), 7.18/7.25 (each 1H, d-like, J = 8.6, arom.). 1*C
NMR (175 MHz, CDCl3) &: 14.1 (C-14), 22.7 (C-13), 26.0 (C-6), 29.3/29.61/29.63(2C)/29.7/31.9 (C-

7,C-8, C-9, C-10, C-11, C-12), 33.8 (C-5), 55.3(2 X C, OCH3), 70.7 (C-1, C-2), 71.2 (C-4), 73.1/73.3

(CH,PMP), 79.6 (C-3), 113.82/113.88/129.6/129.7 (d, arom.), 129.9/130.1/159.4(2 X C) (s, arom.).

HRMS (FAB) m/z: [M+Na]" Caled for C30Ha606Na 525.3192; Found 525.3202.

Preparation of (2R,35,4R)-2,4-di-O-benzyloxyalkane-1,3-diol (149a—d)
(2R,3S5,4R)-2,4-Di-O-benzyloxyheptane-1,3-diol (148a). A solution of 147 (125 mg, 0.31 mmol) in
dry DMF (2 mL) was added to a mixture of benzyl bromide (81 ul, 0.68 mmol), sodium hydride (37
mg, 0.93 mmol, 60% in mineral oil), and dry DMF (1 mL) at 0 °C. After being stirred at room
temperature for 2 h, the reaction mixture was poured into ice-cooled water (20 mL) and extracted with
a mixture of n-hexane—diethyl ether (1:2, 3x20 mL). The extract was washed with brine and evaporated
to give (2R,3S5,4R)-2,4-di-O-benzyloxy- 1,3-di-O-(p-methoxybenzyloxy)heptane (148a, 230 mg) as a
pale yellow oil. The oil was then treated with 90% aqueous trifluoroacetic acid (2.8 mL) at room
temperature for 30 min. After the reaction mixture was poured into aqueous NaHCOs3 (30 mL), the
resulting mixture was extracted with chloroform (3%x10 mL). The extract was washed with brine and
evaporated to give a pale yellow oil (224 mg), which on column chromatography (chloroform) gave
the title compound 149a (85 mg, 80 % from 147a) as a colorless oil. [a]p®® —68.3 (¢ = 0.36, CHCI;).
IR (neat): 3422, 1497, 1454, 1396, 1338, 1247, 1094, 1059 cm™'. 'H NMR (500 MHz, CDCls) & 0.94
(3H, t,J=7.4, H-7), 1.32-1.47 (2H, m, H-6), 1.61-1.73 (2H, m, H-5), 2.35/2.47 (each 1H, br s, OH),
3.47 (1H, dt, J = 8.0, 4.0, H-2), 3.62-3.68 (2H, m, H-3 and H-4), 3.87 (2H, d, J=4.0, H-1), 4.29/4.59
(each 1H, d, J = 11.2, CH>Ph), 4.36/4.59 (each 1H, d, J = 11.5, CH,Ph), 7.25-7.37 (10H, m, arom.).
3C NMR (125 MHz, CDCls) & 14.2 (C-7), 18.7 (C-6), 32.6 (C-5), 61.7 (C-1), 71.7/71.8 (CH,Ph),
72.8 (C-3), 76.9 (C-4), 78.4 (C-2), 127.83/127.87/127.91/127.93/128.4/128.5 (d, arom.), 137.9/138.2
(s, arom.). HRMS (FAB) m/z: [M+Na]" Calcd for C21H2304Na 367.1885; Found 367.1906.
(2R,3S5,4R)-2,4-Dibenzyloxydecane-1,3-diol (149b). Following the method similar to that used for
the preparation of 149a, 147b (198 mg, 0.44 mmol) was benzylated to give (2R,3S,4R)-2,4-di-O-
benzyloxy -1,3-di-O-(p-methoxybenzyloxy)- decane (148b, 380 mg) as a pale yellow oil, which was
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then treated with 90% aqueous trifluoroacetic acid. Work-up and column chromatography gave the
title compound 149b (141 mg, 82% from 147b) as a colorless oil. [a]p*® —38.9 (¢ = 0.45, CHCl3). IR
(neat): 3443, 1496, 1456, 1394, 1338, 1207, 1094, 1063, 1028 cm™'. '"H NMR (700 MHz, CDCls) &
0.89 3H, t,J=7.2, H-10), 1.24-1.38 (8H, m, H-6, H-7, H-8 and H-9), 1.63-1.72 (2H, m, H-5), 2.04
(2H, br s, OH), 3.47 (1H, dt, J = 8.0, 4.4, H-2), 3.63 (1H, ddd, /= 7.2, 5.6, 2.0, H-4), 3.65 (1H, dd, J
= 8.0, 2.0, H-3), 3.87 (2H, d, J = 4.4, H-1), 4.29/4.59 (each 1H, d, J = 11.6, CH>Ph), 4.36/4.59 (each
1H, d, J=11.6, CH,Ph), 7.26-7.35 (10H, m, arom.). *C NMR (175 MHz, CDCls) & 14.1 (C-10), 22.6
(C-9),25.3(C-6)29.4/31.8 (C-7,C-8),30.3 (C-5), 61.7 (C-1), 71.7/71.8 (CH2Ph), 72.8 (C-3), 77.1 (C-
4), 78.5 (C-2), 127.8/127.87/128.89/127.92/128.4/128.5 (d, arom.), 138.0/ 138.2 (s, arom.). HRMS
(FAB) m/z: [M+Na]" Calcd for C24H3404Na 409.2355; Found 409.2368.

(2R,3S5,4R)-2,4-Di-O-benzyloxydodecane-1,3-diol (149c). Following the method similar to that used
for the preparation of 149a, 147¢ (438 mg, 0.92 mmol) was benzylated to give (2R,3S,4R)-2,4-di-O-
benzyloxy -1,3-di-O-(p- methoxybenzyloxy)decane (148¢c, 782 mg) a pale yellow oil, which was then
treated with 90% aqueous trifluoroacetic acid. Work-up and column chromatography gave the title
compound 149¢ (302 mg, 79% from 147¢) as a colorless oil. [o]p** —30.0 (¢ = 0.12, CHCl5). IR (neat):
3435, 1456, 1338, 1251, 1207, 1065, 1028 cm™. 'H NMR (500 MHz, CDCls) &: 0.89 (3H, t, J = 6.9,
H-12), 1.23-1.38 (12H, m, H-6, H-7, H-8, H-9, H-10 and H-11), 1.63—-1.72 (2H, m, H-5), 2.40 (2H, br
s, OH), 3.48 (1H, dt, J = 8.0, 4.0, H-2), 3.63-3.67 (2H, m, H-3 and H-4), 3.87 (2H, d, J = 4.0, H-1),
4.29/4.59 (each 1H, d, J=11.5, CH>Ph), 4.38/4.59 (each 1H, d, J=11.5, CH>Ph), 7.25-7.36 (10H, m,
arom.). 3C NMR (125 MHz, CDCl3) &: 14.1 (C-12), 22.7 (C-11), 25.3 (C-6), 29.3/29.5/29.8/31.9 (C-
7, C-8, C-9, C-10), 30.3 (C-5), 61.7 (C-1), 71.68/71.74 (CH2Ph), 72.8 (C-3), 77.1 (C-4), 78.4 (C-2),
127.8/127.88/127.90/127.92/128.4/128.5 (d, arom.), 137.9/138.2 (s, arom.). HRMS (FAB) m/z:
[M+Na]* Calcd for C26H3304Na 437.2668; Found 437.2653.

(2R,3S5,4R)-2,4-Di-O-benzyloxytetradecane-1,3-diol (149d). Following the method similar to that
used for the preparation of 149a, 147d (150 mg, 0.30 mmol) was benzylated to give (2R,35,4R)-2,4-
di-O-benzyloxy-1,3-di-O-(p- methoxybenzyloxy)tetradecane (148d, 228 mg) as a pale yellow oil,
which was then treated with 90% aqueous trifluoroacetic acid. Work-up and column chromatography
gave the title compound 149d (106 mg, 80% from 147d) as a colorless oil. [o]p> —30.2 (c = 0.45,
CHCls). IR (neat): 3438, 1456, 1338, 1276, 1247, 1094, 1065, 1028 cm™. "TH NMR (400 MHz, CDCl;)
0: 0.89 (3H, t, J= 7.2, H-14), 1.25-1.38 (16H, m, H-6, H-7, H-8, H-9, H-10, H-11, H-12 and H-13),
1.60-1.72 (2H, m, H-5), 2.33 (1H, br s, OH), 2.47 (1H, br d, J = 8.9, OH), 3.47 (1H, dt, J = 8.0, 4.4,
H-2), 3.60-3.70 (2H, m, H-3 and H-4), 3.87 (2H, d, J = 4.4, H-1), 4.29/4.59 (each 1H, d, J = 11.6,
CH,Ph), 4.36/4.59 (each 1H, d, J = 11.6, CH>Ph), 7.27-7.36 (10H, m, arom.), >*C NMR (100 MHz,
CDCl;) & 14.1 (C-14), 22.7 (C-13), 25.4/29.3/29.56/29.60(2xC)/29.8/31.9 (C-6, C-7, C-8, C-9, C-10,
C-11, C-12), 30.3 (C-5), 61.7 (C-1), 71.7/71.8 (CH2Ph), 72.8 (C-3), 77.1 (C-4), 78.5 (C-2),
127.82/127.87/127.89/127.92/128.43/128.49 (d, arom.), 138.0/138.2 (s, arom.). HRMS (FAB) m/z:
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[M+Na]" Calcd for C23H4204Na 465.2981; Found 465.3005.

Preparation of cyclic sulfates (138a—d)

(2R,35,4R)-2,4-Di-O-benzyloxyheptane-1,3-diol 1,3-cyclic sulfate (138a). A solution of freshly
distilled thionyl chloride (34 uL, 0.47 mmol) in dry dichloromethane (1 mL) was added dropwise to a
stirred mixture of 149a (80 mg, 0.23 mmol), triethyl amine (113 pL, 0.81 mol), and dichloromethane
(1 mL) at 0 °C. After being stirred at 0 °C for 30 min, the mixture was poured into ice-cooled and
vigorously stirred aqueous sodium hydrogen carbonate (10 mL) and extracted with dichloromethane.
The extract was washed with brine, and evaporated to give a pale yellow oil (103 mg), which was used
in the next step without purification.

