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Ac: acetyl

ATIBN: 2 2-azabisisobutyronitrile

9-BBN: 9-borabicyclo[3.3.1]nonane

Bn: benzyl

Boc: #butoxycarbonyl

BOP: benzotriazol-1-yloxy-tris(dimethyla

mino)phosphonium hexafluorophosphate

Bs: benzenesulfonyl

Bu: butyl

Bz: benzoyl

CAN: ceric ammonium nitrate

CDK4: cyclin dependent kinase 4

COSY: correlation spectroscopy

CSA: (19-(#)-10-camphorsulfonic acid

Cy: cyclohexyl

DBU: 1,8-diazabicyclo[5.4.0lundec-7-ene

DEPT: distortionless enhancement by

polarization transfer

DHP: dihydropyran

DIBAL-H: diisobutylaluminium hydride

DMAP: 4-(dimethylamino)pyridine

DME: 1,2-dimethoxyethane '

DMF: N, N-dimethylformamide

DMSO: dimethyl sulfoxide

DPPF: 1,1-bis(diphenylphosphino)
ferrocene

Et: ethyl

HMBC: 'H-detected multiple-bond
hetero nuclear mulfiple
quantum coherence spectrum

HMPA:hexamethylphosphorous triamide

HOBt: 1-hydroxybenzotriazole

HPLC: high performance liquid
chromatography

KHMDS: Potassium
hexamethyldisilazane

LDA: Lithium diisopropylamide

LiHMDS:Lithium hexamethyldisilazane

mCPBA: mr-chloroperbenzoic acid

Me: methyl

Mes: 2,4,6-trimethylphenyl

NMO: 4-methylmorpholine MN-oxide

NMR: nuclear magnetic resonance

nOe: nuclear Overhauser effect

NOESY: nOe spectroscopy

PEA: phenylethylamine

Ph: phenyl

PMB: prmethoxybenzyl

PMBz: p-methoxybenzoyl

PPTS: pyridinium p-toluenesulfonate

Pr: propyl

RCM: ring closing metathesis

Red-Al: sodium bis(2-methoxyethoxy)

aluminium hydride

TBAF: tetrabutylammonium fluoride

TBS: £butyl dimethylsilyl

TBDPS: tbutyl diphenylsilyl

Tf: trifluoromethanesulfonyl

TFA: trifluoroacetic acid

TFAA: trifluoroacetic anhydride

THEF: tetrahydrofuran

THP: tetrahydropyranyl

TLC: thin-layer chromatography

TMS: tetramethylsilane, trimethylsilyl

TsOH: ptoluenesulfonic acid

WSC: 1-ethyl-3-(3-dimethylaminopropyl)

carbodiimide
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Scheme 2. A. Fiirstner > O & 8ii%E Chem. Eur. J. 7, 4811-4820 (2001).
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2l ry¥—NVEORTHEECEIE L,

Scheme 15 AEQy5 27 ¥ LOETF VAR

? 0 BnNH
7o - 30 /> 8N NaOH /> nNH,
" p@[ _NaHOMF__ N HO~on . i (o] DMSO ( o o WSC.HC!
¥ GOMe 00y, acetone™SO7 COMe = rsom  PhSOF” COoMe “J3poc  PhsSOs 5 DUE.
PhH, reflux .
: 131 7 ' 132y 98% 133 /) it to 80 °C
: §g R- ?ﬁ"é%'z 1 PnS0,CI, NaHCOg 77% (3 steps)

o} 91%
YpSyrPa COMe

o MC-0s04 o /m \ o 0

Negp == N g | —————— o ~gn 24 N
Phso; BN THE:H,0 4:1) | PhSOZ” Bn CH,CI PhSO; Ton . PhSOy ™3
o o ° 137 14 Y™
0 ,35h 14) reflux 14 Bn
134/ 135

o 136 / E:Z=4:1 1,0:4.5
a) EQ:PCOE CO,Et mixture  CO.Et
1) NaBH,, MeOH

+BuONa
2) 3N NaOH
30% Ha02 98% DMF

PhaPs, COzEL
b) 3Py, COyl

toluene
reflux

a) NaBH,, THF/MeOH 0 HO

N = phso Nt T prso Nt N
Prso; "¢ b) NaBH3CN AcoH,  PhSOZ T CHCl, PRSOZ R TRA RSOy T PRSo R L

138 N-gn MeOH,THF, reflux 139 14\§/N‘Bn 140 \}’ “Bn 123 Nogn 141 “Bn
HO TFAO 60% (2 steps)

EﬂA&GWM\¢ﬁ¢@7»7hbﬁﬂ%#%ﬁ&®ﬁE EREFRICHTHE L. AHUZ Lo
THEET X 7-(NE30%), ZDTNVTk FIE135% Wittigi 52912 TapAfgfl = A 71136
CE L, ST A VB TR OEA DT RESE S RS2, L L, A E-



v7 757 L1BTOFEREREE L CTIERIENIE L, 722 ORE T URMEF.LEKABCD
BOWEDOME L BT ALED D - 72720 —FEhl L7z,

Scheme 150 )L — NASERESZ o 721, OsOo/NalOMR LRI TEBR L2 7V F e §
18607 I F-NHE 7 VT FOEHEMIZOFHBARLTT? 3+ — V1392 AR T 5 HI1CH
5. ZZTNHO 7O M v %E &R WEZ T I)VE132% 0s04/NalOB LR 12 L TE LN
72T VTR F142% BT X Jb-0FNT 7 & MMERIEIC THESET 2 2 £ 12 L 770

B BROBETRY IV 75 LTEMETIC CHRETE 2o 2D TIOBAT
REELp-A PF IRV I VPMBIIEET B Z L2 L7229,

Scheme 16 ®‘ETLT7 I /{b-0FHWT 7 ¥ LIS

0 O ?
/(} 030, NalOy /(} NaBH, /050
phsos ™ COzMe THFH,0 (4: 1)PhSO; ™ CO2Me ""MeOH Phso; 5
%, 35h
132 ) 142 4 143 72%

i) HNPMB o

Solvents 0/> ’>
AcOM ds o d
N _N
iy NaBH,CN PhSO3 PhSO;” COyMe
N N OMe
144 44% 145 36% /2

L2L, BIZRLTERLZDDRGFHT 7 5 5144777 T ZER14B5D H o 7
(Scheme 16)o CD_E/K14513, BILEHFVERED /2D, 527 7 LMLRTOHET I > 7
FREDOFHICTERT ATV T FLBREILEITLT I /bdh, BIET 3, XBREDE
RTOURT I VD287 I v ~DBTT X/ fbid. BIEFENH, OH) TShiffli £ DI EHEE
T~ A7 LTWAHIUAMIA R, 73I VY 2BRICHWSFHTLANROR FIZE
DhDo 17,

Scheme 17 BRLT 2 {b-0FHAT 7 7 2L B O#E

i)H;NPMB o 0 o
0/> Solvents /> /> N />
] AcOH N ] ii) NaBH3CN g ¢} ii) NaBH3CN \ o]
Phs;~7 ~COMe PhSO;” COMe ™ prsoy” CO,Me PhSO;” COzMe
142 4 146 o/} 145

H=N, R= R—N, R-N,
@ PMB d @ PMB H® ‘PMB
Phso; COzMe
| 2
O O/>
(o]
~N CO Me N CO Me ~N COzMe N o
PhSO;" 2 PhSOj A PhSO; PhSO4 !
142 4 142 g 144 “PMB
@ ‘PMB

CITETT I/ -DFAT 7 & 2MERILE AT L 72(Table 1) #0fER, Bl % 1.0
LEAVBRHOp A FF IRV T IV EEDITKEILY T 2R EEF M) Y LETL
TIREIEETERT 227 I Y 48 BREME L THFAT 7 ¥ 2465 5 L IETT%
T4 R OND L) 1o 72,
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Table 1 BT I -5 FAT 7 ¥ LLRIGORE

1) HaNPMB
O/> Solvents O/> O/>
°© AcOM O0 OMe OMe o
PhsO; 7 TCOMe e o PhSOz \/Q/ Prso; \/©/ Phsoz COzMe Phso;” 7 ~COMe
142 ) o \/O‘OMe 148
g n-N \@_OMe

HPLC (area%)

No HRER) Additive(eq) H;NPMB 144 (%) 149 (%) 145 (%) 148 (%)
1 MeOH (10) AcONa (1.0) 1.1leq 27.6 0.9 121 (16.9) 9.2
2 MeOH (10) AcONa (1.0) 3.8 eq 42.3 1.7 29 (4.1 14.9
3 MeOH (10) AcONa (1.0) 5.5 eq 36.8 1.6 1.0 (1.4 6.2
4 THF (10) AcONa (1.0) 1.leq 10.3 5.7 17.1
5 THF (10) AcONa (1.0) 3.3eq 6.5 14.3 14.7
6 MeOH (10) AcOH (1.0) l.leq 30.6 22,5 (3L.5)
7 MeOH (10) AcOH (0.5) 3.3eq 31.6 3.7 (592 6.4
8 MeOH (10) AcOH (1.0) 3.3eq 73.0 5.3 (7.4)
9 MeOH (10) AcOH (3.3) 3.3 eq 51.4 11.0 (15.4)

10 MeOH (10) AcOH (5.5) 3.3 eq 69.4 12.6 (17.6)
11 MeOH (10) AcOH (0.5) 5.5 eq 38.6 0.8 7.8
12 MeOH (10) AcOH (1.0) 5.5 eq 50.6 2.1 (2.9 6.4
13 MeOH (10) AcOH (3.3) 5.5 eq 45.2 22 (3.1 0.7
14 MeOH (10) AcOH (5.5) 5.5 eq 49.7 72 (10.1)
15 THF (10) AcOH (1.0) 1.1eq 51.6 43.7 0.9

<HPLC%:f4> Inertsil ODS-2 ¢ 4.6 X 150 mm, 0.05 M KHsPO4:MeCN (45:55), 1.0 ml/min, 254 nm

KT CANEE 12912 TPMB % BR{LAYRR £ L 72126 % 157245, 4 I FR150D 10%FEEEI &
L72(Scheme 18), L#*L., 4 3 F1500 R TEDIET ¥ —VLIZ THREINE O FDF
FRORIBICA L7z KITHA ¥ — V12613, AY O-DIBROVEBED -ORIGEIMET LT
B, BIEEECCSAZOMMBAIE I X AMREDOEGTERETE LD o720, T0%H
BEBRIOTH ¥ — NV EBRLEICHEE LENO T, MMER127E Lz, ZOBEEFRBRIC L2

5 = WAL TIERIEASEF CELE T2 7-OMEERBERERRLEST 2 LENH o072, 0
Bt 5 7 ¥ LONHDBEET A LIRS DA I RY U x =272 5 0P RISIEFTE
WY AEME R Lo DRI 7 ¥ L NDREENN Y DV OGE 20 O T RIS R
L725, DERS 7 % LN 97 ) —72 L 5~6[a IS RIBE T N EHNdH o 77, & o THHIZ
Y= VEBRETBIZTE LNV VVEEROTENTH,

Scheme 18 AEUQ-y5 7% LDEFIVERK

0’> ) H,NPMB 0/> 0’3
o Ad»{ﬁ1h 00 OO o
e
prsos COMe ™ 1y NaBHON Phso2 \/©/ Me%N K0 (:3) Phsos f prsos ™ {
. -
142 ) reflux, 2 h min 126 H 150
S 77% 86% o}
70% HCIO, Boc,O
CH,Cly o cat DMAP o Xy OBoe
L ! o . 0 { 0
1, 30 min PhSOZ” Et;N - Phso2 PhSO;”
127NN, n2h 151 Negoo 152 Negoo
85% 62% ° 36%

RKIZ12TODIET 7 ¥ L NDBoc k30 % st L 720 METOMAIZIZEE127TATHF(TR &
IZEL IR LD T — V7O h (L) — VBocfk152% BIIAE) EDIES ¥ ¥ 470 b
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v DFERW 2 BoclbLBTBETH o720 LD, AT —NVT v 7F¥5 L1278 MO R (
40f5 B L EOTHFEEIZ DM L2 v) &2 ) . BRE ORED 5 3R A9 7 Bocdl A 12
Bolzo LU, BT MEIS1Z ERHERE LTARTE 2720, BIEWDBoc/ I F1
52 1T L7 ux MREBICTHBEL T, RIED I EIZ L,

HRTE 14EER WREPLOEROETIVER

ITHAR-BHAY 7Y 70200 ) 75— 1153% 45 L 72(Scheme 19)o & EIZHE
V. FIATARATE N GEAIT, BIBERLN 72 VER(RY 70 F 0 Xy Vv Ak
I P)ZHV, 151% M) 75— MELA, iR E LTYF oA Y4V 7avLT 3
FOLDAZRED &, BUBEOBIZEIETE VA4V O LT I V3 Boed 3 F1530° 5 D
Bocflb L. 165%BIE L7 X TLVRBEHDOTYF YL FYRFLIY LT 3
FIZTYFFIE L7z EDBE, YUV T I FAL0YEZ BB T % & fiDieckmanniZ Xk <3k
NATVEIBIZ Lo TERY Y/ VBRARDPHE LTI F VY XA F L YRI5TEEIZE L7,
FOLOEEEIT. LOLYERZBELZVWIIEEZEL:,

Scheme 19 =+ 77— ML & #DieckmannKIiE-¥~ 1 7 v KIS

0 ol ] oTf oTf
o i) LDA, THF o o i PANTf, = o A o
N — N B —— N N
PhSO;” PhSO;5”, PhSO;” PhSO;”,
7151 C_N. 7154 L. 2153 CUN. "S0Z 155 <N
i Boc “H

Boc Boc

i) LIN(TMS)y, THF excess Retro-Dieckmann
J i) PhNTf, Base Reaction

0T (\?L-Nu ] Retro-Michael
N o) N o) Reaction o)
PhSOy” PhSO;”
153 N. 156 N‘B 157 N
oc

Boc “Boc

ROFTVERIATIVIE8E P 75— M1B3DHAR-EEA v 7Y 73 (Scheme 20)
i ERLDITHEIT Lz, L Ly Ty T v RS9I 7 T VU BRR L TERE AR L
TBY ., ZRBRILICTEEB Y —VRU~NSELE . BOFVIEEREE L2,

Scheme 20 Y 75— MLEHR-BREI v SO F

=
i) LIN(TMS), J;/\O 158 0
0o THF orr OB

o . -65°C = Pd(PPh;)s

_N _ _N © — N
PhSO; { i) PANTS, PhSO; f Lic, pMe  PhSOz

“B to 3°C ~ ag. Na,CO B

151 oc 50% 153 Boc. 88 °C,22h 3 8oy, 159 oc

BAR-EHA v 7 v IERER159DBoc, 3 FEBEOKEIAVTFALTLI=Y
AMDIBAL-H) I TLI2RTLML, TIUVFL FEMETHZ 7 I F — V161~ L 7~
(Scheme 21)o Z O, HEEDF L — FHRIZL D BELBTAICL 27 IV ~DBET
IZHEAT LT < oo 720 |
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Scheme 21 4 I FOETT

/o cd

= =
= oy 0 ~ 0 o 0
S DIBAL-H x JBu > Acg0 \
N o N Ovylipy [——r N o N Ohe
PhSO;” { :c:ai!_'recr}e PhSOZ 5 PhSO5” f pyridine  PhSO5” f
159 Boc  ZgG10 5°C 160 \gtau 6% 161 oo o8% 162 8o

H-60:H-6 (3/2)

RIZT I F— V1617 EAEERE - €U TTEFMLL, 162% 75

o AV NIRER X F
WRF IV MREEZF DI TT I/ T —NIZ

bR E “C“%Zuﬁ\«/’tl%‘z@@fdt TTHR
BEEDFENF DU F L iz 7 FVR162% LIERMH L 72,

KDL IZILHFF oD TT RO FRNERLRIGIC
SFE B DM (Scheme 22)% #H L7726

Scheme 22 BFM A4 F 4 Y BLORKIGH

93¢ (5-10eq)
——— N H
MeO p-TSOH (1.1 eq) N >90% de NN
940

X, G. Lhommet5H, FiiH D

——— i i

92 & ° CHyClg, 1t, 20 h 0 78% \9% O)—-o
WOAc 930\0 (10 eq) I)\OAtl/ 5 WOAC
Z DRE R

162% CHzClz‘:F‘\ pTsOH.H20 (1.1 e TRIBT 5 & 72 F NV EICTIHFEL S
NTWB DI HFN A FF »BILKIG (cationic cyclization)2SHE R 2012847 L. RO
BRI EW163% 5 2 72(Scheme 23),

Scheme 23 MR EFLEEDOETVER

~T
p-TsOH N0
CHJCl, PhSO{N S
r, 0.5-2h N.
76% 163 Boc

B OMEREF LERPE LN 720, ST ZAEIRIIZETL SN Z L 2 HfF L.

163% /35 U L jkF THEMIETC L 72(Scheme 24)o L.

BILEHZHRMLTLE 75 >
ROVESL L GEIL E N0,
Scheme 24  MUEIRVEH.LEREORITRIE
9 432 o 3 2
g4/~ Ha 8 _/~=
PhSO7 \/N H s AcOEt PhSOg’N \/N H PhSO,; V& ~%&H
163 “Boc Etch 164 “Boc 80% 165 \N- Boc

KIexBE LA 7T YBRABNEMPEITERILEIN, RNTRYDODZERKEI/RIT SN

BIENH oo 77 VRICKREGREVDLDY ., FHEREPERT LALLDEEZ ONL,

FI TN _ERE EELEITTRI SN T WA FEEKIF9Z EIZETT AV — MIEHEL72(S
cheme 25),
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Scheme 25 IR H.OEKOEBIERE

Reducilon Cychzatlon
Ha, 5% PA-C 8
0 2
DIBAL-H OR _pTsOH _ qg\ AGOEL A0 o
Ph802 T emsor L] )
N-goc 163 \N-g . 164\/N ’ 165\/ “Boc
eductmn 10o/ p Reduchon
_ O
[ 7 o _DIBALH OR _ pTsOH H
onsorNs = prsor Phsoy s ¥
167 \_Nog 1 109N Ao

ZORER, 77 VREIIIIETT AL L(Z%ﬂ@ﬁ)@:‘y?Z T VA BRI ERES
DFEILHET L. ERDOH-80/4K1675%1% 5 N72(Scheme 26) INEDET i, £ O
HITEEAL, 87 VY LRBUBFEDALZ72OTH 5, ZOVAK{LEIEN0eEBRTHRE L
72(Scheme 26), 55 N72®TLA167% . DIBALETCIZ RS TR F VL, % LT cationic
cyclization|Z & - THBDOIRELEW169% 1572,

Scheme 26  MUIRMEALEHED S

i) LIN(TMS), o 158
o THF OTf (Ho)25 O DIBAL-H
o 8 T = o PaOXPPhg): 8% pac toluene
0
Prsog " N e Prso;” LiCl, DME PhSOz < TEOH PhSOz T TG
N (o]

NN, -65 °C to rt
151 Boc 153 Boc gg %lazg?la "Bo ‘ Boc
50% 80% 68% 54%
-
y [P oS
Y p-TsOH (1.1eq) T N0
phsoy g OR PhSOy g ~FH

7R CHyClp 7 R :

\’N“Boc 169 \/N‘Boc

53% (2 steps;
R=H 170 — Ac0 b (2 steps)
R=Ac 171 .1 pyridine

ZE TOME CHUBREOHLEEI6IDIEEENLHE E Nz L L +H K<) A
D&%uﬁa‘é IZid FIROBBEDDIZT VXV 2 72 ADREAKLTSS L 13d
D.Winkler 5 D E(UEIZ L 2 5FHT 7 7 L4bEse 8 (2K 7 V¥ » DOLindlari@ T
YDORTER 17405482 SN2 (Scheme 27).

Scheme 27 F K7 ¥ ADMAH

Nakadomarin A
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L2 L. Scheme 24D & ) IZED D o727 F VERIPETENRT VW X, BEEBEZOD
BITBEICEZ 77 VREBRL LWL EELET 5, ZITZERAORIRKEITOT
REMTHERR T 2 BRYTT IV F Y LEWLT5 & TNBRME A B 1690D R AW % Lindlary& 639 L,
75 Y BROBITRIGD RS % ML L 7-(Scheme 27O EAKLTIE 7T V8BS TV %
YOMHYESD Do TVA RO REENEWEFEINS), EROFBR, 7TIVF 17578
BIRMISET S Ncis-d L 7 4 Y1T6% 5.2 72057 5 Y BRIZE BIC E N H o 72(Scheme
28), ZD7z%, J.D.Winkler® D J5iE b B TTRE & HIKT L 720
Scheme 28 MIRMEALA Y O Lindlar® T 5EER 1

3
(\::HE:?Z 5
N\ H N\
169 0 1 P 169 C@)
Lindlar Catalyst .09
prso; g Fo Ny LT Ctalye N~ Conv. 0%

.  Phsoy

1:1 mixture NN “Boc g\%iggtine Negoc

175)\/____\)\ 17SM Conv. 100%

FIREIC, TOBRMEAL&163% Lindlari® T L 72(Scheme 29), % DFEHR., 7V F 175058
RWIZBIT S NeisF L 7 4 Y1765 527275, SR DA L 74 R 75 VRIIEL BT E
NZ&Ho7ze LA L. Scheme 24DMETD & 9 IZHz, 5% Pd-C/ACOEtDRIT Tl 4-5HLH 7
FL T4 UDRISETENS 20, KbEE 7% v>7 9 Y>endo-olefinDIEIZ 7 % & ¥
AL 7=,

Scheme 29 TUHRHALAM DLindlarf T 5 2

9 3 2

N H X\
163 O 2 163 0
Lindlar Catalyst Conv. 0%
Phsoy g Hs ! PhSO; |~ ~FH ’
1:1 " mixture N‘Boc quinoline \/N‘Boc
AcOEt

175 _ 1 79\/\Nk Conv. 100%

EEE 2f-7 T VEIHOEA OME

INE TIZIRERLERLI69DBEE N R B SN0 R IZ, PLOBFRICEREFR
CBETLLODTF—EHOBEATH L, FLEERIEITIIEROEANTEL WD, F
RAEOEANL, BIb 77 V2D ) FALEICLEZFET Y VEDEANLRHAT
(Scheme 30), ZD#ER, REFHDOL-7TF v-4-7a< 4 FGRERS)DTEA I N 2o 72(
) FARREEONTE  HEEE) . F2CY FALEAKICHEN VW E2HRT 220,
MeOH-duiZ & 2 DIb 2 #25F L 720 DR, nBuliF 7213 nrBuli/TMEDAIZ & % 1) F 4 1L
ETIE, DILOMEREREIMELS, BO 7 I V20213 TR <, H-6fL, Ry¥r ANk
SOVEF NV MIRERED) F A bEanTWwiz, ZORIZ, 7T VIRD ) F ISR E
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Wiz, FOTI A EAL TERERIET 2 H8 L L7,
Scheme 30 MBEMILEYD Y F A LEIC L BTHd0E
5% (o) 85%(D)
(TMEDA) ng )HTEAL;E EI)A T S o o i, 30 mig o b
Phsos ) Phs0’ =H “s'” ©)37% N © 7e%

Y
pHeor @E L
N NF (o) 0
"8oc (D) 60% \'r j< ©) 8% T \|<
179
0 doc O o)
— TMEDA(16eq) CE?( 40% d‘ﬁg 12%

TMEDA  ¢a -70 T m1h

Q
Q. N 34% AN 109
ii) MeOH-d, & (D) Y (D) %

L 08
180 7 () 48% \"/ 7< 181 - Y j<

EME 75 AHOEH

I TR DA (Scheme 3DIZHEV, 7T Y FERIS2EFH AR L2 77 v Dafiid
AUy 77 LOLED I ARGy 7)) U VDD T 3y EEME0EEY
BELR, F7T7 00200, ¥R, 77 K<) VAOFRBIBEORIEDY) £ 25720, 2
ANDBF L T4 VRTVFR VEMERTHAIR TNV I —IVI83% HE L SDOIKRT IV I —

JV1833Horner-Wadsworth-Emmons/XJt TH5 5 1L 5 of RELFI T A 7V 11TH HFEE N
B, FICTERHCRERLRFERO4- T O E-2- 7 VT T F185% B Lo 2B, 4
THET 7 VHFEGCIEERICTREEY - VRIS T 2720, TROERITFE
ThoT,

Scheme 31 75 BISAD A BB
M

R182 183 184 o CO R 117 o COR 118 Soro

4-70E-2-7 VT I T F1853) & U L F )LrRk A K J BEEE T F )L & ®Horner-Wadswort

h-Emmons 12 & 1) Coffif L, ofREF = X 7 )L186% 1572 (Scheme 32),
- Scheme 32 7 I VAIBOERK

EtOP ~cokt  BF NaBH, Br diborane X
NiCl, PdCly(dppf)
I N ., 7\ 7\
CHO tBuOK 0 COEt 5*,,8** h o] COEt  AcOK o CO,Et
%a.a% 185  THF wh 186 ' ww 187 g0, #h8 (SERCRA)
96% 92% !
» diborane Resuits
%ﬂo 190 X Ceso L j: - 193 g1y,
08
7\ 188 /& 189 191 ><:O'B-B:0:>< ><:0:B-- 194 74%
(¢] CO,Et o & CO,Et Br, Recov. 79%

o 0O 0, '
192[_ ] ee B4- 195 NR. o
BB fi 0 (T O e 187 Z_B\/\C%E(

OB ANEIAI T AT V186 % LS D1, 4BTEDSAF30, Blb 2 & 2 — v, 8= 7 L (ID)
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i E VT Sk FaRyBEF M) Y A Top R T AT VELABTE L7z, L L,
R Y 7 — VT IL BT A A5 KIS F55ME & T LARTES I T ¢ & TH 7 1 45188

BB SN2 FZTRITEEDOBRND 2D, T8 ) — VKSR, 0.1%80E L=y 7
NMIADMEZ W, TSk FaioiEF M) v ATLAETG4 °C, 1T S &, Ko
FEEEDIRIBICTAE =y FIViEE AR T o 24N 70 E 2 BT 2 2 L (8
FIZATWVISTINELNS L) IZ% o7,

FITLABTOEBREICH, = v, 200 hoEb, 75— b, B{bWEr ik
7 L72(Table 2)o €DfEHR, 7UEMF/M 7O EEK LB/HEBODOE V= v 7 LHBERLT W
720 MOEEMIZ2 °CIlZ T, L4RITANMEITT A RN 7 0 E4K188% BEIZEIA L2, KIC
el =y SV ERb= oy F VR T 5 &, MEOEHEDS @D A5 & - TRIE
ZEILESEH720), 1LABRITOEEIEY L=y 7 VOBIEEIENL TV,

Table 2 TWETT LD, 45%7’6@4&%‘
Br,

NaBH,
y / O\/\ ()\/\ 08t
5 COfEt —po— COzEt COzEt CO,E cO,

O

186 187 188
No. Metal (eq) temp tune 186 197 187 188 B/ BiBr  ZE
1 Cu® (0.1) 2-28°C  15h 67 18 13 2 4.00 20
2 Cul0 (0.1) 2-23°C  15h 46 19 27 8 2.70 35
3 Cu'Br (0.1) 2-23°C 24h 34 33 35 9 2.23 44
4 CullCly (0.1) 2°C 1h 56 22 19 3 3.00 29
5 CulCl: (0.1) 2-23°C  15h 0 0 40 60 0.67 100
6 CullS0, (0.1) 2-23°C 24h 65 5 28 2 13.29 30
7 CoCle (0.1) 2-23°C  3h 54 16 23 7 3.35 30
8 ColCl; (0.1) 2-28°C  24h 3 3 62 31 1.91 94
9 NitCls (0.1) 2°C 1h 71 - 28 1 99.00 29
10 NilCl: (0.1) 2-23°C  15h 0 0 68 32 2.13 100

11 Nil(0QAc)2 (0.1) 2°C 1h 30 0 70 D > 99.00 70

AR X *H NMR (300 MHz, CDCla) DFES e b8 L7z,

FUD, UFTLEREL A2 HRICT AT IVI8TR BT L7725, T AT IVBITTHERIEC
Lo TH7EERELBICEIE L2720, EFELIMAE LT,

FOOUIDO T AT IVAIEITELERO T FAN 70T TR TEIELELE LTERLD
FEIZ L DR VERT AT )11983, 19412254 L 72(Scheme 32)0 N H VBRI 7V OHIE
(&, 13C NMRIZT4fL8CY 7' F IV DiEK 2 R L. BEIZHMBCIZ T4f118CE tHO M % 7
8 L CHsE L72(Scheme 33),

Scheme 33 KD ¥ EEEFEAKDB-CHEADLCTINYTL

13C NMR (75 MHz, CDCl,) 5: Q( 5 '
Br. 111.41(brs)  ©B 11547(brs) o8
o875V (BN (B
187 193 194
146.31(brs) 130.08(brs) ~ 0& o
3 OT(f) 53 N B\g o 122.18(brs) |, B : 199
phsoy pnsos N ~_ OMe
N‘Bc>c N‘Boc

BB ARIIEOHAR-BHA v 7)) ¥ I ORE, EHELIZFRTVEBIZATUD M) 75—
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FEERT ARG EZHETAEMIITRT YR X 7V OFFERKL93, 1947 &R L7z (
Scheme 32), RO TV 3T b ¥R T (81H)190-192% LB L 724 R, CA(H T3 7 )
TRE V192 I TS IR MESEIT L, 2020y 7)) ¥ FANETES, BEE AL
7oo MO2RE[E A(EF 25 M)VABT V1908 EA(RFTRYF VT a5 M)VHRT 19139
(WO0/98/46265)) TIZRIEAEST L7z SNEAT Y EHRT T 2193, 19413 NIEFMEH A F,
WRPOBETIZERY —VIRE B D1y ARETHHR LS, TEET AT, BlREFEIC
Lo THGIL LEEREORENTREICZ 2720

ZDEHI4TOET T VIR TIEER Y — VIRICEIE DT 5720 RAL LT <
B2 TROEHESTEE Lo MM T A 7T VED FRRIZR D VBRI A7V L -5HE
1£189% Ak L 720 _

DEID IS vy bRO Y ERT AT V198, 194% 25 53T CT&E L THE T X
AL ol

ERE 14VEERE ARELEMOETFTIVER

ZHITAERLAZMN) 79— MNB3LENHOT I > DOFRT YIBITXAF)1193, 194& %
BB T VIR L. FORE, Y925 P T A7 V198 TIIHESRO LRG0
% (Table 3, No.DIZER T E 7. 20-30%FE L 013 b N7 %25 72(Table 3, No. 2,3), %
CTARO VBRI AT NVELI9B TR AFARYFNT Y 25 F T AFIV19412F 5 LIRS
68%IZMA_E L 7> (Table 3, No. 4), No. 5, 60 & ) ICABRAIZ Ao VBT 27 )L19812F 5
E\TUETIEDITRA Yy T) T EDBEIIDRT NEOBETR O VBT ATV
1985 H R IR S EE T, BRID A v 7)) v 7K2000513 L A EB SN o7,

Table 8 SA-FEHH v 7 ¥ FoRE

R®
R Jo
RS 2% AN
0 R o
. N —_— N
PhSO;” " PhSO;” PhSO;”
N. Conditions N.
Boc c Boc
1 Results
2 3
No R R R Catalysts (5 mol%) Conditions Products Byproducts
1153 OTf 458 (HO)zB% H Pd(PPh3)y;  Na,COj, LiCl, DME,80°C,6h 159 (A) 80% non

153 OTf >

2 193 ] >8-{ CH,CH,COEt  PA(PPhs)y  Na,COj, LICI, DME, 80°C, 6h 200 (A) 269 198 (B) 20%
o X

3 153 OTf 193 j:o/s—§ CH,CH,COEt  Pd(PPhy)s  K4PO,, LIiCI, DME, 80°C, 7h 200 (A) 30% 198 (B) 29%

0.
L4 153 OTf - 494 ><:O)B-§ CH,CH,COEt  Pd(PPhs)y  Na,COs, LiCl, DME, 80°C,7h 200 (A) 68% non

(¢
519818 1_ 187 B CH,CH,COEt  PdCl(dppf) K,PO, DMSO, 80°C, 6 h 200 (A)0.2% .
o (A) 201 (C) 21%

o .
6 198 ;—Bioﬁ 187  Br-  CH,CHCOEt  Pd(PPhs)y  Na,CO,, LICl, DME, 80°C,6 h 200 (A) 6% 198 (B) 57%

PDEDgeEtnro, 77 YAIBIZIEAFTRYFILT ) a5 bRT VBT 2T 0194, AR
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IIE MY 7T — M 1B3DMA G DR S BV EHBH L7,

KTy T v 7 HR200% AGERATICHERUEIT L. 202% 1872 (Scheme 34).5E & [@#EIC
4 3 F202%DIBALEZETT L72, £DE, IO F NI ATV 1T IV I — V203128 TC
L7z SO R EKEEEL - €V U VICTRBICTEF ML, 204% 870 XKNWTA I =y
LA FF YRR RES S FRBRICRISICA Uy 26088 % 78 3 5 U A H 16205 % 15
720 TEFNVIATIV206% SEEMEMAKS L . B O N2 187V 2 —)V206% Dess-Martin
FEALSMZTT VT F207L L7z RICWittigh 402 THRIA L 7 4 ~208% 1572,208D
NRyEVANVKRZNVEEZNa-T 75 L OTERTEFL, 27 I 209% 157,209 %
WSC-HCVHOBtIZ Th-~Ft L 210 HfEa L, P 2118 L 72,

Scheme 34 MUBM(LAM DL

EtO,C.

RO RO
O O biBAL o b/~
10% Pd-C toluene p-TsOH (1.1 eq) \.0
st ,N S e e N R ————————————— /N < H
Ph302 i/N EtOH Phsoz :\/N CH2C|2 Phsozf \,\/ CHQC‘Z Phso; N -iJ
N ~ 0, - N
200 Boc 87% 202 Boc-65°Ctort Boc 49% (3 steps) Boc
203 R=H Ac,0 205 R=Ac 1N NaOH
1 oyine —1 MeoH
204 R=Ac 206 R=H
t,05h
(IE H
N H
Dess-Martin Ox v N0 uo,c
N 9 N.12¢
CHZCIQ i,2h PhSO; N wsc HCI
62% 200 ™" Boc 7% 211 Boc
207 R=CHO B Ph3P=CH,
208 R=CH=CH; <. THF,toluene 43% (3 steps) Nagata, T.; Nishida, A.; Nakagawa, M.; Tetrahedron Lett., 42,8345-8349(2001).