To a well stirred mixture of the oil (103 mg), sodium hydrogen carbonate (70 mg, 0.84 mmol),
carbon tetrachloride (1 mL), acetonitrile (1 mL), and water (1 mL) was added dropwise a brown
mixture of sodium metaperiodate (150 mg, 0.70 mmol), ruthenium chloride n-hydrate (15 mg) and
water (1 mL) at 0 °C. After being stirred at room temperature for 15 min, the reaction was quenched
by the addition of aqueous sodium thiosulfate-sodium hydrogen carbonate (10 ml). The resulting
purple mixture was filtered through celite, and the filtrate was extracted with diethyl ether. The extract
was washed with brine and condensed to give a colorless solid (83.5 mg), which on column
chromatography (n-hexane—ethyl acetate, 10:1) gave the title compound 138a (79 mg, 84 %) as a
colorless oil. [a]p?* —31.3 (¢ = 0.31, CHCl5). IR (neat): 1456, 1404, 1202, 1103, 1064, 1028, 990 cm™
. TH NMR (700 MHz, CDCl) & 0.98 (3H, t, J = 7.4, H-7), 1.32—1.47 (2H, m, H-6), 1.71 (1H, dddd,
J=15.8,11.9,9.8, 6.2, H-5a), 1.83 (1H, dddd, J = 15.8, 11.0, 5.8, 5.8, H-5b), 3.86 (1H, ddd, /=9.8,
5.8, 2.0, H-4), 4.20 (1H, ddd, J = 10.0, 9.4, 5.2, H-2), 4.30 (1H, dd, J = 11.1, 5.2, H-1eq), 4.34/4.42
(each 1H, d, J = 11.4, CH>Ph), 4.38/4.70 (each 1H, d, J = 11.6, CH>Ph), 4.40 (1H, dd, /= 11.1, 10.0,
H-1ax), 4.67 (1H, dd, J = 9.4, 2.0, H-3), 7.14-7.38 (10H, m, arom.). '*C NMR (175 MHz, CDCl;) &
14.1 (C-7), 18.5 (C-6), 30.5 (C-5), 67.2 (C-2), 71.2/73.2 (CH2Ph), 71.8 (C-1), 74.6 (C-4), 85.7 (C-3),
127.8/127.91/127.93/128.5/128.6/128.7 (d, arom.), 136.7/137.9 (s, arom.). HRMS (FAB) m/z:
[M+Na]" Calcd for C21H2606SNa 429.1348; Found 429.1351.

(2R,3S5,4R)-2,4-Di-O-benzyloxydecane-1,3-diol 1,3-cyclic sulfate (138b). Following the method
similar to that used for the preparation of 138a, cyclic sulfate formation reaction of (123 mg, 0.32
mmol) was carried out. Work-up and column chromatography gave the title compound 138b (122 mg,
85%) as a colorless oil. [a]p®® —27.6 (¢ = 0.34, CHCl5). IR (neat): 1456, 1398, 1202, 1103, 1063, 1024,
984 cm™'. "TH NMR (700 MHz, CDCl3) & 0.89 (3H, t, J= 7.0, H-10), 1.26-1.40 (8H, m, H-6, H-7, H-
8 and H-9), 1.68-1.75 (1H, m, H-5a), 1.81-1.88 (1H, m, H-5b), 3.84 (1H, ddd, J = 8.4, 5.8, 1.8, H-4),
4.20 (1H, ddd, /=9.8, 9.6, 5.2, H-2), 4.30 (1H, dd, J = 11.0, 5.2, H-1eq), 4.34/4.42 (each 1H, d, J =
11.6, CH>Ph), 4.38/4.70 (each 1H, d, J = 11.6, CH>Ph), 4.40 (1H, dd, /= 11.0, 9.8, H-1ax), 4.67 (1H,
dd, J = 9.6, 1.8, H-3), 7.14-7.38 (10H, m, arom.), 3*C NMR (175 MHz, CDCl3) & 14.0 (C-10),
22.5/29.3/31.6 (C-7, C-8, C-9), 25.1 (C-6), 28.3 (C-5), 67.2 (C-2), 71.2/73.2 (CH2Ph), 71.7 (C-1), 74.8
(C-4), 85.7 (C-3), 127.8/127.9(2xC)/128.53/128.55/128.7 (d, arom.), 136.7/137.9 (s, arom.). HRMS
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(FAB) m/z: [M+Na]" Calcd for C24H3,06SNa 471.1817; Found 471.1822.

(2R,35,4R)-2,4-Di-0O-benzyloxydodecane-1,3-diol 1,3-cyclic sulfate (138c). Following the method
similar to that used for the preparation of 138a, cyclic sulfate formation reaction of 149¢ (302 mg, 0.73
mmol) was carried out. Work-up and column chromatography gave the title compound 138¢ (270
mg, 78%) as a colorless oil. [a]p?* —23.2 (¢ = 0.25, CHCl;). IR (neat): 1456, 1398, 1200, 1090, 1067,
1026, 986 cm."H NMR (700 MHz, CDCls) &: 0.89 (3H, t, J = 7.2, H-12), 1.23-1.39 (12H, m, H-6,
H-7, H-8, H-9, H-10 and H-11), 1.68-1.74 (1H, m, H-5a), 1.81-1.87 (1H, m, H-5b), 3.84 (1H, ddd, J
=8.6,5.8,2.0,H-4),4.20 (1H, ddd, J=9.8,9.5, 5.2, H-2),4.29 (1H, dd, J=11.2,5.2, H-1eq), 4.34/4.42
(each 1H, d, J=11.6, CH>Ph), 4.38/4.70 (each 1H, d, /= 11.6, CH>Ph), 4.40 (1H, dd, J=11.2, 9.8, H-
lax), 4.67 (1H, dd, J=9.5, 2.0, H-3), 7.14-7.38 (10H, m, arom.). 3*C NMR (175 MHz, CDCl;) &: 14.0
(C-12), 22.6 (C-11), 25.1 (C-6), 28.3 (C-5), 29.2/29.4/29.6/31.8 (C-7, C-8, C-9, C-10), 67.2 (C-2),
71.2/73.2 (CH2Ph), 71.7 (C-1), 74.8 (C-4), 85.7 (C-3), 127.8/127.91/127.93/128.5/128.6/128.7 (d,
arom.), 136.7/137.9 (s, arom.). HRMS (FAB) m/z: [M+Na]" Calcd for C26H3606SNa 499.2130; Found
499.2155.

(2R,3S5,4R)-2,4-Di-O-benzyloxytetradecane-1,3-diol 1,3-cyclic sulfate (138d). Following the
method similar to that used for the preparation of 138a, cyclic sulfate formation reaction of 149d (70
mg, 0.16 mmol) was carried out. Work-up and column chromatography gave the title compound 138d
(71 mg, 89%) as a colorless oil. [a]p? —17.3 (¢ = 0.40, CHCI3). IR (neat): 1456, 1406, 1202, 1090,
1071, 1028, 988 cm™. 'TH NMR (700 MHz, CDCl3) &: 0.89 (3H, t,J= 7.1, H-14), 1.23-1.40 (16H, m,
H-6, H-7, H-8, H-9, H-10, H-11, H-12 and H-13), 1.68-1.75 (1H, m, H-5a), 1.80—1.87 (1H, m, H-5b),
3.84 (1H, ddd, /=8.4,5.8, 1.8, H-4), 4.20 (1H, ddd, /=9.8, 9.4, 5.2, H-2),4.30 (1H, dd, J=11.2,5.2,
H-1eq), 4.34/4.42 (each 1H, d, J = 11.6, CH>Ph), 4.38/4.70 (each 1H, d, J = 11.6, CH>Ph), 4.40 (1H,
dd, J=11.2,9.8, H-1ax), 4.67 (1H, dd, J = 9.4, 1.8, H-3), 7.14-7.38 (10H, m, arom.). *C NMR (175
MHz, CDCl3) . 14.1 (C-14), 22.7 (C-13), 29.3/29.4/29.52/29.56/29.62/31.9 (C-7, C-8, C-9, C-10, C-
11, C-12), 25.1 (C-6), 28.3 (C-5), 67.2 (C-2), 71.2/73.2 (CH2Ph), 71.7 (C-1), 74.8 (C-4), 85.7 (C-3),
127.80/127.91/127.93/128.5/128.6/128.7 (d, arom.), 136.7/137.9 (s, arom.). HRMS (FAB) m/z:
[M+Na]" Calcd for C2sH4006¢SNa 527.2443; Found 527.2458.

Coupling reaction of cyclic sulfates 138a—d with thiosugar 137.

2,3,5-Tri-O-benzyl-1,4-dideoxy-1,4-{(5)-[(2S,35,4R)-2,4-dibenzyloxy-3-(sulfooxy)heptyl]episulfo
niumylidene}-D- arabinitol inner salt (150a). In a heavy wall mini-vial sealed with an inside screw
cap with O-ring seal, a suspension of cyclic sulfate 138a (40 mg, 0.099 mmol), thiosugar 137 (38 mg,
0.090 mmol), potassium carbonate (2 mg, 0.014 mmol), and HFIP (0.1 ml) was heated at 60 °C for 8
days. Removal of the solvent in vacuo left a pale orange oil (80 mg), which on column chromatography
(CHCIz—CHCI3-MeOH, 100 : 1—30 : 1) gave the title compound 150a (39 mg, 52 %) as a colorless
viscous oil. [a]p?® —15.7 (¢ = 0.37, CHCI3). IR (neat): 1497, 1456, 1398, 1362, 1261, 1229, 1088, 1069,
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1026 cm™'. 'TH NMR (700 MHz, CDCls) &: 0.99 3H, t, J= 7.2, H-7"), 1.47-1.60 (2H, m, H-6'), 1.83—
1.90 (1H, m, H-5'a), 1.95-2.01 (1H, m, H-5'b), 3.46 (1H, dd, J=9.4, 7.0, H-5a), 3.51 (1H, dd, /= 9.4,
9.4, H-5b), 3.62 (1H, br dd-like, J = ca. 9.4, 7.0, H-4), 3.68 (1H, dd, /= 13.4, 3.4, H-1a), 3.77 (1H, dd,
J=13.0,4.0,H-1"a), 3.92 (1H, td, J=7.1, 2.2, H-4"), 4.13 (1H, br d-like, J = ca. 13.4, H-1b), 4.15/4.25
(each 1H, d, J=11.8, CH>Ph), 4.26-4.30 (1H, m, H-2"), 4.27, (1H, br s-like, H-3), 4.31/4.44 (each 1H,
d, J=11.8, CH;Ph), 4.31 (1H, br d-like, J = 13.0, H-1'b), 4.39/4.52 (each 1H, d, J = 11.2, CH,Ph),
4.41-4.43 (1H, m, H-2), 4.45/4.49 (each 1H, d, J = 12.0, CH>Ph), 4.51/4.69 (each 1H, d, J = 11.8,
CH>Ph), 4.62 (1H, dd, J=9.0, 2.2, H-3"), 7.10-7.35 (25H, m, arom.). *C NMR (175 MHz, CDCl;) &
14.1 (C-7"), 194 (C-6"), 30.8 (C-5"), 484 (C-1), 51.6 (C-1'), 65.0 (C-4), 66.7 (C-5),
69.6/71.8/72.1/73.29/73.32 (CH2Ph), 74.1 (C-2°), 75.9 (C-3"), 77.1 (C-4"), 81.4 (C-2), 83.4 (C-3),
127.3/127.7/127.9/128.1/128.26/128.28/128.37/128.39/128.47/128.54/128.7/128.8  (d,  arom.),
135.8/136.1/136.7/136.8/139.0 (s, arom.). HRMS (FAB) m/z: [M+Na]" Calcd for Cs7Hs409S:Na
849.3107; Found 849.3123.

2,3,5-Tri-O-benzyl-1,4-dideoxy-1,4-{(5)-[(25,3S5,4R)-2,4-dibenzyloxy-3-(sulfooxy)decyl]episulfon
iumylidene}-D-arabinitol inner salt (150b). Following the method similar to that used for the
preparation of 150a, coupling reaction of 138b (102 mg, 0.23 mmol) with thiosugar 137 (64 mg, 0.15
mmol) was carried out to give the title compound 150b (43 mg, 33%) as a colorless viscous oil. [o]p?®
—20.0 (¢ = 0.33, CHCI:). IR (neat): 1456, 1362, 1206, 1229, 1094, 1067, 1020 cm™'. 'H NMR (700
MHz, CDCl3) ¢: 0.88 (3H, t, /= 7.0, H-10"), 1.27-1.32 (4H, m, H-8' and H-9"), 1.31-1.43 (2H, m, H-
7", 1.42—-1.48 (1H, m, H-6'a), 1.50-1.56 (1H, m, H-6'b), 1.86—-1.91 (1H, m, H-5'a), 1.96-2.02 (1H, m,
H-5'b), 3.47 (1H, dd, J=9.5, 7.0, H-5a), 3.51 (1H, dd, J=9.5, 9.5, H-5b), 3.62 (1H, br dd-like, J = ca.
9.5,7.0,H-4),3.66 (1H, dd, J=13.7, 3.9, H-1a), 3.75 (1H, dd, /= 13.4, 4.2, H-1'a), 3.90 (1H, ddd, J
=8.4,52,2.2,H-4"), 4.14 (1H, br d-like, J = ca. 13.7, H-1b), 4.16/4.25 (each 1H, d, J= 11.6, CH>Ph),
4.27-4.30 (1H, m, H-2"), 4.28 (1H, br s-like, H-3), 4.30/4.43 (each 1H, d, /= 11.8, CH>Ph), 4.32 (1H,
br d-like, J = ca. 13.4, H-1'b), 4.38-4.41 (1H, m, H-2), 4.39/4.53 (each 1H, d, J = 11.2, CH>Ph),
4.44/4.47 (each 1H, d, J = 12.0, CH>Ph), 4.51/4.70 (each 1H, d, J = 11.8, CH>Ph), 4.62 (1H, dd, J =
9.0, 2.2, H-3"), 7.09-7.35 (25H, m, arom.). >*C NMR (175 MHz, CDCl;) & 14.1 (C-10"), 22.7 (C-9"),
26.2 (C-6"), 28.7 (C-5"), 29.4 (C-7"), 31.9 (C-8"), 48.4 (C-1), 51.7 (C-1"), 65.0 (C-4), 66.7 (C-5),
69.6/71.8/72.1/73.3(2xC) (CH2Ph), 74.1 (C-2"), 759 (C-3"), 77.2 (C-4"), 81.4 (C-2), 83.4(C-3),
127.3/127.66/127.68/127.9/128.06/128.08/128.26/128.30/ 128.40/128.42/128.5/128.6/128.7/128.8 (d,
arom.), 135.8/136.1/136.7/136.8/139.0 (s, arom.). HRMS (FAB) m/z: [M+Na]" Calcd for
CsoHs009S2Na 891.3576; Found 891.3590.

2,3,5-Tri-O-benzyl-1,4-dideoxy-1,4-{(S)-[(25,35,4R)-2,4-dibenzyloxy-3-(sulfooxy)dodecyl]episulf

oniumylidene}-D-arabinitol inner salt (150c). Following the method similar to that used for the

preparation of 150a, coupling reaction of 138¢ (191 mg, 0.40 mmol) with thiosugar 137 (153 mg, 0.36

mmol) was carried out to give the title compound 150¢ (114 mg, 35%) as a colorless viscous oil. [o]p?
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—24.6 (c = 0.26, CHCI;). IR (neat): 1456, 1362, 1258, 1211, 1094, 1067, 1030 cm™’. 'H NMR (700
MHz, CDCl3) . 0.88 (3H, t, J = 7.2, H-12"), 1.18-1.42 (10H, m, H-7', H-8', H-9', H-10' and H-11"),
1.42-1.48 (1H, m, H-6'a), 1.49-1.56 (1H, m, H-6'd), 1.85-1.91 (1H, m, H-5'a), 1.95-2.01 (1H, m, H-
5'b), 3.47 (1H, dd, J = 9.6, 7.0, H-5a), 3.51 (1H, dd, J = 9.6, 9.0, H-5b), 3.62 (1H, br dd-like, J = ca.
9.0, 7.0, H-4), 3.65 (1H, dd, /= 13.8, 3.8, H-1a), 3.74 (1H, dd, /= 13.4, 4.2, H-1'a), 3.90 (1H, ddd, J
=8.2,5.7,2.5,H-4"),4.13 (1H, br d-like, J = ca. 13.8, H-1b), 4.16/4.26 (each 1H, d, J = 11.8, CH>Ph),
4.27-4.30 (1H, m, H-2"), 4.28 (1H, br s-like, H-3), 4.29/4.42 (each 1H, d, /= 11.9, CH,Ph), 4.32 (1H,
dd-like, J = 13.4, 1.4, H-1'b), 4.36-4.38 (1H, m, H-2), 4.39/4.53 (each 1H, d, J = 11.2, CH,Ph),
4.43/4.46 (each 1H, d, J = 12.0, CH2Ph), 4.52/4.70 (each 1H, d, J = 11.8, CH>Ph), 4.63 (1H, dd, J =
9.0, 2.5, H-3"), 7.09-7.35 (25H, m, arom.). *C NMR (175 MHz, CDCls) &: 14.1 (C-12"), 22.7 (C-11"),
26.3 (C-6"), 28.7 (C-5"), 29.3/29.68/29.73/31.9 (C-7', C-8', C-9', C-10"), 48.4 (C-1), 51.7 (C-1"), 65.0
(C-4), 66.7 (C-5), 69.6/71.8/72.2/73.3(2xC) (CH2Ph), 74.0 (C-2"), 75.9 (C-3"), 77.4 (C-4"), 81.4 (C-2),
83.4 (C-3), 127.3/127.67/127.72/127.9/128.0/128.1/128.28/
128.31/128.41/128.44/128.5/128.6/128.7/128.8 (d, arom.), 135.7/136.1/136.7/136.8/139.0 (s, arom.).
HRMS (FAB) m/z: [M+Na]" Calcd for Cs2Hg409S2Na 919.3889; Found 919.3880.