T L 2112 RCM(EE 118 Grubbsit# 21442 15 mol%, 0.0005 M, 50 °C, 24 WIZff L, H
B OSBRI A W212(Z E38:62HE ) *1 DA K % E Rk L 72(Scheme 35), AL EW212
DOEHEIZIHNMRY S, VI V2110ABOT I FO— b v—2%k L, b 0 122075 v
RZNVEED12eq AN EE SNRBEEFTER SN Z EFTE SN2 71 b~
ML N R NVEDETHMR TRIEIEESE S 7 F LTWD)s ZORFHEHRICLD
FEFDRIH LTINS Y ADNERRIZH D Z LDV Lz, 24604 L 7 1 VB ORI E
PTEiZ, NOESYIZ XD, TUNMIEF L 7 4 Y iZnOeWER S 72 d D% BR L HE LT,
L2 L. HNMROBIEBREAZEZ THE— PRI TE Lo 272Dt LT 4 VEHD
JEDOREIZEIFTES R P o7,

Scheme 35 ARME(LEW DA

m =
Mes-N_N-Mes 213 a F9s ph 214
a ga H ~~ CI,R;u-—J
PCY3P15 mol% s N\ 0 PCy; 15 mol%
N32 s erese———
§ 2 CH.Cl, | § T H CH,Cl, S
AN 0.0005 M o NN 0.0005 M LIANSIA
2127 Boc  gheci5h 21112 B°  50°,24h 2127 "Boc
Z.E (71:29) Less polar 14% Z:E (38:62) Less polar 50%
More polar 34% Recov. 6% More polar 37%

RIZEAFT L7 4 ¥ % E2HGrubbsiX# 21349(15 mol%) % Fi W TRCMIZ{T L 72(0.00
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05 M, 50 °C, 1.5 h)o ZD#ER. H1HAGrubbsitIE2140RIE & 135812, BEn212 (Z
DB RNEO Nz L Ly BRSO TR 2 LS ABIAE L7 B IVE848%
Do | ‘ '

Fig. 2 ABEIEWOEFVE

247 24F
BB, BRORREE T V2120 ML TEL LU L7720, RIZIATAIE* 5T 2 EY
TERERFTT A L2 L7,
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E=E FH P VAT EIR)OLEHL

i VNEBEBMA T 7 ZLADOER

0s04/NalO4B2{VBEZ (one-potiE)4IZ X 5 77 & F185D4HiIL, 30gR 7 — VSRR T
HY ., IWFEHEL (F30%). A ERE 2R & 7% o TV i=(Scheme 15), ZOFEE LB K
DT NVT v F185643, Wittigh iMZEHT 32 7 17—/ 189[H-140:H-14p (K 1:4)]iZ B Y
(2o FNBABR T 2 A (B3R, A D P4 — LRI T A NalOs3 Tt L TR
— LY BEMERRVWRTHo T,

% Z CHER{L#RE% 2B & L7 (Scheme 36), %73, V. VanRheenen % ® 5549 (0sO4/
NMOBENZ T ¥ A— {215 % LR I0%-96% TH7=, SIS BATH L1z P4 —1 145215
IXABUCCREEICEBET 2 2 N TE T, VA —N2160H- 14 OMEEZIE, 7' A

2164027544 U 7=, H-1400H-14p (1:13) EREL T,

VA —N215DER{LEIZE. D. Y. Jackson®D FiE4D B L, WAL, BB, NalOs
DOKRERERML ., DA —N21BRKIEHIZCHCLIlsERIZFM L T —IZke b L H 12k
HEHREL, TDOCHCLBRE BIZ/HET D H1EE Lz, CHeCloffi iR 2 MgSOaRi L |
MgS04D 5 ERFIZIR TR OWittigAFE T186 2R L. RERERT VT & NMEI3EDTFTERF
& 520 L7,

RBBEBIZRANDN, LTO7 U NVEOBREREEL., £ENROMENOREE Th
DT, WZIEA Y VERE® 1T, BHAL R E134NEEOTHFF CHHTH LRRIETH o 1=,
ERZHRANVT =T LMBE U REE BBREY LRIOETho T,

Scheme 36 R H-y-F 7 % LDERK

OH \/\Br 0 0/> O/> BnNH;
’\O: NaH/DMF HO~~on O BNNaOH _ S, wsc i
R CO,Me ;rco ” hSO{N COzMe pTsOR Phso{N CoMe “puso PhSO’ “hoBt
2CQ3, acetone PhH, ref DMF
131 p , reflux 132 / 98%
129 R=HH
130 R=

Ci
PhSO,CI, NaHCO
PhSO, J. 2 3 77% (3 steps) e Pvcone

o/> /" tBuONa, THF

o 0s04 0’> 0/>
',(] NMO Cl;(:/}_l NalO, o PhyPs, COEL o 0 H
_N - N — s N~
PhSOZ T BN THR:H,0 (31) Phsoy N~ BN CraClHg0 (31) PhSOZ N-Bn ———— o, Phsos T Bn

21 5 H 1 35 reflux

134 | Mg g 6313 196 | £z-aq
MeO OMe DMF oo
cat PPTS o o/> o
0 H Co Co
PhSO/N - “Bn PhSO’ N‘B" Phsog N \ PhSO; Qf
more polar less polar 142 8 HO H N-gn cata 14& “Bn
minor 216 major O Less polar 139 More polar

O

LiBH, o , 0 o
e Ct( Op I CQ(O DHP (:[("
— B —— —_— N — - ,N
EtOH PhSO;” ¢ MeOH PhSO;” % CH,Cl, PhSO;” F CSA PhSO; T

N
. N.
14\( “Bn  THE ooy 218 @ Bn % 219 H\(ﬁ Bl gou 220 H“y" Bn
H-14 a: p = 82:18
COR 8494 (6 steps: H-3ptkzity) ——OH OH oTHP

2N NaoH [_—_ 137 R=Et AcCl
217 R=H EtOH

H-140; H-14p (77:23)

84% (6 steps: H-1481k % &)




TNVTE FISBPEELTHELONS L) IZh o 72kER, o REMTZ T IV186DILE L ]
EL7o 2B, Wittigio D EZEIRMEIIH4:1TH > 720

RICHTTFRTA 7 VBILRIG & RE L7z 5 IC18TOH- 14D V7 A 7 L 4 BIR A4
BRICBWTEE L 5, 22 THFAMichael RIBIZBITA AT VEISH, 73 FEIKH, K
INREEDOYT AT LA BIRIICRITTHRLZRET L72(Table 49, Z04ER, H-14 DY
7 AT LA ERMIE, EtOHF TIdH-1400H-14B (4:1), CH2ClF TidH-1400H-14B (1:7) &
o 7ZPIHIBIREICKRE 2ZRIR O N b o 72,

Table 4 I AFVHEABLIUT I FHEMEIZL B 5FRUNVEILOMRE

P=Bn ‘L(\@
o) o o P =PMB
gg'(}r H PhyPy COzR _ _ (:t‘/(?/H DBU (\:“L,c; NL{\(j\clma

135 p=Bn N Newp s 136P:Bn,R:El N Nep——e 137P =Bn, R=Et N 0 .

221 p=pug PhSOs S Ol 215P =Bn, R = Me PhSOy "¢ EtOH 228 P =Bn, R =Me Phs0;” & (R)- PEA‘&’\O

222P = (S)PEA ® 0 ; 225p =Bn, R = -Bu 12 O 229 P =Bn, R = t-Bu 14y Np

223 = (R}PEA 4 226 P = (S)-PEA, R = Et ! 230 P = (S)-PEA, R S Et P = (5)PE A

227 P = (R)-PEA, R = Et Co,R 231P = (R)}-PEA, R=Et COR

No R P B RIGER  EHE(eq) BE KICRE  FEE H-140p™: ETL
1 Et Bn E EtOH DBU(1) 0 °C 7h 96 79:17
2 Et Bn E EtOH DBU(1) rt 2h 100 83:17
3 Et Bn E EtOH DBU@) 90 °C 72 h 100 838:17-80:20
4 Et Bn E THF DBU(1) rt 2 h 76 50:50
5 Et Bn E CH:Cl. DBU(1) rt 2 h 93 28:72
6 Et Bn zZ CH:Cl:. DBU@) -30 °C 72 h 95 12:88
7 Bt Bn Z EtOH DBUQ) rt 2h 100 77:23 ;
8 Et Bn B 7 (79: 21)  EtOH DBU(1) rt 1h 100 81:19-77:23 ]
9 Me Bn E Z (84 16) MeOH DBU(1) rt 17 h 100 74:26
10 tBu Bn E Z (18 22) EtOH DBUQ) rt 24 h 95 78:22° REBERE Z (R
11 Et PMB E Z (760 24) EtOH DBU®Q) rt 24 h 100 76:24
12 Et (9-PEA E Z(72: 28) EtOH DBU(1) Tt 24 h 100 78:22*2 FE#HE(7R(S-PEA
13 Et (B)-PEA E Z(85: 15) EtOH DBU(1) rt 24 h 100 80:20%*2 FE#HE(7R(R)-PEA

*1 FEROEZL, EZEYOH 140k, BT IZ, 1H NMRE D EE L7z, (I, BEISKE CHEBRTERT,
*2 KIROEBRIICHAEER TRER A L7245, REIVERIC L2720, 78KE LTRRBL:,

RIZH T A7 MEROEEE B Wittigh b DBIERY(F) 7 2= VkA T 14 >
FFFA P)VESWERET BT L2 L7:(Scheme 36), BlH, TR FV137% ALK EE217
NIRTEEL, HHEE, BEIAFMMEL?, TAFNV18TR LiBHOETTR., ¥ ¥ — L %

T0% BRI CIL B IR L. BRBR 7 )V hB IR 2 L HIOH-1404£219% B —
DifEdh & LTH7(Scheme 87)o REH-14pk2321 14 HISYH & 87 7 N EASFF & 4
—NVERR L ORI DO AREB D ok S L2, £V 7 A5 L4~ — DM
VAREETY 7 27 L4 < —0On0e® HED 5 L7-(Fig. 3, Fig. 4).

Scheme 37 Bi7 ¥ —VALRIE

0
o S 70% HCIO, )
NP NP —_— N TP N 90
PhSOy ¢ PhSO; NF CH,Cly PhSO;" PhSOZ” >

Hod 1:‘*5‘1 H;:?:I\Bn . Hw 12“5!\ / Bn
(78* 14R*) (78*, 145%) :
218 OH 218 \ 219 o 232
More polar Less polar
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Fig 3 4L ¥~ —?DnOetfld H-14aff “ Fig. 4 1T —DnOetl H-14pk

H™D H O
[P S
S ,
Bs—N~7 T~ " ph
HoHT
(75* 14R*)-219 HOH,C H— T w7 020 232

RICEEVESRMFTICT219% 7 I & FOE T = )L{k50 L 72(Scheme 38) dEZME STl
Scheme 18D &9 %8t/ L — b & IKERIEL DN IT VL ETH B, Lo L, Bk
EHEDD, VRKEREDBRINRENSTREL oz, 72, BETIR, ¥ M7V a—-1D
SFMT S —VoRKRENA. BIROICEHOTHPL — 7 1220 % M8 I21572,22013 /0
YU I VBEAOASRICEE TR BFHETH S,

Scheme 38 THP{LRE

8 o o
DHP
e == (7
PhSO; N N CSA PhSO;” 3
219 H( “Bn  CH,Cl, 220 H.KN\BH
16 ~OH 0%

QTHP

Dk, B AEO-yF 7 ¥ L(78%,14R*)-22075BE ILEK38.7% (14 steps)iZ THSH N
A & 9127 o 72(Scheme 36),

B, H-14pHk2321%, BFAT ¥ —VEEBE L TW5 25, RBFICERMESE TIIRERL.,
BB DOKEEEED SO THP{ESD S N5 720, LRKEREDRINEYICTHPRIL & L7z (7.8%,14.8%)-
22075 5 7172 (Scheme 39), &1, 13C NMRRIRIZ T8I PEIHE A L, HMBCIZT
THP H-27% b C-16HID3Jacd 7 T A ¥ — 7 % 1872 F b i L 726

Scheme 39 THP{LRE

8O-+ B 8.0 | 80
(2., \
PhSO; 3 > PhSO;” 3 PhSO; %
‘>(N\ CSA N N- NN-
232 147,/ Bn CH,Cly H S14 Bn H T14 Bn
H (75, 14s*)-:\ (7S*, 148%)-220 7
219 OH 16 ~OTHP

EIH UNBRAYO-yS 7y AOER
KICFE - - EBREEDSN 7 bELE T /) — )L+ 75— 23330 (ZZHE L 72(Table 5)o 2 D

N1 75— p23313, FIERA220(Fig. 5)T/RT L) IZDEEDON Y VIVT 7 ¥ L), THPF ¥
PIFNVEIBEICE O L W E IS MIIZED B L TWAE EHEE L7, TORER. ¥
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VATV T L0 NERDPES . BREG M) 77— F 2R L(ZD0, B0
Ky TP TIRITEEEDRET WS — X & LTHIEETHAVALEND 7).,
"Fig 5 ¥ ME2200EFIVE

o
o
N
PhSO;” /\:/E(

HYy~N-Bn
(7S*, 14R*)-220

OTHP 5
RIZEFARA v 7)) ¥ 7 25T L 72 (Table 5)o $5K7 v 7Y ¥ 7' [Na2COs, LiCl, Pd(PPhs
Al TIEA T ¥ TE2B4D IR DTA8Y LKA © T2 THIF ML DR NRY VNV T 2 ¥
LEZL )=V RF) 77— bORMEIZH)HEE, UEEEZREILTWL2DEEL B(
Fig. B)o ZD7:0% v 7)) v FHEMNMET L, 2 ARV FIURL — M194ASEIT Ik # %
Zr, REEO P 75— ME233HEIR S N7z, KRIZTRIEHSD Th 5 KEMHAKEL S
TLADRE) VER=HV T LADRE B L7, ZORKER. MU TT— 2330 LIZL »
JYBR=7) T LARICTRENIBRIZITH v 7)) ¥ 7K284AF 5N L H 127 o 72,
Table 5 $AR7 v 7 ¥ 7 OWE

EtOzc EtO,C
194
= PPh3
o] O o]
—— _N
Phso{N S THF PhS0Oz S PhSO5” S PhSOg s Phso2

o i . PdClyd Neg Nog
220 H,}(N gn i) PANTE; 233 HTN Bn D(:A Fz(a 522 3h 234 H... Bn PN 235 H
or
OTHP OTHP P?A(EPQS)“B:;(OH) OTHP OTHP OTHP
60°C, 2 h
No. Scale Cat (5 mol%) Base sol 229 228 230

1 26 g Pd(PPhy), NazCOs (3) DME 80 °C, 3 h 48% 14% 16%

2 02 g PA(PPha)s Ba(OH): (3) DME 80 °C, 3 h 71% non non

3 112¢g Pd(PPhy). Ba(OH): (3) DME 80 °C, 3h 65% 15%

4 0.2 g  PdCl(dppf KsPO4 (3) DMF 80 °C, 3 h 81% non non

5 50 g  PdCla(dppf) KsPQ,4 (3) DMF 80 °C, 3 h 95% non non

OTHL % &t 2 TR DINE
ROTMZ VT AT LA BRI B AETT (He/10%Pd-C) L 72, T V159D 34 (Sche
me 26)I3H-80:H-8BDERILA9:1TH o 7245, 14614 % BT 5 234D A1 ;’EH-Soc‘H-SB
DFERILIFTA8TITET Lz, HIHOREI ORISR T T 5HEIE, 75 VEBOALIC
WTHER, BREOHIEMT 2L VT AT LA BRUPERTT2EEED 70 2
TYT AT LA BRREDMR L% HAYICHE L7 (Graph 1, Graph 2, Graph 3, Table 6).
Scheme 40 EBAHD 7O 188 % & ¥ 2 ADBALA Y O A RiERE

EtO,C EtO,C EtO,C
O H, 9] 0
10% Pd-C o PPTS o _DHP {
e —— e . ——— . >
PhSO{N g MeOH PhSO{N § EtOH PhSOz’N § cat CSA  PhSOjy $ t
234 H® N-Bn 236 HYy~NBn 237  H® N-gq quant 236 MY Bn
83% 68%
OTHP OTHP OH OTHP

-24-



TPEEADRIC & BB % B L 72 (Graph 2, Table 6) ZDRE, BEDOT 7L T¥
—(ANH? DERIZE o TSIV T AT LA BRI L L, A ¥ ) — VIR OB I RIR
B L7z, SHUE, DIRT 7 5 A-NZEHR L 72 #EEBoc, Bn) 0 BTt S4B
RBHEEPIVTATVIRIREASR TS 2EMEMBE LTS EEZ L, $75 122
AR T A 7 V)W EIRT 5 LBEIREAMEDP IR T L2/, 77 VUHPDIRT 7 ¥

LOVEDEEI L LERFEEBRECEFNLRFIRET L &R S,
Graph 1 EtOH,AcOEtZR (81 B R 14 Graph 2 BTIZBITHBENE
g 100
x 100 0
3w 2w
o 809 EgBO
g 3 70 ‘..e\ﬁm
]
X 60 # 60
~ 50 b 3 5 !
0 25 50 75 100 0 10 20 30 40 50 60
AcOEtE & (%) AN {E |
Table 6 MR TCREDSK DY TAFVHRIR M _
Run  Solvents AN Py 80:8p 8a/B
1 MeOH 41.3 100% 85.2:14.8 5.76
2 EtOH 37.1 100% 82.9:17.1 4.85
3 CHCl; 23.1 NR (2[EEH)
4 CH:Cl: 20.4 100% 64.5:35.5 1.82
5 THF 8.0 100% 64.4:35.6 1.81
6 AcOEt 100% 58.2:41.8 1.39

77" I-(AN)EK 52 BEOBFZEML R TRE L L THP NMROTLZEITHIED W I{EERION 7350 AV E—FH O
B LTIhgoL L, 1,27 /iy O ELP=0.8bCls% & ) —HFOEUEL L, TNE100& Lizk &0, &5 HEP
2B BELP=0OF ONPOMFA 2L 7 e LTE A LN AERTOHE LTEESI N TS, EtsP=0—Acceptor
L2L, 236288 %359 BIl, 10%PACOT Yy FHEboTLE o7, ZDREE,
236D T T AT LA BIRMIET L7z, £ TS8OV 7 AT L A @i % EE T 254
VBRI oz, DTy b OFED—2IZ, MEOCEKENFEINL, £ITKOR

hn%#E+ L 72(Graph 3)

Graph 3 S{i/TZTbTJE?RE@ J'BI

YTATVHRIRMEGB R/ 8a)

3 4 5 6 71 8

KB/ vE)

IBITBHKDEER

g 10 1




HIVRRPBONL P07z, 4. BPEESORNMYERFATETFETH S,
KIZEEIZHEWPPTS/ELOH/50 °CIZ CTHP% iR L, 7V 3 — W 4k287% TE&H L 72(

Scheme 40), [EX L 725k KIEOTHPE23672 5, H-8BAED HFHH-8ok & b & BHiTHPKIG
THET LT W EHBE L BICHTHPLIZ L > T8I ¥~ —2S3 U h #2270~ F TF
BT REI 2 0 7 X T2TOR VT AT LAY — % HEE L . NOESYZ I L 724 5.
SN DI ELEB D E & 1 E S N7z (Fig. 6)o T TH-8offD8ALIZH NMRT2.34 ppm 2
SN BH, H-83E D8V IZIH NMRT2.88 ppm~DIKEIE S 7 P BERB S iz, T i
W57 PEDRT 2 5 2 0RFHEHFEICER LA (14 RI8E257% VW EEE K b F#E 12 8ok
DB(131.93-2.03 ppmil. SPARNDSHL H2.78~2.85 ppmiZFEER ENTW3), F 7. H-8ofk
DALIZIBAANDnOe N HEFR E N5 AT, H-8pARDSAITH-13MI~DnOehSE B S hre
o ZHiIMerckttDK.M.J. Brands 5 DnOeZFEEY & R UEETH 5, BHETRXFARD
IVARA—va YIZEBINNDE R TH S, Bib, KA v 7Y ¥ M hi46234(Scheme

40)DBITIE~ A4 F — % BT REAE{H-8B)-23T(Fig. 6)D & 5 IZABRAT1C8MD I ¥ &k A
—¥avTHED, ATV v — RTLAREE{H-80-237T(Fig. 6) TR UHTABKE 7Y v
TL, NCsDAVFRA—Yar b, ZOBRDIMNDHHIEROFEOEOHH %
HELTnwa,

Fig. 6 ¥ 7A7bv-DnOetBEE

EtO,C more polar
237 H-8a.

less polar
237 H-88

RIC, BT~V —DGHA HEICTHP % BifRE L 72720, 14 M8 E 61 L 7 4 >
23812 & # L 72(Scheme 41), BlH ., 17TV I—V287% F Y TF VKRR T 4 v &L=
YTEFERWTEL VI —F U89 & L, THEBREAICEEE L7 R\ TOREISE o
TAT V% LiBHOBTL L, IR7 V3 —)V239% 87, 145k 7 V2 — L 1h23913 & B TH b .
BRI ~Y—%RE L7,

Scheme 41  EBARD 10 ORI E AT 2 ADBLAW O A BER

EtOzc Noz Ezozc
C-seen Ho™ ™, M=Li, Na, Ca HO™ 2
Hl 0 H o}
n-BugP LiBH, < 1) M, NH3 g
0 0
PhsO; g TDWCPBA T phsoy g TTHE . Phsoy g = Phsoy g

K;HPO, 2) PhSOLCI
237 H'" Ze 238 H'“ N-gn  MeOH 239wy Nen )Ngﬁcéa 240wy Ny

\ AcOEt \
OH ’



KIZDIRT 2 5 2% T IF—VITRTLYT % 23T 7 ¥ LW-NCBTFRF RSN ETH 5,
% D72 % Birchi& L5 (M/NHs/THF:M=Li, Na, Ca)iZ T239% Ji-~X > I WAL L 72(Table 7).
Table 7. BirchiBICIZ & 5 BBk O T

O m 0 PhSO,CH 0
NH, NaHCO,
~N e . N —— N O
PhSO7" ™7 THF HONE H g AcOEt PhsO;” ~F
239 H'?/N‘Bn M=Li,Na,Ca 2HN~P 243 H,?,N.H 2 ) HN.
=i \ o SRR
EROL Y )
No M/NH, temp/time ¥R P = Bn (BZ 1) P=H(EZ}) JBin vy Mg
1 Li/NHyTHF —78 °C, 30 min 96%  44% (ca 89 or 9:8) 52% (ca 89 or 9:8) ND
2  Na/NHyTHF  ~78 °C, 30 min  100%  100% (ca 1:1) ND ND
3 Ca/NHJ/THF  —78 °C, 60 min  100% 33% (ca 1:1) 7% (ca 1:1) ND

FORER, RVE VAN AZVERIFEEYICETKRESI NI, BHOR AN Y Vv 1£243
T IAEBEDD LR VKT ) Vb DEFREITIEELE LT 7§ 2 OFRE{R241,242
(BZEDHLDE 5 R T2e D720, 1468 % 4+ L 7 1 V2B L7212 12 BirchB T 12
FTOTH L, BirchiBILHEIZ14HI8 2 F L 714 LT 20— MNMIEHE L 72(Scheme 42),
9 THPEIR, REMHEOM ES L T4 fIgE & DIXBI & BEIZFR L7z F 726 fISH AT A
F V72 e BirchiBILIZ L BHAY UL TH VRV BEE 2 2720, BIET2FF 72/ — )b
EDTBER T AT MUIZFEA Db, €2 T“236@24,L1HU$1§0>13~JL1;< TIVEEEICL
BH&ETT L., 17V I —)V246% 15720 RIZBirchiBTTL TN Y VWL L7z, FHEEBD . B
irchi B TCAE B IZACOEtHE 2SI BETH V) . 2N NaOHPEEICCRIET 2 FF 72 / — V&
%@51 IHMBREE LT RICBTHIZRE L2V ¥ v A k= )V E % Schotten-Bauman
ITHEAL24TEE,
Scheme 42 7 7 ¥ HEKOEIRFIE

EtO,C
2 HO 28~ BocO
I;I (Boc),0 0
¥ 1.:13H4 nq NH3 cat, DMAP
_N
PhSOy s MeOH Phso2 s 2) PhSOgCI PhSOz ~ EtaN Phso2 s PhSOz

N.

Al " N
236 H 246 H‘ “Bn aq. NaHCO;s 248 H 249 H Boc
94% 80% (2 steps) 56% 36%
OTHP OTHP OTHP omp OTHP/ 2
AcO AcOr AcO
1) DIBAL-H =
toluene HI P B~ H A
CH,Clp Y p-TsOH.H,0 Y \_0 “N\_0
e _N QAc N H + N
2) Ac,0 PhSOS $ \ CH,Cly PhSO; S N PhSO; F TTH
pyridine 250 H¥ *Boc 251 Hv ~Boc 253 Hw N‘Boc
64% (2 steps)
OTHP OTHP 1N HCI OH
87% (2 steps)

RIZ6AL A BITLT A 12D EFRE [EZEDBoc THRE L 72, #EE D Boc) 0% AV, DIRT
75 LW-NeEBBMIZREL248% 57 FOB, 24LDIHT VI — VD Bocfb & X\, £
NAFIZFRY) DT IV I = WIS L7228 EK249% 36%EIEL72e TN A I FELAT
V% AR IZDIBALETC L 7%, MWKEEER - ©) Y I T4MAKBREEE T I F— L ETHF
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WAEL260% 5 7ze RICHEIL AT L Vi, I4EDOp MVZ VY ANVKVEETA, 3= A hF
A v R R RS TFARIERAT L, 146 ic B4 B9 5 B L %2512 157,
ZOBE, BRIZX o TTHPSBTE L/-14ff e K%Y 2 F V4262018 5172, THP %
L7 7225113 1N HCUTHFIZ TERAIZFIRE L RBO% THH D14k FuF o o
F VAR5 ETER L 72,
SE, MIOBRENSTEEL, 77 YOG FARICOERFIELE Lz, RO 1446778
BHOLDTIEp PVI Y ANF VBIZE o THFHRBE{LORT ’E%Bocﬂ’, L 72EI & h%
5E1[$Ltf\/>7‘_&> WRPSHTONRE TH o 770 4L, BEOBILAFELIZEITFL, 22OT
HPARE L7 FO® 2 2 FVF2620 15 617z, %@f:bBoc@#b DIZTHPEN R %
Ny Ty — &%) BockdWRHE L7z7c0, LSRR & AT L7z L HER S M7z (Bockn®
W& L dolz7o0, BRIVEANDOERRNME L), Z DBTHPA2520 L &4HHE % NOE
SY CTHEZE L 7-(Fig. 7)o

Fig. 7 EHBEHLEHROnOIEHE Fig. 8 [HMIREFLEROnOHE M

KIZ14fL e FOF S 2 F)VK252% £ L =V — 5 V2558 L7278 B LB - o4 L 7 4
~ 2531224 L 72(Scheme 48), K\ CTFA/CH2ClaTHiBoc ks L, 287 I 254 % 187,
CO2RT X ¥2541d, BocU— P =L L 2D, ¥ —TENMRY ZFVEE S,
NOESY!Z & h /b3 % FRERE L 72(Fig. 8),

Scheme 43 77 HFEAOLTHRFG

NG,

AcO
1) Qsecu
\o nBuaP \oTFA \OAj
PhSO{ § \ H CH20|2F’h$02 § Twse PhSOz § PhSOz §

H 2) mCPBA PhSOz

uy~Neg . cDCl N 0
252 H( Boc  KeHPO, 254 H?/ H J 255Aj 2:3 2553) \[(\/\

64% (3 steps) \

\

OH

KIC2HET I 2545~ F £ VB %# WSC-HCVHOBtIZ THia L. 73 Fu— h=— (2
NEETAHY T 255% 187,

KIZRCM20, 50 % et L7z, 571y y%%mzlmsem)%DEfj%@%%w & LTRCM%#&
7 L72(Table 8), fitff213, 2141 Strem#t HEMH %, MfE2913 B R FHE M0 % . filiEo59
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(ZAldrichft TiHRA Z H V7,
Table 8 DEI®%E 7L ODRCM

* Catalyst Q Mes Ney
15 mol% - cl. PCyaph PCy. Mes~ NN mas es
s N 0 'ﬂ"' H N 0 O HN 0 R g: R'u g g' R:I"”
= 0.0005 M { Cpeys PCys™ Ph FCys o lb
= 256 Sy 257 258 20 ||

214 of ) 213 259
ol Ph 2
No filii RISRE BE i ] 257 256 258 ETFL

214 (15 mol%) 0.000 M 50°C 24 h 36% 50% 14% OB EWDH
29 (15 mol%) 0.000 M 50°C 24 h 36% 64% trace OB H D
213 (15 mol%) 0.000 M 50°C 15h 53% 35% ND
259 (15 mol%) 0.001 M 50°C 15h Major trace ND
259 (15 mol%) 0.0001 M 50°C 24 h 59% 41% ND

2913, Fiirstner® STk 2RV L 72,
HO

[ B e A I

262 O 29 Q
261 . FPh PCys PCy3
RUCIy(PPh3), Ru— _ . g
260 THF PPh CH,Clp

Z OFER flEE214, 29T, kw)bﬁwg‘i@dt%ﬁ‘fﬁkﬁ Lf:;u+ 3 /73»[35%% L7-Bass
258 BIEL 7o RUCRH DR, SERDARMTIIEN 72,
V23 U218 TR EMALRUL 2SR S 4, FER256 L BRID25TLNIFERR T E
R0 77 ME259 T Ik flfE214, 2000 & & X ) KIBANEVAS, flifE2180 & & X 1 ixid B
IZBDo 7, L L. EMLIERO N ol
Z 2 CHliE213% B O UBRME(L & 255128 L7z, ZOFER, 2132 Hw5 & H
B DO HBRMELEW2635515 b L 72(Table 9)o D&, RILBIDOIEZ255(CH o727 I F
O— M 7—2RCMBRIZIZEE SN TWA A, 7L 74 Y OIEAL9 H2)H 5 157 HEEH
FENizo B, 15EBREBRE I N2 o728, 20D MlifE214 05T L2 2 A HEY
D263V T F 3 V264038 bz,
Table 9 MIJRELEHDORCM

AcO AcO AcO
H == H = U -~ PC
- < - Y3 M ~N_ N
TN\ _o  Catalyst N0 (\ﬁ R A esCIQ: “Mes
ol e
Phsos i—H PhSOz’N § PhsOy N ¥ PCys PCys

50 0.0005 M o
255 ?/j CHyCl 263 HU 264 j/\j 214 213

= 50 °C 15 \

= ==
No fi g SM RIGEE A B 263 255 2 Ak
1 214 (15 mol%) 83 mg 0.0006 M 50 °C 72 h 4% 64% 264 (5%)
2 214 (30 mol%) 53 mg 00006 M 50°C 72h 15% trace many spots
3 214 (30 mol%) 100 mg 0.0005 M 50 °C 48 h  15%  30%  many spots
4 213 (20 mol%) 24 mg 0001 M 50°C 15h 55% trace ND
5 213 (20 mol%) 360 mg 0.001 M 50 °C 1.5 h 86% 11% ND

FKIZT 2 F VRIS HE L TR T IV 2 —1265% L, Dess-Martinfg{tsw L7
LFE F266% L 7-(Scheme 44), Dess-Martinfg{Li2 BV TR ZEMNT 5 S.L. Schreiber
5O REN FHWEE IS, DBEFIODess-Martini{IEAT7 7 Y IROBRLRE 2F VT

-29..



Uk & VK268 % Bl L7272, Dess-Martinsh# % 14 ELPICHIZ 2 A EETH - 720
Scheme 44 7 J ¥ HBEEOLHBREG

™
AcO MSS_CTYNM%S 213 AcO HO-—24
l? = cv%‘gy: H T Dess-Martin =
-0 20 mol o O 2N NaOH_ N Operiodinane - 0 PhaP=CHa }-0
N N
PhSO;” H ¢ \f Ho

0.001 M PhSOZ TMeOH  Phsog o CHCh T orch, Phsos g TF phsos

N 0 oo N t HyO 0 toluene
g(‘; 5g|215h 263 " 265 H et o ouene o7 MY
\ 79% (2 steps) \ 76% 67%

24 24
HO 0= o=
? o Dess-Martin '; = '§' /" o
\0 periodinane \..0 o
N N N
Phso;” ¢ ¥H Phsoy” > IH Phso;” ¢ TIH

: l"ll!l N O CHZCIZ 2 utl N O 2 ol N O

265 cat HO 266 H 268 H¢

\ , \ \

RICWittighU o TR A L 7 4 Y2675 1872, Wittigh L TIlZ) 4 U FOFEEIZHY
LI)NVT I FEAWZD, AREOERIIBM-TLVTe V2L —WET 570050012
ALV EREPET Lize ZITRAKRET L 7 4 2426713, 5IREFHEEOFT,
B IR ISR TH D ATENORCMON T = % ARREOREMTEE & 2o 720 T
ZRREEITE WD, fﬁ@ JERZ D F 5 WVHPLCAHATIZBWT D DHTIREN HIT b, JEl
BEOEWZHELWERIC L -EERBEPEETH o720

F 2B OMEIC TR EW26T(-COV RO BERER ¥ /) — )vfﬁfu 2 TR 7 (Fig.
9)o I O HFEROXMAE R ERT Tld, 2371 disorder2MERE & N7z A, 6,7,8,14FI7°H
MO HEEEZHT L EHER - RE L. IS DOIFMEIINOESYDMER 2 i L 770
C Z THEKEVAIZABCROFE#EE 3t L TABRONDY DR L antiD W EBRICH ), IF
REFEDVFRALT 2 FHEHHT2DIETL>TREHTH S,

255

Fig. 9 2029-VFFVFHFTY Y ADEK

267
99.14% ee (S

KIZNRYEVANVEFZNVEENa-F 75 L U TETHICKEFY L, BICEIAET 2880

T8V VERIREBOSHBICL > THREL, BEIZ2HRT7 I 269%1572(Scheme 45), 2
M7 X 26985 NF & U210 BEWSC-HCVHOBLIZ THES L. Y r270% 187,
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Scheme 45 20,29-V 4 ¥+ 4 K=l ¥ ADER

Ho~ A 210 H
N —:—> ,N <
PhSO; ~§ FH HONETEH 0 Twschal
: Ho N 0 DMEO Hn 14N HOBt i Hins
267 (| 88% 260 8% 270A 3:2 2703 \

BHN YT U2T0DRCME M L7zo FORER, 1 I ¥V NVENTFE2ET 5213
. 259 TIIBRALAELDANC, 2BER L E SN EIEY (GHrRE 2 S EICEIEL. L2L
. 11t Grubbsit3E2141C £ ARCM (20 mol%, 0.0005 M, 50 °C, 24 h) TIZHH D&
{EASEAT L, 20,29-TF XV FH K<) YA 271% 5 2 72,240 D Z Ei131.0:1.4 (41:59)T
HY, EFIVERBSE)LFEFTH 2,
Table 10 MIRME{LEH ORCM

3-N NMes MasN N-Mes

= PCy, Me Y _Ph Y
= H gl Ru="'ah C: g:z-'
= PCy3 F'Cy3 :
N -0 214 213 259 M€ C\
¢ ' 29 T iH <Y
s cat. 15 mol% 50 ' B
Oyt chsgléM A 20 WA 0 e Ng®
270\ 50°C, 24 h : (242)-2711 \ 0%  27% \ (24E)-271

20,29-dioxonakadomarin A 24E-20,29-dioxonakadomarin A
Yield (%)
No. Catalyst Substrate time  (249)-271 (24F)-211 dimer 270
1 214 (15 mol%) 0.0006 M 24 h 26% 40% ND ND
2 213 (15 mol%) 0.0005 M 2h 11% 1% ND
3 259 (15 mol%) 0.00056 M 24 h 7% 22% ND

20,29-V A FVF A K<) YA 2TIOMBMEEIL. 27001147-7 I Fo— b v =7, RCM

BICHEE SN AL L DT EN T 7220007 I RO I VRV EIT H-12eq A H TR

B2 o TKRELEHEE Y 7 P LTWEOET VLAY & k. 7V R VEDIH-12eq

BHZTEIA TV B EHIBA L7, 240 DT ARE X, tH NMR (MeOH-dy) TOREERD L%

JB L 72(CDCls?F ®H NMRTi3brm® 723 ¥ BII T & 2225 72)(Chart 1, Chart 2)o
Chart 1 24220,29-V 4 * V7% F<) X ADH-NMR

=N\ proton DPX-300 AIG2201007-702-702

@
N H
20
0 my-Ng2
\
20,28-Dioxonakadomarin A
- MeOH-dj

A MM“MLJ_.,L cDCly
: . . : . : W = CeDs
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2TIDRAMEMQ4MDIE, BEHDH NMR MeOH-d)TRE L Hy 7Y ¥ F (5 REEDRE
THEZFRARN Lo 7)) LTW g PAti, Mo EHEFPTH. ZKDOFETHbrm T
HY. JEOHBNZEDS 2o 72(ROBEEREBRISTIED SRETE ),

Chart 2 24£20,29-Y4 %V F% K<V ¥ADH-NMR

proton DPX-300 AIG2201007-702-702

L— MeOH-d,
L CDClj
24
Z
\\O
BN FH
0 po-N g
\
20,29-Dioxo-24 E-nakadomarin A
. CeDe
pm 3 ] 7 1 30 1N t 3 i 1 §