2,3,5-Tri-O-benzyl-1,4-dideoxy-1,4-{(S)-[(25,35,4R)-2,4-dibenzyloxy-3-(sulfooxy)tetradecyl]epis
ulfoniumylidene}-D-arabinitol inner salt (150d). Following the method similar to that used for the
preparation of 150a, coupling reaction of 138d (57mg, 0.11 mmol) with thiosugar 137 (32 mg, 0.076
mmol) was carried out to give the title compound 150d (26 mg, 37%) as a colorless viscous oil.
[a]p?® —4.2 (c = 0.24, CHCl3). IR (neat): 1456, 1362, 1271, 1224, 1101, 1090, 1070, 1028 cm™’. 'H
NMR (700 MHz, CDCls) ¢: 0.88 (3H, t,J=7.2, H-14"), 1.24-1.42 (14H, m, H-7', H-8', H-9', H-10',
H-11', H-12"and H-13"), 1.43-1.48 (1H, m, H-6'a), 1.49-1.55 (1H, m, H-6'b), 1.86-1.92 (1H, m, H-
5'a), 1.95-2.01 (1H, m, H-5'), 3.48 (1H, dd, J= 9.4, 7.0, H-5a), 3.52 (1H, dd, /= 9.4, 9.4, H-5b),
3.60 (1H, br dd-like, J = ca. 9.4, 7.0, H-4), 3.62 (1H, dd, /= 13.4, 3.8, H-1a), 3.77 (1H, dd, J = 13.0,
4.2,H-1'a), 3.91 (1H, ddd, J=8.1, 6.2, 2.2, H-4"), 4.15 (1H, br d-like, J = ca. 13.4, H-1b), 4.17/4.27
(each 1H, d, J=11.6, CH>Ph), 4.27-4.30 (1H, m, H-2"), 4.28 (1H, br s-like, H-3), 4.29/4.42 (each
1H, d, J=11.6, CH>Ph), 4.34 (1H, br d-like, J = ca. 13.0, H-1'b), 4.34-4.36 (1H, m, H-2), 4.39/4.54
(each 1H, d, J=11.2, CH>Ph), 4.43/4.45 (each 1H, d, J= 12.0, CH>Ph), 4.53/4.72 (each 1H, d, J =
11.8, CH>Ph), 4.62 (1H, dd, J=9.0, 2.2, H-3"), 7.09-7.36 (25H, m, arom.). '*C NMR (175 MHz,
CDCl3) ¢ 14.1 (C-14"), 22.7 (C-13"), 26.3 (C-6"), 28.7 (C-5"), 29.4/29.65/29.71/29.8(2C)/31.9 (C-7,
C-8', C-9, C-10', C-11', C-12"), 48.5 (C-1), 51.9 (C-1"), 65.0 (C-4), 66.7 (C-5),
69.5/71.8/72.2/73.38/73.40 (CH2Ph), 74.0 (C-2"), 75.9 (C-3"), 77.2 (C-4"), 81.3 (C-2), 83.5 (C-3),
127.3/127.7/127.9/128.0/128.1/128.26/128.34/128.4/128.49/128.51/128.6/128.71/128.73/128.84 (d,
arom.), 135.7/136.0/ 137.0/38.2/139.1 (s, arom.). HRMS (FAB) m/z: [M+Na]" Calcd for
Cs4HesO9S2Na 947.4202; Found 947.4217.
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Hydrogenolysis of the coupled products (136a-d)
1,4-Dideoxy-1,4-{(S)-[(2S,3S5,4R)-2,4-dihydroxy-3-(sulfooxy)heptyl]episulfoniumylidene}-D-
arabinitol inner salt (136a). A suspension of 10% palladium-on-carbon (50 mg) in 80% aqueous
acetic acid (1 ml) was pre-equilibrated with hydrogen. To the suspension was added a solution of the
coupled product 150a (34 mg, 0.041 mmol) in 80% aqueous acetic acid (2 ml), and the mixture was
hydrogenated at 60°C under atmospheric pressure for 3 h. The catalysts were filtered off and washed
with methanol. The combined filtrate and the washings were condensed to give a colorless oil (21 mg),
which on column chromatography (ethyl acetate-methanol, 20:1—ethyl acetate-methanol-water,
20:4:1) gave the title compound 136a (12.6 mg, 81%) as a colorless amorphous. [o]p** +6.7 (¢ = 0.27,
CH30H). IR (neat): 3381, 1456, 1417, 1258, 1211, 1065, 1026 cm™. 'TH NMR (700 MHz, CD30D) &
0.95 3H, t,J=17.4,H-7"), 1.40-1.47 (1H, m, H-6'a), 1.47-1.55 (1H, m, H-6'b), 1.62—1.71 (2H, m, H-
5", 3.80 (2H, d-like, J = 2.8, H-1 and H-1b), 3.88 (1H, ddd, J = 8.5, 5.3, 1.6, H-4"), 3.95 (1H, dd, J =
10.0, 7.0, H-5a), 3.98 (1H, dd, J = 13.4, 5.6, H-1"a), 3.97-4.00 (1H, m, H-4), 4.02 (1H, dd, J = 10.0,
5.0, H-5b), 4.03 (1H, dd, /= 13.4, 3.8, H-1'b), 4.26 (1H, dd, /= 8.0, 1.6, H-3"), 4.37 (1H, ddd, J = 8.0,
5.6, 3.8, H-2"), 4.40 (1H, dd, J = 2.6, 1.4, H-3), 4.58 (1H, td-like, J = 2.8, 2.6, H-2). 13C NMR (175
MHz, CD30D) ¢&: 14.3 (C-7"), 20.2 (C-6"), 36.6 (C-5"), 51.2 (C-1), 53.1 (C-1"), 60.9 (C-5), 68.6 (C-2"),
70.9 (C-4"), 73.1 (C-4), 79.0 (C-2), 79.8 (C-3), 81.6 (C-3"). HRMS (FAB) m/z: [M+Na]" Calcd for
C12H2409S2Na 399.0760; Found 399.0778.

1,4-Dideoxy-1,4-{(5)-[(2S,3S5,4R)-2,4-dihydroxy-3-(sulfooxy)decyl]|episulfoniumylidene}-D-
arabinitol inner salt (136b). Following the method similar to that used for the preparation of 136a,
hydrogenolysis of 150b (33 mg, 0.38 mmol) was carried out to give the title compound 136b (13.8 mg,
87%) as a colorless amorphous. [a]p®® +7.8 (¢ =1.39, CHCI3). IR (nujol): 3374, 1458, 1261, 1126,
1092, 1030 cm™. '"H NMR (500 MHz, CD;0D) & 0.90 (3H, t, J = 7.2, H-10"), 1.27—1.45 (7H, m, H-
6'a, H-7', H-8' and H-9'), 1.45-1.52 (1H, m, H-6'b), 1.65-1.71 (2H, m, H-5"), 3.80 (2H, d-like, J=2.9,
H-1a and H-1b), 3.86 (1H, ddd-like, J=7.5,5.9, 1.5, H-4"), 3.95 (1H, dd, J = 8.6, 6.9, H-5a), 3.97 (1H,
dd-like, J=13.5, 5.7, H-1'a), 3.97-4.00 (1H, m, H-4), 4.02 (1H, dd, J = 8.6, 4.3, H-5b), 4.04 (1H, dd,
J=13.5,4.0,H-1b), 4.26 (1H, dd, /=8.0, 1.5, H-3"), 4.36 (1H, ddd, /= 8.0, 5.7, 4.0, H-2"), 4.40 (1H,
dd, J=2.6, 0.9, H-3), 4.58 (1H, td-like, J= 2.9, 2.6, H-2). 3C-NMR (125 MHz, CD;0D) &: 14.4 (C-
10", 23.7 (C-9"), 27.1 (C-6"), 30.4/33.0 (C-7', C-8'"), 34.5 (C-5"), 51.2 (C-1), 53.1 (C-1"), 60.9 (C-5),
68.5 (C-2"), 71.2 (C-4"), 73.0 (C-4), 79.0 (C-2), 79.8 (C-3), 81.5 (C-3"). HRMS (FAB) m/z: [M+Na]"
Calcd for C15sH3009S2Na 441.1229; Found 441.1204.

1,4-Dideoxy-1,4-{(S)-[(2S,3S5,4R)-2,4-dihydroxy-3-(sulfooxy)dodecyl]episulfoniumylidene}-D-

arabinitol inner salt (136¢). Following the method similar to that used for the preparation of 136a,

hydrogenolysis of 150¢ (40 mg, 0.45 mmol) was carried out to give the title compound 136¢ (15.5 mg,

78%) as a colorless amorphous. [a]p?* +2.5 (¢ = 0.24, CH30H). IR (neat): 3381, 1458, 1417, 1258,

1211, 1065, 1026 cm™. 'H NMR (700 MHz, CD;0D) &: 0.89 (3H, t, J= 7.2, H-12"), 1.26-1.44 (11H,
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m, H-6'a, H-7', H-8", H-9", H-10" and H-11"), 1.45-1.52 (1H, m, H-6'b), 1.65-1.70 (2H, m, H-5"), 3.80
(2H, d-like, J = 2.8, H-1a and H-1b), 3.85 (1H, ddd-like, J= 7.4, 6.0, 1.5, H-4"), 3.95 (1H, dd, /= 9.2,
7.6, H-52), 3.96-4.00 (1H, m, H-4), 3.98 (1H, dd-like, J = 13.6, 5.6, H-1'a), 4.01 (1H, dd, J=9.2, 4.0,
H-5b), 4.03 (1H, dd, J = 13.6, 4.0, H-1'b), 4.26 (1H, dd, J = 8.0, 1.5, H-3"), 4.36 (1H, ddd, J = 8.0, 5.6,
4.0, H-2"), 4.40 (1H, dd, J=2.8, 1.1, H-3), 4.58 (1H, td-like, J = 2.8, 2.8, H-2). 13C NMR (175 MHz,
CD;OD) & 14.4 (C-12"), 23.7 (C-11'), 27.2 (C-6"), 30.5/30.7/30.8/33.1 (C-7', C-8', C-9", C-10"), 34.5
(C-5'), 51.2 (C-1), 53.2 (C-1"), 60.9 (C-5), 68.5 (C-2'), 71.3 (C-4"), 73.1 (C-4), 79.0 (C-2), 79.8 (C-3),
81.5 (C-3'). HRMS (FAB) m/z: [M+Na]" Calcd for C17H3400S2Na 469.1542; Found 469.1513.

1,4-Dideoxy-1,4-{(5)-[(2S,3S5,4R)-2,4-dihydroxy-3-(sulfooxy)tetradecyl]episulfoniumylidene}-D-
arabinitol inner salt (136d). Following the method similar to that used for the preparation of 136a,
hydrogenolysis of 150d (24 mg, 0.26 mmol) was carried out to give the title compound 136d (9.9 mg,
80%) as a colorless amorphous. [a]p?® +10.0 (¢ = 0.75, CH;0H). IR (nujol): 3356, 1458, 1258, 1209,
1093, 1058, cm™. '"H NMR (500 MHz, CD;0D) &: 0.89 (3H, t,J=7.2, H-14"), 1.26-1.34 (14H, m, H-
7', H-8', H-9', H-10', H-11', H-12" and H-13"), 1.34-1.52 (2H, m, H-6"), 1.65-1.70 (2H, m, H-5"), 3.80
(2H, d-like, J = 2.9, H-1a and H-1b), 3.86 (1H, td-like, J = 7.5, 1.8, H-4"), 3.95 (1H, dd, J = 8.6, 6.9,
H-5a), 3.97 (1H, dd-like, J = 13.2, 5.5, H-1"a), 3.96-4.00 (1H, m, H-4), 4.02 (1H, dd, J = 8.6, 4.0, H-
5b), 4.04 (1H, dd, J = 13.2, 3.7, H-1'b), 4.26 (1H, dd, J = 8.0, 1.8, H-3"), 4.36 (1H, ddd, J = 8.0, 5.5,
3.7,H-2"), 4.40 (1H, dd, J = 2.9, 1.2, H-3), 4.58 (1H, td-like, J = 2.9, 2.9, H-2). *C-NMR (125 MHz,
CD30D) ¢: 14.4 (C-14"), 23.7/30.5/30.7/30.76/30.80 (C-7', C-8', C-9', C-10', C-11', C-12', C-13"),27.2
(C-6"),34.5 (C-5"), 51.2 (C-1), 53.1 (C-1"), 60.9 (C-5), 68.5 (C-2"), 71.2 (C-4"), 73.1 (C-4), 79.0 (C-2),
79.8 (C-3), 81.5 (C-3"). HRMS (FAB) m/z: [M+Na]" Calcd for Ci9H3309S:Na 497.1855; Found
497.1871.