Ri220,29-VFFVFH F= ) VAL 24F20,29-VF ¥V FH K<) VA% FNEFNRed-
ALRICOL, 77 F~V) VAL 248 F 71 K<) Y A% 87-(Scheme 46),

ERLATH P~ VAT £ IROMEEIL, REORBICTRAY L D ILE L FkEIC
EOTFHFMICHEND . FERZTHRICHERS &, HIEEFRMEGR*, TR*, 8R*, 11R*, 14
RYDEE. 1ERBIE SN TV /2 ABCDEEROREE IZINZ 4 E., AKIZL o TIE L TFE
PFABCERME Zx L TRl BIBDIR & transDALBRRIZH B LRE LT BB, T3 F< )
¥ AD11EN-2907 CHE & HSBHRR O Bl (equatorial )2, 116N D IEIA B F 1t Hiofdl (axial

A2 o TV AHFFRIZABCEEICH LTRAIZRLTWA 0, TROLHICERL,
Scheme 46 20,29-VAFVFH F=1) ¥ ADER

Z — g ;ﬁ‘,’fph
';' = PCys - -
\-0 20 mol% Red-Al g
N._« —_— S —_— N S
S Ho 0.0005 M S toluene NH
O  Hm N CH,Cly o, Hone
6 4 64%
50°C, 24 h \
270 |\ o (242)-271 (242)-1
1.0
1.4
Red-Al
SBE toluene WU
(o] Hw N o Hw N .
46%
27% \ (24E)-271 (24E)1 \
24E-20,29-dioxonakadomarin A 24E-nakadomarin A
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BUE HKEEETFH F) VAORFEERK
HE— RPMEONESE

HZEETICF S P VAG EIROEEHENET Lize 22Ty RIZFH P YA
KRR DMXIHEE Z BT 5 B TRBIES T 7 P~ YADEBRERIBL. 9K
BEEMEAR R AT A IIZL T ONE MRS 5 LENH - 72,

1. BEHAEAED X T VHPLCE A DRETE

2. HEEIFEMARE T IEOYEDILE

3. TEFEIZ99% eell LD WEEMEE I T & 2 @ P HAEDORE & MR

4. S LTRRLBERIZL > TREMEMET T2 TR EZTE L 2F80V — F ORE
B,

EIHICOWT- &SRR EED T ¥ IFEME AV, ¥ 7 VHPLCEAHFZHRE L.
FOER. BVAR VERTHEMRIZCHIRALPAK AD[Y 4 £ L& T OB ICTFAZ
TINL 72412 T o> FHiEfkiz CHIRALPAK AD[% 1 £V LB TG 2 IR T (40 °C
W2 THEHET BEEICTE — 2 PRI DM L7z, FTh AU T 7 ¥ L ERELEMD
SEHIE (. BARH T LT Omgt — ¥ — DS TATT R 1T YEa i S8 L7
>N

EOD HAMIZOWVT BT LT 7t IEITHERETHRFEEEIETT ARTH 2502
S\, 7 THERERO T X IPEEDORESE(T T AT LA~ —HER)ERE L7z i
F NEEREOTRFTARIIEA RE S, RAWABIICH SN TWAA, 100% eeil <
LI TE 2 AFEREIIP L <L FeEAE ARV AIIER. EFEME TR L
FEREDNH D, FO0, EHBEICTEEMELEEIC LTS 0IETE( T A
F LA —HEE) % BE L THRE L7

T FHBHAEOES 7 R ERE LA & 7 VR U BR133(T7 £ IR R AT L~
\CEA TR L CASE 2 PR S ¥, CHeClynhexane, AcOEt, AcOEt/mhexane, A
cOEt/IPE, Et20, EtOH, MeOHD&-GAME, RE)ICTHSEITE T REERR L, £
DR, HFURE(F I/ TVI—WVEET A Yy I V2728 F =D 227805, X8/ —
V. HLEYERISSE L1DORESEDTEER VT AT LA —RE R L. 2B11D
HI3tH NMR & TERGHTICTEHM L7

Fig. 10 W REGMW VB O XS EC 727V Iv—3RER)

(272, R=H

273, R=0OMe & 274, R=H
\/@ 275, R=0Me N O oH O N,
HO,, X &ﬂ?ﬁ\m )@)\NHZ @/LNHZ ‘J‘an @),/
R N R N O NH, O OH
| P 276 277 278 279 280
N
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Wiz o=l ERE: 0.58 wiw% (MeOH), 0.15 wiw% (EtOH)] & =ik

[EAREE: 1.05 wiw% (MeOH), 0.89w/w% (EtOH) DB ZRIE Li-fER, = i
DIED WA F %2 ED DI BEIRERE < LABASKE DoTe, 207 bEETORRE

BRI - R - BIRE BMERL WY a s VR OWTHEIRER BB LS, FD
MR, A= 2T ANR B3R LINLKTRA L. AFX ) —AnbERLL., #HY
5% & (B)-() IR CBE(R)-1331(7 A R#)7399.6% ee, iBHITEIS.9% (R ABILEE0%
LHBE)TH LN (Scheme 47), 728, T ra=HENR99% dek ¥ HIRVESIE. LY
BLIZWVEOHD LR T 5 & EIRKR S HHEMEE i b, B R EE183% e
2 99% ee (ALLETHELND LI ICRoT, Ei2. HARCEEIS3DMEREIEITZ. oo
= VIR O XHEAE RABIERRATOO N 5 (TR)-()-fk & ¥ E L= (Fig 11),

Scheme 47  FEMAGVE VEE) D H 25BN TAFVEv-HHIR)

/
={ .OH BnNH.
ey T oy o
1) N WSC.HCI o}
Ne~copt e R xS —— o Ry A= OH
PhSO;” COH geOHt it PhSOy” COMH  pue PhSO;” Bn
ecrystalization  (R)-133 80°C,7h
133 2) 2N HCI (R) / (R)-134
AcOEt 99.6% ee (R) 98.6% ee (R)

Fig. 11 v o= B oOXREE R#EEMT OORTEPH

(B)-C- AR BRIR)-18811. 7 A R CHAEMERE V= b, WSCIZ TS D (B)-()-~ o
VIVT X F134IZEH#H L 7= (Scheme 47), JEZIEHEARL U7 I R1341%. T—F )VRUSND
B, T SRR OB SIS RS DBIRE L ) BB 72 96D, AET & 5 EIT
RE LT BORPEETH 72, UL, EAICHBMEGI1% ee) % 1AL . 98.6% eelZ{KT
L7,

ULOBEICTULAREF ROREDEINTRIC A 5T, 50T, (R-O- DR Beh bE
DINDRNUVUNT I RIBAERBEFEET I R ) VACHET B Z Lz L,
B KFEERACEMOAR L (9-)-F 7 Fv U VADRELAR

TR PED I HEMAN UL T I R 1834 287, 22T+ 2 EDERBN— MR- TEH
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L7:(Scheme 48), 1X U0IZ7 U NEEUEEILA A I 7 ABILLTYF— Lk L7tk BS
TEREF N Y LICTBRILRELTT VT F185& L7z, BRI Wittig U 121t L Tof
FEIAT X 7v186& L. DBUIZ TAFHMichael KB I LTAY T T 7 ¥ A18T% 1572,
= 2 % TORETIIWittig B RES ORFMY 2 &t 20, 166-T A F V&K BR LT
HHEICTHE L2, =% ) =V, 7EFLIO54 F2ETL, TAFMVLL7. X
ICLiBH4RTL L ABRLZH- 14N T ¥~ —218[(TR 4R &2 H 7 L 7 v~ MRERIZTREL
720 218DM Y T AT LA < — ORFEME IZ(TR149-F(TR14R)-1K 98.9% ee, 96.5% e
elTh o770 RIFEOHBBIRER -0, COBRETORBBIBETH 72, HEEL-THE
PAR218D A L% NOESY! 2 THERR L 72 (Fig. 12)

Fig. 12 SEMEGL /B O JEF5EC TV A-1R1E)

r|© o} d
PhSO{@ 0
N., PhSO4
He— Bn N.
;8 Bn
\on
(TR, 145)-218 (7R, 14R)-218 ~OH

less polar (major) more polar (minor)

RATH & — L 218% T0%:BIEFERIC TERILEYICERBIZL S 5 L 8-7 ME219°HB b N7,
T4 KT Z O8M-7 MME219DEERE = F L RGO TERILL ., 14f-m ¥~ —C&
DFEEEZREH I Lo L L, BEEEEETIESM-7 MEXT XIRTH Y, L) A 7FIVOE
BRI T16AL-7T IV I — V& 8-7 PES—IAFHET vy —IVERE L, #5E L 2o 72(fRi
b, KOBIEME TV STHEEICTHEL THLERO8 T MEIRo 727280, 7Y — D1k
ThNIA—=VRY YIS NVOFERIZ L o T MEICOTFHETREMMLA-b D LH#EEL
7)o FITHMEDH v 77— ANGVEEE YV FR YT Y (DHP)Z FV. BRMUESHT.
SFET7 Xy —NVOFHEET P Fu YT o )bz — FIVENCIET A IS, @R
IZ IRk ER B AR5 L M —DOTHPI — 7 V2202 1572, Z D & 9 RERMES B TOREL BRI
DEWBALICEE TH o770 FIITEEBSMEICTRET L L, TFNVLEY152(Scheme 1
D LI/ MNEEDREDEFIZLRN, AT —VT v 7OBEOH I L7 a~v MEREIC
FHHEBET LD TH b RICEEIHENN) 7L — 283IZEH L7z N T L — MET
IR A BRI 2 & ¥Dieckman G I TARDHE T 5720, EEEZE L7,

RKIZTEIBEOERD & X LFEBIZEARD v 7)) ZIZo0 LEMBETICN L, 22
THR L 728 ¥ v —236[8R:8S (4:D]iZ, =¥/ — )V ¥, PPTSIZTCTHPZ — 7 )V & fi%k
L. 547 0< MNEEIZCTEHWDTS, 8B, 149-1£237% HiErEs |72 (Chiralpak AD
99.4% ee)o

BETHP{L L., 24N AFVE T M Tk FUKRTERY F 7 LABITCICTIRT IV I — 0246
EL7e RIINRVI VT 77 L% BirchiBCIZ THREL:, £OB, XLV AVFZ )V
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Scheme 48 (9-F 7 F< VU VADTREF LA

S o O/>

OH ‘
'@ NaH/DMF HO~gy, d 8N NaOH [
- ToF  ensorN COMe "5 o N CoMe pmso .
R CO,Me KoCOs, acetone"S02 p-TsOH  PhSO; PhSOy

o ————————t———
OH “WeoH
Recrystalization

PhH, reflux 432 p 98%
racd33 2) 2N Hel
129 R=H.HCI / 77% (3 steps
130 R=PhSO, PhSO,CI, NaHCO; 6 (3 steps) AcOEt
1) 0504 38.9% (2 steps)
o BnNH, e o
133 HoBt THF:H;0 (3:1)
R)-)- P el WSC.HCI (R-(+ (e e n :Hz0 (3: e “ PhaPsy, COEL
~ T -~ e
phsoz’N COMH  puE PhSO,;” Bn z)g';'oc? O 2{’1?1502’N Bn CHCl,
06.5% e (R) 80°C, 7h 134 /0 2CH021) 135 7 O reflx
8% y/ 98.6% ee (R) o
i) LiBH,
O MeOH o]
/> THF /> 70% HCIO, i) LIN(TMS), 0Tt
bBU 0 TRUSH R[TO g R4Sy | R] o
== . N - —_ . ‘ N
EtOH PhSOs” ”LS'Ozt ';‘:hso{ CHoCly PhSO3 THF PhSO;
chromatography o 1y ::SN\Bn o1 ii) PANTF, 233 Neg,
H-14 a:p = 82:18 99% g i
p COR g4y, (5 stops) ‘9BS%ee “—OH 87%
=Et 219 P=H TRA4S)(-)- OTHP
2NNaOH [— 137 R “7 A pHp { )
MeOH 217R=H EtOH cs 220 P=THP (7R14S)(-)-
EtO,C. Et0,C ElO,C EtO,C
o Eo (7S,148)-(-F (7S, 8R, 14SK(-)- (75, 8R, 14S)-(+)-
%}? Ok, © bHe °
. 10% Pd-C 1) PPTS cat CSA
T edCionn PhSOT TMeOH Prsoy oo Phsos N N
PdCi(dppf) 1902 eOH P8Oy ElOH PhSOs CHiClp  PhSO;
K3POy4 234 H A Bn 236 X z)gpoc 237 e Nepn
DMF i i 10, g
80°c, 3n 95% \ oTHP 83% \ chromato
OTHP 95.4% ae “OH
H‘O Boc o
(75, 8R, 148k} (BockO (75, g, 145y 1) DIBAL-H
)L EtsN H CH,Cly
lig. NH3 cat. DMAP toluene
2) PhSO,C! Phso{N THF Pnso{N
aq. NaHCO;3 Hm H B
80% (2steps) 247 C 08% 248 s °°°
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'
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BALBITT L7 1MEDp- NV VY ANKVERIZTA I =204 0 F4 PR ERL5FN
BRICKIDIZA L72%, THPZ BiRE L., (65, 7S, 85, 149D MLEY252% Bz, L
=N —F AL, BLIREEIC T L 7 4 v & L72e KiICBocki 2 TFAIC THIRE L, 254
DA L% NOESYIZ THER L 72,

B-AF b VEREHES L. RCMIC CeisiBIRAIC T V'Y VIR263 % FHEE L 72 2400-7 2 F )V
IAF NV REREINASEL, 17V a—1265% L77, Dess-MartinEg1l 1220 ¢ Witti
g2 T(BS, 78, 88, 149D * L 7 4 »267% 1%72(Chiralpak AD 99.1% ee),267DHH
HEE L, X SR AT I T L 72 (Fig. 9)o

IR E P ANVERZNVEENa-F 75 L VICGETBRE L, WSCIZ TE- ¥+ ik & fi
AL, 270% 172, RCMIZft L. 24220,29-dioxonakadomarin A & 24 £-20,29-dioxonakad
omarin A% 1%72(Chiralcel AD >99% ee)o #NEFNDY AT 7 ¥ L% Red-AlIZTT L. (S,

78, 88, 149-(+)-FH F<) YA lent-F 7 ¥ VAIORF LA % ZRK L 72 (Chiralcel
0D >99% ee),

RICIEREZBE LR, O-F7 Fv) YA (RRER)IZ, (6R, 7R, 8R, 14RDHMH
BEYATHLRELL, TORKRDT I Fv) v ADREREIZENE 2 CFMISR 2,

E=H (B-C)-F7 P2 YADRRAREEEH

RIEITld, (B-7 VRV ER133% IV, (9-(H)-F 7% R VAR AREFEER L7z, KRIZ(R)
-()-F 7 =) YARRED E GHT 51213, 99% eell ED(S)-H VRV EE133DSLETH 5,
L L, BESEHITHE S v 2= ONERFHRINL T WD, (19-(+)-H VRV
21331, MM L7722 v a= Ve AT A HEICTRFMELZ EITA LA 72 <, 94% ee
OVRRTH B, #ZT, YTATLF =73 FEICTEEMEZ LTS Z &2 L72(8c
heme 49),

Sy as v EREMRBIZB-E) o A FIVRYINVT I v LS (WSC-HCY/HOBY/S80

VL, YTATLF7—7 3 F2820 R LIZTOT9%Z99.9% dell LIZTHLZ.Z DT
INB.HFLI O MILBOBEDLTRETH 575, BEER = F W/IPEIZ L A#E&RLICE D |
BHITK100% deDFEFICHEH L 72,

Scheme 49  HRRMEGIE VB D S EIC TATVA-TIN )
TLC AcOEt/n-hexane (1:1)

‘/\jjg’(}r HZN(sRllPh O/(>H ® O/0>H ® (S) (RY& Rf 0.37
Me N-"ph >

PrSOF N s e Prsos @TNTP" PhSOs I

133 () > HOBY 282 S)\7 Me 283 RN 0 Me ‘ >

94% ee (5) || DMF (S) (RYH: (H&H) I (R (RYR (7 23R

(R) (Rk RF 0.28

OB AFNNRYINT I FEMAKDHEL, (79-7V KV BAEL UL, DTS-
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(79,(R)-7 3 F282% . EeME: - HEMETOIMADBEEZHRET L2 Lo L, ﬂﬂﬁa‘ﬁkﬁr‘ﬁl‘i
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72(Scheme 50),
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BEEY . 77 F2) YADREEREZR L7, F7 KU YAGRS) OREIT. 1H
NMR (600 MHz, MeOH-d) 2 TN D R K DMIBAE A - 72 5560, “oD X F L ¥ 7m
MY DERDPLT I EE L FROEBEL TR L7z T 72, S0 OSTRME DR
& BT ofkice L7z,

AIB. 24 EDRSEIL, MeOH-datf 7 TOIH NMRIZ B\ T24,25[ 710 b o 2550 L 7
Bofzfed, =7 BEEIZGHET B CeDeli i T OIH NMROFE A5 = 14.9 Ho) %>
LikE L7z, ’

24205813 MeOH- diifi i Ff T DOH NMRIZ T24, 2500 710 b ¥ 25538 L. 2D Ars
0 =10.9 H)» & e L 72(CDClsH O1H NMR Tldbrm® 7= & KB T X 72 40 7)o

HIZNOESY, #nOe% #MICIRE T2 &, 74 F ) v AG RS OFRIZ 270 & AFTEIT6
AL DnOe7r &, ABCHRMEIZX L TP & #52 T & 72 (Chart 3)o ABCDER I BE - X i 5
RGBT I TS L RBEAD 2O OB A TIRIES N7 Fo ) YAOHEEWZ
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Chart 3 F+HF 2 AR B M) D #EnOe Chart 4 1V YV ACREHHR) D #nOe

1 2 . NOESY Spectrum of Natural Nakadomarin A
! w Kobayashi, J.; Watanabe, D.; Kawasaki. N.: Tsuda, M.

H ~ 1 | ¢ ’ 1 | ‘ ;
g 4 20 } n W 1. Orf. Chem., §2,9236-9239 (1997)
.:‘N 12 “oe .p..JA..._M.A ‘,J‘\.___.,,JJ_..__.‘J\J,lz_%«’\v«i ,ML}\JL-LJ\J._, % e 6 -
N 20 - SRt g ons LI L B
o i {
\ M \ el 1 eLe f
. hd e
l
P
I

'Ii.' "

SRILT . iR

b o
.

A A
\oriv ek

L MASYRRIN ' ) i

s v+ —am]

f

PRI

| L 37 SREEN|
] “ T ."' 3
7L O

Badh B
A b EARYEE
:
i

| 2 R A M I A IRRC AC JARAC I Mar Y

RIZFH R YAGRG EF7 K= YAGRIAHER) L #1H NMR (MeOH-dy) TLL
L7-(Chart 5)o £ DR, KL F ) VFLF— 50 B o Tz, 74 KT VAR
B DT HEIE TR I N R L RESNT WA D, EMI/ARLDF ) VF VT —
5 & IBRE L7, FORR. RAHREDOHFH, Z207 I EOEFEN T T b UMK
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NOE Experiments using Synthetic Nakadomarin A . ‘ |
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Chart 5 F#b ?UvA(E B &) D Mk Fig. 13 F1M IIVACRIKESR) D B a0

IH NMR Spectrum of Nakadomarin A (MeOH-d,, 600 MHz) sponge Amphimedon sp. (55-264)

Natural
Kobayashi, J.; Watanab, D.; K ext. with MeOH
J. Org. Chem., 62, 9234-9239 (1997). partit. with EtOAc
3
1525
25 24 24
= 16
o —J Hz0
\ 0 - - [ [ o - ] u “ . [ .
Nt EtOAC
14y~ NQ0
154
1 1) SiO, column (CHCl3/MeOH, 85:15)
2) SiO, column (cyclohexane/acetone/Et,NH,
90:10:2 to 0:100:2)
. 3) Si0O, column (CHCl3/MeOH, 80:20)
Synthetic
F e o = = = W Nakadomarin A (1.8 X103% wet wt.)

7 2 TIERE KO/ NREEE b 0 BB BIEL 0% K L 72(Fig. 13), DR, Hi(
Amphimedon sp. S8-260)%5FH F <) VAR HEET IR, REOBRIZ Y A v sa
T BB OORVLIAY ) =), 80:22002 FEMLTH Y, 7 0k LAROBERIERS
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Chart 6 DCLRMNEER Chart 7 HCLRINFEER

DCID A ANFEER TH NMR (600MHz, MeOH-d;) § 'H NMR Spectrum of Nakadomarin A in the Presence of HCI
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Table 11 F% F=1) Y ADBEXRE

ey
0

L& & HEJCEE

(9-(+)-Nakadomarin A (free) (synthetic) [olpz + 70.40 (¢ 0.938, MeOH)

(9-(+)-Nakadomarin A (free) (synthetic) [alp® + 79.20 (¢ 0.12, MeOH)

(9-(+)-Nakadomarin A (2HCD (synthetic) [alp? + 45.00 (¢ 0.183, MeOH)

Nakadomarin A (free? salt?) (natural) [alp? ~16° (¢ 0.12, MeOH) [1a] [alp —13° (¢ 0.12, CHCly);

(9-(+)-24 FNakadomarin A (free) (synthetic) [o)p® + 75.20 (¢ 1.000, MeOH)

Fig. 14 F+7 <) »ADMETHEE

(S)-(+)-24E-Nakadomarin A (S)-(+)-Nakadomarin A Nakadomarin A (natural)
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Scheme 51
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D(-FH F=U AL, $9100% ee RIE LTz, BIE. /IHRERIZZ 0% 7 /VHPLCSAF
PEBELTHY . A%, AR EAOERZMANEOND Z L2 HFT 5,

Ircinal A

Chart8 7% F< U rADxZ/VHPLC

(+)-Nakadomarin A rac-Nakadomarin A

1.792
- 28.990 (R)“(‘)
N _ / 35,985
7 41.9022

(S)-(+)

CHIRALCEL OD ¢ 4.6X250 mm (X3), mrhexane/IPA (98:2), 0.3 ml/min, 206 nm, rt.
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EEOE (Experimental Section) ,

1,2-Dimethoxyethane (DME) was distilled from sodium/benzophenone prior to use.
Another anhydrous solvents [N MN-dimethylformamide (DMF), ethanol (EtOH),
methanol (MeOH), tetrahydrofuran (THF) and toluene] were used as received from
Wako Pure Chemical Industries, Litd. All commercially available compounds (Wako, TCI,
Aldrich and Lancaster) were used as received.
General: All reactions were carried under an argon atmosphere. Melting points were
recorded on a Yamato MP-21 melting point apparatus, and are uncorrected. IR spectra
were recorded on a Horiba FT-210 spectrophotometer. '!H NMR spectra were taken on
200-500 MHz instruments (Bruker DPX-300, JEOL JMN-GSX 500, JEOL JMN-ECP
600) in the indicated solvent at rt unless otherwise stated and are reported as follows:
chemical shifts [multiplicity (s = singlet, d = doublet, t = triplet, ¢ = quartet, m =
multiplet, br = broadened), coupling constants in hertz, integration]. 13C NMR were
taken at 75-150 MHz in the indicated solvent and are reported as follows: chemical shift
(multiplicity detected by DEPT). HPLC analyses were performed on Hitachi 655 liquid
chromatograph, Hitachi 638-41 variable wavelength UV monitor (detected at 254 nm or
206 nm), Hitachi D-2500 chromato-integrator, and Daicel chiral column (Chiralcel OD
or Chiralpak AD, Daicel Chemical Ind., Ltd.). Analytical TLC was carried on Merck
DC-Platten Kieselgel 60 GFzs4 plates, and on Merck DC-Fertigplatten Aluminiumoxid
60 Fas4 (Type E) plate. Preparative TLC was carried on Merck Kieselgel 60 GF254 plates.
Silica gel column chromatography was performed using Silica gel BW-820 (Fuji Silysia
Chemical Ltd.). Alumina column chromatography was performed using Merck
Aluminiumoxid 90 aktivbasisch. Elemental analyses and MS spectrometry were carried
out by Takeda Analytical Research Laboratories, Ltd. and Chemical Analysis Center of
Chiba University. X-ray crystallographic analyses were performed by Dr. K. Yamaguchi
at The Chemical Analysis Center of Chiba University.

8-(¢Butoxycarbonyl)-12-(phenylsulfonyl)-1,4-dioxa-8,12-diazadispiro[4.0.4.4ltetradecan
e-T-one (119). To a solution of amide 126 (60 mg, 0.17 mmol), DMAP (1 mg, 0.009 mmol)
and EtsN (0.08 mL, 0.20 mmol) in THF (0.6 mL) was added di-tert-butyldicarbonate (46
mg, 0.20 mmol) at rt. After stirring for 17 h at rt, the reaction mixture was concentrated
in vacuo and extracted with EtOAc, washed with 1 N HCl aqueous solution, sat.
NaHCO3 aqueous solution and brine successively. Combined organic layers were dried
over MgSO4 and concentrated in vacuo. The residue was purified by flash column
chromatography (silica gel, 50% EtOAc in mrhexane) to afford 119 (76 mg, 99%): Rr=
0.20 (silica gel, EtOAc/mrhexane, 1:1); 1TH NMR (300 MHz, CDCls) & 1.53 (s, 9H), 1.71
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(ddd, J = 13.41, 6.33, 3.15 Hz, 1H), 2.01 (ddd, J = 17.04, 18.41, 5.25 Hz, 1H), 2.14-2.24
(m, 1H), 2.27-2.36 (m, 1H), 2.72 (ddd, J = 11.74, 5.25, 3.15 Hz, 1H), 3.05 (d, J = 11.72 Hz,
~ 1H), 3.50 (dd, J =11.72, 2.02 Hz, 1H), 3.65-3.93 (m, 3H), 3.94-4.04 (m, 4H), o}
7.49-7.63 (m, 3H), 7.72 (dd, J = 8.52, 1.49 Hz, 2H); 13C NMR (75 MHz, pwo&(’
CDCls) & 27.0, 28.4, 32.7, 43.7, 44.7, 51.7, 53.3, 65.8, 65.9, 83.4, 109.4, -
127.8, 129.6, 133.4, 136.8, 150.3, 172.0; IR (thin film) 1778, 1747, 1716, 1369 cm'!.

7-(Phenylsulfonyl)-2,7-diazaspiro[4.5]decane-1,10-dione (127). To a solution of ketal 126
(2.15 g, 6.10 mmol) in CH2Clz (75 mL) was added 70% aqueous perchloric acid (11 mL)
at rt. After stirring slowly for 2.5 h, the reaction mixture was carefully pored into aq. sat.
NaHCOs solution. Separated aqueous layers were extracted with CH2Clz. Combined
organic layers were dried over MgSO4 and concentrated in vacuo. The residue was
recrystallized from EtOAc/diisopropyl ether to give 127 as a colorless crystal (1.61 g,
85%): Rr= 0.03 (silica gel, EtOAc/mhexane, 1:2); mp 177.0-179.0 °C dec. .
(EtOAc/ mhexane); tH NMR (300 MHz, CDCls) § 1.70 (ddd, J = 18.57, 7.55, pmsor C&‘;
3.90 Hz, 1H), 2.47-2.55 (ddd, J = 15.88, 13.57, 7.63 Hz, 1H), 2.61-2.69 (ddd,

J =15.78, 9.32, 4.72 Hz, 1H), 2.73-2.83 (ddd, J = 15.78, 9.61, 6.36 Hz, 1H), 3.05 (dddd, J
= 14.51, 9.61, 4.72 Hz, 1H), 3.31-3.42 (m, 2H), 8.35 (d, J = 12.31 Hz, 1H), 3.47 (dd, J =
12.31, 1.24 Hz, 1H), 3.77-3.85 (m, 1H), 6.72 (brs, 1H), 7.52-7.65 (m, 3H), 7.78 (dd, J =
8.72, 1.62 Hz, 2H); 13C NMR (75 MHz, CDCls) § 32.1, 38.3, 39.4, 45.9, 52.9, 58.5, 127.9,
129.8, 133.7, 136.6, 174.0, 204.0; IR (KBr) 3300, 1720, 1697, 1362 cm'!; LRMS 309 (FAB,
M + H); HRMS Calculated for C14H17N204S 309.0909 (FAB, M + H). Found 309.0904
(FAB, M + H); Anal. Calculated for C1sH1sN204S C: 54.53, H: 5.23, N: 9.08, O: 20.75, S:
10.40. Found C: 54.47, H: 4.95, N: 9.13.

8-(¢-Butoxycarbonyl)-7-hydroxy-12-(phenylsulfonyl)-1,4-dioxa-8,12-diazadispiro[4.0.4.4]
tetradecane (120). To a solution of carbamate 119 (70 mg, 0.15 mmol) in toluene (1 mL)
and CH:Clz (1 mL) was added dropwise a 1.5 M solution of DIBAL-H in toluene (0.40
mL, 0.27 mmol) at —78 °C. After stirring for 1 h, the reaction mixture was warmed to 0
°C over 1 h and stirring was continued for 1 h at rt. After the solution was cooled to —78
°C, 0.7 M Rochelle’s salt (1 mL) was added dropwise and then the mixture was warmed
to 0 °C over 1 h and stirred for 1 h at rt. After EtOAc (400 mL) and 0.7 M Rochelle’s salt
(150 mL) were added, separated organic layer was washed with 0.7 M Rochelle’s salt
(150 mL, three times) and brine (220 mL), dried over MgS0O4 and concentrated in vacuo.
The resulting residue was purified by flash column chromatography (silica gel, 50% to
70% EtOAc in mhexane) to afford 120 as a colorless syrup (59 mg, 84%): 1H NMR (300
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MHz, CDCls) & 1.49 (s, 45/11H), 1.52 (s, 54/11H), 1.65-1.90 (m, 22/11H), 1.85-2.05 (m,
11/11H), 2.05-2.30 (m, 11/11H), 2.69 (d, J = 11.17 Hz, 6/11H), 2.80 (d, J = 11.39 Hz,
5/11H), 2.82-3.00 (brm, 11/11H), 3.12 (d, J = 11.39 Hz, 5/11H), 3.19 (d, J = 11.17 Hg,
6/11H), 3.34-3.58 (m, 83/11H), 3.75-4.05 (m, 55/11H), 5.23 (brs, 5/11H), 5.43 (brd, J =
4.69 Hz, 6/11H), 7.48-7.63 (m, 8H), 7.72 (d, J = 7.01 Hz, 2H); 13C NMR (75 @
MHz, CDCls) § 25.0, 26.1, 28.8, 32.4, 32.6, 42.4, 43.1, 44.6, 50.3, 50.8, 52.0, P"802’QTOH
54.2, 64.2, 64.5, 65.9, 66.3, 80.9, 84.3, 84.8, 108.9, 127.8, 129.6, 133.3,

137.2, 154.8, 155.1; IR (thin film) 1693, 1360 cm'; LRMS (FAB, M + K - C2H40): 449;
HRMS Calculated for C10H26N206SK (FAB, M + K — C2H40): 449.1149. Found 449.1197.

“Boc

8-(+Butoxycarbonyl)-7-methoxy-12-(phenylsulfonyl)-1,4-dioxa-8,12-diazadispiro[4.0.4.4
Jtetradecane (122). To a solution of aminal 120 (27 mg, 0.06 mmol) and orthoformic acid
trimethyl ether (32mg, 0.30 mmol) in methanol (0.7 mL) was added PPTS (2.2 mg, 9.0
umol) at rt. After stirring for 2 h, the reaction was quenched by addition of sat. NaHCOs
aqueous solution and extracted with EtOAc. Combined organic layers were washed with
water, dried over MgSO4, and concentrated in vacuo affording 122 as a syrup (25 mg,
90%): TH NMR (300 MHz, CDCls) § 1.46 (s, 99/11H), 1.202.20 (m, 44/11H), 2.50-2.85 (m,
22/11H), 3.31 (s, 33/11H), 8.31-3.74 (m, 44/11H), 3.75-4.10 (m, 44/11H), N
4.98 (s, 4/11H), 5.10 (s, 7/11H), 7.49-7.59 (m, 33/11H), 7.75 (m, 22/11H); M@\t;
13 NMR (75 MHz, CDCla) & 28.9, 28.9, 30.1, 30.2, 31.4, 31.6, 44.7, 44.9, -
45.5, 50.6, 50.9, 54.2, 55.0, 56.3, 56.4, 65.2, 65.3, 79.9, 80.2, 89.7, 90.1, 109.5, 127.9,
129.5, 129.5, 133.0, 137.1, 154.5, 155.7; IR (thin film) 1695, 1338 cm™..

8-Benzyl-9-hydroxy-12-(phenylsulfonyl)-1,4-dioxa-8,12-diazadispiro[4.0.4.4]tetradecane
-7-one (139). To a solution of 134 (974 mg, 2.13 mmol) and MC-Os04 (309 mg, 0.22
mmol) in THF/water (5:1, 60 mL) was added NalOQq (1.37 g) at rt. After stirring for 15 h,
the reaction was quenched by addition of 5 N Na2S204 (100 mL) aqueous solution. The
solid material was filtered off and washed with EtOAc. The filtrate was extracted with
EtOAc (600 mL), washed with brine, dried over MgSOs, and concentrated in vacuo. The
residue was purified by flash column chromatography (silica gel, 41% to 55% EtOAc in
mhexane) to afford acetate 139 as a colorless syrup (643 mg, 66%): (6S%,
9 B*)-8-Benzyl-9-hydroxy-12-(phenylsulfonyl)-1,4-dioxa-8,12-diazadispiro[4.0.4.4]tetrad
ecane-7-one [(65*%, 9R*)-139] (More Polar, H-14B): Rr = 0.23 (silica gel, ]

EtOAc/mhexane, 2:1); 'H NMR (300 MHz, CDCls) & 1.66-1.72 (m, 1H), pnso,»(:g%)"
2.03-2.12 (m, 1H), 2.16 (dd, J = 15.17, 0.00 Hz, 1H), 2.45 (dd, J = 15.17, 6.86
Hz, 1H), 2.60-2.69 (m, 1H), 3.10 (d, J = 11.77 Hg, 1H), 3.48 (dd, J = 11.77, 2.29 Hz, 1H),
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3.70-3.95 (m, 6H), 4.22 (d, J = 14.55 Hz, 1H), 4.79 (d, J = 14.55 Hz, 1H), 4.89 (dd, J =
12.35, 6.71 Hz, 1H), 7.26-7.36 (m, 5H), 7.48-7.62 (m, 3H), 7.72-7.76 (m, 2H); 13C NMR
(75 MHz, CDCls) & 32.6, 39.2, 44.2, 44.4, 50.6, 52.8, 65.1, 65.5, 79.6, 108.5, 127.4, 127.7,
128.6, 129.3, 133.0, 136.2, 136.2, 171.0; IR (thin film) 3450, 2966, 2898, 2868, 1693, 1446,
1358, 1336, 1261, 1225, 1169, 1090, 1030, 970, 951, 912, 735, 704, 692, 594, 579 cm'%;
LRMS 459 (FAB, M + H); HRMS Calculated for C2sH27:N206S 459.1590 (FAB, M + H).
Found 459.1625. (6.5%,
9,5%)-8-Benzyl-9-hydroxy-12-(phenylsulfonyl)-1,4-dioxa-8,12-diazadispiro[4.0.4.4]tetrad
ecane-7-one [(65%, 95%)-139] (Less Polar, H-140): Er = 0.30 (silica gel, ]
EtOAc/mhexane, 2:1); 'H NMR (300 MHz, CDCls) & 1.68-1.75 (m, 1H), pnso;@;c’
1.88-1.99 (m, 1H), 1.98-2.04 (dd, J = 14.20, 3.66 Hz, 1H), 2.44 (brd, J = 7.92
Hz, 1H), 2.63 (dd, J = 14.20, 6.70 Hz, 1H), 2.70-2.79 (m, 1H), 3.19 (d, J = 11.70 Hz, 1H),
3.54-3.61 (m, 2H), 3.68-3.72 (m, 1H), 3.70-3.78 (m, 1H), 3.82-3.90 (m, 2H), 4.20 (d, J =
14.81 Hz, 1H), 4.86 (d, J = 14.81 Hz, 1H), 5.08-5.14 (m, 1H), 7.26-7.34 (m, 5H), 7.49-7.62
(m, 3H), 7.73-7.76 (m, 2H); 13C NMR (75 MHz, CDCls) § 29.7, 32.7, 38.6, 43.5, 44.3, 51.7,
52.2, 65.0, 65.7, 80.0, 108.8, 127.5, 127.6, 128.3, 128.7, 129.2, 132.9, 136.2, 136.6, 171.3;
IR (thin film) 3250, 2954, 2924, 2854, 1668, 1466, 1336, 1358, 1336, 1169, 1095, 1030,
968, 908, 742, 692, 578 cm'l; LRMS (FAB, M + H): 459; HRMS Calculated for
C23H271N206S (FAB, M + H): 459.1590. Found 459.1630.