Methanolysis of sulfonium sulfate inner salts (135a, c¢)
1,4-Dideoxy-1,4-{(R)-[(2S,3S,4R)-2,3,4-trihydroxyheptyl]episulfoniumylidene}-D-arabinitol
methyl sulfate (135a). A mixture of 136a (15.6 mg, 0.041 mmol) and 5% methanolic hydrogen
chloride (1.5 mL) was stirred at 60 °C for 3 h. Removal of the solvent left a colorless oil (17.2 mg),
which on column chromatography (CHCI3-MeOH, 20:1 — CHCI3-MeOH-H2O, 6:4:1) gave the title
compound 135a (14.3 mg, 85%) as a colorless oil. [a]p** +4.6 (¢ = 1.58, CH30H). IR (neat): 3368,
1653, 1418, 1260, 1202, 1126, 1063, 1009 cm™'. 'H NMR (500 MHz, CD;0D) & 0.96 (3H, t, J= 7.2,
H-7"), 1.34-1.43 (1H, m, H-6'a), 1.43-1.52 (2H, m, H-5'a and H-6'd), 1.55-1.63 (1H, m, H-5'b), 3.38
(1H,dd,J="7.5,1.7,H-3"), 3.68 (3H, s, CH30S03), 3.72 (1H, dd, /= 13.2, 8.6, H-1'a), 3.76 (1H, ddd,
J=28.6,4.9,1.7, H-4"), 3.85 (2H, d-like, J = 2.6, H-1a and H-1b), 3.90 (1H, dd, J=13.2, 3.5, H-1'b),
3.92 (1H, dd, J=10.6, 9.2, H-5a), 4.01 (1H, br dd-like, /= 9.2, 4.9, H-4), 4.05 (1H, dd, J = 10.6, 4.9,
H-5b), 4.14 (1H, ddd, J = 8.6, 7.5, 3.5, H-2"), 4.37 (1H, dd, J = 2.6, 1.5, H-3), 4.62 (1H, td-like, J =
2.6, 2.6, H-2). 3C NMR (125 MHz, CDCl3) & 14.4 (C-7'), 20.9 (C-6"), 37.0 (C-5"), 51.9 (C-1), 52.6
(C-1"), 55.2 (CH3080:3), 61.1 (C-5), 69.7 (C-2"), 70.7 (C-4"), 73.7 (C-4), 76.7 (C-3"), 79.4 (C-2), 79.5
119



(C-3). HRMS (FAB) m/z: [M—CH30S03]" Caled for C12H2506S 297.1372, found 297.1401.

1,4-dideoxy-1,4-{(R)-[(2S,3S,4R)-2,3,4-trihydroxydodecyl]episulfoniumylidene}-D-arabinitol
inner salt (135c¢). Following the method similar to that used for the preparation of 135a, methanolysis
of 136¢ (28 mg, 0.63 mmol) was carried out to give the title compound 135¢ (24.5 mg, 82%) as a
colorless oil. [o]p** +12.5 (¢ = 0.53, CH30H). IR (neat): 3364, 1651, 1458, 1258, 1223, 1069, 1011
cm™'. "TH NMR (500 MHz, CD;0D) & 0.89 (3H, t,J= 6.9, H-12"), 1.24-1.42 (11H, m, H-6'a, H-7', H-
8', H-9', H-10' and H-11"), 1.42—1.55 (2H, m, H-5'a, H-6'b), 1.55-1.64 (1H, m, H-5'b), 3.38 (1H, dd, J
=17.5,1.7, H-3"), 3.68 (3H, s, CH30S03), 3.72 (1H, dd, J = 13.0, 8.6, H-1'a), 3.73 (1H, ddd, J = 8.1,
4.6, 1.7, H-4"), 3.85 (2H, d-like, J = 2.6, H-1a and H-1b), 3.89 (1H, dd, /= 13.0, 3.5, H-1'd), 3.92 (1H,
dd, J =10.6, 9.2, H-5a), 4.00 (1H, br dd-like, J = 9.2, 4.9, H-4), 4.05 (1H, dd, J = 10.6, 4.9, H-5b),
4.14 (1H, ddd, /= 8.6, 7.5, 3.5, H-2"), 4.36 (1H, dd, /= 2.3, 1.2, H-3), 4.61 (1H, td-like, J = 2.6, 2.3,
H-2). 3C NMR (125 MHz, CD;0D) &: 14.4 (C-12"), 23.7 (C-11"), 27.0 (C-6"), 30.4/30.7/30.8/33.1 (C-
7', C-8', C-9', C-10"), 34.9 (C-5"), 52.0 (C-1), 52.6 (C-1"), 55.1 (CH30S803), 61.1 (C-5), 69.7 (C-2"),
71.0 (C-4"), 73.8 (C-4), 76.7 (C-3"), 79.47 (C-2), 79.51 (C-3). HRMS (FAB) m/z: [M—CH30S0s]"
Calcd for C17H3506S 367.2154; Found 367.2170.

Bioassay

Inhibitory effects on rat intestinal a-glucosidases

Rat small intestinal brush border membrane vesicles were prepared and their suspensions in 0.1 M
maleate buffer (pH 6.0) were used as small intestinal a-glucosidases of maltase, sucrose, and
isomaltase. A test sample was dissolved in dimethyl sulfoxide (DMSO), and the resulting solution was
diluted with 0.1 M maleate buffer to prepare the test sample solution (concentration of DMSO 10 %).
A substrate solution in the maleate buffer (maltose 74 mM, sucrose 74 mM, isomaltase 7.4 mM, 50
uL), the test sample solution (25 pL), and the enzyme solution (25 uL) were mixed at 37 °C for 30
min, and then immediately heated by boiling water for 2 min to stop the reaction. The glucose
concentrations were determined by a glucose-oxidase method. The final concentration of DMSO in

the test solution was 2.5 % and no influence of DMSO on the inhibitory activity was detected.

EhHE

1,3-0-Benzylidene-D-threitol [2,4-O-benzylidene-D-threitol] (159). A hydrogen chloride solution
in benzaldehyde (20.9 g) was pre-prepared by bubbling of a slow stream of hydrogen chloride (2.9 g)
into freshly distilled benzaldehyde (18.0 g, 170 mmol) under ice-water cooling. To the solution (4.9
g), D-arabinitol (5.0 g, 32.9 mmol) was added at room temperature and D-arabinitol dissolved in 20
min. The resulting mixture solidified during stirring at room temperature for another 20 min and was
allowed to stand at room temperature for further 18 h. The solid mass was finely crushed and triturated
with a mixture of the solution of sodium hydroxide (2.0 g, 50 mmol) in water (30 mL) and methanol
(10 mL). The deposited solid was collected by filtration, and then successively washed with water and
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diethyl ether to give 1,3-benzylidene-D-arabinitol (S2, 5.2 g) as a colorless solid. The combined filtrate
and washings were washed with diethyl ether and was condensed to give 158 (2.1 g). Compound 158
was pure enough for further reaction.

To a mixture of the crude 158 (3.71 g), saturated aqueous sodium hydrogen carbonate (15 mL),
and dichloromethane (45 mL) was added portionwise sodium metaperiodate (6.6 g, 30.8 mmol) at
room temperature. The heterogeneous mixture was stirred for 1 h at room temperature, and the
insoluble solid was filtered off, and washed with ethyl acetate. The combined filtrate and washings
were condensed, and the residue was dissolved in methanol (300 mL). To the mixture was added
portionwise sodium borohydride (3.51 g, 92.8 mmol) at 0 °C. After being stirring for 1 h at room
temperature, the reaction was quenched by addition of saturated aqueous ammonium chloride.
Methanol was evaporated at reduced pressure, and the residue was extracted with ethyl acetate (3x50
mL). The extract was successively washed with aqueous sodium thiosulfate-sodium hydrogen
carbonate and brine, and condensed to give the title compound 159 (2.90 g, 83% from D-arabinitol as
a colorless microcrystalline solid, which was pure enough for further reaction. For analytical purpose
a small portion of S3 was recrystallized from a mixture of ethyl acetate and n-hexane to give colorless
needles, mp 133-135 °C, [a]*p —6.3 (¢ = 1.13, CHCls), IR (nujol): 3263, 1087, 1060, 1002 cm™. 'H
NMR (800 MHz, DMSO-dg) &: 3.49 (1H, dtd, /= 6.6, 1.6, 1.5, H-2), 3.50 (1H, ddd, J=11.6, 6.6, 5.5,
H-4a), 3.56 (1H, ddd, J=11.6, 5.9, 5.9, H-4b), 3.86 (1H, ddd, /= 6.6, 5.9, 1.5, H-3), 4.10 (2H, d, J =
1.6, H-1), 4.63 (1H, dd, J= 5.9, 5.5, OH), 4.73 (1H, d, J = 6.6, OH), 5.54 (1H, s, CHPh), 7.32-7.37
(3H, m, arom.), 7.46—7.48 (2H, m, arom.). >*C NMR (200 MHz, CDCl3) & 61.2 (C-4), 62.6 (C-2),
72.4 (C-1), 80.2 (C-3), 100.5 (CHPh), 126.6/128.0/128.7 (d, arom.), 139.0 (s, arom.).

1,3-0-Benzylidene-L-threitol [2,4-O-benzylidene-L-threitol] (163). In a similar mannar used for the
preparation of 159, L-arabinitol (5.0 g, 32.9 mmol) was treated with a solution of hydrogen chloride
in benzaldehyde (4.9 g). A similar work-up gave a practically pure 1,3-benzylidene-L-arabinitol (162,
7.5 g) as colorless solid, a part (2.47 g) of which was oxidized with sodium metaperiodate (4.4 g, 20.5
mmol) in a mixture of saturated aqueous sodium hydrogen carbonate (10 mL), and dichloromethane
(30 mL). Work-up gave an aldehyde intermediate, which was then reduced with sodium borohydride
(2.34 g, 61.9 mmol) in methanol (200 mL) to give the title compound 163 (1.92 g, 85%) as a colorless
microcrystalline solid, which was pure enough for further reaction. 'H and '*C NMR spectroscopic
properties of 162 were completely in accord with those of 158. For analytical purpose a small portion
of 163 was recrystallized from a mixture of ethyl acetete and n-hexane to give colorless needles, mp
133-135 °C, [a]**p +7.44 (c = 1.05, CHCI3), 'H and '*C NMR spectroscopic properties of 163 were
completely in accord with those of 159.

2,4-0-Benzylidene-D-threitol 1,3-Cyclic Sulfate (160). A solution of freshly distilled thionyl

chloride (0.39 mL, 5.4 mmol) in dry dichloromethane (10 mL) was added dropwise to a stirred mixture

of diol 159 (0.8 g, 3.8 mmol), triethylamine (1.42 mL, 10.3 mmol) and dry dichloromethane (15 mL)
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at 0 °C. After being stirred at 0 °C for 15 min, the mixture was poured into ice-cooled and vigorously
stirred saturated aqueous sodium hydrogen carbonate (50 mL), and extracted with dichloromethane
(1x30 mL, 2x10 mL). The extract was washed with brine, and condensed to give the corresponding
sulfite (1.07 g) as a pale brown solid, which was immediately used in the next step without purification.