8-Benzyl-12-(phenylsulfonyl)-1,4-dioxa-8,12-diazadispiro[4.0.4.4]tetradecane-7-one

(123). To a solution of 139 (200 mg, 0.44 mmol) in TFA (0.34 mL) was added
triethylsilane (0.08 mL, 0.52 mmol) at rt. After stirring for 0.5 h, the reaction mixture
was extracted with EtOAc. Combined organic layers were washed with water, aq. sat.
NaHCOs and brine, dried over MgSO4, and concentrated in vacuo. The residue was
purified by flash column chromatography (silica gel, 41% to 50% EtOAc in n-hexane) to
afford acetate 123 as a colorless solid (105 mg, 60%): Rr = 0.29 (silica gel,
EtOAc/mhexane, 2:1); mp 159.0-160.0 °C (AcOEt/diisopropyl ether); 1H NMR (300 MHz,
CDCls) § 1.71 (ddd, J = 16.82, 6.18, 3.10 Hz, 1H), 2.02 (ddd, J = 16.82, 12.04, 4.90 Hz,
1H), 2.18 (ddd, J = 13.50, 9.10, 7.35 Hz, 1H), 2.29 (ddd, J = 13.50, 8.33, 3.76 °}O
Hz, 1H), 2.72 (ddd, J = 14.77, 12.04, 3.10 Hz, 1H), 3.09 (d, J = 11.65, 2.00 Hz, "“S°2’C&Bn
1H), 8.17 (ddd, J = 15.29, 9.10, 3.76 Hz, 1H), 3.32 (dd, J = 15.29, 8.33, 7.35 Hz, 1H), 3.46
(dd, J = 11.65, 2.00 Hz, 1H), 3.64-3.74 (m, 1H), 3.78-3.98 (m, 4H), 4.32 (d, J = 14.65 Hz,
1H), 4.58 (d, J = 14.65 Hz, 1H), 7.21 (m, 5H), 7.50 (m, 3H), 7.75 (dd, J = 8.73, 1.52 Hz,
2H); 13C NMR (75 MHz, CDCls) & 28.5, 33.1, 44.3, 44.8, 47.4, 51.9, 52.3, 65.5,‘ 65.9, 109.8,
127.9, 128.0, 128.5, 129.1, 129.6, 133.3, 136.6, 136.9, 172.2; IR (KBr) 1685 cm"l; Anal.
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Calculated for C2sH26N205S C: 62.42, H: 5.92, N: 6.33, O: 18.08, S: 7.25. Found C: 62.22,
H:5.95,N: 6.13.

2-Benzyl-7-(phenylsulfonyl)-2, 7-diazaspirol4.5]decane-1,10-dione (128). To a solution of
ketal 123 (2.50 g, 5.91 mmol) in CH2Clz (17.5 mL) was added 70% aqueous perchloric
acid (2.4 mL) at rt. After stirring slowly for 1 h, the reaction mixture was carefully pored
into aq. sat. NaHCOs solution. Separated aqueous layers were extracted with CHsCls.
Combined organic layers were dried over MgSQO4 and concentrated in vacuo. The
residue was recrystallized from EtOAc/diisopropyl ether to give 128 as a colorless
crystal (1.59 g, 71%): Rr= 0.25 (silica gel, EtOAc/mhexane, 1:1); mp 138.0-139.0 °C
(EtOAc/diisopropyl ether); TH NMR (300 MHz, CDCls) § 2.15-2.30 (m, 1H), 2.35-2.50 (mm,
1H), 2.65-2.75 (m, 1H), 2.75-2.90 (m, 1H), 2.95-3.15 (m, 1H), 3.25 (dd, J = Cg’(o
8.23, 5.54 Hz, 2H), 3.45 (4, J = 12.31 Hz, 1H), 3.73 (dd, = 12.31, 2.38 Hz, = A
1H), 3.80-3.95 (m, 1H), 4.49 (d, J = 14.91 Hz, 1H), 4.57 (d, J = 14.91 Hz, 1H), 7.20-7.45
(m, 5H), 7.65-7.75(m, 3H), 7.82 (dd, J = 8.61, 1.53 Hz, 2H); 13C NMR (75 MHz, CDCls) §
30.0, 38.1, 43.8, 45.8, 47.4, 53.3, 59.5, 127.9, 128.2, 128.4, 129.2, 129.8, 133.7, 136.0,
136.7, 170.6, 204.1; IR (KBr) 1712, 1691, 1679, 1358 cm'l; Anal. Calculated for
C21H22N204S C: 63.30, H: 5.56, N: 7.03, O: 16.06, S: 8.05. Found C: 63.12, H: 5.56, N:
6.83.

“Bn

Methyl 6-(2-Oxoethyl)-8-(phenylsulfonyl)-1,4-dioxa-8-azaspiro[4.5]decane-6-carboxylate
(142). To a solution of 132 (1.0 g, 2.62 mmol) and MC-OsOs (380 mg, 0.15 mmol) in
THF/water (411, 50 mL) was added NalOs (1.68 g) at rt. After stirring for 4 h, the
reaction was quenched by addition of 5 NNa2S204 (5 mL) aqueous solution. The residue
was filtered off and washed with EtOAc. The filtrate was extracted with EtOAc, washed
with brine, dried over MgSQs, and concentrated in vacuo. The residue was purified by
flash column chromatography (silica gel, 41% EtOAc in mhexane) to afford aldehyde
142 as a colorless solid (533 mg, 53%): Rr= 0.65 (silica gel, EtOAc); mp 174.0-175.5 °C
dec. (EtOAc/diisopropyl ether); 1H NMR (300 MHz, CDCls) § 1.77 (ddd, J = 13.89, 7.47,
3.64 Hz, 1H), 1.92 (ddd, J = 13.89, 11.33, 4.98 Hz, 1H), 2.73 (ddd, J = 15.00, 11.33, 3.64
Hz, 1H), 3.11 (d, J = 18.38 Hz, 1H), 3.18 (d, J = 12.73 Hz, 1H), 8.24 (d, J o

= 18.38 Hz, 1H), 3.72-3.95 (m,6H), 8.70 (s, 3H), 7.50-7.63 (m, 3H), 7.76 Phso{,@t%m
(dd, J = 6.88, 1.59 Hz, 2H), 9.67 (s, 1H); 13C NMR (75 MHz, CDCls) & cHO
32.6, 44.6, 44.8, 49.3, 51.7, 52.8, 65.5, 65.6, 108.4, 127.8, 129.6, 133.3, 137.3, 171.3,
198.9; IR (KBr) 1743, 1725 cm'; Anal. Calculated for C17H21NO7S C: 53.25, H: 5.52, N:
3.65, 01 29.21, S: 8.36. Found C: 53.07, H: 5.51, N: 3.63; LRMS 384 (FAB, M + H).
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NBenzyl-1,4-dioxa-6-(2-hydroxyethyl)-8-(phenylsulfonyl)-8-azaspiro[4.5]decane-6-carb
oxamide (188). To a solution of aldehyde 1385 (500 mg, 1.09 mmol) in THF/EtOH (5:2, 14
mL) was added NaBH4 (12 mg, 0.30 mmol) at 0 °C. After stirring for 1 h, the reaction
was quenched by addition of water and concentrated in vacuo. The residue was
dissolved in EtOAc and the solution was washed with 1 NV HCl and water, dried over
MgSO4, and concentrated in vacuo. To a solution of the residue in THF (5 mL) were
added 3 N NaOH (0.5 mL) aqueous solution and 30% aqueous H20z (0.2 mL) at 0 °C.
After stirring for 1 h, the mixture was quenched by addition of 5 /V NazS204 (1 mL)
aqueous solution, extracted with EtOAc. Combined organic layers were washed with
brine, dried over MgSO4, ‘and concentrated in vacuo. The residue (552 mg) was
recrystallized from EtOAc/diisopropyl ether to give 138 as a colorless crystal (260 mg,
52%): Rr= 0.06 (silica gel, EtOAc/n-hexane, 1:1); mp 166 °C dec. (EtOAc/diisopropyl
ether); 1TH NMR (300 MHz, CDCls) & 1.69 (ddd, J = 13.68, 7.41, 3.63 Hz, 1H), 1.88-1.96
(m, 1H), 1.98-2.08 (m, 1H), 2.21-2.28 (m, 1H), 2.65-2.69 (m, 1H), 3.12(d, J = D,
12.80 Hz, 1H), 3.50-4.00 (m, 8H), 4.22 (dd, J = 14.45, 9.78 Hz, 1H), 4.65 (dd, q;“
J =14.45, 7.02 Hz, 1H), 6.95 (brs, 1H), 7.26-7.33 (m, 5H), 7.51-7.61 (m, 3H),

7.80 (dd, J = 7.94, 1.04 Hz, 2H); IR (KBr) 3343, 1643, 1351 cm'L,

0O,

o

12-(Phenylsulfonyl)-1,4,8-trioxa-12-azaspiro[4.0.4.4]tetradecan-7-one  (143). To a
suspension of aldehyde 142 (5.0 g, 13.05 mmol) in MeOH (20 mL) was added NaBH4
(136 mg, 3.60 mmol) at 0 °C. After stirring for 1 h, the reaction was quenched by
addition of 1 NHC] (3.6 mL) aqueous solution and concentrated in vacuo. The residue
was dissolved in EtOAc, and the solution was washed with 1 N HCI and water, dried
- over MgSOs, and concentrated in vacuo. The residue was recrystallized from
EtOAc/diisopropyl ether to give 143 as a colorless crystal (3.31 g, 72%): Rr= 0.23 (silica
gel, EtOAc/mrhexane, 1:1); mp 134.0-135.0 °C (EtOAc/diisopropyl ether); TH NMR (300
MHz, CDCls) & 1.73 (ddd, J = 13.44, 6.25, 3.15 Hz, 1H), 2.04 (ddd, J = 13.44, 11.96, 4.97
Hz, 1H), 2.40-2.60 (m, 2H), 2.70 (ddd, J = 14.96, 11.96, 3.15 Hz, 1H), 3.02 (d,

J = 11.77 Hz, 1H), 3.54 (dd, J = 11.77, 2.19 Hz, 1H), 3.71-3.79 (m, 1H), @CT\}(O
3.85-3.98 (m, 4H), 4.28-4.44 (m, 2H), 7.50-7.64 (m, 3H), 7.74 (dd, J = 8.43, ¢ o
1.53 Hz, 2H); 13C NMR (75 MHz, CDCls) § 31.8, 32.8, 44.7, 50.7, 51.7, 65.8, 66.1, 66.3,
109.1, 127.8, 129.7, 133.5, 136.8, 175.5; IR (KBr) 1765 cm1.

8-(4-Methoxybenzyl)-12-(phenylsulfonyl)-1,4-dioxa-8,12-diazadispiro[4.0. 4.4]tetradecan
e-7-one (144) and Methyl
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6-[2-LV, N-Bis(4-methoxybenzyl)amino] ethyll-8-(phenylsulfonyl)-1,4-dioxa-8-azaspiro[4.
5]ldecane-6-carboxylate (145). To a solution of aldehyde 142 (10.0 g, 26.10 mmol) and
pmethoxybenzylamine (11.82 g, 86.13 mmol) in MeOH (100 mL) was added AcOH (1.57
g, 26.10 mmol) at rt. After stirring for 0.5 h, NaBHsCN (1.97 g, 81.35 mmol) was added
to the mixture. The mixture was stirred at 80 °C for 4 h and then cooled to rt. The
reaction was quenched by addition of water, and the mixture was concentrated in vacuo.
The residue was dissolved in EtOAc and the solution was washed with water, 1 N HCI
and brine. The organic layer was dried over MgS0O4 and concentrated in vacuo. The
residue was purified by flash column chromatography (silica gel, 53% EtOAc in
mhexane) to afford aldehyde 144 as a colorless amorphous solid (9.47 g, 77%):
8-(4-Methoxybenzyl)-12-(phenylsulfonyl)-1,4-dioxa-8,12-diazadispiro[4.0.4.4]tetradecan
e-T-one (144): Rr= 0.38 (silica gel, EtOAc/mhexane, 2:1); 1H NMR (300 MHz, CDCls) &
1.67 (ddd, J = 15.00, 6.36, 3.07 Hz, 1H), 1.92 (ddd, J = 15.00, 11.65, 4.78 Hz, 1H), 2.05
(dddd, J = 18.89, 8.58, 6.43, 1.85 Hz, 1H), 2.20 (ddd, J = 13.39, 8.58, 8.71 Hz, o
1H), 2.68 (ddd, J = 14.54, 11.65, 3.07 Hz, 1H), 3.03 (d, J = 11.70 Hz, 1H), C&
8.01-3.10 (m, 1H), 3.22 (dd, J = 16.17, 8.58 Hz, 1H), 3.34 (dd, J = 11.70, 1.62

Hz, 1H), 8.57-3.66 (m, 2H), 3.71 (s, 3H), 3.71-3.90 (m, 3H), 4.15 (4, J = 14.48 Hz, 1H),
4.43 (d, J = 14.48 Hz, 1H), 6.78 (d, J = 8.59 Hz, 2H), 7.08 (d, J = 8.59 Hz, 1H), 7.41-7.54
(m, 3H), 7.67 (dd, J = 8.62, 1.53 Hz, 2H); 18C NMR (75 MHz, CDCls) § 28.3, 32.9, 44.1,
44.8, 46.6, 51.9, 52.3, 55.6, 65.5, 65.9, 109.7, 114.4, 127.8, 128.7, 129.6, 129.8, 133.3,
136.8, 159.5, 172.0; IR (KBr) 1685, 1355 cm'l; LRMS 473 (FAB, M + H); HRMS
Calculated for C24H29N206S 473.1746 (FAB, M + H). Found 473.1721. Methyl
6-[2-[ NV, N-Bis(4-methoxybenzyl)aminolethyll-8-(phenylsulfonyl)-1,4-dioxa-8-azaspiro[4.
5]decane-6-carboxylate (145): Br= 0.26 (silica gel, EtOAc/m-hexane, 2:1); 1H NMR (300
MHz, CDCls) & 1.67-2.01 (m, 2H), 1.90-2.10 (m, 2H), 2.10-2.40 (m, 4H), -
2.45-2.75(m, 4H), 2.85-3.00 (m, 2H), 3.35-3.70 (m, 11H), 3.70-3.95 (m, pm{%m
12H), 6.82-6.87 (m, 2H), 7.25 (m, 2H), 7.49-7.61 (m, 6H), 7.52-7.78 (m, e
4H); 13C NMR (75 MHz, CDCls) § 26.8, 27.4, 31.9, 32.1, 44.9, 48.1, 48.6, 49.1, 49.2, 52.28,
52.30, 53.8, 53.9, 55.7, 57.9, 58.4, 60.8, 65.2, 65.3, 65.4, 65.7, 109.2, 109.3, 113.81, 113.84,
127.76, 127.81, 127.9, 128.05, 128.08, 129.49, 129.58, 129.61, 129.7, 129.8, 130.5, 130.7,
132.0, 132.2, 133.1, 136.6, 136.7, 158.80, 158.84, 172.4, 172.6; IR (KBr) 1766, 1736, 1360
cm'; LRMS 872 (FAB, M + H); HRMS Calculated for C42H54N3013S 872.3098 (FAB, M +
H). Found 872.3069 (FAB, M + H).

12-(Phenylsulfonyl)-1,4-dioxa-8,12-diazadispiro[4.0.4.4]tetradecan-7-one and
8-(4-Methoxybenzoyl)-12-(phenylsulfonyl)-1,4-dioxa-8,12-diazadispiro[4.0.4.4]tetradeca
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ne-T-one (126). To a solution of 144 (4.27 g, 9.04 mmol) in MeCN/water (30 m1/12.8 mL)
was added CAN (14.86 g, 27.11 mmol) at rt. After stirring for 10 min, the residue was
extracted with CHaClz (300 mL, three times) and the solution was washed with water,
dried over MgSO4, and concentrated in vacuo. The residue was purified by flash column
chromatography (silica gel, 9% to 100% EtOAc in m-hexane) to afford lactam 126 (2.18 g,
69%) and imide 150 (0.76 g, 17%):
12-(Phenylsulfonyl)-1,4-dioxa-8,12-diazadispiro[4.0.4.4]tetradecan-7-one (126): Rr =
0.05 (silica gel, EtOAc/mhexane, 2:1); mp 208.0-209.0 °C (EtOAc/mhexane); 1H NMR
(300 MHz, CDCls) & 1.70 (ddd, J = 12.23, 6.31, 3.11 Hz, 1H), 2.01 (ddd, J = 14.85, 12.23,
4.88 Hz, 1H), 2.24-2.45 (m, 2H), 2.70 (ddd, J = 14.85, 11.81, 3.11 Hz, 1H), 2.99 (d, J =
11.64 Hz, 1H), 3.25-3.42 (m, 2H), 3.47 (dd, J = 11.64, 2.10 Hz, 1H), oy
3.68-3.74 (m, 1H), 3.83-4.02 (m, 4H), 6.45 (brs, 1H), 7.26-7.59 (m, 3H), 7.73 Pnsoﬂ%:
(dd, J = 8.46, 1.13 Hz, 2H); 13C NMR (75 MHz, CDCls) § 30.7, 33.0, 39.4,

44.8, 50.7, 65.8, 65.9, 109.6, 127.9, 129.6, 133.3, 136.8, 176.2, ; IR (KBr) 3250, 1697,
1356 cm1; LRMS 353 (FAB, M + H); HRMS Caled for C16H21N205S 353.1171 (FAB, M +
H). Found 353.1213.
8-(4-Methoxybenzoyl)-12-(phenylsulfonyl)-1,4-dioxa-8,12-diazadispiro[4.0.4.4] tetradeca
ne-7-one (150): Rr = 0.49 (silica gel, EtOAc/mhexane, 2:1); mp 197.5-198.5 °C
(EtOAc/mhexane); 'H NMR (300 MHz, CDCls) 8 1.94 (¢, J = 6.65 Hz, 2H), 2.12-2.24 (m,
1H), 2.37-2.46 (m, 1H), 2.89-2.98 (m, 1H), 3.25 (d, J = 11.74 He, 1H), %2
3.38 (d, J = 11.74 Hz, 1H), 3.45-3.51 (m, 1H), 3.79-4.01 (m, 6H), 3.84 (s,

3H), 6.89 (d, J = 8.83 Hz, 2H), 7.49-7.67 (m, 3H), 7.60 (d, J = 8.83 Hz,

2H), 7.75 (dd, J = 8.54 Hz, 2H); 13C NMR (75 MHz, CDCls) & 26.5, 32.1, 43.4, 44.6, 51.5,
53.9, 55.8, 65.6, 65.9, 109.2, 113.6, 126.6, 127.8, 129.6, 131.9, 133.3, 137.0, 163.3, 170.2,
172.6; IR (thin film) 1739, 1670, 1360 cm'’; Anal. Calculated for C24Hz26N207S C: 59.25,
H: 5.39, N: 5.76,0: 23.02, S: 6.59. Found C: 59.04, H: 5.48, N: 5.58.

o]

tert-Butyl 1,10-Dioxo-7-(phenylsulfonyl)-2,7-diazaspiro[4.5]decane-2-carboxylate (151)
and tert-Butyl
1-Oxo-7-(phenylsulfonyl)-10-[(tert-butyloxycarbonyl)oxyl-2,7-diazaspiro[4.5]dec-9-ene-2
-carboxylate (152). To a solution of amide 127 (1.59 g, 3.44 mmol), DMAP (30 mg, 0.25
mmol) and EtsN (550 mg, 544 mmol) in THF (50 mLl) was added
di- tert-butyldicarbonate (1.06 g, 3.44 mmol) at 0 °C. After stirring for 1.5 h at rt, the
reaction was quenched by water and extracted with EtOAc. Combined organic layers
were washed with 0.5 N HCI aqueous solution, sat. NaHCOs aqueous solution and brine,

dried over MgSO4, and concentrated in vacuo. The residue was purified by flash column
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chromatography (silica gel, 10% to 90% EtOAc in srhexane) to afford 151 (1.24 g, 62%)
and Boc enolate 152 (114 mg, 5%). tert-Butyl
1,10-Dioxo-7-(phenylsulfonyl)-2,7-diazaspirol4.5]decane-2-carboxylate (151): Rr = 0.59
(silica gel, EtOAc/mhexane, 2:1); mp 156.0-157.0 °C dec. (EtOAc/mrhexane); 'H NMR
(300 MHz, CDCla) 5 1.53 (s, 9H), 2.13-2.24 (m, 1H), 2.39-2.48 (m, 1H), 2.64 %0(0
(ddd, J = 15.75, 8.87, 4.55 Hz, 1H), 2.80 (ddd, J = 15.75, 9.87, 6.52 Hz, 1H), "

3.02 (ddd, J = 14.60, 9.87, 4.55 Hz, 1H), 3.39 (d, J = 12.40 Hz, 1H), 3.59-3.68 (m, 1H),
3.69 (dd, J = 12.40, 2.37 Hz, 1H), 3.76-3.91 (m, 2H), 7.67-7.67 (m, 3H), 7.78 (dd, J = 7.07,
1.49 Hz, 2H); 13C NMR (75 MHz, CDCls) § 28.4, 28.8, 37.9, 43.6, 45.8, 53.0, 61.0, 84.1,
127.9, 129.8, 133.8, 136.6, 149.9, 169.9, 203.0; IR (thin film) 1782, 1751, 1716, 1369 cm'L;
Anal. Calculated for C19H24N206S C: 55.87, H: 5.92, N: 6.86, O: 23.50, S: 7.85. Found C:
556.89, H: 577, N: 690, LRMS 409 (FAB, M + H). tertButyl
1-Oxo-7-(phenylsulfonyl)-10-[(£ert-butyloxycarbonyl)oxyl-2,7-diazaspiro[4.5]dec-9-ene-2
-carboxylate (152): Rr = 0.72 (silica gel, EtOAc/mhexane, 2:1); 'H NMR (300 MHz,
CDCls) & 1.54 (s, 9H), 1.57 (s, 9H), 2.29-2.36 (m, 2H), 2.81 (d, J = 15.91 Hz, 2H), 3.29 (dd,
J =15.91, 2.13 Hz, 1H), 3.70-3.84 (m, 3H), 4.15 (dd, J = 15.88, 4.96 Hz, 1H), 5.83 (dd, J =
4.96, 2.12 Hz, 1H), 7.52-7.66 (m, 3H), 7.76 (dd, J = 8.62, 1.49 Hz, 2H); 13C /jg:;c
NMR (75 MHz, CDCls) § 27.6, 28.0, 28.4, 43.6, 44.2, 50.4, 52.3, 83.9, 84.2, PS¢

112.1, 127.9, 129.7, 133.7, 136.1, 145.6, 150.2, 151.0, 171.2; IR (thin film)

1782, 1761, 1720, 1369 cm'l; LRMS 531(FAB, M + Na); HRMS Calculated for
C24H32N208SNa 531.1777 (FAB, M + Na). Found 531.1801.

“Boc

“Boc

tert-Butyl

1-Oxo-7-(phenylsulfonyl)-10-[[(trifluoromethyl)sulfonylloxyl-2, 7-diazaspiro[4.5]dec-9-en
e-2-carboxylate (153). A 1.0 M solution of lithium bis(trimethylsilyl)amide (0.87 mL,
0.87 mmo)) in THF was added dropwise to a solution of 151 (300 mg, 0.73 mmol) in THF
(2 mL) at -78 °C for 20 min. The resulting solution was stirred for 45 min at the same
temperature before AMphenylbis(trifluoromethanesulfonimide) (297 mg, 0.83 mmol) in
THF (4 mL) was introduced. Stirring was continued for additional 3 h at ambient
temperature. The reaction was quenched by addition of CH2Clz (7 mL). The mixture was
filtered through a pad of alumina. The pad was washed with CH2Cls, and combined
filtrate were concentrated in wvacuo. The residue was purified by flash column
chromatography (silica gel, 16% to 50% EtOAc in mhexane) to afford 153 as a colorless
foam (190 mg, 50%): Er= 0.37 (silica gel, EtOAc/mhexane, 1:2); 1H NMR o
(300 MHz, CDCls) 5 1.56 (s, 9H), 2.38-2.45 (m, 2H), 2.87 (d, J = 11.71 Hae, phso;%c’
1H), 3.35 (dd, J = 16.26, 2.15 Hz, 1H), 3.76:3.91 (m, 2H), 3.86 (dd, J = “eos
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11.71, 0.95 Hz, 1H), 4.24 (ddd, J = 16.26, 5.03, 0.95 Hz, 1H), 5.99 (dd, J = 5.03, 2.15 Hz,
1H), 7.44-7.71 (m, 3H), 7.78 (dd, J = 8.76, 1.53 Hz, 1H); 13C NMR (75 MHz, CDCls) § 26.9,
28.3, 43.4, 44.3, 50.8, 52.7, 84.5, 115.4, 118.6 (g, 1Jcr= 320.11 Hz), 127.9, 129.9, 134.0,
136.0, 146.3, 149.8, 169.6; IR (thin film) 1786, 1749, 1726, 1369 cm'l; LRMS 563 (FAB,
M + Na); HRMS Calculated for C20H23F30882Na 563.0746 (FAB, M + Na). Found
563.0754.

tert-Butyl
10-(3-Furyl)-1-oxo-7-(phenylsulfonyl)-2,7-diazaspiro[4.5]dec-9-ene-2-carboxylate (159).
To a solution of borate 158 (53 mg, 0.47 mmol), NazCOs (47 mg, 0.43 mmol), water (0.22
mL), LiCl (40 mg, 0.94 mmo)) and triflate 153 (170 mg, 0.31 mmol) in DME (4 mL) was
added Pd(0)(PPhs)4 (18 mg, 15.6 umol) at rt. After stirring for 8 h at 90 °C, the reaction
mixture was diluted with EtOAc and the mixture was washed with water. Combined
organic layers were washed with water and brine, and concentrated in vacuo. The
residue was purified by flash column chromatography (silica gel, 9% to 23% EtOAc in
mhexane) to afford 159 as slight yellow syrup (116 mg, 80%): Rr= 0.35 (silica gel,
EtOAc/mhexane, 1:2); 1H NMR (300 MHz, CDCls) & 1.53 (s, 9H), 2.08-2.20 (m, 1H),
2.36-2.45 (m, 1H), 2.70 (dd, J = 11.46, 1.50 Hz, 1H), 3.24 (dd, J = 16.27,

2.11 Hz, 1H), 8.71-3.82 (m, 8H), 4.13 (dd, J = 16.27, 4.98 Hz, 1H), 5.91 (dd,
J=4.98, 2.11 He, 1H), 6.34 (dd, J = 1.75, 0.81 Hz, 1H), 7.28 (s, 1), 7.31 oo
(dd, J =1.75, 1.58 Hz, 1H), 7.51-7.64 (m, 3H), 7.76 (dd, J = 8.47, 1.52 Hz, 2H); 13C NMR
(75 MHz, CDCls) & 27.9, 28.4, 43.8, 45.7, 49.9, 52.6, 84.0, 110.2, 123.1, 123.4, 128.0,
129.7, 180.5, 133.6, 135.9, 139.7, 143.5, 150.2, 174.2; IR (thin film) 1778, 1741, 1720,
1367 cm'%; UV (MeOH) € 201, 265, 271 nm: LRMS 481 (FAB, M + Na); HRMS Calculated
for C2sH26N206SNa 481.1409 (FAB, M + Na). Found 481.1445 (FAB, M + Na).

o)

=
=
(o]

tert-Butyl
(3R*5R*105%-1-Hydroxy-10-(3-furyl)-7-(phenylsulfonyl)-2,7-diazaspirol4.5]dec-9-ene-
2-carboxylate (161) and tert-Butyl

(3R*5R*105%-1-(Acetyloxy)-10-(3-furyl)-7-(phenylsulfonyl)-2,7-diazaspiro[4.5]dec-9-en
e-2-carboxylate (162). A 1.5 M solution of DIBAL-H in toluene (0.5 mL, 0.75 mmol) was
added dropwise to a solution of carbamate 159 (98 mg, 0.21 mmol) in toluene (1 mL) and
CH2Clz (1 mL) at -78 °C. The mixture was warmed to 0 °C over 1 h and stirring was
continued for at rt. After the solution was cooled to —78 °C, 0.7 M Rochelle’s salt (3 mL)
was added dropwise and then the mixture was warmed to 0 °C over 10 min and stirred

for 1 h at rt. After EtOAc and 0.7 M Rochelle’s salt were added, separated organic layer

-58.



was washed with 0.7 M Rochelle’s salt and brine,'dried over MgSOQ4, and concentrated in
vacuo. The residue was purified by flash column chromatography (silica gel, 16% to 23%
EtOAc in mhexane) to afford aminal 161 (75 mg, 76%). Aminal 161 (75 mg) was
dissolved in pyridine (0.2 mL) and acetic anhydride (0.2 mL), and the mixture was
stirred for 4 h at rt. Products were partitioned between EtOAc and 1 N HCL Separated
organic layer was washed with aq. sat. NaHCOs and brine, dried over MgSO4, and
concentrated in vacuo affording acetate 162 as a colorless syrup (80 mg, 98%). tert-Butyl
(8R*5R*10S89-1-Hydroxy-10-(3-furyl)-7-(phenylsulfonyl)-2,7-diazaspiro[4.5]dec-9-ene-
2-carboxylate (161): Rr= 0.31 (silica gel, EtOAc/mhexane, 1:2); 'H NMR (300 MHz,
CDCls) § 1.24-1.38 (m, 1H), 1.49 (s, 18/5H), 1.53 (s, 27/5H), '

2.22 (d, J = 12.46 Hz, 3/5H), 2.36-2.51 (m, 7/5H), 3.06 (brs, o phso,»@:%
3/5H), 3.23-3.67 (m, 20/5H), 8.90 (brs, 2/5H), 4.17 (dd, J =
15.63, 2.79 Hz, 2/5H), 4.22 (dd, J = 16.84, 2.70 Hz, 8/5H), 5.48 (brs, 2/5H), 5.54 (brs,
3/5H), 5.84 (s, 1H), 6.47 (s, 1H), 7.30 (s, 1H), 7.42 (s, 1H), 7.52-7.68 (m, 3H), 7.73-7.79 (m,
2H); 13C NMR (75 MHz, CDCls) & 28.9, 29.6, 30.7, 43.8, 44.2, 45.5, 45.8, 50,1, 50.8, 51.0,
80.9, 81.4, 86.9, 112.4, 124.2, 125.1, 127.9, 128.0, 129.6, 131.9, 133.4, 136.5, 136.4, 141.3,
142.5, 154.5, 155.3; IR (thin film) 3420, 1678, 1394 cm'l. tert-Butyl
(8R*5R*10S5%-1-(Acetyloxy)-10-(3-furyl)-7-(phenylsulfonyl)-2,7-diazaspiro[4.5]dec-9-en
e-2-carboxylate (162): Rr= 0.21 (silica gel, EtOAc/mhexane, 1:2); *H NMR (300 MHz,
CDCls) 8 1.89-1.57 (m, 1H), 1.45 (s, 9H), 1.86 (brs, 3H), 2.41 (d, J = 16.44 Hz,

1H), 2.49-2.60 (m, 1H), 3.40 (dd, J = 17.42, 8.37 Hz, 1H), 3.46-3.62 (m, 2H), N o
3.66 (4, J = 11.44 Hz, 1H), 4.12 (dd, J = 17.42, 3.37 Hz, 1H), 582 (t, J = 3.37  “ae
Hz, 1H), 6.36 (t, J = 0.74 Hz, 1H), 6.73 (brs, 1H), 7.31 (s, 1H), 7.32 (d, J = 2.55 Hz, 1H),
7.50-7.62 (m, 3H), 7.75-7.83 (m, 2H); 13C NMR (75 MHz, CDCls) 8 21.5, 28.7, 29.1, 44.1,
45.5, 50.1, 50.9, 81.4, 86.4, 111.6, 124.9, 125.8, 128.1, 129.6, 129.8, 133.4, 136.9, 140.3,
142.9, 154.1, 169.0; IR (thin film) 1824, 1747, 1704, 1367 cm.

Phso{N

o

H
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tert-Butyl
(8a.R*10bR™-5-(Phenylsulfonyl)-2,3,4,5,6,10b-hexahydro-1 A-furo[3’,2:3,4] pyrrolo[3’,2"
1,5lcyclopentall,2-clpyridine-1-carboxylate (163). To a solution of acetate 162 (15 mg,
0.03 mmol) in CH2Cle (5 mL) was added p-TsOH monohydrate (6 mg, 3.15 pmol) at rt.
After stirring for 2 h at rt, the reaction was quenched by addition of sat. NaHCOs
aqueous solution and extracted with EtOAc. Combined organic layers were washed with
sat. NaHCOs aqueous solution and brine, dried over MgS0O4, and concentrated in vacuo.
The residue was purified by flash column chromatography (silica gel, 9% to 456% EtOAc
in mhexane) to afford 163 (10 mg, 76%) as a colorless syrup: Er= 0.28 (silica gel,
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EtOAc/m-hexane, 1:2); TH NMR (300 MHz, CDCls) § 1.53 (s, 9H), 1.85-2.15 (m, 1H),
2.25-2.55 (m, 1H), 2.67 (d, J = 10.83 Hz, 1H), 3.34 (brd, J = 16.76 Hz, e “\:o
0.5H X 2), 3.58 (brt, J = 10.81 Hz, 2H), 3.98 (d, J = 10.8 Hz, 1H), 4.25 (dd, & A&

J =16.76, 3.11 Hz, 1H), 4.69 (brs, 0.5H), 4.83 (brs, 0.5H), 5.43 (t, J = 3.11Hz, 1H), 6.30
(brs, 1H), 7.38 (brs, 1H), 7.52-7.62 (m, 3H), 7.82 (d, J = 6.99 Hz, 2H); 13C NMR (75 MHz,
CDCls) 5 28.8, 34.0, 34.8, 44.9, 45.9, 46.5, 48.9, 59.1, 60.3, 61.7, 80.6, 105.3, 109.7, 126.4,
127.8, 129.6, 133.3, 185.1, 136.9, 148.7, 149.0, 154.6, 155.3, 162.5; IR (thin film) 1697,
1394, 1360, 1167, 1146, 1101 cm'’; LRMS 442 (EI, M+); HRMS Calculated for
C23H26N20s58 442.1562 (EI, M*). Found 442.1559; LRMS 465 (FAB, M + Na), 481 (FAB,

M + K), 575 (FAB, M + Cs); UV (MeOH) 201.5, 227, 265, 271 nm.

Boc

tert-Butyl
(6R*10.5%-10-(3-Furyl)-1-oxo-7-(phenylsulfonyl)-2,7-diazaspiro[4.5]decane-2-carboxyla
te (167). To a degassed solution of 159 (185 mg, 0.40 mmol) in EtOH (5 mL) was added
Pd on charcoal (205 mg, 10% Pd) at rt. The resulting slurry was hydrogenated over 1 h
and filtered. The charcoal was washed with EtOAc (130 mL). The filtrate was
concentrated in vacuo and the residue was purified by flash column chromatography
(silica gel, 9% to 29% EtOAc in mhexane) to afford alcohol 167 as a colorless slid (127
mg, 68%): Rr=0.28 (silica gel, EtOAc/mhexane, 1:2); mp 167.0-169.0 °C dec. (EtOH); 1H
NMR (300 MHz, CDCls) § 1.50 (s, 9H), 1.57-1.71 (m, 2H), CCE

1.92-2.03 (m, 1H), 2.45 (dd, J = 12.183, 3.89 Hz, 1H), 2.51 (d, J = o~ P~
12.35 Hz, 1H), 2.55-2.64 (m, 1H), 2.70-2.85 (m, 1H), 3.17-3.25 (m, 1H), 3.41-3.67 (m, 1H),
8.74 (d, J = 11.60, 1.50 Hz, 1H), 3.96 (dd, J = 12.35, 1.50 Hz, 1H), 6.31 (d, J = 1.92 Hz,
1H), 7.28 (brd, J = 1.43 Hz, 1H), 7.32 (brd, J = 1.57 Hz, 1H), 7.54-7.61 (m, 3H), 7.88 (dd,
J =8.00, 1.69 Hz, 2H); 13C NMR (75 MHz, CDCls) § 28.2, 28.5, 28.9, 40.5, 42.8, 46.3, 47.9,
52.1, 83.2, 110.9, 124.2, 128.4, 129.4, 133.2, 137.2, 140.7, 143.5, 150.4, 173.1; IR (KBr)
1754, 1712, 1323, 1155 cm'}; Anal. Calculated for C23H2sN20S C: 59.98, H: 6.13, N: 6.08,
0:20.84, S: 6.96. Found C: 59.79, H: 5.99, N: 5.82 ; LRMS 483 (FAB, M + Na); HRMS
Calculated for C2sH2sN2OSNa 483.1566 (FAB, M + Na). Found 483.1596; UV (MeOH)
204, 265, 271.5 nm.

tert-Butyl

(5R%105%-10-(3-Furyl)-1-hydroxy-7-(phenylsulfonyl)-2, 7- d1azasp1ro[4 5]decane-2-carbo
xylate (170), tert-Butyl
(5R*105%-1-(Acetyloxy)-10-(3-furyl)-7-(phenylsulfonyl)-2,7-diazaspiro[4.5]decane-2-car
boxylate a7 and tert-Butyl



(3aR*7aR*10bR»-5-(Phenylsulfony])-2,3,4,5,6,7,7a,10b-octahydro-1 H-furo[3’,2":3,4lpy

rrolo[3’,2":1,5]cyclopentall,2-clpyridine-1-carboxylate (169). A 1.5 M solution of
DIBAL-H in toluene (0.5 mL, 0.75 mmol) was added dropwise to a solution of carbamate
167 (100 mg, 0.22 mmol) in toluene (1 mL) and CH2Cls (1 mL) at —~78 °C. The mixture
was warmed to 0 °C over 1 h and stirring was continued for 0.5 h at rt. After the
solution was cooled to —78 °C, 0.7 M Rochelle’s salt (3 mL) was added dropwise and then
the mixture was warmed to 0 °C over 10 min and stirred for 1 h at rt. After EtOAc and
0.7 M Rochelle’s salt were added, separated organic layer was washed with 0.7 M
Rochelle’s salt and brine, dried over MgSO4, and concentrated in vacuo. The residue was
purified by flash column chromatography (silica gel, 9% to 33% EtOAc in mhexane) to
afford aminal 170 (54 mg, 54%). Aminal 170 (40 mg) was dissolved in pyridine (0.3 mL)
and acetic anhydride (0.3 mL), and the mixture was stirred for 12 h at rt. Products were
partitioned between EtOAc and 1 NHCI. Separated organic layer was washed with aq.
sat. NaHCO3 and brine, dried over MgSO4 and concentrated in vacuo affording acetate
171 as a colorless syrup (57 mg). To a solution of acetate 171 (50 mg, 0.10 mmol) in
CH2Cls (2 mL) was added p-TsOH monohydrate (21 mg, 0.11 mmol) at rt. After stirring
for 0.5 h, the reaction was quenchéd by addition of sat. NaHCOs aqueous solution and
extracted with EtOAc. Combined organic layers were washed with sat. NaHCOs
aqueous solution and brine, dried over MgS04, and concentrated in vacuo. The residue
was purified by flash column chromatography (silica gel, 9% to 45% EtOAc in n-hexane)
to afford 169 [18 mg, 53% (2 steps)) as a colorless syrup. tertButyl
(5R*10S5%-10-(3-Furyl)-1-hydroxy-7-(phenylsulfonyl)-2,7-diazaspiro[4.5]decane-2-carbo
xylate (170): Br= 0.25 (silica gel, EtOAc/zrhexane, 1:2); 1H NMR (300 MHz, CDCly)
1.48 (s, 9H), 1.65-1.8 (brd, 7/7H), 1.8-2.3 (m, 21/7H), 2.4-2.7 (m, 14/7TH), 2.7-3.15 (m,

16/7H), 3.25 (d, J = 11.92 Hz, 5/7H), 3.27-3.51 (m, 14/7H), 3.54-3.66 (brd, P
7/7TH), 4.48 (d, J = 2.79 Hz, 1H), 6.15 (brs, 5/7H), 6.24 (brs, 2/TH), 7.02 (brs, ., N~

\’N‘Boc
5/7H), 7.12 (brs, 2/7TH), 7.23 (brs, 5/TH), 7.30 (brs, 2/7H), 7.54-7.75 (m, 3H),

7.77-7.78 (m, 2H); IR (KBr) 1681, 1894 cm'l; LRMS 485 (FAB, M + Na); HRMS
Calculated for CasH3zo0N20sSNa 485.1722 (FAB, M + Na). Found 485.1751. tert-Butyl
(5R*105%-1-(Acetyloxy)-10-(3-furyl)-7-(phenylsulfonyl)-2,7-diazaspirol4.5]decane-2-car
boxylate (171): Br= 0.17 (silica gel, EtOAc/mhexane, 1:2); 1H NMR (300 MHz, CDCls) &
1.41 & 1.42 (s, 9H), 1.5-3.9 (m, 11H), 1.80 (s, 3/2H), 2.22 (s, 3/2H), 6.00 (brs,

1H), 6.13 (brs, 1H), 6.97 (brs, 1H), 7.24 (brs, 1H), 7.52-7.67 (m, 5H), P
7.78-7.88 (m, 2H); IR (KBr) 1731, 1702, 1403 cm'; LRMS 527 (FAB, M + ™ I,
Na); HRMS Calculated for CosH32N207SNa 527.1828 (FAB, M + Na). Found 527.1877.

tert-Butyl
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(3aR*7aR*10bR*-5-(Phenylsulfonyl)-2,3,4,5,6,7,7a,10b-octahydro-1 H-furo[3’,2:3,4]py
rrolo[8,2"1,5]cyclopentall,2-clpyridine-1-carboxylate (169): Rr = 0.22 (silica gel,
EtOAc/mrhexane, 1:2); TH NMR (300 MHz, CDCls) & 1.53 (s, 9H), 1.57-1.64 (m, 1H),
1.87-1.92 (m, 2H), 2.01-2.08 (m, 1H), 2.76 (brt, J = 6.33 Hz, 1H), 3.06-3.25 e

(brm, 2H), 3.08 (d, J = 12.39 Hz, 1H), 8.26-3.75 (m, 2H), 3.34 (d, J = 12.39 CBE?

Hz, 1H), 4.65 (s, 1H), 6.14 (d, J = 1.80 Hz, 1H), 7.33 (brs, 1H), 7.50-7.63 (m, Rl

3H), 7.77 (dd, J = 8.37, 1.53 Hz, 2H); 13C NMR (75 MHz, CDCls) § 27.6, 28.8, 36.3, 39.1,
42.8, 45.3, 50.0, 61.2, 62.5, 80.5, 107.3, 127.7, 128.9, 129.6, 133.1, 137.8, 147.7, 154.8,
157.3; IR (thin film) 1693, 1394 cm'l; LRMS 445 (FAB, M + H); HRMS Calculated for
C23H28N205SNa 467.1617 (FAB, M + H). Found 467.1629; UV (MeOH) 201.8, 222.8,

264.4, 271.5 nm.

Ethyl (2B)-3-(4-Bromo-2-furyl)-2-propencate (186). To a solution of triethyl
phosphonoacetate (7.05 g, 31.45 mmol) in THF (80 mL) was added sodium #butoxide
(3.16 g, 32.86 mmol) at 0 °C. After stirring for 30 min at the same temperature, the
reaction mixture was stirred for an additional 1 h at rt. The mixture was cooled to 4 °C,
a solution of aldehyde 185 (5.0 g, mmol) was added, and stirred for 30 min at the same
temperature, and stirred for an additional 1 h at rt. The reaction was quenched by
addition of sat. NH4Cl (20 mL) aqueous solution in an ice-bath and concentrated in
vacuo. The residue was dissolved in EtOAc (150 mL), and the solution was washed with
water (70 mL), dried over MgSO4 and concentrated in vacuo. The resulting residue was
purified by flash column chromatography (silica gel, 0% to 26% EtOAc in mhexane) to
afford 186 as a colorless solid (6.74 g, 96%): Er= 0.48 (silica gel, EtOAc/mhexane, 1:6);
mp 46-47 °C; TH NMR (300 MHz, CDCls) 1.32 (t, J = 7.14 Hz, 3H), 4.24 (q, ®

J =7.14 Hz, 2H), 6.33 (d, J = 15.82 Hz, 1H), 6.62 (s, 1H), 7.35 (d, J = 15.82 Q\/\cogst
Hz, 1H), 7.46 (s, 1H); 13C NMR (75 MHz, CDCls) 14.3, 60.6, 101.8, 116.6, 117.8, 129.9,
142.6, 151.5, 166.5; IR (thin film) 3128, 2985, 1707, 1647, 1568, 1495, 1475, 1308, 1282,
1261, 1184, 1140, 1115, 1093, 974, 931, 860, 825, 787, 733, 588, 523 cm'1; LRMS (EI, M*):
244; HRMS Calculated for CoHsO3Br (FAB, M + H): 243.9735. Found 243.9717; Anal.
calculated for CeHsOsBr C: 44.11, H: 3.70, O: 19.59, Br: 32.60. Found C: 44.13, H: 3.62.

Ethyl 3-(4-Bromo-2-furyl)propanoate (187). To a solution of enone 186 (3.10 g, 12.65
mmol) and NiClz (164 mg, 1.27 mmol) in EtOH (40 ml) was added NaBH4 (957 mg,
25.30 mmol) at 0 °C. After stirring for 1 h at the same temperature, insoluble black
material was filtered off at 0 °C and the reaction was quenched by addition of water (5

mL) to the filtrate and the mixture was concentrated in vacuo. The residue was
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dissolved in EtOAc and the solution was washed with water, dried over MgSOs, and
concentrated in vacuo. The residue was purified by flash column chromatography (silica
gel, 0% to 26% EtOAc in mhexane) to afford 187 as a sweet odor oil (3.04 g, 92%): Rr=
0.54 (silica gel, EtOAc/mhexane, 1:6); 'H NMR (300 MHz, CDCls) 1.25 (t, J = 7.15 Hz,
3H), 2.62 (t, J = 7.72 Hz, 2H), 2.94 (t, J = 7.72 Hz, 2H), 4.15 (¢, J = 7.15 B“@/\

Hz, 2H), 6.09 (d, J = 0.80 Hz, 1H), 7.30 (brs, 1H); 13C NMR (75 MHz, ° = °*#
CDCls) 14.2, 23.5, 32.3, 60.7, 99.9, 109.1, 139.5, 155.3, 172.1; IR (thin film): 1736 cm};
LRMS (EI, M+) 246; HRMS Calculated for CoH110sBr (EI, M*): 245.9892. Found
245.9856.

Ethyl 3-[4-(4,4,5,5-Tetramethyl-1,3,2-dioxaborolan-2-yD)-2-furyllpropanoate (193). To a
solution of bromide 187 (1.10 g, 4.45 mmol), bis(pinacolato)diboron (1.24 g, 4.88 mmol)
and potassium acetate (1.31 g, 13.835 mmol) in DMSO (8 mL) was added PdClz(dppf) (98
mg, 0.134 mmol) at rt. After stirring for 5 h at 82 °C, the reaction mixture was diluted
with EtOAc and the solution was washed with water and brine. Combined organic
layers were concentrated in vacuo. The residue was purified by flash column
chromatography (silica gel, 0% to 9% EtOAc in m-hexane) to afford 193 as a yellow solid
(1.06 g, 80%): Rr= 0.22 (silica gel, EtOAc/mhexane, 1:6); 1H NMR (300 MHz, CDCls) &
1.22 (¢, J = 7.11 Hz, 3H), 1.30 (s, 12H), 2.62 (t, J = 7.11 Hz, 2H), 2.96 (t, J = 7.11 Hz, 2H),
4.13 (q, J = 7.11 Hz, 2H), 6.20 (d, J = 0.72 Hz, 1H), 7.63 (d, J = 0.72 Hz, 1H); 13C NMR
(75 MHz, CDCls) § 14.2, 23.2, 24.8, 25.0, 32.7, 60.5, 83.4, 83.5, 108.7, 111.4 >,

(MBC spectra enable us to determine this chemical shifts), 150.0, 154.8, O-BQ\/‘CO,E
172.4; IR (thin film) 1738 cm'; LRMS 294 (FAB, M), 333 (FAB, M + K);

HRMS (FAB) Calculated for Ci1:Hz2305B 294.1639 (FAB, M). Found 294.1664.

Ethyl 3-[4-(5,5-Dimethyl-1,3,2-dioxaborinan-2-yl)-2-furyllpropanoate (194). To a
solution of bromide 187 (13.1 g, 53.01 mmol), bis(neopentyl glycolato)diboron (13.2 g,
58.32 mmol) and potassium acetate (15.61 g, 159.05 mmol) in DMSO (60 mL) was added
PdClz(dppf) (1.16g, 1.59 mmol) at rt. After stirring for 5 h at 82 °C, the reaction mixture
was diluted with EtOAc (300 mL) and the mixture was washed with water and brine.
Combined organic layers were concentrated in vacuo. The residue was purified by flash
column chromatography (silica gel, 0% to 26% EtOAc in rrhexane) to afford 194 as a
colorless solid (12.1 g, 82%): Rr= 0.39 (silica gel, EtOAc/mhexane, 1:6); mp 82.5-33.5 °C
(non); 'H NMR (300 MHz, CDCls) 1.00(s, 6H), 1.25 (t, J = 7.14 Hz, 3H), 2.63 (t, J = 7.17
Hz, 2H), 2.96 (t, J = 7.17 Hz 2H), 3.69 (s, 4H), 4.14 (q, J = 7.14 Hz, 2H), 6.16 (s, 1H), 7.56
(s, 1H); 13C NMR (75 MHz, CDCls) 14.2, 21.9, 23.3, 31.9, 32.7, 60.5, 108.4, 115.5 (HMBC
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spectra enable us to determine this chemical shifts), 149.0, 154.5, 172.5; IR (thin film):
1736 cm'l; LRMS (EI, M+) 280; HRMS Calculated for C14H2105B (EIL, M*): .
280.1482 (279.1519). Found 279.1495; Anal. Calculated for CieHz10sB G .
60.03, H: 7.56, O: 28.56, B: 3.86. Found C: 60.05, H: 7.76.

tert-Butyl
1-Oxo-7-(phenylsulfonyl)-10-(4,4,5,5-tetramethyl-1,3,2-dioxaborolan-2-yl)-2,7-diazaspir
ol4.5]dec-9-ene-2-carboxylate (198). To a solution of triflate 153 (740 mg, 1.369 mmol),
bis(pinacolato)diboron (386 g, 1.52 mmol) and potassium acetate (403 mg, 4.11 mmol) in
dioxoane (9 mL) were added PdCla(dppf) (30 mg, 41.1 umol) and DPPF (23 mg) at rt.
After stirring for 5 h at 80 °C, the reaction mixture was diluted with EtOAc and the
mixture was washed with water and brine. Combined organic layers were concentrated
in vacuo. The residue was purified by flash column chromatography (silica gel, 9% to
34% EtOAc in mhexane) to afford 198 as a yellow solid (303 mg, 43%): Rr= 0.38 (silica
gel, EtOAc/mhexane, 1:2); tH NMR (300 MHz, CDCls) § 1.14 (s, 3H), 1.16 (s, .
3H), 1.24 (s, 9H), 1.54 (s, 6H), 2.00-2.15 (m, 1H), 2.20-2.30 (m, 1H), 2.50 (dd, r;é/
J = 11.32, 1.21 Hz, 1H), 8.70 (d, J = 11.32 Hz, 1H), 3.68-3.95 (m, 2H), 3.16
(dd, J =17.64, 2.06 Hz, 1H), 4.08 (dd, J = 17.64, 4.20 Hz, 1H), 6.53 (dd, J = 4.20, 2.06 Hz,
1H), 7.50-7.60 (m, 8H), 7.72-7.92 (m, 2H); 13C NMR (75 MHz, CDCls) § 24.5, 24.75, 24.83,
28.0, 28.8, 43.5, 45.6, 49.0, 50.2, 75.0, 82.7, 84.0, 127.5, 129.2, 130.80 (brs, C-4
elucidated by using HMBC), 133.1, 135.5, 137.9, 150.2, 175.1; LRMS 541 (FAB, M +
Na); HRMS Calculated for C2sHssBN207SNa 541.2160 (FAB, M + Na). Found 541.2169.

tert-Butyl
10-[5-(3-Ethoxy-3-oxopropyl)-3-furyl]-1-oxo-7-(phenylsulfonyl)-2,7-diazaspiro[4.5] dec-9-
ene-2-carboxylate (200). To a solution of borate 194 (607 mg, 2.17 mmol), Na2COs (242
" mg, 2.28 mmol), water (0.7 mL), LiCl (207 mg, 4.88 mmol) and triflate 153 (881 mg, 1.63
mmol) in DME (8 mL) was added Pd(0)(PPhs)s (18 mg, 15.6 umol) at rt. After stirring for
7 h at 80 °C, the reaction mixture was diluted with EtOAc. Combined organic layers
were washed with water and brine, and concentrated in vacuo. The residue was purified
by flash column chromafography (silica gel, 0% to 30% EtOAc in n-hexane) to afford 200
as slight yellow foam [615 mg, 68% (2 steps)]: Br= 0.24 (silica gel, EtOAc/n-hexane, 1:2);
1H NMR (300 MHz, CDCls) § 1.24 (t, J = 7.12 Hz, 3H), 1.55 (s, 9H), 2.02-2.18 (m, 1H),
2.32-2.45 (m, 1H), 2.59 (t, J = 7.23 Hz, 2H), 2.69 (dd, J = 11.53, 1.34 Hz, 1H), "
2.89 (dt, J = 7.23, 0.77 Hz, 2H), 3.25 (dd, J = 16.79, 2.04 Hz, 1H), 3.75-3.81 |
(m, 3H), 4.13 (g, J = 7.12 Hz, 2H), 4.10-4.16 (m, 1H), 5.89 (dd, J = 4.95, 2.04
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Hz, 1H), 6.00 (d, J = 0.77 Hz, 1H), 7.14 (s, 1H), 7.52-7.63 (m, 3H), 7.75-7.78 (m, 2H); 13C
NMR (75 MHz, CDCls) & 14.2, 23.3, 27.4, 28.0, 32.5, 43.3, 45.3, 49.5, 52.1, 60.6, 83.6,
105.5, 122.2, 123.5, 127.6, 129.3, 130.2, 133.2, 135.5, 137.8, 149.8, 154.8, 172.3, 173.9;
IR (thin film) 1780, 1728 cm:; LRMS 581 (FAB, M + Na); HRMS Calculated for
C20H34N20sSNa 581.1934 (FAB, M + Na). Found 581.1932,

tert-Butyl
(5R*105%-10-[5-(3-Ethoxy-3-oxopropyl)-3-furyll-1-oxo-7-(phenylsulfonyl)-2, 7-diazaspir
o[4.5]decane-2-carboxylate (202). To a degassed solution of 200 (130 mg, 0.23 mmol) in
EtOH (15 mL) was added Pd on charcoal (200 mg, 10% Pd) at rt. The resulting slurry
was hydrogenated over 1.5 h and filtered. The charcoal was washed with EtOAc. The
filtrate was concentrated in vacuo and the residue was purified by flash column
chromatography (silica gel, 9% to 30% EtOAc in mhexane) to afford 202 as a colorless
slid (112 mg, 86%): Rr= 0.22 (silica gel, EtOAc/mhexane, 1:2); 'H NMR (300 ey
MHz, CDCls) 8 1.16 (t, J = 7.15 Hz, 3H), 1.40-1.52 (m, 1H), 1.44 (s, 9H), rj%'@
1.54-1.57 (m, 1H), 1.85-1.95 (m, 1H), 2.20 (dd, J = 12.03, 3.76 Hz, 1H), 2.42 = e
(d, J = 12.32 Hz, 1H), 2.45-2.54 (m, 1H), 2.50 (t, J = 7.22 Hz, 2H), 2.59-2.73 (m, 1H), 2.80
(t, J = 7.22 Hz, 2H), 3.12-3.10 (m, 1H), 8.88-3.58 (m, 1H), 3.78-3.82 (brt, 1H), 3.87 (dd, J
=12.32, 1.35 Hz, 1H), 4.06 (g, J = 7.15 Hz, 2H), 5.86 (s, 1H), 7.06 (s, 1H), 7.44-7.53 (m,
3H), 7.78-7.82 (m, 2H); 13C NMR (75 MHz, CDCls) § 14.2, 23.5, 27.8, 28.1, 28.5, 32.6,
40.8, 42.4, 45.9, 47.4, 51.7, 60.5, 82.8, 106.3, 124.4, 127.9, 129.0, 132.8, 136.9, 138.8,
150.0, 154.9, 172.3, 172.7; IR (thin film) 1778, 1735, 1712 cm'}; MS 583 (FAB, M + Na);
HRMS Calculated for C2sH3sN20sSNa 583.2029 (FAB, M + Na). Found 583.2096.

tert-Butyl :
(5.R*10S5%-10-[5-(3-Ethoxy-3-oxopropyl)-3-furyl]l-1-hydroxy-7-(phenylsulfonyl)-2,7-diaz
aspiro[4.5]decane-2-carboxylate (203), tert-Butyl
(5R*10S9-1-(Acetyloxy)-10-[5-(3-ethoxy-3-oxopropyD)-3-furyl]-7-(phenylsulfonyl)-2,7-di
azaspiro[4.5]decane-2-carboxylate (204) and tert-Butyl
(8aR*7aR*10bR»-9-[3-(Acetyloxy)propyll-5-(phenylsulfonyl)-2,3,4,5,6,7,7a,10b-octahy
dro-1H-furo[3’,2:3,4]pyrrolo[3’,2:1,5]cyclopental[1,2-clpyridine-1-carboxylate (205). A
1.5 M solution of DIBAL-H in toluene (0.75 mL, 1.13 mmol) was added dropwise to a
solution of carbamate 202 (100 mg, 0.19 mmol) in toluene (1 mL) and CHzClz (1 mL) at
—~78 °C. The mixture was warmed to 0 °C over 1 h and stirring was continued for 0.5 h at
rt. After the solution was cooled to =78 °C, 0.7 M Rochelle’s salt was added dropwise and
then the mixture was warmed to 0 °C over 10 min and stirred for 1 h at rt. After EtOAc

-65-



and 0.7 M Rochelle’s salt were added, separated organic layer was washed with 0.7 M
Rochelle’s salt and brine, dried over MgSO4 and concentrated in vacuo affording aminal
203 as a colorless syrup (97 mg). Aminal 203 (97 mg) was dissolved in pyridine (1 mL)
and acetic anhydride (1 mL), and the mixture was stirred for 12 h at rt. Products were
partitioned between EtOAc and 1 N HCIl were added. Separated organic layer was
washed with sat. NaHCOs aqueous‘ solution and brine, dried over MgSOs and
concentrated in vacuo affording acetate 204 as a colorless syrup (94 mg).

To a solution of acetate 204 (94 mg, 0.17 mmol) in CHz2Clz (4 mL) was added p-TsOH
monohydrate (30 mg, 0.16 mmol) at rt. After stirring for 0.5 h at rt, the reaction was
quenched by addition of sat. NaHCO3 aqueous solution and extracted with EtOAc.
Combined organic layers were washed with sat. NaHCOs aqueous solution and brine,
dried over MgS0y4, and concentrated in vacuo. The residue was purified by flash column
chromatography (silica gel, 16% to 38% EtOAc in mhexane) to afford 205 [47 mg, 49% (3
steps)]: tert-Butyl
(5B*105%-10-[5-(3-Ethoxy-3-oxopropyl)-3-furyl]l-1-hydroxy-7-(phenylsulfonyl)-2, 7-diaz
aspiro[4.5]decane-2-carboxylate (203): Br= 0.14 (silica gel, EtOAc/mhexane, 2:1); 1H

NMR (300 MHz, CDCls) § 1.60-3.50 (m, 18H), 1.47 (s, 9H), 3.50-3.65 (m, Ho™™
H \O
2H), 4.85 (m, 2/5H), 5.76-6.01 (m, 3/5H), 6.86-7.27 (m, 1H), 7.50-7.65 (m, 1 o
PhSO;” 3§
3H), 7.74-7.87 (m, 2H); LRMS 520 (FAB, M); HRMS Calculated for Mg

C26H3sN207S 520.2243 (FAB, M + Na). Found 520.2294. tert-Butyl
(52%105%-1-(Acetyloxy)-10- [5'(3-ethoxy-3-oxopropyl);3'furyl]'7'(phenylsulfonyl)'2,7-di
azaspiro[4.5]decane-2-carboxylate (204): Rr= 0.48 (silica gel, EtOAc/m-hexane, 2:1); H
NMR (300 MHz, CDCls) § 1.2-3.90 (m, 15H), 1.39-1.47 (m, 9H), 1.81 (s, Acc

=
H o]
=

3/3H), 2.04 (s, 3H), 2.22 (s, 6/3H), 4.00-4.13 (m, 2H), 4.87-6.16 (m, 2H), T one
6.80-7.20 (m, 1H), 7.53-7.63 (m, 3H), 7.75-7.87 (m, 2K); LRMS 627 (FAB, "~ *
M + Na); HRMS Calculated for C30H40N209SNa 627.2352 (FAB, M + Na). Found
6217.2390. tert-Butyl
(3aR*7aR*10bR*-9-[3-(Acetyloxy)propyll-5-(phenylsulfonyl)-2,3,4,5,6,7,7a,10b-octahy
dro-1H-furo[3’,2":3,4]pyrrolo[8’,2:1,5]cyclopental1,2-clpyridine-1-carboxylate (205): Rr=
0.46 (silica gel, EtOAc/mhexane, 1:1); tH NMR (300 MHz, CDCls) & 1.53 (s, 9H),
1.45-1.60 (m, 1H), 1.74-2.04 (m, 5H), 2.04 (s, 3H), 2:66 (t, J = 7.46 Hz, 2H), 2.72 (t, J =
6.12 Hz, 1H), 3.07-3.15 (m, 8H), 3.36-3.46 (m, 2H), 3.52-3.59 (m, 1H),

4.10 (t, J = 6.28 Hz, 2H), 4.62 (brs, 1H), 5.79 (s, 1H), 7.50-7.63 (m, 3H), AEO ~
7.75-7.79 (m, 2H); 13C NMR (75 Hz, CDCls) § 20.9, 25.4, 27.0, 28.4, 35.9,  prsos™ < :,\f«o
36.6, 39.1, 42.3, 44.8, 49.5, 60.4, 62.4, 63.5, 79.9, 102.7, 127.2, 128.9,

129.1, 132.7, 137.4, 154.3, 155.1, 160.1, 171.0; IR (thin film) 1737, 1695 cm'!; LRMS 567

Boc
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(FAB, M + Na); HRMS Calculated for C2sH3sN207SNa 567.2141 (FAB, M + Na). Found
567.2143.

tert-Butyl
(3a.R*7aR*10b.R#-9-(3-Hydroxypropyl)-5-(phenylsulfonyl)-2,3,4,5,6,7,7a,10b-octahydr
o-1H-furo[3,2":3,4]pyrrolol3’,2:1,5]cyclopentall,2-clpyridine-1-carboxylate (206). To a
solution of ester 205 (40 mg, 73.4 pmol) in MeOH (1 mL) was added 1 NNaOH (1 mL,
1.00 mmol) at rt. After stirring for 0.5 h at rt, the reaction mixture was concentrated in
vacuo and extracted with EtOAc. Combined organic layers were washed with brine,
dried over MgSOQy4, and concentrated in vacuo. The residue was purified by flash column
chromatography (silica gel, 90% to 100% EtOAc in mhexane) to afford alcohol 206 as a
colorless solid (34 mg, 92%): Rr= 0.11 (silica gel, EtOAc/mhexane, 1:1); 1H NMR (300
MHz, CDCls) § 1.50-1.74 (m, 1H), 1.53 (s, 9H), 1.87-2.06 (m, 5H), 2.68 (t, J = 7.47 Hz,
2H), 2.72 (brt, J = 6.14 Hz, 1H), 3.07-3.45 (m, 5H), 3.52-3.61 (m, 1H), 3.67 o
(brq, J = 5.96 Hz, 2H), 4.62 (s, 1H), 5.78 (s, 1H), 7.49-7.62 (m, 3H), LCY
7.75-7.84 (m, 2H); 13C NMR (75 MHz, CDCls) § 25.2, 26.9, 28.4, 35.9, 39.1, Proos L H
42.2, 44.8, 49.5, 60.4, 61.9, 62.4, 79..9, 102.4, 127.2, 128.9, 129.2, 132.7, 137.4, 154.3,
155.0, 160.9; IR (thin film) 3400, 1685 cm'l; LRMS 525 (FAB, M + Na); HRMS
Calculated for C26H3sN206SNa 525.2035 (FAB, M + Na). Found 525.2069.

tert-Butyl

(3aR*7aR*10bR*»-9-(3-Oxopropyl)-5-(phenylsulfonyl)-2,3,4,5,6,7,7a, 10b-octahydro-1
furo[S’,2’=3,4]pyrrolo[3’,2’:1,5]cyclopenta[1,2-c]pyridine‘l-carboxylate (207) and
tert-Butyl
(8a.R*7aR*10bR*»-9-(3-Butenyl)-5-(phenylsulfonyl)-2,8,4,5,6,7,7a,10b-octahydro-1 H-fu
ro[3,2:3,4lpyrrolol3’,2’:1,5]cyclopentall,2-c]pyridine-1-carboxylate (208). To a solution
of alcohol 206 (160 mg, 0.32 mmol) in CHz2Cl: (3 mL) was added Dess-Martin
periodinane (227 mg, 5.35 mmol) at 3 °C. After stirring for 2 h at 3 °C, the reaction was
quenched by addition of 1 NNa2S203 (4 mL) and extracted with CH2Clz. Combined
organic layers were dried over MgSO4 and concentrated in vacuo. The residue was
purified by flash column chromatography (silica gel, 23% to 60% EtOAc in n-hexane) to
afford aldehyde 207 as a colorless solid (154 mg, 97%). A 0.5 M solution of potassium
bis(trimethylsily)amide (3 mL, 1.50 mmo]) in toluene was added dropwise to a solution
of methyltriphenylphosphonium bromide (360 mg, 1.01 mmol) in toluene (1 mL) at 0 °C,
and stirred at the same temperature for 0.5 h to give the Wittig solution. To a solution of
aldehyde 207 (154 mg, 0.31 mmol) in THF (1 mL) was added dropwise the Wittig
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solution (1.5 mL) at 0 °C for 2 h. After stirring for 1 h at rt, the reaction was quenched
by addition of sat. NH4Cl aqueous solution in an ice-bath. The mixture was
concentrated in vacuo and dissolved in EtOAc. The mixture was washed with water,
dried over MgSO4, and concentrated in vacuo. The residue was purified by flash column
chromatography (silica gel, 9% to 56% EtOAc in mhexane) to afford 208 as a colorless
solid [72 mg, 43% (2steps)]: ters-Butyl
(3aR*7aR*10bR*-9-(3-Oxopropyl)-5-(phenylsulfonyl)-2,3,4,5,6,7,7a,10b-octahydro-1 &
furo[3,2’:3,4]pyrrolo[3’,2:1,5]cyclopentall,2-clpyridine-1-carboxylate (207): Rr= 0.26
(silica gel, EtOAc/mhexane, 1:1); tH NMR (300 MHz, CDCls) § 1.5-1.75 (m, 1H), 1.53 (s,
9H), 1.75-2.04 (m, 3H), 2.69 (t, 1H), 2.72 (t, J = 6.15 Hz, 2H), 2.78 (t, J = .
7.18 Hz, 2H), 3.0-3.5 (m, 5H), 8.5-3.7 (m, 1H), 4.63 (s, 1H), 5.80 (s, 1H), e
7.50-7.63 (m, 3H), 7.75-7.79 (m, 2H), 9.81 (brs, 1H); 13C NMR (75 MHz,  ewso;" S
CDCls) 8 21.5, 27.0, 28.5, 36.0, 39.1, 41.8, 42.3, 44.8, 49.5, 60.4, 62.4, 79.9,

103.1, 127.2, 129.0, 129.1, 132.7, 137.5, 154.3, 155.5, 158.9, 200.6; IR (KBr) 1724, 1693
cm'l; LRMS 494 (FAB, M + Na); HRMS Calculated for C26HasN206S 501.2059 (FAB, M +
Na). Found 501.1983. tert-Butyl
(3a.R*7aR*10bR*-9-(3-Butenyl)-5-(phenylsulfonyl)-2,3,4,5,6,7,7a,10b-octahydro-1 F-fu
ro[3,2":3,4]pyrrolo[3’,2:1,5]cyclopental1,2-clpyridine-1-carboxylate (208): Rr= 0.61
(silica gel, EtOAc/n-hexane, 1:1); 'H NMR (300 MHz, CDCls) § 1.5-1.67 (m, =

i~

1H), 1.54 (s, 9H), 1.71-2.06 (m, 3H), 2.37 (q, J = 7.51 Hz, 2H), 2.67 (¢, J = AT
7.88 Hz, 2H), 2.72 (t, J = 5.91 Hz, 1H), 3.08-3.55 (m, 5H), 3.56-3.61 (m, T N
1H), 4.61 (s, 1H), 4.97-5.08 (m, 2H), 5.76 (s, 1H), 5.78-5.87 (m, 1H), 7.49-7.60 (m, 3H),
7.75-7.79 (m, 2H); 13C NMR (75 MHz, CDCls) 27.0, 28.5, 32.0, 36.0, 39.2, 42.3, 44.8, 49.6,
60.4, 62.4, 79.9, 102.4, 115.3, 127.3, 128.8, 129.1, 132.7, 137.4, 137.5, 154.4, 155.0, 160.9;
IR (KBr) 1691 cm'l; LRMS 521 (FAB, M + Na); HRMS Calculated for C27H3:N205SNa

521.2086 (FAB, M + Na). Found 521.2089.

tert-Butyl

(3aR*TaR* 10bR’9-9-(3'Butenyl)-2,3,4,5,6,7,7a,10b-octahydro-1[ffuro[3’,2’33,4]pyrrolo[
8,2"1,5]cyclopental1,2-clpyridine-1-carboxylate (209). A 0.39 M solution of sodium
naphthalenide in DME was prepared by stirring a' mixture of sodium metal (409 mg,
17.79 mmol) and naphthalene (2.28 g, 17.79 mmol) in dry DME (40 mL) was stirred for
4 h at rt. The solution maintained a deep blue color. This naphthalenide solution (1.1
mL) was added dropwise to a solution of 208 (70 mg, 0.14 mmol) in DME (8 mL) at —78
°C until a blue color persisted for 30 min. The reaction was quenched by addition of sat.