To a well stirred mixture of the crude sulfite (1.02 g), sodium hydrogen carbonate (800 mg, 9.5
mmol), carbon tetrachloride (20 mL), acetonitrile (20 mL), and water (10 mL) was added dropwise a
brown mixture of sodium metaperiodate (1.96 g, 9.2 mmol), ruthenium chloride n-hydrate (30 mg),
and water (15 mL) at 0 °C. After being stirred at 0 °C for 30 min, the reaction was quenched by the
addition of aqueous sodium thiosulfate—sodium hydrogen carbonate. The resulting purple suspension
was filtered by suction, and the filter cake was washed with ethyl acetate. The combined filtrate and
washings was extracted with ethyl acetate (3%X30 mL). The extract was washed with brine, and
condensed to give a colorless solid (930 mg), which on column chromatography (n-hexane/CH>Cla,
2/1—1/1—1/2) gave the title compound 160 (745 mg, 72 %) as a colorless microcrystalline solid, mp.
125-127 °C. [0]*p =37.1 (¢ = 1.00, CHCI3). IR (nujol): 1404, 1199, 1026 cm™. '"H NMR (500 MHz,
CDCl3) ¢: 4.08 (1H, ddd, J=2.0, 1.4, 1.2, H-2), 4.20 (1H, dd, J = 13.5, 1.8, H-4a), 4.40 (1H, dd, J =
13.5, 1.4, H-4b), 4.66 (1H, dd, J = 12.6, 1.2, H-1a), 4.84 (1H, ddd, J = 1.8, 1.4, 1.4, H-3), 4.93 (1H,
dd, J=12.6,2.0, H-1b), 5.62 (1H, s, CHPh), 7.38-7.55 (5H, m, arom.). *C NMR (125 MHz, CDCl5) 6.
67.2 (C-2), 68.0 (C-4), 74.9 (C-1), 77.1 (C-3), 101.3 (CHPh), 126.2/128.4/129.7 (d, arom.), 136.4 (s,
arom.). HRMS (FAB) m/z: [M+H]" Calcd for C11H1306S 273.0433; Found 273.0445.

2,4-0-Benzylidene-L-threitol 1,3-Cyclic Sulfate (164). In a similar mannar used for the preparation
0f 160, diol 163 (0.8 g, 3.81 mmol) was treated with a solution of thionyl chloride (0.39 mL, 5.4 mmol)
in dichloromethane (25 mL) in the presence of triethylamine (1.42 mL, 10.3 mmol). A similar work-
up gave the corresponding sulfite (1.02 g) as a pale brown solid, which was immediately used in the
next step without purification. The crude sulfite (1.00 g) was oxidized with ruthenium tetroxide, which
was generated from mixing sodium metaperiodate (1.92 g, 9.0 mmol) and ruthenium chloride »-
hydrate (30 mg) in water (15 mL), in a mixture of sodium hydrogen carbonate (800 mg, 9.5 mmol),
carbon tetrachloride (20 mL), acetonitrile (20 mL), and water (10 mL) to give a colorless solid (934
mg). Column chromatography (n-hexane/CHCl,, 2/1—1/1—1/2) gave the title compound 15 (777 mg,
75 %) as a colorless microcrystalline solid, mp. 124-126 °C. [a]**p +37.8 (¢ =1.07, CHCIs). 'H and
13C NMR spectroscopic properties of 164 were completely in accord with those of 160.

Syntheses of sulfonium sulfate inner salts (2', 3'-epi-Salacinol (151), 3'-epi-Salacinol (152), 2'-epi-
Salacinol (153)) and sulfonium chlorides (2', 3'-epi-Neosalacinol (154), 3'-epi-Neosalacinol (155),
2'-epi-Neosalacinol (156)).

By applying Pinto’s conditions for the synthesis of salacinol (113), coupling reactions of thiosugar
(165) with cyclic sulfates (160, 164, 168) were carried out in 1,1,3,3,3-hexafluoroisopropanol (HFIP),
where an o-facial attack of 160, 164, 168 to the sulfur atom of 165 preferentially took place to give
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coupled products 166, 167 and 169 in 76%, 87% and 89% yield, respectively. Subsequently,
compounds (166, 167 and 169) was treated with aqueous TFA, where p-methoxybenzyl (PMB) group
and benzylidene acetal moiety were simultaneously removed to afford desired sulfonium salts (151,
152 and 153) in good yield. As shown Table S1, the *C NMR spectral properties of 151, 152 and 153
were similar to that of salacinol (113), well supporting the formation of salacinol-type sulfonium inner
salt structure. To remove sulfo group at the C-3' oxygen atom, 151, 152 and 153 were subjected to
acidic methanolysis to give corresponding sulfonium salts (154, 155 and 156, X = CH30S0:3), the
anion of which was then exchanged with resin IRA400I (Cl™ form) to give the corresponding chlorides
(154, 155 and 156) in good yield. The '*C NMR spectroscopic properties of 154, 155 and 156 were

similar with each other.

Table S1. '3C NMR data for salacinol (113) and its analogs 3'-epi-113 (151), 2'-epi-113 (152) and 2', 3'-epi-
113 (153) in DO and neosalacinol (114) and its analogs 3'-epi-114 (154), 2'-epi-114 (155) and 2', 3'-epi-114
(156) in CD;OD (125 MHz, §in ppm)

1139 1539 3'-epi-113 (151)° 2'-epi-113 (152)° 1562  3'-epi-114 (154)?  2'-epi-114 (155)? 1149
Cl 505 498 50.4 494 51.8 52.3 50.3 50.8
c2 795 795 795 79.4 79.4 79.4 79.4 79.4
c3 803 805 80.1 80.4 795 79.6 79.8 79.7
c4 727 72.3 723 726 737 735 735 735
c5 617 61.7 61.7 61.7 61.0 61.1 61.1 61.1
Cl’ 524 52.1 52.0 515 52.1 52.2 51.3 51.4
c2 683 68.6 68.4 68.7 69.6 69.2 69.1 69.5
Cc3 826 82.8 82.1 82.0 75.3 74.2 743 75.1
cy 622 62.2 62.2 62.2 64.0 63.6 63.6 64.0

a) BMCL2009 19 2195-2198; b) BMC2007(15) 3926-3973; ¢) 125 MHz; d) 200 MHz

Coupling raction between cyclic sulfates (160, 164, 168) and thiosugar (165).

Cyclic sulfates (160, 164, 168) were treated with thiosugar (165) in 1,1,1,3,3,3-hexafluoroisopropanol
(HFIP).

With cyclic sulfate (168). In a sealed tube, a mixture of 168 (234 mg, 0.86 mmol), 165 (376 mg, 0.74
mmol), potassium carbonate (20 mg, 0.14 mmol), and HFIP (1.2 ml) was stirred at 70 °C for 120 h.
After removal of the solvent, the residue was purified on column chromatography
(CH2Cl,—CH2Cl/MeOH, 20/1) to give 1,4-dideoxy-2,3,5-tri-O-(p-methoxybenzyl)-1,4-{(S)-[2,4-O-
benzylidene-1-deoxy-3-O-sulfo-D-erythritol-1-yl]episulfoniumylidene}-D-arabinitol inner salt (169,
516 mg, 89%) as a colorless amorphous, [o]*p —42.7 (¢ = 1.07, CHCIls). IR (nujol): 1612, 1512, 1249,
1087, 1018 cm™. *H NMR (500 MHz, DMSO-ds) ¢: 3.55 (1H, dd, J = 10.3, 7.8, H-5a), 3.68 (1H, dd,
J =10.3, 7.2, H-5b), 3.70 (1H, dd-like, J = ca. 10.5, 10.5, H-4'a), 3.72 (3H, s, OCHs), 3.73 (6H, s,
OCHg), 3.81 (1H, dd, J = 13.2, 4.0, H-1a), 3.94 (1H, dd, J = 13.8, 7.2, H-1'a), 3.99 (1H, dd, J = 13.2,
2.6, H-1b), 4.10 (1H, dd, J = 13.8, 2.9, H-1'b), 4.16 (1H, ddd, J = 10.5, 10.5, 5.5, H-3"), 4.26/4.29 (each
1H, d, J = 11.5 Hz, OCH,PMP), 4.28 (1H, ddd-like, J = ca. 10.5, 7.2, 2.9, H-2"), 4.34 (1H, dd, J = 10.5,
5.5, H-4'h), 4.36 (1H, dd-like, J = ca. 2.3, 2.3, H-3), 4.39/4.45 (each 1H, d, J = 11.2 Hz, OCH,PMP),
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4.43 (1H, br dd, J = 7.8, 7.2, H-4), 4.49/4.51 (each 1H, d, J = 11.5, OCH2PMP), 4.62 (1H, ddd, J = 4.0,
2.6, 2.3, H-2), 5.60 (1H, s, CHPh), 6.84-7.24 (12H, m, arom.), 7.35-7.45 (5H, m, arom.). *C NMR
(125 MHz, DMSO-d) & 46.7 (C-1), 47.0 (C-1'), 55.3 (OCHs), 63.3 (C-4), 66.1 (C-5), 67.3 (C-3),
69.0 (C-4), 70.97/71.10/72.2 (OCH:PMP), 75.7 (C-2'), 82.4 (C-2), 82.5 (C-3), 100.6 (CHPh),
113.9/114.0(2C)/126.5/128.4 /129.39/129.6/129.7/130.0 (d, arom.),
129.1(2C)/129.40/137.2/159.1/159.22/159.24 (s, arom). HRMS (FAB) m/z: [M+H]* Calcd for
Ca0H47012S, 783.2509; Found 783.2522.