NH.4Cl1 (5 mL) aqueous solution and concentrated in vacuo. The residue was dissolved in
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1 NHCI aqueous solution and the solution was washed with EtOAc repeatedly. The
aqueous layer was basified to pH 8 with 2 NNaOH aqueous solution and extracted with
EtOAc. Combined organic layers were washed with 1 N’ NaOH aqueous solution and
brine, concentrated in vacuo to give crude amine 209 (31 mg, 62%): Rr= 0.00 (silica gel,
EtOAc/mhexane, 1:1); TH NMR (300 MHz, CDCls) & 1.43-1.60 (m, 1H), 1.54 (s, 9H),
1.69-1.78 (m, 1H), 1.96-2.06 (m, 2H), 2.2- 2.4 (brs, 1H), 2.40 (g, J = 7.40 Hz, 2H),
2.52-2.58 (m, 1H), 2.65-2.74 (m, 3H), 2.78 (4, J = 12.97 Hz, 1H), 2.81-2.88 (m, 1H), 3.13
(d, J = 12.97 Hz, 1H), 3.32-3.56 (m, 2H), 4.64 (brs, 1H), 4.97-5.06 (m, 2H), N

B
\.0

5.82 (s, 1H), 5.78-5.90 (m, 1H); 15C NMR (75 MHz, CDCls) § 28.5 (2C), 30.1, A 12
32.1, 35.9, 38.6, 43.3, 45.3, 52.3, 58.7, 62.0, 79.5, 102.6, 115.1, 180.9, 1375, =
154.7, 155.5, 159.9; IR (thin film) 3400, 2976, 2929, 2878, 2811, 1693, 1398, 1365, 1171,
1122 cm'l; LRMS 359 (FAB, M + H), 397 (FAB, M + K); HRMS Calculated for

Co1H31N203 359.2335 (FAB, M + H). Found 359.2381.

tert-Butyl
(8aR*7aR*10bR*»-9-(3-Butenyl)-5-(5-hexenoyl)-2,3,4,5,6,7,7a,10b-octahydro-1 H-furo[3’
,2":3,4]pyrrolo[3’,2:1,5]cyclopental[l,2-clpyridine-1-carboxylate (211). To a solution of
5-hexenoic acid (15 mg, 0.129 mmol), HOBt (16 mg, 0.117 mmol) and amine 209 (42 mg,
0.12 mmol) in DMF (1 mL) was added 1-ethyl-3-(3-dimethylaminopropyl)carbodiimide
hydrochloride (WSC+HCI (27 mg, 0.14 mmol) at 3 °C for 0.5 h. After stirring for 2 h at
rt, the reaction was quenched by addition of water (3 mL) and extracted with EtOAc.
Combined organic layers were dried over MgSO4 and concentrated in vacuo. The
residue was purified by flash column chromatography (silica gel, 28% to 45% EtOAc in
mhexane) to afford amide 211 as a colorless oil (37 mg, 70%). According to 1H NMR, this
compound was observed as a 2:1 mixture of amide rotamer: Br= 0.41 (silica gel,
EtOAc/mhexane, 3:1); tH NMR (300 MHz, CDCls) § 1.16-1.42 (m, 6/3H), 1.52 (brs,
27/3H), 1.77-1.95 (m, 12/3H), 2.02-2.07 (m, 6/3H), 2.22 (t, J = 7.46Hz, 4/3H), 2.32 (t, J =
7.46 Hz, 2/3H), 2.38 (brdd, J = 14.45, 6.86 Hz, 6/3H),
2.69 (t, J = 7.77 Hz, 6/3H), 2.76-2.85 (m, 3/3H), 3.20-3.63 { CHE% ﬁ
(m, 16/3H), 3.96 (brd, J = 13.59 Hz, 2/3H), 4.54 (brs, R e YR
2/3H), 4.67 (brs, 1/3H), 4.93-5.08 (m, 12/3H), 5.68-5.91
(m, 6/3H), 5.81 (s, 3/3H); 13C NMR (75 MHz, CDCls) § 23.9, 24.2, 28.4, 28.5, 29.7, 31.9,
32.0, 32.4, 32.7, 33.15, 33.20, 36.30, 36.6, 39.8, 40.3, 41.2, 44.3, 44.5, 48.5, 60.9, 62.5,
62.7, 79.8, 80.1, 102.3, 102.4, 115.1, 115.3, 115.3, 128.4, 129.0, 137.3, 137.9, 138.0, 154.1,
154.3, 154.4, 155.0, 161.2, 161.4, 172.6, 173.4; IR (thin film) 2976, 2927, 2871, 1695,
1641, 1394, 1365, 1279, 1257, 1240, 1167, 1109, 912 cm'l; LRMS (FAB, M + Na): 477;
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HRMS Calculated for C27H3sN204 (FAB, M + Na): 477.2729. Found 477.2781.

tert-Butyl
(3aR*7aR*10bR* 13 E)-18-0x0-2,3,6,7,7a,10b-hexahydro-1 4-9,5-[8]octenofuro(3’,2:3,4]
pyrrolo[8’,2:1,5lcyclopentall,2-clpyridine-1-carboxylate [(24£)-212] and tert-Butyl
(3aR*7aR*10bR*132-18-0x0-2,3,6,7,7a,10b-hexahydro-1H-9,5-[3loctenofuro[3’,2":3,4]
pyrrolo[3’,2:1,5]cyclopentall,2-clpyridine-1-carboxylate [(242)-212]. A solution of diene
211 (18.0 mg, 39.6 umol) in degassed (three freeze-thaw cycles) CHzClz (80 mL)
containing catalyst 214 (4.9 mg, 5.94 umol) was heated under reflux for 24 h. The
reaction mixture was passed through a short pad of silica gel and the filtrate was
evaporated to give crude products which was purified by flash column chromatography
(silica gel, 9% to 75% EtOAc in mhexane) to afford (24£)-212 8.4 mg (50%) and
(242)-212 6.2 mg (37%) as a colorless oil. tert-Butyl
(3aR*7aR*10bR*13 E)-18-0x0-2,3,6,7,7a,10b-hexahydro-1H-9,5-[3]octenofuro[3’,2:3,4]
pyrrolo[8’,2":1,5]cyclopenta[1,2-clpyridine-1-carboxylate  [(24)-212] [Major (Less
Polar)]: Rr= 0.30 (silica gel, EtOAc/mhexane, 3:1); 1TH NMR (300 MHz, CDCls) § 1.50
(brs, 10H), 1.64-1.78 (m, 4H), 1.84:1.95 (m, 3H), 1.99-2.09 (m, 1H),
2.10-2.18 (m, 1H), 2.23-2.28 (m, 1H), 2.48-2.57 (m, 1H), 2.59-2.69 (m, 1H),
2.74-2.82 (m, 1H), 2.91 (d, J = 12.17 Hz, 1H), 3.02 (brm, 1H), 3.20-3.30 (m,
1H), 3.24-3.38 (m, 2H), 3.45-3.57 (m, 1H), 4.60 (d, J = 12.17 Hz, 1H), 4.67
(s, 1H), 5.06-5.16 (m, 1H), 5.20-5.29 (m, 1H), 5.81 (s, 1H); 13C NMR (75 MHz, CDCls) 3
21.3, 21.8, 28.3, 28.4, 29.4, 29.7, 31.0, 31.6, 33.3, 39.5, 40.6, 44.3, 45.0, 63.1, 63.3, 79.4,
102.9, 128.5, 130.1, 131.6, 154.0, 156.5, 160.2, 172.7; IR (thin film) 2964, 2927, 2873,
1693, 1645, 1427, 1402, 1365, 1350, 1261, 1169, 1126, 1078, 1022, 800, 740 cm'1; LRMS
(FAB, M + Na): 449; HRMS Calculated for C25H34N204 (FAB, M + Na): 449.2416. Found
449.2483. tert-Butyl
(3aR*7aR*10bR*132)-18-0x0-2,3,6,7,7a,10b-hexahydro-1H-9,5-[3loctenofuro[3’,2’:3,4]
pyrrolo[3’,2":1,5]cyclopental1,2-clpyridine-1-carboxylate [(242)-212] (Minor): Er= 0.19
(silica gel, EtOAc/mhexane, 3:1); 'H NMR (300 MHz, CDCls) & 1.40-1.60 (m, 2H),
1.68-1.78 (m, 4H), 1.88-1.95 (m, 2H), 2.05-2.18 (m, 2H), 2.22-2.37 (m, 1H), 2.47-2.66 (m,
9H), 2.72-2.77 (brd, J = 11.93 Hz, 1H), 2.93 (d, J = 13.64 Hz, 1H), 3.03 (s, 1H), 3.17-3.64
(m, 3H), 3.71-3.78 (m, 1H), 4.62 (d, J = 13.64 Hz, 1H), 4.64 (s, 1H), 5.27 (m,
2H), 5.74 (s, 1H); 13C NMR (75 MHz, CDCls) & 22.4, 24.0, 25.5, 27.6, 28.3,
29.7, 80.1, 34.1, 39.6, 41.1, 44.2, 44.7, 62.3, 63.5, 79.6, 103.4 (2C), 128.9,
131.8, 154.1, 156.1, 160.4, 173.3; IR (thin film) 2962, 2925, 2870, 1695, 1637, 1402, 1365,
1259, 1167, 1126, 951, 731 cm'l; LRMS (FAB, M + Na): 449; HRMS Calculated for

LA
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C25H34N204Na (FAB, M + Na): 449.2416. Found 449.2456.

Methyl 4-Hydroxy-1-(phenylsulfonyl)-1,2,5,6-tetrahydro-8-piridinecarboxylate (130).
To a stirred solution of NaHCOs (190.90 g, 2.37 mol) and methyl
4-0x0-3-piperidinecarboxylate hydrochloride 129 (200 g, 1.03 mol) in water (1.6 L) and
EtOAc (3.0 L), was added benzenesulfonyl chloride (191.6 g, 1.09 mol) at rt and the
mixture was stirred vigorously for 2 h at rt. The organic layer was separated, washed
with water (1.0 L, twice) and concentrated in vacuo. The residue was crystallized from
diisopropyl ether (120 mL). The resulting solid was collected by filtration, washed with
diisopropyl ether and dried at 50 °C in vacuo to give 130 as a colorless solid (286 g, 98%):
Rr= 0.41 (silica gel, EtOAc/mhexane, 1:1); mp 88-90 °C (EtOAc); *H NMR (300 MHz,
CDCls) & 2.47 (¢, J = 5.90 Hz, 2H), 8.27 (t, J = 5.90 Hz, 2H), 3.77 (s, 3H), 3.78 (s, 2H),
7.52-7.62 (m, 3H), 7.80-7.84 (m, 2H), 11.93 (brs, 1H); 13C NMR (75 MHz, o
CDCls) 5 28.7, 42.09, 42.14, 51.6, 94.8, 127.4, 129.1, 132.9, 136.3, 169.2, "~ ~ ™
170.3; IR (KBr) 2858, 2827, 1674, 1446, 1348, 1315, 1299, 1228, 958, 722, 752, 578, 563
cm'l; LRMS (EI, M) 297; Anal. Calculated for C1sH1sNOsS C: 52.51, H: 5.08, N: 4.71, O:
26.91, S: 10.78, Found C: 52.64, H: 5.09, N: 4.68.

Methyl 3-Allyl-4-oxo-1-(phenylsulfonyl)-3-piperidinecarboxylate (181). To a solution of
130 (100 g, 0.34 mol) in DMF (240 mL) was added a suspension of 60% sodium hydride
(16.4 g, 0.41 mol) in oil at 3 °C. After vigorous stirring for 2 h at rt, allyl bromide (30.4
mL, 0.35 mol) was added and the mixture was stirred vigorously for 12 h at rt. The
reaction was quenched by addition of water (20 mL) in an ice-bath, extracted with
EtOAc (3.4 L). Combined extracts were washed with water (1.0 L, six times) and
concentrated in vacuo. The residue was crystallized from diisopropyl ether (400 mL).
The resulting solid was collected by filtration, washed with diisopropyl ether (100 mL)
and dried at 50 °C in vacuo to give 131 as a colorless solid (193.0 g, 85%): Rr= 0.54 (silica
gel, EtOAc/mhexane, 1:1); mp 102.0-103.0 °C dec. (EtOAc/diisopropyl ether): tH NMR
(300 MHz, CDCls) & 2.48-2.61 (m, 3H), 2.82 (d, J = 12.19 Hz, 1H), 2.82-2.91 (m, 1H),
2.90-3.05 (m, 1H), 3.73-3.77 (m, 1H), 3.78 (s, 3H), 4.12 (dd, J = 12.19, 2.31 .

Hz, 1H), 5.10-5.17 (m, 2H), 5.71-5.77 (m, 1H), 7.55-7.66 (m, 3H), 7.79-7.82 .,hso{qcozm
(m, 2H); 13C NMR (75 MHz, CDCls) & 36.0, 39.2, 46.3, 52.4, 52.6, 60.6, /
119.5, 127.4, 129.2, 131.7, 133.1, 136.1, 169.8, 202.4; IR (KBr) 3082, 2982, 1747, 1720,
1448, 1432, 1340, 1250, 1234, 1167, 590 cm'!; Anal. Calculated for C16H19NOsS C: 56.96,
H: 5.68, N: 4.15, O: 23.71, S: 9.50, Found C: 56.96, H: 5.73, N: 3.97; LRMS (EI, M*) 337.
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Methyl 6-Allyl-8-(phenylsulfonyl)-1,4-dioxa-8-azaspiro[4.5]decane-6-carboxylate (132).
A mixture of 131 (200 g, 0.59 mol), ethylene glycol (160 mL), and pTsOH monohydrate
(5.8 g, 30.49 mmol) in dry benzene (2.0 L) was heated under reflux for 48 h using a
Dean-Stark apparatus. The mixture was then cooled to rt and concentrated in vacuo.
The residue was dissolved in EtOAc (2.5 L), and the solution was washed with water
(1.0 L, twice) and concentrated in vacuo. The residue was crystallized from EtOAc (150
mL) to give 182 as a colorless solid (212.9 g, 94%): Rr= 0.38 (silica gel, EtOAc/mhexane,
1:1); mp 164.0-165.5 °C dec. (EtOAc): 'H NMR (300 MHz, CDCls) § 1.65-1.70 (m, 1H),
2.00-2.05 (m, 1H), 2.50-2.60 (m, 1H), 2.60-2.83 (m, 2H), 2.86 (d, J = 12.35 @
Hz, 1H), 3.60-3.70 (m, 1H), 3.68 (5, 3H), 3.76 (dd, J = 12.85, 2.23 Hz, 1H), ™o ~C*
3.83-3.98 (m, 4H), 5.14-5.28 (m, 2H), 5.69-5.75 (m, 1H), 7.54-7.62 (m, 3H),
7.77-7.81 (m, 2H); 13C NMR (75 MHz, CDCls) 8 31.4, 34.1, 44.3, 47.9, 51.7, 54.7, 64.8,
65.0, 108.4, 119.9, 127.4, 129.1, 131.8, 132.7, 136.0, 171.4; IR (KBr) 2978, 2951, 2914,
1732, 1469, 1448, 1362, 1302, 1220, 1173, 1122, 1065, 1003, 971, 920, 748 cm'%; Anal.
Calculated for CisH2sNOeS C: 56.68, H: 6.08, N: 3.67,0: 25.17, S: 8.41, Found C: 56.68,
H: 6.07, N: 3.39; LRMS (EL M~) 381.

6-Allyl-8-(phenylsulfonyl)-1,4-dioxa-8-azaspiro[4.5]decane-6-carboxylic Acid (133). To
a solution of ester 132 (160.0 g, 0.42 mol) in DMSO (480 mL) was added 8 N aqueous
solution of NaOH (210 mL) at rt. After stirring mechanically for 2 h at 130 °C, the
reaction was quenched by addition of 2 NHCI (960 mL) aqueous solution. The resulting
solid was collected by filtration, washed with water (400 mL, twice) and EtOAc (400
mL), and dried at 50 °C in vacuo to give racemic acid 133 as a colorless solid (147.0 g,
95%): mp 213.5-214.0 °C dec. (EtOAc/diisopropyl ether); 'H HMR (300 MHz, CDCls) §
1.67-1.74 (m, 1H), 1.94-2.04 (m, 1H), 2.50-2.59 (m, 1H), 2.63-2.75 (m, 2H), 2.80 (d, J =
12.41 Hz, 1H), 3.64-3.69 (m, 1H), 3.78 (dd, J = 12.41, 2.00 Hz, 1H), 3.85-4.16 (m, 4H),
5.18-5.32 (m, 2H), 5.70-5.84 (m, 1H), 7.51-7.61 (m, 3H), 7.76-7.79 (m,
9H), 8.5-11.0 (brs, 1H); 13C NMR (75 MHz, CDCly) & 30.7, 34.2, 44.2, o2
47.7, 54.3, 64.8, 64.9, 108.7, 120.7, 127.6, 129.2, 131.0, 132.9, 136.2, o %r\ 2
174.1; IR (KBr) 2895, 2858,‘1697, 1356, 1342, 1308, 1173, 1142, 1066, 1003, 970, 930,
748, 692, 582 cm’l; Anal. Calculated for C17H21NO6S C: 55.57, H: 5.76, N: 3.81, O: 26.13,
S: 8.73. Found C: 55.46, H: 5.90, N: 3.57; LRMS (FAB) 368 (M + H)".

Cinchonium

(6.R)-6-Allyl-8-(phenylsulfonyl)-1,4-dioxa-8-azaspiro[4.5]decane-6-carboxylate (E-1). A
solution of cinchonine (70.9 g, 0.24 mol) and racemic acid 133 (88.5 g, 0.24 mol) in

-72-



methanol (1.06 L) was stirred mechanically for 45 min at 70 °C. The mixture was then

cooled to rt and stirred for 1 h. The resulting solid was collected by filtration, washed

with ethanol (50 mL, twice), and dried at 50 °C in vacuo to give salt E-1 as a colorless
solid (70.0 g, 44% from racemic 1883, 99.7% de): Rr= 0.65 (silica gel, EtOAc); mp
235.0-236.5 °C (MeOH); 'H NMR (300 MHz, CDCls) § 0.77-0.87 (m, 1H), 1.51-1.72 (m,
1H), 1.82-2.01 (m, 4H), 2.12 (t, J = 8.69 Hz, 1H), 2.47-2.79 (m, 2H), o) ;53

(R)-(-)- prso™ O

2.95-3.17 (m, 2H), 3.15 (d, 1H), 3.29-3.54 (m, 4H), 3.79-4.00 (m, 4H),
4.24 (t, J = 11.09 Hz, 1H), 4.99 (d, J = 10.09 Hz, 1H), 5.20-5.27 (m,
3H), 5.90-6.01 (m,2H), 6.33 (brs, 1H), 7.47-7.58 (m, 5H), 7.68-7.78
(m, 4H), 7.97 (d, J = 8.31 Hz, 1H), 8.14 (d, J = 8.41 Hz, 1H), 8.92 (d,
J =4.25 Hz, 1H); 13C NMR (75 MHz, CDCls) 6 19.0, 23.7, 27.6, 32.0,
34.9, 87.7, 44.7, 48.5, 48.9, 50.1, 55.1, 60.0, 65.0, 65.1, 66.6, 109.6,
117.1, 117.9, 119.2, 122.5, 124.8, 127.0, 127.6, 129.0, 129.1, 130.5,
132.5, 136.61, 136.63, 145.4, 148.1, 150.3, 178.0; IR (KBr) 3400, 3200, 3070, 3004, 2958,
2939, 2858, 1637, 1597, 1510, 1462, 1385, 1335, 1319, 1221, 1171, 1144, 1122, 1090,
1047, 997, 974, 953, 924, 802, 751, 719, 696, 661, 633, 584 cm'l; Anal. Calculated for
CasH4sN307S 661.80752 C: 65.33, H: 6.55, N: 6.35, O: 16.92, S 4.85. Found C: 65.37, H:
6.80, N: 6.26; [o]p20 +63.5° (¢ 0.50, MeOH); Crystal data: CssH4sN3zO7S, FW=661.81,
orthorhombic system, a = 10.612 (2) A, b= 15.229 (3) A, ¢ =20.949 (4) A, V = 3385 (1) A3,
space group P2:2121 #19), Z value = 4, Decalc = 1.298 g/cm3, Fooo = 1408.00, 1. (MoKo) 1.49

cm'l, Lattice constants and intensity data were measured using graphite

monochromated MoKo. (A = 0.71069 A) radiation on graphite monochromated
diffractometer. Of the 20390 reflections which were collected, 4480 were unique (Rint =
0.065). These were made on a Rigaku/MSC Mercury diffractometer. The structure was
solved by direct methods using SIR97 and refined to a final R value of 0.052 and Rw =
0.059.

(6 B)-6-Allyl-8-(phenylsulfonyl)-1,4-dioxa-8-azaspiro[4.5]decane-6-carboxylic Acid
[(6R)-133]. To a suspension of salt E-1 (68.0 g, 0.10 mol, 99.7% de) in EtOAc (1.4 L) was
added 2 NHC1 (123 mL) aqueous solution at rt. After stirring for 0.5 h, the organic layer
was separated and washed with 1 N HCI (200 mL, twice) aqueous solution and water
(200 mL, twice), dried over MgSO4 and concentrated in vacuo to give chiral acid
(6R)-133 (37.7 g, 99.8%, 99.7% ee): [alp20 ~53.3° (¢ 0.43, MeOH). Optical
purity of (6R)-133 was confirmed by HPLC analysis using a chiral gy, Phso{,@;tzzﬁ
/

column. A racemic form of 133 was subjected to HPLC analysis (column:
Chiralpak AD column, 4.6 i. d. X 250 mm, Daicel Chemical Ind., Ltd.; eluent
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mhexane/MeOH/TFA, 85:15:1; flow rate, 1.0 mL/min; temperature, 25 °C; detector, 254
nm) and peaks due to cinchonine, (6£)-(-)-and (6.9-(+)-183 were detected at & 5.2, 11.2

and 13.7 min.

6'A11yl-Nbenzy1-8'(phenylsulfonyl)-1,4-dioxa-8-azaspiro[4.5]decane'G-carboxamide
(134). To a solution of 133 (206 g, 0.56 moD), benzylamine (132.2 g, 1.23 mol) and
1-hydroxybenzotriazole (HOBt) (85.9 g, 0.56 mol) in DMF (300 mL) was added
1-ethyl-3-(3-dimethylaminopropyDcarbodiimide hydrochloride (WSC+HCD (129.0 g,
675.39 mmol) at 0 °C. After stirring for 2 h at the same temperature, the reaction
mixture was heated at 82 °C for 8 h and extracted with EtOAc (1.5 L). Combined
organic layers were washed with 2 N HCl (500 mL, three times), 2 N NaOH (400 mL,
twice) and water (500 mL), and concentrated in vacuo. The residue was crystallized
from EtOAc (41 mL) and diisopropyl ether (500 mL). The resulting solid was collected
by filtration, washed with diisopropyl ether and dried at 50 °C in vacuo to give 134 as a
colorless solid (234.0 g, 91%): Rr= 0.45 (silica gel, EtOAc/mhexane, 2:1); mp 161.5-162.0
°C dec. (EtOAc/diisopropy] ether); H NMR (300 MHz, CDCls)  1.66 (ddd, J = 3.10, 6.74,
13.79 Hz, 1H), 1.90 (ddd, J = 4.88, 11.72, 18.79 Hz, 1H), 2.45 (dd, J = 13.81, 6.93 Hz, 1H),
2.51(ddd, J =8.10,11.72, 14.51 Hz, 1H), 2.77 4d, J = 13.81, 7.77 Hz, 1H), Y2, 0
2.89 (d, J = 12.50 Hz, 1H), 3.57-3.67 (m, 3H), 3.73-3.88 (m, 3H), 4.19 (dd, ¢ °
J =4.73, 14.40 Hz, 1H), 4.61 (dd, J = 6.97, 14.40 Hz, 1H), 5.16-5.27 (m, 2H), 5.67-5.27 (m,
1H), 6.75-6.78 (brt, J = 4.73, 6.97 Hz, 1H), 7.23-7.34 (m, 5H), 7.49-7.62 (m, 3H), 7.79 (dd,
J =1.23, 8.42 Hz, 2H); 13C NMR (75 MHz, CDCls) & 30.5, 35.8, 43.8, 44.5, 48.5, 53.0, 64.7,
64.8, 109.5, 120.5, 127.9, 128.1, 128.5, 129.1, 130.0, 131.7, 133.1, 136.7, 139.1, 170.8; IR
(KBr) 1651 cm'l; Anal. Calculated for C24H2sN205S C: 63.14, H: 6.18, N: 6.14, O: 17.52,
S:7.02. Found C: 63.11, H: 6.20, N: 5.99; LRMS (FAB, M + H): 457.

Optically pure (6K)-134 was prepared as same as racemic 134,
(6 B)-6-Allyl- N'benzyl-8-(phenylsulfonyl)-1,4-dioxa-8-azaspiro[4.5]decane-6-carboxamid
e [(6A-184]: mp 144.5-146.5 °C dec. (EtOAc/diisopropyl ether); Anal. Caleulated for
C24H2sN2058 C: 63.14, H: 6.18, N: 6.14, O: 17.52, S: 7.02. Found C: 63.15, H: 6.11, N:
6.22; [a]p20 +30.0° (¢ 0.43, CHCls). Optical purity of 134 was confirmed in by HPLC
analysis using a chiral column. A racemic form of 184 was subjected to HPLC analysis
(column: Chiralcel OJ column, 4.6 i. d. X 250 mm, Daicel Chemical Ind., Ltd.; eluent
EtOH; flow rate, 1.0 mL/min; temperature, 25 °C; detector, 254 nm) and peaks due to
(69-(-)-and (6 R)-(+)-134 were detected at & 4.8 and 5.7 min.

NBenzyl-6-(2,3-dihydroxypropyl)-8-(phenylsulfonyl)-1,4-dioxa-8-azaspirol4.5]decane-
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6-carboxamide (215). To a solution of 134 (45 g, 98.56 mmol) and Os04 (1.0 g, 3.93 mmol)
in THF/water (3:1, 600 mL) was added dropwise 50% aqueous 4-methylmorpholine
N-oxide (NMO) (45 mL) at 3 °C for 1 h. After stirring for 24 h at rt, the reaction was
quenched by addition of 5NV Na2S204 (100 mL) aqueous solution and concentrated in
vacuo to give solid, which was collected by filtration. The solid was washed with EtOAc
(200 mL, three times) and water (200 mL, three times) and dried at rt in vacuo to give
215 as a colorless solid (40 g, 83%). The filtrate was extracted with EtOAc (600 mL), and
combined organic layers were washed with brine, and dried over MgSO4. The solvent
was concentrated in vacuo to give 215 as a colorless solid (7 g, 14%): Er= 0.22 (silica gel,
EtOAc); mp 204.0-205.0 °C dec. (EtOAc/diisopropyl ether); 1H NMR (300 MHz, CDCls) &
1.24 (t, J = 2.28 Hz, 1H), 1.66-1.76 (m, 1H), 1.84-2.09 (m, 3H), 2.68 (brt, J = 8.84 Hz, 1H),
2.80-2.91 (brs, 1H), 3.15 (brd, J = 11.46 Hz, 1H), 3.41-3.53 (m, 8H), 3.61-3.88 (m, 6H),
4.00-4.07 (m, 1H), 4.12 (dd, J = 14.48, 4.57 Hz, 1H), 4.65 (dd, J = 14.48, 4.57 Hz, 1H),
7.02 (brs, 1H), 7.22-7.34 (m, 1H), 7.50-7.63 (m, 8H), 7.77-7.81 (m, 2H); 13C NMR (75
MHz, CDCls) § 30.2, 34.3, 43.6, 44.1, 48.8, 51.2, 64.3, 64.6, 67.1, 67.6, 109.2, %Q
oy

(2]

127.5, 127.6, 128.0, 128.7, 129.2, 132.9, 136.2, 138.5, 172.1; IR (thin film) " ks,
3620, 2875, 2846, 1643, 1533, 1444, 1348, 1232, 1176, 1082, 1063, 1003, 964, "

926, 773, 752, 706, 579 cm; LRMS (FAB, M + H): 491; HRMS Calculated for
CesH31N207S (FAB, M + H): 491.1852. Found 491.1844; Anal. Calculated for
Ca4H3oN207S. 1/2 He0 C: 57.70, H: 6.25, N: 5.61, O 24.02, S: 6.42. Found C: 57.80, H:

6.38, N: 5.64.

NBenzy1-6'(2-6xoethy1)'8'(pheny1su1fony1)'1,4-dioxa-8-azaspiro [4.5]decane-6-carboxam

ide. (135), Ethyl
(2.B)-4-[6-[(Benzylamino)carbonyl]-8-(phenylsulfony])-1,4-dioxa-8-azaspiro[4.5]dec-6-yl]-
2-butenoate [(2B)-138], Ethyl
(22)-4-[6-[(Benzylamino)carbonyl]-8-(phenylsulfonyl)-1,4-dioxa-8-azaspiro[4.5]dec-6-yl]-
2-butenoate [(2Z)-136], Ethyl
[(6.5*,9 R%-8-Benzyl-7-oxo-12-(phenylsulfonyl)-1,4-dioxa-8,12-diazadispiro[4.0.4.4]tetra

dec-9-yllacetate (137 and

[(6.5*,9 R*-8-Benzyl-7-oxo-12-(phenylsulfonyl)-1,4-dioxa-8,12-diazadispiro[4.0.4.4]tetra

dec-9-yllacetic Acid (217). A solution of NalO4 (42.3 g, 0.20 mol) in water (500 mL) was
added dropwise to a suspension of 215 (65.0 g, 0.13 mol) in CH2Clz (1 L) at rt and the
mixture was stirred for 1 h at rt. The suspension was slowly dissolved with increasing
concentration of the product. The reaction was quenched by addition of 5 N Na2S204 (40

mL) aqueous solution. The organic layer was washed with water (500 mL) and brine
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(500 mL), dried over MgS0s and filtered. A small amount of 135 was separated by
preparative TLC.
NBenzyl-G-(Z'oxoethyl)'8'(phenylsu]fonyl)'1,4-dioxa'8-azaspir0[4.5]decane-6-carboxam
ide (135): Rr = 0.23 (silica gel, EtOAc/mhexane, 2:1); mp 174.0-175.5 °C dec.
(EtOAc/diisopropyl ether); :H NMR (300 MHz, CDCls) § 1.70-1.85 (m, 2H), 2.78 (dd, J =
16.49, 2.54 Hz, 1H), 2.87 (dd, J = 16.49. 0.00 Hz, 1H), 2.9-3.1 (m, 1H), 3.2-3.35 .
(m, 1H), 3.35-3.8 (m, 6H), 4.28 (dd, J = 14.56, 5.07 Hz, 6H), 4.55 (dd, J = 14.56, Qt(
6.36 Hz, 1H), 6.88 (brs, 1H), 7.15-7.35 (m, 5H), 7.45-7.48 (m, 3H), 7.40-7.79 &
(m, 2H), 9.68 (brt, J = 2.54 Hz, 1H); 13C NMR (75 MHz, CDCls) § 81.0, 43.7, 44.0, 44.5,
49.8, 51.8, 64.4, 64.9, 108.0, 127.6, 127.6, 128.0, 128.7, 129.2, 133.0, 136.4, 138.3, 169.6,
198.7; IR (KBr) 3345, 2929, 2881, 2852, 1720, 1647, 1533, 1446, 1354, 1178, 1157, 1103,
1190, 1066, 1030, 1007, 968, 775, 748, 594, 577 cm';; LRMS (FAB, M + H): 459; HRMS
Calculated for C2sHa7N206S (FAB, M + H): 459.1590. Found 459.1570.
(Carbetoxymethylene)triphenylphosphorane (36.0 g, 103.23 mmol) was added to the
filtrate and the mixture was concentrated in vacuo to one-third of its volume and then
hearted at 50 °C for 1 h. The mixture was washed with brine and concentrated in vacuo
to give the residue. A small amount of 136 was separated by preparative TLC. Ethyl
(28)-4-[6-[(Benzylamino)carbonyll-8-(phenylsulfonyl)-1,4-dioxa-8-azaspiro[4.5]dec-6-yll-
2-butenoate [(2£)-136]: Rr=0.79 (silica gel, EtOAc); TH NMR (300 MHz, CDCls) & 1.30 (¢
J =17.13 Hz, 3H), 1.66-1.73 (m, 1H), 1.82-1.93 (m, 1H), 2.54-2.64 (m, 2H), 2.82-2.90 (dd, J
= 14.25, 8.16 Hz, 1H), 3.01 (d, J = 12.48 Hz, 1H), 3.57-3.74 (m, 4H), 3.77-3.90 (m, 2H),
4.20 (q, J = 7.13 Hz, 2H), 4.23 (dd, J = 14.40, 4.75 Hz, 1H), 4.59 (dd, J = 14.40, 8

o
g0y °

6.90 Hz, 1H), 5.98 (d, J = 15.53 Hz, 1H), 6.77-6.88 (m, 2H), 7.22-7.34 (m, 5H), .
7.49-7.62 (m, 3H), 7.77-7.82 (m, 2H); 13C NMR (75 MHz, CDCls) § 14.3, 30.2, 2
33.8, 43.5, 44.0, 48.5, 52.5, 60.3, 64.3, 64.5, 108.8, 126.0, 127.5, 127.6, 128.1, 128.7, 129.1,
132.8, 136.2, 138.5, 141.4, 165.9, 169.7; IR (thin film) 3390, 2979, 2937, 2902, 1716, 1662,
1525, 1446, 1356, 1338, 1317, 1286, 1265, 1223, 1171, 1090, 1030, 970, 930, 750, 735,
692, 580 cm'’; LRMS (FAB, M + H): 529; HRMS Calculated for C27H33N207S (FAB, M +
H): 529.2009. Found 529.2069. Ethyl
(22)-4-[6-[(Benzylamino)carbonyl]-8-(phenylsulfonyl)-1 ,4-dioxa-8-azaspiro[4.5]dec-6-yl]-
2-butenoate [(22)-136]: Br= 0.82 (silica gel, EtOAc); t1H NMR (300 MHz, CDCls) & 1.28 (¢,
J =7.14 Hz, 3H), 1.62-1.69 (m, 1H), 1.90-2.00 (m, 1H), 2.53-2.62 (m, 2H), 2.98-3.05 (m,
1H), 3.04 (d, J = 11.99 Hz, 1H), 3.56-3.71 (m, 4H), 3.74-3.88 (m, 3H), 4.02 (m, 3H), 4.51

(dd, J = 14.35, 6.82 Hz, 1H), 5.87 (d, J = 11.55 Hz, 1H), 6.25-6.34 (m, 1H), %Q

)

7.07 (brt, J = 6.82 Hz, 1H), 7.19-7.31 (m, 5H), 7.49-7.59 (m, 3H), 7.77-7.81 S,
(m, 2H); 13C NMR (75 MHz, CDCls) § 14.2, 29.0, 30.5, 43.4, 44.1, 47.9, 52.9,



60.1, 64.6, 64.7, 108.8, 122.4, 127.4, 127.5, 128.1, 128.5, 129.2, 132.8, 136.5, 138.6, 143.2,
166.6, 170.7; IR (thin film) 3394, 2979, 2966, 2929, 2902, 1714, 1662, 1527, 1446, 13586,
1338, 1223, 1186, 1171, 1093, 1028, 968, 924, 804, 750, 735, 692, 579 cm'l; LRMS (FAB,
M + H): 529; HRMS Calculated for Cz7HssN207S (FAB, M + H): 529.2009. Found
529.2059.

The residue was dissolved in EtOH (450 mL) and DBU (18.0 g, 118.23 mmol), and the
solution was refluxed for 1 h. The resulting mixture was concentrated in vacuo and
extracted with EtOAc (700 mL). Combined organic layers were washed with 2 N HCl
(300 mL) and brine (300 mL), and concentrated in vacuo to give the residue. A small
amount of 137 was separated by preparative TLC. Ethyl
[(6.5*,9.R*-8-Benzyl-7-0x0-12-(phenylsulfonyl)-1,4-dioxa-8,12-diazadispiro[4.0.4.4]tetra
dec-9-yllacetate (137): Rr= 0.44 (silica gel, EtOAc/zrhexane, 2:1); 1H NMR (300 MHz,
CDCls) § 1.25 (q, J = 7.14 Hz, 3H), 1.64-1.71 (m, 1H), 1.90 (dd, J = 13.88, 7.46 Hz, 1H),
1.98-2.09 (m, 1H), 2.36 (dd, J = 15.87, 4.57 Hz, 1H), 2.66 (dd, J = 13.88, 7.58 Hz, 1H),
2.63-2.71 (m, 1H), 2.73 (dd, J = 15.87, 4.57 Hz, 1H), 3.11 (d, J = 11.64 Hz, 1H), 3.51 (dd, J
=11.64, 2.02 Hz, 1H), 8.53-3.66 (m, 1H), 3.71-3.81 (m, 1H), 3.75-4.00 (m, 3H),
3.95-4.03 (m, 1H), 4.04 (d, J = 15.35 Hz, 1H), 4.13(q, J = 8.15 Hz, 2H), 4.95 (d, meer'q
J =15.33 Hz, 1H), 7.18-7.34 (m, 5H), 7.49-7.62 (m, 2H), 7.73-7.76 (m, 2H); 13C s
NMR (75 MHz, CDCls) § 14.6, 32.8, 36.1, 89.5, 44.6, 44.9, 51.5, 51.9, 53.2, 61.3, 65.3,
65.9, 109.9, 127.9, 128.1, 128.2, 129.0, 129.6, 133.3, 136.5, 136.8, 170.7, 172.7; IR (KBr)
2979, 2937, 2900, 2870, 1728, 1678, 1446, 1356, 1167, 1093, 1093, 1030, 970, 744, 692,
594, 576 cmm'l; LRMS (FAB, M + H): 529; HRMS Calculated for C27H33N207S (FAB, M +
H): 529.2009. Found 529.2070.

Optically pure (6R,99)-1837 was prepared as same as racemic 137. Ethyl
[(6.£,9.9-8-Benzyl-7-oxo-12-(phenylsulfonyl)-1,4-dioxa-8,12-diazadispiro[4.0.4.4ltetrade
c-9-yllacetate [(6&,99-137]: [a]p20 -10.1° (¢ 0.42, CHCls).

The residue was dissolved in MeOH (450 mL) and 2 N NaOH (200 mL) aqueous
solution, the mixture was stirred for 1 h at rt and concentrated in vacuo. Resulting
residue was dissolved in water (200 mL) and washed with EtOAc (400 mL, twice).
Combined organic layers were extracted 1 N NaOH (200 ml) aqueous solution.
Combined aqueous layers were acidified to pH 2 with 6 N HCl, and extracted with
EtOAc (350 mL, twice). Combined organic layers were washed with 1 A HCI (300 mL,
twice) and brine (300 mL, twice), dried over MgSO4, and concentrated in vacuo to give
crude acid 217 (50.1 g). A small amount of 217 was separated by preparative TLC.
[(63*,9R’9-8-Benzyl-7-oxo-12-(phenylsulfony1)-1,4-dioxa-8,12-diazadispiro[4.0.4.4]tetra
dec-9-yllacetic Acid (217): Rr= 0.29 (silica gel, EtOAc); 'H NMR (300 MHz, CDCls) 8 1.69
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(dm, 1H), 1.92 (dd, J = 18.97, 7.31 Hz, 1H), 1.97-2.07 (m, 1H), 2.39 (dd, J = 16.22, 8.72
Hz, 1H), 2.65 (dd, J = 13.97, 7.75 Hz, 1H), 2.65-2.76 (m, 1H), 2.81 (dd, J =

: 9
16.22, 1.17 Hz, 1H), 3.14 (d, J = 11.67 Hz, 1H), 3.51 (dd, J = 11.67, 1.37 Hz, \(
1H), 3.18-3.90 (m, 5H), 3.91-3.98 (m, 1H), 4.02 (d, J = 15.35 Hz, 1H), 4.98 (d, J i

= 15.35 Hz, 1H), 7.20-7.31 (m, 5H), 7.51-7.59 (m, 3H), 7.73-7.76 (m, 2H), 8.23 (brs. 1H);
13C NMR (75 MHz, CDCls) § 33.3, 35.5, 38.5, 44.3, 44.5, 51.2, 51.3, 52.7, 64.8, 65.4, 109.4,
127.5, 127.6, 127.8, 128.6, 129.2, 132.9, 135.7, 136.5, 172.5, 174.8; IR (KBr) 1732, 1685,
1446, 1336, 1169, 1093, 1032, 970, 744, 692, 928, 579 cm'l; LRMS (FAB, M + H): 501;
HRMS Calculeted for C2sHzoN207S (FAB, M + H): 501.1696. Found 501.1745.

The residue was dissolved in EtOH (450 mL) and acetyl chloride (55.9 g, 0.71 mol)
was added dropwise to the solution in an ice-bath. After stirring for 16 h at rt, the
reaction mixture was concentrated in vacuo. EtOAc (400 mL) and water (200 mL) were
added to the mixture and separated. The organic layer was washed with 1 NNaOH and
water, dried over MgSO4 and concentrated in vacuo to give crude ester 137. This crude
ester was purified by flash column chromatography (silica gel, 16% to 29% EtOAc in
mhexane) to afford ester 137 as a colorless syrup (42.3 g contain H-14 isomer o:f 77:23,
83.8% from amide 134).

(65*,9RH-8-Benzyl-9-(2-hydroxyethyl)-12-(phenylsulfonyl)-1,4-dioxa-8,12-diazadispirol
4.0.4.4]tetradecane-T-one (218). To a solution of ester 137 (42.3 g, 80.02 mmol, contain
H-14 isomer o:p 77:23) in THF (500 mL) was added LiBH4 (3.9 g, 0.18 mol) at 3 °C. After
stirring for 1 h at 3 °C, the reaction mixture was stirred for 18 h at rt. The reaction was
quenched by addition of 1 NHC] (300 mL) aqueous solution, concentrated in vacuo and
extracted with EtOAc. Combined organic layers were washed with water, dried over
MgSOs+ and concentrated in vacuo. The residue was purified by flash column
chromatography (silica gel, EtOAc) to afford alcohol 218 as a colorless foam (38.8 g, 99%,
contain H-14 isomer o:p 77:23). These diastereomer was separated by flash column
chromatography (silica gel, EtOAc) to afford (65*,9R*)-218 (28.4 g, 73%) and
(65*,95%)-218 (8.5 g, 22%) as a colorless foam.

(6.5*,9 R*)-8-Benzyl-9-(2-hydroxyethyl)-12-(phenylsulfonyl)-1,4-dioxa-8,12-diazadispir
o[4.0.4.4]tetradecane-7-oneh[(GS*,QR*)'218]Z Rr= 0.18 (silica gel, EtOAc/mhexane, 2:1);
1H NMR (300 MHz, CDCls) § 1.49-1.57 (m, 1H), 1.61-1.68 (m, 1H), 1.92 (dd, J = 13.74,
7.29 Hz, 1H), 1.97-2.08 (m, 1H), 2.11-2.21 (m, 1H), 2.49 (dd, J = 13.74, 7.61 phso»dg(r}"
Hz, 1H), 2.62-2.71 (m, 1H), 3.11 (d, J = 11.65 Hz, 1H), 3.51 (dd, J = 11.65, 2.16 L
Hz, 1H), 3.59-3.64 (m, 1H), 3.68-3.78 (m, 5H), 3.83-3.88 (m, 2H), 4.02 (1H, d, J = 15.13
Hz, 2H), 4.98 (d, J = 15.13 Hz, 1H), 7.21-7.31 (m, 5H), 7.50-7.60 (m, 3H), 7.72-7.76 (m,
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2H); 13C NMR (75 MHz, CDCl) § 33.0, 35.7, 36.9, 44.6, 44.8, 51.7, 52.6, 53.4, 59.3, 65.3,
65.9, 109.9, 127.9, 128.3, 128.94, 129.64, 133.3, 136.7, 136.76; 172.7; IR (thin film) 3446,
2937, 2871, 1674, 1446, 1356, 1169, 1093, 1030, 968, 744, 692, 578 cm’l; LRMS (FAB, M
+ H): 487; HRMS Calculated for C2sH31N206S (FAB, M + H): 487.1903. Found 487.1939;
Anal. Calculated for C25H30N206S 2/3 H20, C: 60.87, H: 6.40, N: 5.68, O: 20.54, S: 6.50.
Found C: 60.89, H: 6.43, N: 5.62.

Optically pure (6K,95)-218 was prepared as same as racemic (65%9K*)-218.
(6R,9.9-8-Benzyl-9-(2-hydroxyethyl)-12-(phenylsulfonyl)-1,4-dioxa-8,12-diazadispiro[4.
0.4.4]tetradecane-7-one [(6.£,99-218]: [a]p20 +9.3° (¢ 0.43, CHCls). Optical purity of 218
was confirmed by HPLC analysis using a chiral column. A racemic form of 218 was
subjected to HPLC analysis (column: Chiralcel OJ column, 4.6 i. d. X 250 mm, Daicel
Chemical Ind., Ltd.; eluent EtOH; flow rate, 0.5 mL/min; temperature, 25 °C; detector,
254 nm) and peaks due to (78, 14.9-, (7S, 14R)-, (7R, 149-(+)- and (7R, 14K)-218 were
detected at & 7.9, 8.1, 10.6 and 12.4 min.

(6.5%,9.5%)-8-benzyl-9-(2-hydroxyethyl)-12-(phenylsulfonyl)-1,4-dioxa-8,12-diazadispir
0[4.0.4.4]tetradecane-7-one [(6.5%,95*%)-218]: 1H NMR (300 MHz, CDCls) § 1.61-1.71 (m,
2H), 1.81-1.93 (m, 2H), 1.97 (dd, J = 13.53, 6.92 Hz, 1H), 1.98-2.09 (m, 1H), 2.32 (dd, J =
13.53, 8.15 Hz, 1H), 2.86-2.94 (m, 1H), 3.16 (d, J = 11.56 Hz, 1H), 8.26 (d, J = 11.56 Hz,
1H), 3.47-3.59 (m, 2H), 3.61-3.72 (m, 2H), 3.85-3.96 (m, 3H), 4.02-4.12 (m, 1H), 4.13 (d,
1H), 4.84 (d, J = 15.01 Hz, 1H), 7.20-7.34 (m, 5H), 7.52-7.60 (m, 8H), 7.72-7.76 (m, 2H);
13C NMR (75 MHz, CDCls) § 32.4, 32.5, 35.8, 44.2, 44.7, 50.7, 51.1, 51.4, 58.9, 65.2, 65.86,
108.4, 127.4, 127.6, 127.9, 128.8, 129.2, 132.9, 136.5, 136.6, 172.3; IR (thin film) 3447,
3018, 2891, 1679, 1466, 1357, 1336, 1217, 1167, 1092, 1070, 1031, 1003, 969, 951, 931
cm'l; LRMS (FAB, M + H): 487; HRMS Calculated for C2sHs31N206S (FAB, M + H):
487.1903. Found 487.1896.

Optically pure (6R,9K)-218 was prepared as same as racemic (6.S5*9.5%-218.
(6,9 R)-8-Benzyl-9-(2-hydroxyethyl)-12-(phenylsulfonyl)-1,4-dioxa-8,12-diazadispirol[4.
0.4.4]tetradecane-7-one [(6.R,9.8)-218]: [olp25 —100.5° (¢ 1.02, CHCls).

(8R*55%-2-Benzyl-3-(2-hydroxyethyl)-7-(phenylsulfonyl)-2, 7-diazaspiro[4.5] decane-1
,10-dione (219). To a solution of ketal 218 (33.8 g, 69.46 mmol, o:B 77:23) in CH2Cls (746
mL) was added 70% aqueous perchloric acid (70 mL) at rt. After stirring slowly for 2 h,
the reaction mixture was carefully pored into aq. sat. NaHCOs solution. Separated
aqueous layers were extracted with CH2Clz2. Combined organic layers were dried over
MgS0O4 and concentrated in vacuo. The residue was recrystallized from EtOAc (41 mL)
to give 219 as a colorless crystal (21.47 g, 69.8%, corrected yield 91%): Rr= 0.22 (silica
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gel, EtOAc/m-hexane, 2:1); mp 183.0-186.0 °C dec. (EtOAc); TH NMR (300 MHz, CDCls) §
1.43-1.55 (m, 1H), 1.62 (brs, 1H), 1.99 (dd, J = 13.81, 8.49 Hz, 1H), 2.04-2.13 (m, 1H),
2.51-2.62 (m, 1H), 2.57 (dd, J = 13.81, 6.92 Hz, 1H), 2.79-2.89 (m, 1H), 2.91-2.97 (m, 1H),
8.39 (d, J = 12.35 Hz, 1H), 3.50-3.60 (m, 1H), 3.61-3.66 (brm, 2H), 3.80 (dd, J = 12.35,
2.59 Hz, 1H), 3.94-4.01 (m, 1H), 4.06 (4, J = 15.34 Hz, 1H), 5.05 (d, J = 15.34 Hz, 1H),
7.26-7.36 (m, 5H), 7.54-7.65 (m, 3H), 7.77-7.81 (m, 2H); 13C NMR (75 MHz, Qj[f
CDCls) § 85.7, 37.1, 37.5, 44.7, 45.5, 52.8, 53.6, 58.7, 59.2, 127.5, 127.6, \Q
127.8, 128.7, 129.4, 133.3, 135.4., 136.1, 170.9, 204.1; IR (KBr) 3465, 1716, 1674, 1362
cm’l; HRMS Calculated for C2sH2705N2S (FAB, M + H): 443.1641, Found 443.1620; Anal.
Calculated for C23H2705N2S. 1/2 H20, C: 61.18, H: 6.03, N: 6.20, O: 19.49, S: 7.10. Found
C: 61.56, H: 5.99, N: 6.28.
Optically pure (3S55K)-219 was prepared as same as racemic 219.
(85,5 B)-2-Benzyl-3-(2-hydroxyethyl)-7-(phenylsulfonyl)-2,7-diazaspiro[4.5ldecane-1,10-
dione [(35,58)-219]: [0]p20 —33.7° (¢ 0.37, CHCls).

A small amount of 232 was separated by preparative TLC (silica gel, EtOAc) from the
filtrate.
(45%6a.5%10a5%-5-Benzyl-10a-hydroxy-8-(phenylsulfonyloctahydro-6 H,7 H-4,6a-meth
anopyridol4,3-b][1,5]oxazocin-6-one (232), Less Polar (Minor Epimer): Rr= 0.55 (silica
gel, EtOAc); tH NMR (300 MHz, CDCls) § 1.73-1.90 (m, 3H), 1.91-2.01 (m, 1H), 2.12 (dd,
J =12.86, 7.11 Hz, 1H), 2.32 (d, J = 12.86 Hz, 1H), 2.46-2.55 (m, 1H), 2.90 (d, J = 12.21
Hz, 1H), 3.45-3.62 (m, 2H), 3.54 (dd, J = 12.21 Hz, 1H), 3.68-3.76 (m, 2H), Cﬁ@
3.84 (4, J = 14.93 Hz, 1H), 4.98 (d, J = 14.93 Hz, 1H), 5.04 (d, J = 1.26 Hz,  , e
1H), 7.22-7.26 (m, 2H), 7.28-7.41 (m, 3H), 7.51-7.66 (m, 3H), 7.73-7.79 (m, 2H); 13C NMR
(75 MHz, CDCls) § 33.4, 385.8, 35.9, 43.9, 44.8, 51.7, 53.1, 53.9, 56.5, 98.0, 127.5, 128.1,
128.2, 129.0, 129.3, 133.0, 135.0, 136.0, 175.8; IR (thin film) 3450, 3064, 3032, 2943,
2862, 1668, 1466, 1356, 1338, 1265, 1167, 1088, 1005, 941, 924, 912, 769, 756, 731, 692,
579 cm'l; LRMS (FAB, M + H): 443; HRMS Calculated for CasH27N205S (FAB, M + H):
443.1641. Found 443.1686.

(3R*,5S’9'2'Benzyl-7-(phenylsu1fonyl)'3'[2'(tetrahydro-2[1T-pyran-2-yloxy)ethy1]'2,7-d
iazaspiro[4.5]decane-1,10-dione (220). To a solution of 219 (20 g, 45.19 mmol) and DHP
(4.18 g, 49.71 mmol) in CHzClz (200 mL) was added CSA (566 mg, 2.26 mmol) at rt.
After stirring for 1.5 h at ambient temperature, the reaction was quenched by addition
of sat. NaHCOs (150 mL) aqueous solution and extracted with CH2Cls. Combined

organic layers were washed with brine, dried over MgSOQ4, and concentrated in vacuo.



The residue was purified by flash column chromatography (silica gel, 23% to 41% EtOAc
in mhexane) to afford 220 as a colorless syrup (21.3 g, 90%): Rr = 0.54 (silica gel,
EtOAc/mhexane, 2:1); 1H NMR (300 MHz, CDCls) & 1.43-1.58 (m, 10/2H), 1.60-1.78 (m,
4/2H), 1.95-2.04 (m, 2/2H), 2.08-2.17 (m, 2/2H), 2.52-2.60 (m, 4/2H), 2.79-2.91 (m, 2/2H),
2.90-2.99 (m, 2/2H), 3.31-3.42 (m, 4/2H), 3.41 (d, J = 12.29 Hz, 2/2H), 3.46-3.58 (m, 2/2H),
3.65-3.80 (m, 4/2H), 3.79 (dd, J = 12.29, 2.55 Hz, 2/2H), 8.94-4.01 (m, 2/2H), 4.06 (d, J =
15.30 Hz, 2/2H), 4.39-4.41 (m, 1/2H), 4.49-4.51 (m, 1/2H), 5.06 (d, J = 15.30 Hz, 1/2H),
5.07 (d, J = 15.30 Hz, 1/2H), 7.23-7.33 (m, 10/2H), 7.54-7.64 (m, 6/2H),
7.78-7.81 (m, 4/2H); 13C NMR (75 MHz, CDCls) 8 19.5, 19.6, 25.32, 25.83, o {*f
30.5, 30.6, 33.0, 33.2, 36.96, 37.00, 37.5, 44.67, 44.70, 45.7, 52.4, 52.6, 53.7, " one
59.2, 62.5, 62.6, 62.9, 63.2, 98.7, 99.2, 127.5, 127.6, 127.9, 128.6, 129.4, 133.3, 135.37,
135.41, 136.2, 170.9, 203.7; IR (thin film) 2929, 2856, 1718, 1685, 1446, 1362, 1261, 1171,
1120, 1091, 1074, 1034, 999, 968, 908, 870, 800, 737, 692, 580 cm'}; LRMS (FAB, M + H):
527; HRMS Calculated for C2sHssN20eS (FAB, M + H): 527.2216. Found 527.2266.
Optically pure (3S5K)-220 was prepared as same as racemic 220.
(3.9,5.8)-2-Benzyl-7-(phenylsulfonyl)-3-[2-(tetrahydro-2 Frpyran-2-yloxy)ethyll-2,7-diaza
spiro[4.5]decane-1,10-dione [(38,5R)-220]: [a]p20 -19.4° (¢ 0.32, CHCly).

]

(3R*55*%)-2-Benzyl-1-0xo-7-(phenylsulfonyl)-3-[2-(tetrahydro-2 H-pyran-2-yloxy)ethyll
-2,7-diazaspiro[4.5]dec-9-en-10-yl Trifluoromethanesulfonate (233). A 1.0 M solution of
lithium bis(trimethylsilyl)amide (54 mL, 54.0 mmol) in THF was added dropwise to a
solution of 220 (28.18 g, 53.51 mmol) in THF (564 mL) at —78 °C for 15 min. After the
solution was stirred for 45 min at the same temperature, a solution of
Mphenylbis(trifluoromethanesulfonimide) (21.0 g, 58.86 mmol) in THF (15 mL) was
introduced. Stirring was continued for additional 13 h at ambient temperature. The
reaction was quenched by addition of CHz2Clz (300 mL). The mixture was filtered
through a pad of alumina. The pad was washed with CH2Cle, and combined filtrate were
concentrated in vacuo. The residue was purified by flash column chromatography (silica
gel, 16% to 50% EtOAc in n-hexane) to afford 233 as a colorless foam (32.6 g, 92%): Rr=
0.58 (silica gel, EtOAc/m-hexane, 1:1); 1H NMR (300 MHz, CDCls) § 1.43-1.87 (m, 14/2H),
2.11-2.21 (m, 2/2H), 2.21-2.35 (m, 2/2H), 2.42-2.52 (m, 2/2H), 3.08 (d, J = 11.81 Hz, 2/2H),
3.34 (dd, J = 16.33, 1.20 Hz, 2/2H), 3.40-3.53 (m, 4/2H), 3.65-3.88 (m, 8/2H), 4.02 (d, J =
15.00 Hz, 1/2H), 4.03 (d, J = 15.00 Hz, 1/2H), 4.23 (dd, J = 16.33, 4.21 Hz, o
1/2H), 4.24 (d4, J = 16.33, 4.21 Hz, 1/2H), 4.48-4.55 (m, 2/2H), 5.04 (d, J = C\E(
15.00 Hz, 2/2H), 5.91 (dd, J = 4.21, 1.20 Hz, 2/2H), 7.22-7.32 (m, 10/2H),
7.54-7.65 (m, 6/2H), 7.75-7.79 (m, 4/2H); 13C NMR (75 MHz, CDCls) § 19.3, 19.5, 25.3,



25.4, 30.48, 30.50, 33.56, 33.63, 33.9, 34.0, 43.9, 44.95, 45.01, 50.56, 50.59, 52.3, 52.4,
53.05, 53.13, 62.3, 62.5, 63.0, 63.5, 98.5, 99.3, 113.6, 113.7, 118.3 (q, Jer= 320.13 Hz),
127.5, 127.8, 128.07, 128.10, 128.71, 128.73, 129.5, 133.4, 135.19, 135.23, 135.77, 135.78,
147.70, 147.72, 169.6; IR (thin film) 2944, 2871, 1695, 1446, 1423, 1354, 1250, 1217,
1173, 1140, 1076, 1036, 970, 908, 864, 733, 692, 617, 577 cm™l; LRMS (FAB, M + H): 659;
HRMS Calculated for C29H34N20sS2F3 (FAB, M + H): 659.1709. Found 659.1718.

Optically pure (3S5K)-233 was prepared as same as racemic 233.
(35,5.R)-2-Benzyl-1-oxo-7-(phenylsulfonyl)-3-[2-(tetrahydro-2 H-pyran-2-yloxy)ethyl]-2,7
-diazaspiro[4.5]dec-9-en-10-yl Trifluoromethanesulfonate [(3.5,5RK)-233]: [aln20 —54.0° (c
0.44, CHCl»).

Ethyl
3-(4-[(3R* 5 R%-2-Benzyl-1-oxo-7-(phenylsulfonyl)-3-[2-(tetrahydro-2 H-pyran-2-yloxy)et
hyll-2,7-diazaspirol4.5]dec-9-en-10-yl]-2-furyl)propanoate (234). To a solution of borate
194 (3.0 g, 10.71 mmol), KsPO4 (4.87 g, 22.95 mmol) and triflate 233 (5.04 g, 7.65 mmol)
in DMF (50 mIL) was added PdCla(dppf) (280 mg, 0.38 mmol) at rt. After stirring for 3 h
at 80 °C, the reaction mixture was diluted with EtOAc (300 mL). The organic layer was
washed with water (100 mL, twice) and brine (100 mL), and concentrated in vacuo. The
residue was purified by flash column chromatography (silica gel, 16% to 50% EtOAc in
mhexane) to afford 234 as slight yellow syrup (4.90 g, 95%): Rr= 0.44 (silica gel,
EtOAc/mhexane, 1:1); tH NMR (300 MHz, CDCls) § 1.25 (¢, J = 7.13 Hz, 6/2H), 1.45-1.81
(m, 14/2H), 2.18-2.27 (m, 4/2H), 2.30-2.37 (m, 2/2H), 2.58 (t, J = 7.91 Hz, 4/2H), 2.85 (t, J
=17.91 Hz, 4/2H), 2.91 (d, J = 11.61 Hz, 1/2H), 2.92 (d, J = 11.61 Hz, 1/2H), 3.25 (dd, J =
14.66, 2.05 Hz, 2/2H), 3.44-3.64 (m, 6/2H), 3.74 (brd, J = 11.61 Hz, 2/2H),
3.72-3.91 (m, 4/2H), 4.04 (d, J = 14.08 Hz, 2/2H), 4.01-4.10 (m, 2/2H), 4.14 (q, @é

0
Phsoy g

J =17.13 Hz, 4/2H), 4.55 (brm, 2/2H), 4.98 (d, J = 14.08 Hz, 2/2H), 5.82 (dd, J

=2.85, 1.79 Hz, 2/2H), 5.94 (s, 2/2H), 6.91 (s, 1/2H), 6.93 (s, 1/2H), 7.21-7.37

(m, 10/2H), 7.52-7.65 (m, 6/2H), 7.72-7.79 (m, 4/2H); 13C NMR (75 MHz, CDCls) § 14.2,
19.5, 19.6, 23.3, 25.3, 25.4, 30.6, 30.6, 32.5, 33.5, 33.6, 34.2, 34.3, 44.6, 44.7, 45.2, 50.1,
52.2, 52.8, 52.4, 52.5, 60.5, 62.3, 62.5, 63.3, 63.8, 98.6, 99.3, 105.5, 105.6, 121.5, 123.7,
127.5, 127.8, 128.6, 128.7, 128.7, 128.8, 129.2, 131.6, 133.0, 135.5, 135.8, 137.9, 154.4,
172.2, 173.4; IR (thin film) 2943, 2871, 1732, 1685, 1446, 1352, 1254, 1167, 1034, 974,
910, 729, 704, 692, 609, 575; LRMS (FAB, M + H): 677; HRMS Calculated for
Cs7H4sN20sS (FAB, M + H): 677.2897. Found 677.2919; Anal. Calculated for
Cs7H4N20sS C: 65.66, H: 6.55, N: 4.14, O: 18.91, S: 4.74. Found C: 65.38, H: 6.73, N:
3.90.
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Optically pure (3815;53-234 was prepared as same as racemic 234. Ethyl
3-(4-1(3.8,5.9-2-Benzyl-1-oxo-7-(phenylsulfonyl)-3-[2-(tetrahydro-2 H-pyran-2-yloxy)ethy
1]-2,7-diazaspiro[4.5]dec-9-en-10-yll-2-furyl)propanoate [(3.5,5.5-234]: [alp20 —115.7° (¢
0.29, CHCls). .

Ethyl
3-(4-[(3 B*,5 B*-2-Benzyl-1-0xo-7-(phenylsulfonyl)-3-[2-(tetrahydro-2 H-pyran-2-yloxy)et
hyll-2,7-diazaspiro[4.5]dec-10-yl]-2-furyl)propanoate (236), Ethyl
3-(4-[(3 R*,5R*10.5%-2-Benzyl-1-0xo0-7-(phenylsulfonyl)-3-(2-hydroxyethyl)-2, 7-diazaspi
ro[4.5]dec-10-yl]-2-furyl)propanoate [(BR* 5R*105%-237] and Ethyl
3-(4-[(3 B*,5R* 10 R#H-2-Benzyl-1-0xo-7-(phenylsulfonyl)-3-(2-hydroxyethyl)-2, 7-diazaspi
rol4.5]dec-10-yll-2-furyl)propanoate [(3.R*,5R*10R*%-237]. To a degassed solution of 234
(4.87 g, 7.20 mmol) in MeOH (130 mL) was added Pd on charcoal (4.8 g, 10% Pd) at rt.
The resulting slurry was hydrogenated over 1.5 h and filtered. The charcoal was washed
with EtOAc (130 mL). The filtrate was concentrated in vacuo and the residue was
purified by flash column chromatography (silica gel, 16% to 50% EtOAc in n-hexane) to
afford 236 as a colorless syrup (4.12 g, 92%, H-8 o:p 76:24). To a solution of 236 (4.12 g,
6.07 mmol, H-8 0! 76:24) in EtOH (80 mL) was added PPTS (305 mg, 1.21 mmol) at rt.
After stirring for 3 h at 50 °C, a reaction was quenched by addition of sat. NaHCOs
aqueous solution and concentrated in vacuo. The residue was dissolved in EtOAc (120
mL), and the solution was washed with water (70 mL), dried over MgSOs and
concentrated in vacuo. The residue was purified by flash column chromatography (silica
gel, 37% to 67% EtOAc in mhexane) to afford affording (38*,5R*105%-237 (2.58 g, 72%)
and as a syrup (3R*,5R*10RK%-237 (0.81 g, 22%).
Ethyl

3-(4-1(3 B*,5R*10.5%-2-Benzyl-1-oxo-7-(phenylsulfonyl)-3-(2-hydroxyethyl)-2, 7-diazaspi
ro[4.5]dec-10-yl]-2-furyDpropanoate [(3R*,5R*105%-237: Rr = 0.20 (silica gel,
EtOAc/mhexane, 2:1); TH NMR (300 MHz, CDCls) & 1.24 (t, J = 7.13 Hz, 3H), 1.31-1.43
(m, 1H), 1.51 (dd, J = 13.65, 5.61 Hz, 1H), 1.61-1.67 (m, 1H), 1.92-2.03 (m, 1H), 2.18 (dd,
J =13.65, 8.35 Hz, 1H), 2.34 (dd, J = 11.90, 4.69 Hz, 1H), 2.50-2.59 (m, 2H), 2.53 (t, J =
7.20 Hz, 2H), 2.70-2.83 (m, 1H), 2.83 (t, J = 7.20 Hz, 2H), 3.05-3.14 (m, 1H), %
3.53-3.59 (m, 3H), 8.71-3.76 (m, 1H), 3.88 (d, J = 12.04 Hz, 1H), 4.05 (d, J = mwor™t(*
15.21 Hz, 1H), 4.12 (dq, J = 7.13, 1.59 Hz, 2H), 4.63 (d, J = 15.21 Hz, 1H), 5.90 on
(s, 1H), 6.99-7.03 (m, 2H), 7.10 (s, 1H), 7.19-7.30 (m, 8H), 7.50-7.60 (m, 3H), 7.86-7.89 (m,
2H); 13C NMR (75 MHz, CDCls) § 14.1, 23.4, 27.7, 82.5, 36.5, 36.9, 40.5, 44.4, 45.65,
45.68, 52.0, 53.7, 58.9, 60.5, 106.6, 124.7, 127.1, 127.8 (2C), 128.4, 128.9, 132.6, 136.5,
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136.8, 138.7, 154.3, 172.4, 174.0; IR (thin film) 3450, 2929, 2873, 1732, 1672, 1446, 1336,
1255, 1167, 1095, 1053, 1034, 972, 912, 817, 735, 692, 584 cm'l; LRMS (FAB, M + H)
595; HRMS Calculated for Cs2H3oN207S (FAB, M + H) 595.2477. Found 595.2488.

Optically pure (35,55,10R)-237 was prepared as same as racemic 237. Ethyl
3-(4-[(35,5.5,10 B)-2-Benzyl-1-oxo-7-(phenylsulfonyl)-3-(2-hydroxyethyl)-2, 7-diazaspiro[4
.51dec-10-yl]-2-furyl)propanoate [(35’,55;10]3)-237]. [o]p20 —3.2° (¢ 0.34, CHCls).

Ethyl
3-(4-[(3 R* 5 R*10R%-2-Benzyl-1-oxo-7-(phenylsulfonyl)-3-(2-hydroxyethyl)-2, 7-diazaspi
ro[4.5]dec-10-yll-2-furyl)propanoate [(H-8B)-237]: Rr= 0.35 (silica gel, EtOAc/n-hexane,
2:1); TH NMR (300 MHz, CDCls) & 1.24 (t, J = 7.14 Hz, 3H), 1.46-1.58 (m, 1H), 1.71-1.74
(brs, 1H), 1.78-1.94 (m, 2H), 1.95-2.06 (m, 1H), 2.01 (dd, J = 13.94, 4.75 Hz, 1H), 2.15 (dd,
J =13.94, 8.91 Hz, 1H), 2.32-2.41 (m, 1H), 2.54 (t, J = 7.83 Hz, 2H), 2.64 (d, J = 11.61 Hz,
1H), 2.84 (t, J = 7.83 Hz, 2H), 2.88 (dd, J = 11.70, 5.61 Hz, 1H), 3.08-3.17 (m, 1H),
3.61-3.67 (m, 2H), 3.63 (dd, J = 11.61, 1.83 Hz, 1H), 3.89-3.93 (m, 1H), 4.03 (d, J = 15.15
Hz, 1H), 4.06-4.16 (m, 2H), 4.79 (d, J = 15.15 Hz, 1H), 5.85 (s, 1H), 6.96-7.00 (m, 2H),
7.05 (s, 1H), 7.22-7.27 (m, 3H), 7.54-7.62 (m, 3H), 7.73-7.74 (m, 2H); 13C 5‘;6
NMR (75 MHz, CDCls) § 14.2, 23.5 26.9, 29.5, 32.6, 36.5, 37.2, 44.5, 46.4, meo ¢y’
49.7, 52.6, 54.9, 59.0, 60.6, 106.1, 124.7, 127.4, 127.8, 128.5, 129.2, 133.0, o
135.8,136.1, 138.6, 154.6, 172.4, 174.9; IR (thin film) 3450, 2931, 2856, 1732, 1674, 14486,
1854, 1336, 1261, 1163, 1097, 1034, 974, 912, 804, 735, 692, 580, 548 cm'%; LRMS (FAB,
M + H) 595; HRMS Calculated for C32HssN207S (FAB, M + H) 595.2477. Found
595.2475.

Ethyl
3-(4-[(3 R*5R*105%-2-Benzyl-1-oxo-7-(phenylsulfonyl)-3-[2-(tetrahydro-2 H-pyran-2-ylo
xy)ethyll-2,7-diazaspiro[4.5]dec-10-yll-2-furyl)propanoate (236). To a solution of
(8R*5R*105%-237 (11.45 g, 19.25 mmol) and DHP (1.78 g, 21.18 mmol) in CH2Clz (171
mL) was added CSA (241mg, 0.96 mmol) at rt. After stirring for 1.5 h at ambient
temperature, the reaction was quenched by addition of sat. NaHCOs (150 mL) aqueous
solution and extracted with CH2Clz. Combined organic layers were washed with brine,
dried over MgSO4, and concentrated in vacuo. The residue was purified by flash column
chromatography (silica gel, 5% to 80% EtOAc in mhexane) to afford 286 as a colorless
syrup (12.6 g, 96%): Br= 0.45 (silica gel, EtOAc/mrhexane, 1:1); 1H NMR (300 MHz,
CDCls) 8 1.25 (t, J = 7.14 Hz, 6/2H), 1.31-1.88 (m, 14/2H), 1.62-1.66 (m, 2/2H), 1.98-2.10
(m, 2/2H), 2.16 (dd, J = 13.46, 8.41 Hz, 2/2H), 2.36 (dd, J = 11.88, 3.63 Hz, 2/2H), 2.53 (t,
J =7.18 Hz, 4/2H), 2.56-2.65 (m, 4/2H), 2.76 (m, 2/2H), 2.82 (t, J = 7.18 Hz, 2/2H), 2.83 (t,
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J =7.18 Hz, 2/2H), 3.07-3.09 (mn, 2/2H), 3.24-3.48 (m, 4/2H), 3.57-3.66 (m, 6/2H), 3.88 (d,
J =12.08 Hz, 2/2H), 3.90-4.09 (m, 2/2H), 4.13 (q, J = 7.14 Hz, 4/2H), 4.41-4.47 (m, 2/2H),
4.66 (d, J = 15.17 Hz, 1/2H), 4.68 (d, J = 15.17 Hz, 1/2H), 5.90 (s, 1H), 7.01-7.50 (m, 2H),
7.10 (s, 1H), 7.20-7.27 (m, 3H), 7.52-7.60 (m, 3H), 7.89-7.92 (m, 2H); 13C NMR(75 MHz,
CDCls) § 14.2, 19.5, 19.5, 23.4, 25.3, 27.8, 30.6, 32.5, 34.1, 34.3, 36.5, 36.6,
40.5, 40.6, 44.3, 44.4, 45.6, 45.6, 49.6, 52.1, 52.2, 53.6, 60.5, 62.4, 62.4, 63.3, d');
63.8, 98.6, 99.1, 106.5, 106.5, 124.8, 127.2, 127.9, 127.9, 128.5, 128.4, 132.6, " e
136.6, 137.1, 187.1, 138.7, 154.4, 154.4, 172.8, 174.8, 174.9; IR (thin film)
2941, 2870, 1732, 1682, 1446, 1352, 1338, 1257, 1169, 1120, 1095, 1076, 1034, 974, 906,
870, 814, 735, 692, 582 cml; LRMS (FAB, M + H): 679; HRMS Calculated for
C37H47N20sS (FAB, M + H): 679.3053. Found 679.3074.