With cyclic sulfate (160). In a similar mannar, 1,4-dideoxy-2,3,5-tri-O-(p-methoxybenzyl)-1,4-{(S)-
[2,4-O-benzylidene-1-deoxy-3-O-sulfo-D-threitol-1-yl]episulfoniumylidene}-D-arabinitol inner salt
(166 438 mg, 76%) was obtained by the condensation between 160 (234 mg, 0.86 mmol) and 165 (376
mg, 0.74 mmol) as colorless amorphous, [o]*’p +26.5 [¢ = 1.00, CHCIs]. IR (nujol): 1612, 1512, 1246,
1069, 1029 cm™. *H NMR (500 MHz, DMSO-ds) &: 3.55 (1H, dd, J = 10.0, 10.0, H-5a), 3.70/3.74/3.75
(each 3H, s, OCHs3), 3.70-3.77 (2H, m, H-1a and 1'a), 3.79 (1H, dd, J = 10.0, 5.2, H-5b), 3.89 (1H, dd,
J =135, 8.6, H-1'b), 3.98 (1H, dd, J = 12.0, 1.4, H-4'a), 4.05 (1H, dd, J = 13.2, 3.0, H-1b), 4.21 (1H,
dd-like, J = 3.0, 1.4, H-3"), 4.35 (1H, dd-like, J = 3.0, 2.0, H-3), 4.37 (1H, br d-like, J = ca. 12.1 Hz,
H-4'b), 4.38/4.46 (each 1H, d, J = 11.7, OCH,PMP), 4.43/4.48 (each 1H, J = 11.5, OCH2PMP), 4.51
(1H, ddd-like, J = 10.0, 5.2, 2.0, H-4), 452-4.55 (1H, m, H-2), 4.55/4.58 (2H, dd, J = 11.2,
OCH2PMP), 4.62 (1H, ddd, J = 3.0, 3.0, 3.0, H-2), 5.38 (1H, s, CHPh), 6.81/6.88/6.91/7.15/7.16/7.27
(each 2H, d-like, J = ca. 8.6, arom.), 7.33-7.39 (5H, m, arom.). *3C NMR (125 MHz, DMSO-ds) &:
46.5 (C-1), 47.0 (C-1"), 55.2/55.3(2C) (OCHsa), 63.9 (C-4), 66.5 (C-5), 68.3 (C-3'), 69.5 (C-4),
70.9/71.3/72.2 (OCH.PMP), 734 (C-2), 818 (C-2), 825 (C-3), 100.1 (CHPh),
113.9/114.0(2C)/126.2/128.1/129.0/129.66/129.74/130.0 (d, arom.),
129.2/129.3/137.9/159.11/159.21/159.24 (s, arom.). HRMS (FAB) m/z: [M+H]* Calcd for
C40H47012S, 783.2509; Found 783.2488.

With cyclic sulfate (164). In a similar mannar, 1,4-dideoxy-2,3,5-tri-O-(p-methoxybenzyl)-1,4-{(S)-
[2,4-O-benzylidene-1-deoxy-3-O-sulfo-L-threitol-1-yl]episulfoniumylidene } -D-arabinitol inner salt
(167, 503 mg, 87%) was obtained by the condensation between 164 (234 mg, 0.86 mmol) and 165
(376 mg, 0.74 mmol) as colorless amorphous, [o]*’p —48.6 (¢ = 1.01, CHCl3). IR (nujol): 1612, 1512,
1246, 1068, 1026 cm™. '"H NMR (500 MHz, DMSO-ds) & 3.60 (1H, dd, J = 10.0, 8.9, H-5a),
3.73/3.735/3.743 (each 3H, s, OCH3), 3.78 (1H, dd, J=10.0, 6.6, H-5b), 3.82 (2H, d-like, J = 6.0, H-
l'aand H-1'b), 3.95 (1H, dd, J=13.5, 3.2, H-1a), 3.96 (1H, dd-like, J = ca. 12.0, 1.4, H-4'a), 3.98 (1H,
dd,J=13.5,4.0,H-1b),4.17 (1H, ddd, /= 1.8, 1.4, 1.4, H-3"),4.29 (1H, dd, J=12.0, 1.4, H-4'b), 4.34
(2H, s, OCH,PMP), 4.39 (1H, dd-like, J = ca. 2.3, 2.3, H-3), 4.41/4.47 (each 1H, d, J = 11.5,
OCH,PMP), 4.42-4.47 (1H, m H-4), 4.50/4.55 (each 1H, d, J= 11.2, OCH,PMP), 4.55 (1H, td-like, J
=6.0, 1.8, H-2"),4.63 (1H, ddd, J=4.0, 3.2, 2.3, H-2), 5.49 (1H, s, CHPh), 6.84-6.92 (6H, m, arom.),
7.14/7.18/7.26 (each 2H, d-like, J = 8.6 Hz, arom.), 7.35-7.42 (5H, m, arom.). '*C NMR (125 MHz,
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DMSO-ds) & 45.7 (C-1'), 45.9 (C-1), 55.2 (OCH3), 63.6 (C-4), 66.5 (C-5), 68.1 (C-3'), 69.6 (C-4"),
70.9/71.1/72.2  (OCH,PMP), 73.9 (C-2), 82.5 (C-3), 82.6 (C-2), 100.3 (CHPh),
113.9/113.95/114.01/126.3/128.3/129.2/129.67/129.69/130.0 (, arom.),
128.97/129.03/129.4/137.9/159.1/159.2/159.3 (s, arom.). HRMS (FAB) m/z: [M+H]" Caled for
Ca0Ha7012S; 783.2509; Found 783.2488.

De-protection of PMB and benzylidene moieties of coupling products (151, 152 and 153) by
aqueous TFA.
1,4-Dideoxy-1,4-{(S)-[1-deoxy-3-O-sulfo-D-erythritol-1-yl]episulfoniumylidene}-D-arabinitol
inner salt (153). A mixture of coupling product (169, 460 mg, 0.59 mmol), trifluoroacetic acid (5 mL),
and water (0.5 mL) was stirred at room temperature for 1.5 h. After removal of the solvent in vacuo,
the residue was washed with dichroromethane to give a colorless solid, which was triturated with
methanol to give the title compound (169, 157 mg, 80%) as a white powder, mp 149-151 °C. [a]**p —
27.3 (¢ =0.60, H,0), IR (KBr): 3645, 1261, 1215, 1049, 1010 cm™’. 'H NMR (800 MHz, D>0) &: 3.89
(1H, dd, J=12.8, 3.2, H-4'a), 3.90 (1H, dd, J = 13.6, 4.0, H-1a), 3.918 (1H, dd, /= 12.8, 8.8, H-1"a),
3.922 (1H, dd, J=13.6, 4.8, H-1b), 3.99 (1H, dd, J=12.8, 3.2, H-1'b), 4.00 (1H, dd, J=12.8, 3.2, H-
4'b), 4.02 (1H, dd, J = 12.8, 8.0, H-5a), 4.03 (1H, dd, /= 12.8, 5.6, H-5b), 4.19 (1H, ddd, J = 8.0, 5.6,
3.2, H-4),4.37 (1H, ddd, J=7.2, 3.2, 3.2, H-3"), 4.44 (1H, ddd, J = 8.8, 7.2, 3.2, H-2"), 4.51 (1H, dd-
like, J = ca. 3.2, 3.2, H-3), 4.78 (1H, ddd, J = 4.8, 4.0, 3.2, H-2). 3C NMR (200 MHz, D;0) & 49.8
(C-1), 52.1 (C-1"), 61.7 (C-5), 62.2 (C-4"), 68.6 (C-2"), 72.3 (C-4), 79.5 (C-2), 80.5 (C-3), 82.8 (C-3").
HRMS (FAB) m/z: [M+H]" Calcd for CoH1909S2 335.0471; Found 335.0472.

1,4-Dideoxy-1,4-{(S)-[1-deoxy-3-O-sulfo-D-threitol-1-yl]episulfoniumylidene}-D-arabinitol
inner salt (151). In a similar mannar, the title compound (151, 151 mg, 86%) was obtained from
coupling product (166, 410 mg, 0.52 mmol) as a white powder, mp. 161-162 °C. [o]*p +17.5 (c =
0.40, H20). IR (nujol): 3418, 1249, 1219, 1056, 1007 cm™. 'TH NMR (500 MHz, D,0) ¢: 3.82 (1H, dd,
J=12.0, 6.3, H-4'a), 3.81-3.85 (1H, m, H-1'a), 3.85 (1H, dd, J = 12.0, 6.0, H-4'b), 3.87 (1H, dd, J =
13.5, 4.0, H-1a), 3.85-3.89 (1H, m, H-1'b), 3.90 (1H, dd, /= 13.5, 3.8, H-1b), 3.92 (1H, dd, /= 11.8,
8.9, H-5a), 4.07 (1H, ddd, J = 8.9, 4.9, 3.2, H-4), 4.11 (1H, dd, J = 11.8, 4.9, H-5b), 4.38 (1H, ddd-
like, J = ca. 6.3, 6.0, 3.0, H-3"), 4.42 (1H, dd-like, J = ca. 3.5, 3.2, H-3), 4.46 (1H, ddd, /= 9.2, 4.1,
3.0, H-2"), 4.73 (1H, ddd, J = 4.0, 3.8, 3.5, H-2). *C NMR (125 MHz, D,0) & 50.4 (C-1), 52.0 (C-1"),
61.7 (C-5), 62.2 (C-4"), 68.4 (C-2"), 72.3 (C-4), 79.5 (C-2), 80.1 (C-3), 82.1 (C-3"). HRMS (FAB) m/z:
[M+H]" Calcd for CoH1909S2 335.0471; Found 335.0473.

1,4-Dideoxy-1,4-{(S)-[1-deoxy-3-O-sulfo-L-threitol-1-yl]episulfoniumylidene}-D-arabinitol

inner salt (152). In a similar mannar, the title compound (152, 166 mg, 78%) was obtained from

coupling product (167, 498 mg, 0.64 mmol) as a white powder, mp. 145-147 °C. [a]*'p —39.0 (c =

0.40, H>0). IR (nujol): 3360, 1288, 1200, 1064, 1015 cm™. 'H NMR (500 MHz, D,0) &: 3.82 (1H, dd,
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J=11.8, 6.0, H-4'a), 3.83 (1H, dd, J = 13.5 4.3, H-1'a), 3.85 (1H, dd, J = 11.8, 5.2, H-4'b), 3.86 (1H,
dd-like, J = ca. 13.2, 3.7, H-1a), 3.89 (1H, dd, J= 13.2, 3.7, H-1b), 3.92 (1H, dd, J= 13.2, 9.5, H-1'b),
3.97 (1H, dd, J = 12.3, 8.0, H-52), 4.09 (1H, dd, J = 12.3, 5.2, H-5b), 4.15 (1H, ddd, J = 8.0, 5.2, 3.2,
H-4),4.38 (1H, ddd, J = 6.0, 5.2, 2.9, H-3"), 4.460 (1H, ddd-like, J= ca. 9.5, 4.3, 2.9, H-2"), 4.462 (1H,
dd-like, J = ca. 3.2, 3.2, H-3), 474 (1H, ddd, J = 3.7, 3.7, 3.2, H-2). 13*C NMR (125 MHz, D;0) &
49.4 (C-1), 51.5 (C-1'), 61.7 (C-5), 62.2 (C-4"), 68.7 (C-2"), 72.6 (C-4), 79.4 (C-2), 80.4 (C-3), 82.0
(C-3"). HRMS (FAB) m/z: [M+H]" Caled for CoH1909S, 335.0471; Found 335.0476.

Acidic methanolysis of sulfonium inner salts (154, 155, 156).
1,4-Dideoxy-1,4-{(R)-[1-deoxy-D-erythritol-1-yl]episulfoniumylidene}-D-arabinitol chloride
(156). A mixture of 153 (75 mg, 0.22 mmol) and 5% methanolic hydrogen chloride (4 ml) was stirred
at 50 °C for 3 h. After removal of the solvent in vacuo, the residue (92 mg) was treated with ion
exchange resin IRA400J (Cl” form, 2.0 g) in methanol (4 mL) at room temperature for 15 h. The resin
was filtered off and washed with methanol. The combined filtrate and washings were condensed to
give the title compound 156 (50 mg, 77%) as a colorless oil, [o]*’p —52.9 (¢ = 0.24, MeOH). IR (neat):
3418, 1643, 1415, 1258, 1222, 1072 cm’!. '"H NMR (800 MHz, CDsOD) &: 3.60-3.63 (1H, m, H-3"),
3.62-3.64 (1H, m, H-4'a), 3.67-3.70 (1H, m, H-4'b), 3.79 (1H, dd, /= 12.8, 4.8, H-1'a), 3.81 (1H, dd,
J=12.8, 6.4, H-1'b), 3.82 (1H, dd-like, J = ca. 12.0, 2.0, H-1a), 3.83 (1H, dd, J = 12.0, 3.2, H-1b),
3.95 (1H, dd, J = 12.0, 8.8, H-5a), 4.03 (1H, dd, J = 12.0, 6.4, H-5b), 4.07 (1H, ddd-like, J = ca. 6.4,
6.4, 4.8, H-2"), 4.09 (1H, br dd, /= 8.8, 6.4, H-4), 4.40 (1H, dd, /= 2.4, 0.8, H-3), 4.62 (1H, ddd-like,
J=ca.32,2.4,2.0,H-2). °*C NMR (200 MHz, CD;0D) &: 50.8 (C-1), 51.4 (C-1'), 61.1 (C-5), 64.0
(C-4"), 69.5 (C-2"), 73.5 (C-4), 75.1 (C-3"), 79.4 (C-2), 79.7 (C-3). HRMS (FAB) m/z: [M—CI]" Calcd
for CoH1906S 255.0903; Found 255.0893.

1,4-Dideoxy-1,4-{(R)-[1-deoxy-D-threitol-1-yl|episulfoniumylidene}-D-arabinitol chloride (154).
In a similar mannar, the title compound (151, 58 mg, 78%) was obtained from coupling product (154,
86 mg, 0.26 mmol) as a colorless oil, [o]*’p +2.7 (¢ = 1.0, MeOH). IR (neat): 3287, 1631, 1404, 1257,
1072, 1042 cm™. "H NMR (800 MHz, CD;0D) &: 3.59 (1H, ddd, /= 6.4, 4.8, 3.2, H-3"), 3.62 (1H, dd,
J=11.2,4.8z, H-4'a), 3.64 (1H, dd, J=11.2, 6.4, H-4'b), 3.74 (1H, dd, J = 12.8, 4.0, H-1"a), 3.79 (1H,
dd,/=12.8,9.,H-1b), 3.84 (1H, dd, /= 12.8, 3.2, H-1a), 3.86 (1H, dd, /= 12.8, 1.6, H-1b), 3.93 (1H,
dd, J = 12.0, 9.6, H-5a), 3.98 (1H, br dd, J = 9.6, 4.8, H-4), 4.05 (1H, dd, J = 12.0, 4.8, H-5b), 4.18
(1H, ddd, J=9.6, 4.0, 3.2, H-2"), 4.37 (1H, dd-like, J = ca. 2.4, 0.8, H-3), 4.61 (1H, ddd-like, J = ca.
3.2,2.4, 1.6, H-2). 3C NMR (200 MHz, CD;0D) & 52.2 (C-1'), 52.3 (C-1), 61.1 (C-5), 63.6 (C-4"),
69.2 (C-2"), 73.5 (C-4), 74.2 (C-3"), 79.4 (C-2), 79.6 (C-3). HRMS (FAB) m/z: [M—CI]" Calcd for
CoH1906S 255.0903; Found 255.0921.

1,4-Dideoxy-1,4-{(R)-[1-deoxy-L-threitol-1-yl]episulfoniumylidene}-D-arabinitol Chloride (155).
In a similar mannar, the title compound (155, 56 mg, 84%) was obtained from coupling product (152,
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77 mg, 0.23 mmol) as a colorless oil, [a]**p —17.0 (c = 0.17, MeOH). IR (neat): 3360, 1643, 1416,
1254, 1072 cm’!. 'TH NMR (800 MHz, CD;0D) & 3.60 (1H, ddd-like, J = ca. 6.5, 4.8, 3.2, H-3"), 3.62
(1H, dd-like, J = ca. 11.2, 4.8, H-4'a), 3.64 (1H, dd, J=11.2, 6.5, H-4'b), 3.70 (1H, dd, J = 12.8, 3.2,
H-1'a), 3.80 (1H, dd, J = 12.8, 1.6, H-1a), 3.82 (1H, dd, /= 12.8, 8.8, H-1'b), 3.85 (1H, dd, J = 12.8,
4.0, H-1b), 3.95 (1H, dd, J=11.2, 8.8, H-5a), 4.03 (1H, dd, /= 11.2, 6.4, H-5b), 4.06 (1H, br dd-like,
J=ca. 8.8,6.4,H-4),4.17 (1H, ddd, J= 8.8, 3.2, 3.2, H-2"), 4.41 (1H, br s-like, H-3), 4.62 (1H, br dd-
like, J = ca. 4.0, 1.6, H-2). *C NMR (200 MHz, CD3;0D) &: 50.3 (C-1), 51.3 (C-1"), 61.1 (C-5), 63.6
(C-4"), 69.1 (C-2"), 73.5 (C-4), 74.3 (C-3"), 79.4 (C-2), 79.8 (C-3). HRMS (FAB) m/z: [M—CI]" Calcd
for CoH1906S 255.0903; Found 255.0910.

Biochemistry Procedures

In vitro enzymatic assay toward recombinant human GAA (rGAA, Myozyme).

Standard assay conditions: Reactions contained 0.5 uM rGAA (Myozyme, SANOFI GENZYME),
150 mM Mcllvaine bufer (pH 5.2), 3 mM 4-nitrophenyl-a-D-glucopyranoside (a-p-NPG), and varying
amounts of inhibitors (compounds 113-114, 134a-134k, 151-156, voglibose, and acarbose). The
reactions (80 pL) were run in 96-well plates (FALCON, 353072). Absorbance at 405 nm (A4o5) was
measured on a Multiskan FC (Thermo Fisher Scientific).

Determination of apparent K; (K/?) values of compounds 113-114, 134a-134k, 151-156, voglibose,
and acarbose: Ki® determination was performed under standard assay conditions. The enzyme,
substrate, and inhibitor concentrations are listed here: rtGAA was used at 0.5 uM with 3 mM of o-p-
NPG in either the absence or presence of compounds 113-114, 134a-134k, 151-156, viglibose, and
acarbose (salacinol (113): 0.031-1000 uM; neosalacinol (114): 0.031-1000 uM; 134a (H): 0.024—-100
uM; 134b (0-CHz): 0.024-100 uM; 134¢ (0-Cl): 0.024-100 pM; 134d (0-CF3): 0.024—-100 uM; 134e
(0-NO2): 0.024-100 uM; 3'-epi-salacinol (151): 0.031-1000 uM; 3'-epi-neosalacinol (154): 0.031—
1000 uM; 2'-epi-salacinol (151): 0.122-4000 uM; 3'-epi-neosalacinol (152): 0.122-4000 uM; 2',3'-
epi-salacinol (153): 0.122—4000 uM; 2',3'-epi-neosalacinol (154): 0.061-2000 uM; voglibose: 0.031—
1000 uM; acarbose: 0.122—4000 uM). Inhibition studies were performed by pre-incubation of rGAA
(0.5 uM) with varying amounts of inhibitors (compounds 113-114, 134a-134k, 151-156, voglibose,
and acarbose) for 10 min at room temperature. After 10 min at room temperature, the reaction was
initiated by adding a-p-NPG (3 mM). After 30 min incubation at 37 °C, the reaction was quenched by
adding 120 pL of 80 mM glycine-NaOH buffer (pH 10). Control reactions were treated except no
inhibitors (compounds113-114, 134a-134k, 151-156, voglibose, and acarbose) were added to the
reaction mixture. In all experiments, the total DMSO concentration was kept at 2.0%. All Ki**? values
were determined by replicating each assay twice. Data was fit to the Morrison equation using Prism 7
(GraphPad Software).
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In vitro enzymatic assay toward S-glucosidase from Aspergillus niger.

Standard assay conditions: Reactions contained 0.5 U/mL f-glucosidase from Aspergillus niger
(Sigma-Aldrich, 49291), 150 mM Mcllvaine bufer (pH 4.6), 10 mM 4-nitrophenyl-f-D-
glucopyranoside (S-p-NPG), and 1 mM inhibitors (compounds 113-114, 134a-134k, 151-156,
voglibose, and acarbose). The reactions (80 pL) were run in 96-well plates (FALCON, 353072).
Absorbance at 405 nm (A4s5) was measured on a Multiskan FC (Thermo Fisher Scientific).

Inhibition profile of [-glucosidase from A. niger toward compounds 113-114, 134a-134k, 151-156,
voglibose, and acarbose: Inhibition studies were performed by pre-incubation of S-glucosidase from
A. niger (0.5 U/mL) with 1 mM of inhibitors (compounds 113-114, 134a-134k, 151-156, voglibose,
and acarbose) for 10 min at room temperature. After 10 min at room temperature, the reaction was
initiated by adding S-p-NPG (10 mM). After 30 min incubation at 37 °C, the reaction was quenched
by adding 120 pL of 80 mM glycine-NaOH buffer (pH 10). Control reactions were treated except no
inhibitors (compounds 113-114, 134a-134k, 151-156, voglibose, and acarbose) were added to the
reaction mixture. In all experiments, the total DMSO concentration was kept at or below 1.0%.
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