Optically pure (35,5510R)-236 was prepared as same as racemic 236. Ethyl
8-(4-[(85,5.5,10 R)-2-Benzyl-1-oxo-7-(phenylsulfonyl)-3-[2-(tetrahydro-2 Fpyran-2-yloxy)
ethyl]-2,7-diazaspiro[4.5]dec-10-yl]-2-furyl)propanoate [(355.5,10.8)-236]: [o]p20 +3.8° (¢
0.24, CHCls); Anal. Calculated for Cs2HssN207S. 1/2 H20, C: 65.09, H: 7.02, N: 4.34, O:
18.58, S: 4.97. Found C: 65.08, H: 6.93, N: 4.18.

Pure (3R*5R*10R*%-236 was prepared as same as (3B*,5R*10S5%-236. Ethyl
3-(4-[(3R* 5R*10RH-2-Benzyl- 1-oxo-7-(phenylsulfonyl)-3-[2-(tetrahydro-2 H-pyran-2-yl
oxy)ethyll-2,7-diazaspiro[4.5]dec-10-yl]-2-furyl)propanoate [(H-8B)-236]: Rr= 0.49 (silica
gel, EtOAc/mhexane, 1:1); TH NMR (300 MHz, CDCls) & 1.24 (t, J = 7.14 Hz, 6/2H),
1.40-2.19 (m, 48/2H), 2.30-2.41 (m, 2/2H), 2.51 (t, J = 8.22 Hz, 4/2H), 2.64 (d, J = 11.66
Hz, 2/2H), 2.82 (t, J = 8.22 Hz, 4/2H), 2.79-2.90 (m, 2/2H), 3.07-3.12 (m, 2/2H), 3.35-3.51
(m, 4/2H), 3.59-3.65 (m, 2/2H), 3.66-3.81 (m, 4/2H), 3.99-3.92 (m, 2/2H), 4.02 (d, J =
15.02 Hz, 1/2H), 4.04 (d, J = 15.02 Hz, 1/2H), 4.13 (¢, J = 7.14 Hg, 4/2H), "X
4.47-4.49 (m, 1/2H), 4.51-4.53 (m, 1/2H), 4.79 (4, J = 15.02 Hz, 1/2H), 5.82 (s, Oé
2/2H), 6.99-7.04 (m, 4/2H), 7.04(s, 1/2H), 7.05 (s, 1/2H), 7.22-7.26 (m, 6/2H), e
7.54-7.62 (m, 6/2H), 7.73-7.76 (m, 4/2H); 13C NMR (75 MHz, CDCls) & 14.2, 19.57, 19.58,
23.5, 25.4, 26.9, 29.79, 29.87, 30.58, 30.61, 32.6, 33.8, 33.9, 37.3, 44.4, 44.5, 46.4, 49.6,
52.6, 52.7, 54.9, 55.0, 60.5, 62.4, 62.5, 63.2, 63.7, 98.6, 99.2, 106.1, 124.8, 127.4, 127.5,
127.9, 128.0, 128.45, 128.47, 129.2, 132.9, 135.84, 135.87, 136.1, 138.5, 154.6, 172.3,
174.9, 174.9; IR (thin film) 2941, 2871 ,2854, 1732, 1682, 1446, 1373, 1354, 1338, 1261,
1171, 1122, 1097, 1074, 1034, 974, 904, 812, 735, 692, 582, 494 cm'l; LRMS (FAB, M +
H): 679; HRMS Calculated for Cs7H47N20sS (FAB, M + H): 679.3053. Found 679.3000;
Anal. Calculated for Cs2HssN207S. 1/2 H20, C: 65.09, H: 7.02, N: 4.34, O: 18.58, S: 4.97.
Found C: 65.08, H: 6.93, N: 4.13.



(3R*5R*10.5%-2-Benzyl-10-[5-(8-hydroxypropyl)-3-furyll-7-(phenylsulfonyl)-3-[2- (tet
rahydro-2 H-pyran-2-yloxy)ethyll-2,7-diazaspiro[4.5]decan-1-one (246). To a solution of
ethyl estef 236 (17.67 g, 26.03 mmol) in THF (350 mL) and MeOH (7.43 g, 0.23 mol) was
slowly added LiBH4 (1.25 g, 57.27 mmol) at 3 °C. After stirring for 1 h at 3 °C, the
reaction mixture was stirred for 18 h at rt. The mixture was quenched by addition of
water (100 mL) and concentrated in vacuo. The residue was dissolved in EtOAc (350
mL) and water (50 mL), and the mixture was acidified to pH 5 with 1 N HCl (60 mL).
The organic layer was separated, washed with sat. NaHCOs3 (100 mL) aqueous solution
and brine (100 mL), dried over MgSQs, and concentrated in vacuo. The residue was
purified by flash column chromatography (silica gel, 11% to 35% EtOAc in mhexane) to
afford alcohol 246 as a colorless foam (15.52 g, 94%): Rr = 0.21 (silica gel,
EtOAc/mhexane, 2:1); 1H NMR (300 MHz, CDCls) § 1.85-1.80 (m, 18/2H), 1.80-1.86 (m,
4/2H), 1.91-2.08 (m, 2/2H), 2.18 (dd, J = 13.48, 7.67 Hz, 2/2H), 2.37 (dd, J = 11.67, 3.85

Hz, 2/2H), 2.58-2.67 (m, 6/2H), 2.62 (t, J = 7.15 Hz, 4/2H), 2.72-2.91 (m, -
2/2H), 3.03-3.15 (m, 2/2H), 3.22-3.75 (m, 10/2H), 3.61 (t, J = 6.34 Hz, 4/2H), ot
3.88 (d, J = 12.15 Hz, 2/2H), 4.07 (Ad, J = 15.19, 3.99 Hz, 2/2H), 4.41-4.43 (m, "y

OTHP

1/2H), 4.46-4.48 (m, 1/2H), 4.66 (dd, J = 15.19, 2.50 Hz, 2/2H), 5.90 (s, 2/2H),
7.01-7.05 (m, 4/2H), 7.10 (s, 2/2H), 7.19-7.27 (m, 6/2H), 7.51-7.62 (m, 6/2H), 7.89-7.94 (m,
4/2H); 13C NMR (75 MHz, CDCls) & 19.58, 19.63, 24.4, 25.3, 27.9, 30.6, 30.9, 34.2, 34.4,
36.71, 36.78, 40.5, ,40.6, 44.4, 44.5, 45.66, 45.72, 52.2, 52.4, 53.6, 61.9, 62.6, 63.4, 63.9,
98.8, 99.3, 106.4, 124.8, 127.2, 127.9 (2C), 128.4, 128.9, 132.6, 136.6, 137.1, 138.4, 155.9,
174.0; IR (thin film) 3400, 2941, 2870, 1678, 1446, 1352, 1163, 1120, 1074, 1034, 972,
904, 814, 746, 692, 582 cm';, LRMS (FAB, M + H): 637; HRMS Calculated for
CssHasN207S- (FAB, M + H): 637.2947. Found 637.2963; Anal. Calculated for
CssH4aN207S. 1/2 H2O  C: 65.09, H: 7.02, N: 4.34, O: 18.58, S: 4.97. Found C: 65.01, H:
7.03, N: 4.35.

Optically pure (8558,10K)-246 was prepared as same as racemic 246.
(35,5.5,10R)-2-Benzyl-10-[5-(3-hydroxypropyl)-3-furyll-7-(phenylsulfonyl)-3-[2-(tetrahyd
ro-2 H-pyran-2-yloxy)ethyll-2,7-diazaspiro[4.5]decan-1-one  [(3555,10R)-246]: [o]p20
+3.1° (¢ 0.20, CHCl3).

(3R*5R*105%-10-[5-(3-Hydroxypropyl)-3-furyll-3-[2-(tetrahydro-2 H-pyran-2-yloxy)e
thyll-2,7-diazaspiro[4.5]decan-1-one (E-2) and
(3R*5R*105%-10-[5-(3-Hydroxypropyl)-3-furyl]l-7-(phenylsulfonyl)-3-[2-(tetrahydro-2 &
-pyran-2-yloxy)ethyll-2,7-diazaspiro[4.5]decan-1-one (247). To a solution of THF (50 mIL)
and lig. NH3 (250 mL) was slowly added Lithium thin plates (1.5 g, 0.22 mol) at =78 °C



in a stream of nitrogen. After mechanical stirring, the color of the mixture turned blue.
The solution of 246 (8.29 g, 13.02 mmol) in THF (150 mL) was added dropwise over 30
min to maintain a blue color persisted. After stirring for 30 min at —78 °C, the reaction
was quenched by addition of powdered NH4CI (16 g) at —78 °C. After the disappearance
of blue color of the mixture, NHs and solvent were removed and the residue was
extracted with EtOAc (500 mL). Combined organic layers were washed with 1 NNaOH
(50 mL, three times) aqueous solution, water (50 mL) and brine (50 mL), concentrated
In vacuo without drying to give the residue. A small amount of E-2 was separated by
preparative TLC. Er=0.07 (silica gel, MeOH); H NMR (300 MHz, CDCls) § 1.25-1.37 (m,
2/2H), 1.48-1.92 (m, 22/2H), 2.00-2.19 (m, 2/2H), 2.21-2.37 (m, 2/2H), 2.55 (dd, J = 12.78,
3.56 Hz, 2/2H), 2.58-2.75 (m, 8/2H), 2.78-2.96 (m, 2/2H), 3.11 (dd, J = 13.81, 3.31 Hz,
2/2H), 3.13-3.24 (m, 2/2H), 3.27-3.81 (m, 12/2H), 4.42-4.49 (m, 2/2H), 6.05 (s, 2/2H), 6.14
(brs, 1/2H), 6.19 (brs, 1/2H), 7.18(s, 2/2H); 12C NMR (75 MHz, CDCls) § 19.7, 20.3, 24.3,
24.4, 25.2, 25.3, 29.8, 30.3, 30.6, 30.8, 30.9, 36.9, 37.2, 40.6, 40.8, 42.10, 42.12, HO,:, 0
44.5, 44.7, 46.5, 50.7, 51.5, 56.3, 56.5, 61.2, 61.5, 62.6, 63.6, 65.6, 66.8, 99.2, «* 1 N:
100.1, 105.8126.3, 126.3, 137.5, 137.6, 156.0, 179.7, 179.8; IR (thin film) 3408, t
3300, 1678, 1439, 1122, 1074, 1032 cm'; LRMS (FAB, M + H): 407; HRMS Calculated
for Co2H3sN205 (FAB, M + H): 407.2546. Found 407.2592.

The residue was diluted with EtOAc (100 mL) and stirred with aq. NaHCOs (1.75 g,
20.9 mmol) in water (20 mL). To this mixture was added dropwise benzenesulfonyl
chloride (2.58 g, 14.61 mmol) at 0 °C. After vigorous stirring for 1 h at rt, the aqueous
layer was extracted with EtOAc. Combined organic layers were washed with sat,
NaHCOs aqﬁeous solution and brine, dried over MgSQOys, and concentrated in vacuo. The
residue was purified by flash column chromatography (silica gel, 16% to 65% EtOAc in
mrhexane) to afford alcohol 247 as a colorless amorphous solid (5.71 g, 80%): Rr=0.13
(silica gel, EtOAc); 'H NMR (300 MHz, CDCls) § 1.40-1.87 (m, 20/2H), 1.81-1.87 (m,
4/2H), 2.09-2.21 (m, 4/2H), 2.36-2.41 (m, 2/2H), 2.49-2.67 (m, 4/2H), 2.65 (t, J = 7.09 Hz,
4/2H), 2.94-3.09 (m, 2/2H), 3.31-3.86 (m, 16/2H), 4.44-4.46 (m, 1/2H), 4.49-4.51 (m, 1/2H),
6.01 (s, 1/2H), 6.18(s, 1/2H), 6.16 (brs, 1/2H), 6.18(brs, 1/2H), 7.15 (s, 2/2H), 7.50-7.60 (m,
6/2H), 7.87-7.92 (m, 2H); 13C NMR (75 MHz, CDCls) § 19.7, 20.3, 24.25, 24.29, 25.18,
25.23, 28.0, 30.3, 30.6, 30.7, 30.8, 36.8, 37.1, 40.4, 40.76, 40.8, 41.1, 45.0, 45.1, 45.48,
45.54, 49.8, 50.5, 52.5, 52.6, 61.3, 61.5, 62.6, 63.5, 65.4, 66.4, 99.2, 100.0,

106.0, 106.1, 124.75, 124.76, 127.8, 128.9, 128.9, 132.6, 136.9, 137.0, 137.9, %0
138.0, 156.0, 156.1, 176.4, 176.5; IR (thin film) 3415, 2941, 2871, 1691, 1446, ™ L%,

1336, 1163, 1122, 1074, 1032, 976, 906, 812, 773, 731, 692, 582 cm'!; LRMS oTHe
(FAB, M + H): 547; HRMS Calculated for C2sHssN207S (FAB, M + H): 547.2478. Found
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547.2440; Anal. Calculated for C2sH3sN207S. 1/2 H20, C: 60.52, H: 7.07, N: 5.04, O:
21.59, S: 5.77. Found C: 60.27, H: 7.17, N: 4.81.

Optically pure (355S510K)-247 was prepared as same as racemic 247.
(35,5.5,10.R)-10-[5-(3-Hydroxypropyl)-3-furyll-7-(phenylsulfonyl)-3-[2-(tetrahydro-2 H-py
ran-2-yloxy)ethyll-2,7-diazaspirol4.5]decan-1-one [(3.5,5.5,10R)-247]: [olp2° —8.5° (¢ 0.20,
CHCly).

tert-Butyl
(8R*5R*1059-10-(5-[3-[(tert-Butoxycarbonyl)oxylpropyll-3-furyl)-1-oxo-7-(phenylsulfo
nyl)-3-[2-(tetrahydro-2 H-pyran-2-yloxy)ethyll-2,7-diazaspiro[4.5]decane-2-carboxylate
(248) , and Bis

(3-[4-((3R*5 R*10.5%-2-(tert-Butoxycarbonyl)-1-oxo-7-(phenylsulfonyl)-3-[2-(tetrahydr
0-2 H-pyran-2-yloxy)ethyl]-2,7-diazaspiro[4.5]dec-10-y1)-2-furyllpropyl) Carbonate (249).
To a solution of amide 247 (7.3 g, 13.35 mmol), DMAP (163 mg, 1.34 mmol) and EtsN
(4.05 g, 40.06 mmol) in THF (146 mL) was added di-tert-butyldicarbonate (8.74 g, 40.06
mmol) at 0 °C. After stirring for 11 h at rt, the reaction mixture was concentrated in
vacuo and extracted with EtOAc. Combined organic layers were washed with 0.5 NV HC1
(100 mL, twice) aqueous solution, sat. NaHCOs aqueous solution and brine, dried over
MgSO4, and concentrated in vacuo. The residue was purified by flash column
chromatography (silica gel, 10% to 20% EtOAc in mhexane) to afford nomomer 248 (6.82
g, 68%) and dimeric carbonate 249 (2.66 g 30%). tert-Butyl
(8R*5R*10.5%-10-(5-[3-[(¢tert-Butoxycarbonyl)oxylpropyll-3-furyl)-1-oxo-7-(phenylsulfo
nyl)-3-[2-(tetrahydro-2 H-pyran-2-yloxy)ethyll-2, 7-diazaspiro[4.5]decane-2-carboxylate
(248): Rr= 0.64 (silica gel, EtOAc/mhexane, 1:1); tH NMR (300 MHz, CDCls) § 1.35-1.80
(m, 20/2H), 1.48 (s, 18/2H), 1.50 (s, 18/2H), 1.81-1.97 (m, 4/2H), 2.03-2.28 (m, 4/2H),
2.30-2.41 (m, 2/2H), 2.50-2.64 (m, 8/2H), 3.33-3.43 (m, 2/2H), 3.48-3.63 (m, == 4,
4/2H), 3.68-3.89 (m, 6/2H), 3.98 (d, J = 11.84 Hz, 2/2H), 4.05 (t, J = 6.47 Hz, LN Nf’
4/9H), 4.52-4.55 (m, 2/2H), 5.87 (s, 2/2H), 7.10 (s, 2/2H), 7.51-7.62 (m, 6/2H), (.
7.88-7.92 (m, 4/2H); 13C NMR (75 MHz, CDCls) § 19.6, 24.5, 25.4, 27.2, 27.8, 28.1, 29.7,
30.61, 30.64, 35.1, 35.3, 35.4, 35.5, 41.6, 41.7, 45.7, 46.6, 46.6, 52.25, 52.32, 52.7, 52.9,
62.4, 62.4, 63.8, 64.0, 66.0, 81.9, 82.7, 98.8, 99.0, 105.8, 124.3, 128.0, 129.0, 132.7, 136.9,
138.4, 149.9, 153.5, 155.7, 173.4, 173.4; IR (thin film) 2976, 2937, 2854, 1778, 1738, 1354,
1281, 1255, 1159, 1034, 744, 582 cm'}; LRMS (FAB, M + Na): 769; HRMS Calculated for
CssH54N2011S (FAB, M + Na): 769.3346. Found 769.3325; Anal. Caled for CssHs4N2011S
C: 61.11, H: 7.29, N: 3.75, O: 23.56, S: 4.29. Found C: 60.89, H: 7.35, N: 3.65.

Optically pure (8S5,55,10R)-248 was prepared as same as racemic 248. fert-Butyl



(35,55,10R)-10-(5-[3-[(tert-ButoxycarbonyDoxy] propyl]-8-furyl)-1-oxo-7-(phenylsulfonyl)
-3-[2-(tetrahydro-2 H-pyran-2-yloxy)ethyl]-2,7-diazaspiro[4.5]decane-2-carboxylate
[(8.5,55,10.R)-248]: [a]p20 -60.0° (¢ 0.36, CHCls).

Bis |

(3-[4-((8R*5R*105%-2-(tert-Butoxycarbonyl)-1-oxo-7-(phenylsulfonyl)-3-[2-(tetrahydr
0-2 H-pyran-2-yloxy)ethyll-2,7-diazaspiro[4.5]dec-10-y])-2-furyllpropyl) Carbonate (249):
Er=0.36 (silica gel, EtOAc/m-hexane, 1:1); 1TH NMR (300 MHz, CDCls) § 1.38-1.88 (m,
22H), 1.50(s, 18H), 1.89-1.99 (m, 4H), 2.08-2.26 (m, 4H), 2.31-2.36 (m, 2H), 2.47-2.56 (m,
6H), 2.60 (t, 4H), 3.34-3.84 (m, 12H), 8.98 (d, 2H), 4.14 (t, 4H), 4.53 (s, 2H), 5.86 (s, 2H),
7.11 (s, 2H), 7.52-7.63 (m, 6H), 7.83-7.89 (m, 4H); 13C NMR (75 MHz, CDCls) 5 19.4, 24.2,
25.2, 26.9, 27.6, 27.8, 30.40, 30.42, 34.9, 35.1, 35.2, 35.3, 41.3, 41.4, 45.5, 46.27, 46.28,
52.1, 52.2, 52.5, 52.7, 62.1, 62.2, 63.6, 63.8, 66.7, 82.4, 98.6, 98.8, 105.6,

124.1, 127.7, 128.8, 132.6, 136.6, 138.3, ,150.0, 155.3, 173.18, 173.23; IR %
(thin film) 2941, 2871, 1776, 1741, 1716, 1446, 1354, 1259, 1157, 1034,  |™"~C(
972, 906, 791, 733, 692, 582 cm'l; LRMS (FAB, M + Na): 1341; HRMS t 2
Calculated for Ce7HooN4OsSz (FAB, M + Na): 1341.5538. Found 1341.5538; Anal.
Calculated for Ce7HooNsO10S2 C: 60.98, H: 6.87, N: 4.25, O: 23.04, S: 4.86. Found C:
60.61, H: 6.96, N: 4.08.

Optically pure (38S5S510R)-249 was prepared as same as racemic 249,
Bis[3-[4-((35,55,10R)-2-(tert-Butoxycarbonyl)-1-oxo-7-(phenylsulfonyl)-3-[2-(tetrahydro
-2 H-pyran-2-yloxy)ethyll-2,7-diazaspiro[4.5]dec-10-yD)-2-furyllpropyll Carbonate
(35,5510 B)-249]: [0]p20 —43.9° (¢ 0.23, CHCls).

tert-Butyl

(3R*5R*105%-1-Hydroxy-10-[5-(3-hydroxypropyl)-3-furyl]-7-(phenylsulfonyl)-3-[2-(tet
rahydro-2 H-pyran-2-yloxy)ethyll-2,7-diazaspiro[4.5]decane-2-carboxylate (E-3) and
tert-Butyl
(8R*5R*10.5%-1-(Acetyloxy)-10-[5-[3-(acetyloxy)propyll-3-furyll-7-(phenylsulfonyl)-3-[
2-(tetrahydro-2 H-pyran-2-yloxy)ethyl]-2, 7-diazaspiro[4.5]decane-2-carboxylate (250). A
1.5 M solution of DIBAL-H in toluene (7.2 mL, 10.75 mmol) was added dropwise to a
solution of dimer 249 (2.58 g, 1.96 mmol) in toluene (26 mL) and CH2Clz (26 mL) at —78
°C. The mixture was warmed to 0 °C over 2 h and stirring was continued for 1 h at rt.
After the solution was cooled to —78 °C, 0.7 M Rochelle’s salt (5 mL) was added dropwise
and then the mixture was warmed to 0 °C over 1 h and stirred for 1 h at rt. After EtOAc
(100 mL) and 0.7 M Rochelle’s salt (40 mL) were added, separated organic layer was
washed with 0.7 M Rochelle’s salt (40 mL, three times) and brine (55 mL), dried over
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MgSO04 and concentrated in vacuo to give a residue (E-3).

A 1.5 M solution of DIBAL-H in toluene (26.4 mL, 39.6 mmol) was added dropwise to
a solution of carbamate 248 (6.72 g, 9.00 mmol) in toluene (67 mL) and CH2Clz (67 mL)
at —78 °C. The mixture was warmed to 0 °C over 2 h and stirring was continued for 1 h
at rt. After the solution was cooled to =78 °C, 0.7 M Rochelle’s salt (15 mL) was added
dropwise and then the mixture was warmed to 0 °C over 1 h and stirred for 1 h at rt.
After EtOAc (300 mL) and 0.7 M Rochelle’s salt (110 mL) were added, separated organic
layer was washed with 0.7 M Rochelle’s salt (110 mL, three times) and brine (165 ml),
dried over MgSO4 and concentrated in vacuo to give a residue (E-3).

Combined residue was dissolved in pyridine (15 mL) and acetic anhydride (15 mlL).
After the mixture was stirred for 12 h at rt, EtOAc (500 mL) and 1 N HCI (150 mlL,
three times) were added. Separated organic layer was washed with sat. NaHCOs (100
mL, three times) aqueous solution and brine (150 mL), dried over MgSOs4 and
concentrated in vacuo. The resulting residue was purified by flash column
chromatography (silica gel, 10% to 30% EtOAc in m-hexane) to afford acetate 250 as a
colorless syrup (7.57 g, 80.0% from carbamate 248 and 249). tertButyl
(3R*5R*105%-1-Hydroxy-10-[5-(8-hydroxypropyl)-3-furyll-7-(phenylsulfonyl)-3-[2-(tet
rahydro-2 H-pyran-2-yloxy)ethyll-2,7-diazaspiro[4.5]decane-2-carboxylate (E-3): Rr =
0.25 (silica gel, EtOAc/mhexane, 2:1); tH NMR (300 MHz, CDCls) § 1.40-2.15 (m, 78/6H),
2.29-2.66 (m, 30/6H), 1.48 (s, 54/6H), 2.57 (t, J = 7.43 Hz, 12/6H), 2.89 (brs, 6/6H),

8.10-3.16 (m, 5/6H), 3.15-3.62 (m, 20/6H), 3.60 (t, J = 6.29 Hz, 12/6H), e
8.77-4.00 (m, 23/6H), 4.52 (m, 1/6H), 4.64-4.65 (m, 5/6H), 4.74 (s, 1/6H), 4.91 msor~t ("
(s, 5/6H), 5.72 (s, 5/6H), 5.80 (s, 1/6H), 6.80 (s, 5/6H), 6.94 (s, 1/6H),

7.54-7.67 (m, 18/6H), 7.76-7.79 (m, 12/6H); 13C NMR (75 MHz, CDCls) § 19.4, 24.2, 25.5,
217.6, 28.4, 80.6, 30.7, 35.0, 35.2, 35.8, 36.1, 36.5, 42.6, 48.12 (2C), 54.7, 55.3, 61.9, 62.2,
65.1, 65.5, 80.9, 85.7, 85.8, 98.2, 98.4, 108.0, 125.3, 125.5, 127.7, 127.7, 129.1, 132.9,
135.6, 137.8, 154.9, 156.2; IR (thin film) 3450, 2941, 2871, 1684, 1387, 1354, 1336, 1167,
1034, 953, 744, 692, 579 cm'l; LRMS (FAB, M + Na): 671; HRMS Calculated for
CssHasN20sS (FAB, M + Na): 671.2978. Found 671.2990. tert-Butyl
(3R*5R*105%-1-(Acetyloxy)-10-[5-[3-(acetyloxy)propyl]-3-furyll- 7-(phenylsulfonyl)-3-[

2-(tetrahydro-2 H-pyran-2-yloxy)ethyll-2, 7-diazaspiro[4.5]decane-2-carboxylate (250): Rr
= 0.69 (silica gel, EtOAc/mhexane, 2:1); 1H NMR (300 MHz, CDCls) & 1.35-2.20 (m,
96/8H), 1.41 (s, 45/8H), 1.48 (s, 27/8H), 1.79(24/8H, s), 2.04(s, 24/8H),
2.20-2.95 (m, 24/8H), 2.54 (t, J = 7.22 Hz, 16/8H,), 3.05-4.10 (m, 72/8H), 4.04
(t, J = 6.50 Hz, 16/8H), 4.55 (brs, 1/8H), 4.66 (brs, 7/8H), 4.91 (s, 1/8H), 5.24

(s, 2/8H), 5.55 (s, 5/8H), 5.73-5.78 (m, 3/8H), 6.15 (s, 5/8H), 6.73 (s, 5/8H), 6.79 (s, 3/8H),

=
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7.52-7.69 (m, 24/8H), 7.76-7.81 (m, 16/8H); 13C NMR (75 MHz, CDCls) § 19.4, 19.5, 20.9,
24.2, 24.3, 25.5, 26.8, 26.9, 28.3, 28.4, 30.7, 30.7, 34.8, 36.8, 42.3, 49.1, 55.4, 56.2, 61.9,
62.1, 62.2, 63.5, 65.2, 65.6, 80.86, 80.95, 80.99, 84.8, 84.9, 98.4, 107.3, 124.6, 127.7, 127.7,
129.1, 129.2, 132.9, 133.0, 137.4, 137.9, 154.1, 154.66, 167.8, 171.0; IR (thin film): 2941,
2870, 1738, 1705, 1446, 1367, 1338, 1242, 1169, 1036, 957, 904, 742, 692, 579 cm'};
LRMS (FAB, M + Na) 755; HRMS Calculated for Ca7Hs2N201:S (FAB, M + Na): 755.3190.
Found 755.3204.

tert-Butyl
(2R*3aR*7a R*10bR%-9-[3-(Acetyloxy)propyll-2-[2-(tetrahydro-2 F-pyran-2-yloxy)ethy
1}-5-(phenylsulfonyl)-2,3,4,5,6,7,7a,10b-octahydro-1 H-furo[8’,2’:3,4] pyrrolol8’,2: 1,5l cyclo
pental1,2-clpyridine-1-carboxylate (251). To a solution of acetate 250 (7.47 g, 10.19
mmol) in CH2Clz (130 mL) was added p"TsOH monohydrate (1.94 g, 10.19 mmol) at rt.
After stirring for 1.2 h at rt, the reaction was quenched by addition of sat. NaHCOs (100
mL) aqueous solution and extracted with EtOAc. Combined organic layers were washed
with sat. NaHCOs (100 mL) aqueous solution and brine (100 mL), dried over MgSOsx,
and concentrated in vacuo. The residue was purified by flash column chromatography
(silica gel, 10% to 90% EtOAc in n-hexane) to afford 251 (2.96 g, 43%) and 252 (2.22 g,
37%) as a colorless syrup. tert-Butyl
(2R*3aR*7a R*10bR*-9-[3-(Acetyloxy)propyl]-2-[2-(tetrahydro-2 H-pyran-2-yloxy)ethy
1}'5'(phenylsulfonyl)'2,3,4,5,6,7,7&,10b-octahydro-1H’-furo[3’,2’i3,4]pyrrolo[3’,2’21,5]cyclo
penta[1,2-clpyridine-1-carboxylate (251): Rr= 0.70 (silica gel, EtOAc/mhexane, 2:1); 1H
NMR (300 MHz, CDCly) § 1.50-1.82 (m, 16/2H), 1.53(s, 18/2H), 1.90-2.12(m,
2/2H), 1.90-2.00 (m, 4/2H), 2.04 (s, 6/2H), 2.40-2.55 (brm, 2/2H), 2.61-2.68 C&
(m, 2/2H), 2.66 (t, J = 7.56 Hz, 4/2H), 2.95-3.25 (brm, 6/2H), 3.40-3.70 (brm, " "es
6/2H), 3.70-4.00 (m, 6/2H), 4.09 (t, J = 6.41 Hz, 4/2H), 4.50-4.58 (m, 2/2H),
4.69 (s, 1H), 5.78 (s, 2/2H), 7.50-7.63 (m, 6/2H), 7.77-7.80 (m, 4/2H); 13C NMR (75 MHz,
CDCls) § 19.5, 19.6, 20.9, 25.4, 25.5, 27.0, 27.9, 28.0, 28.4, 30.7, 35.0, 39.8, 41.6, 41.8,
42.2, 42.3, 50.6, 56.1, 56.3, 58.5, 62.2, 63.06, 63.12, 63.5, 65.1, 65.4, 79.77, 79.80, 98.7,
98.9, 102.7, 127.3, 128.7, 129.1, 132.7, 137.45, 137.47, 154.5, 155.6, 159.9, 171.0; IR
(thin film) 2941, 2871, 1738, ,1693, 1446, 1389, 1354, 1244, 1167, 1136, 1074, 1034, 982,
910, 739, 692, 582 cm'l; LRMS (FAB, M + Na): 695; HRMS Calculated for CssH4sN20oS
(FAB, M + Na): 695.2978. Found 695.3011; Anal. Calculated for CssHsN20eS C: 62.48,
H: 7.19, N: 4.16, O: 21.40, S: 4.77. Found C: 62.26, H: 7.34, N: 4.14.

Optically pure (8)-251 was prepared as same as racemic 251. fertButyl
(2.5,3a.5,7a.5,10b.9)-9-[3-(Acetyloxy) propyll-2-[2-(tetrahydro-2 H-pyran-2-yloxy)ethyl}-5-(



phenylsulfonyl)-2,3,4,5,6,7,7a,10b-octahydro-1 H-furo[3’,2":3,4lpyrrolo[3’,2":1,5]cyclopent
a[1,2-c]pyridine-1-carboxylate [(8)-251]: [a]p20 —34.3° (¢ 0.27, CHCls).

tert-Butyl
(2R*3aR*TaR*10bR»-9-[3-(Acetyloxy)propyll-2-(2-hydroxyethyl)-5-(phenylsulfonyl)-2
,3,4,5,6,7,7a,10b-octahydro-1H-furol3’,2"3,4]pyrrolo[8’,2’:1,5]cyclopentall,2-clpyridine-1
-carboxylate (252). To a solution of 251 (2.86 g, 4.25 mmol) in THF (100 mL) was added
and stirred 1 N HCI (100 mL) aqueous solution at rt. After stirring for 0.5 h at rt, the
reaction was quenched by addition of sat. NaHCOs (80 ml) aqueous solution and
concentrated in vacuo. The residue was dissolved in EtOAc (300 mL) and combined
extracts were washed with brine (100 mL), dried over MgS04 and concentrated in vacuo.
The residue was purified by flash column chromatography (silica gel, 10% to 90% EtOAc
in mhexane) to afford 252 as a colorless syrup (2.04 g, 82%): Rr= 0.29 (silica gel,
EtOAc/mhexane, 2:1); tH NMR (300 MHz, CDCls) § 1.45-1.60 (m, 2H), 1.55
(s, 9H), 1.74-1.85 (m, 1H), 1.85-2.06 (m, 2H), 1.89-1.98 (m, 2H), 2.04 (s, 3H), C&
2.18 (dd, J = 13.48, 9.00 Hz, 1H), 2.59 (t like, J = 6.52 Hz, 1H), 2.66 (t, J= " rytms
7.54 Hz, 2H), 3.05-3.14 (m, 2H), 38.18-3.24 (m, 1H), 3.59-3.65 (brm, 4H), >
4.03-4.17 (m, 1H), 4.09 (t, J = 6.40 Hz, 2H), 4.73 (s, 1H), 5.80 (s, 1H), °
7.51-7.65 (m, 3H), 7.76-7.79 (m, 2H); 13C NMR (75 MHz, CDCls) & 20.9,
25.4, 27.0, 28.3 (20), 39.9, 40.6, 42.3, 42.7, 50.4, 54.4, 59.0, 59.7, 63.3, 63.4,
80.6, 102.8, 127.2, 128.7, 129.2, 132.8, 137.3, 155.1, 155.9, 160.0, 171.0; IR (thin film)
3456, 2935, 2875, 1738, 1691, 1446, 1390, 1336, 1246, 1165, 1092, 1039, 978, 739, 692,
584 cm'l; LRMS (FAB, M + Na): 611; HRMS Calculated for Cs0HsoN20sS (FAB, M +
Na): 611.2473. Found 611.2393; Anal. Calculated for CsoH4N20sS C: 61.20, H: 6.85, N:
4.76, 0: 21.74, S: 5.45. Found C: 61.08, H: 7.11, N: 4.57.

Optically pure (9-252 was prepared as same as racemic 252. tert-Butyl
(2.5,3a.5,7a.5,10b.9)-9-[3-(Acetyloxy)propyll-2-(2-hydroxyethyl)-5-(phenylsulfonyl)-2,3,4,5
,6,7,7a,10b-octahydro-1 H-furo[3’,2’:3,4]pyrrolo[3’,2:1,5]cyclopenta[1,2-clpyridine-1-carb
oxylate [(8)-252]: [a]p20 —29.0° (¢ 0.36, CHCl).

tert-Butyl

(2R*3aR*7aR*10bR?-9- [3-(Acetyloxy)propyll-2-[2-(phenylseleno)ethyl]-5-(phenylsulf
onyl)-2,3,4,5,6,7,7a,10b-octahydro-1 H-furo[3’,2":3,4lpyrrolo[3’,2":1,5]cyclopentall,2-clpyr
idine-1-carboxylate (E-4) and tert-Butyl
(2R*,3aR*,7a R*,10bR*)-9-[3-(Acetyloxy)propyll-5-(phenylsulfonyl)-2-vinyl-2,3,4,5,6,7,7a
,10b-octahydro-1H-furo[3’,2":3,4]pyrrolo[8’,2’:1,5lcyclopentall,2-dpyridine-1-carboxylat
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e (253). To a solution of alcohol 252 (4.00 g, 6.79 mmol) and 2-nitrophenyl selenocyanate
(1.85 g, 8.15 mmol) in THF (70 mL) was added tri-n-butylphosphine (1.37 g, 8.15 mmol)
at 0 °C. After stirring for 16 h at rt, the reaction mixture was concentrated in vacuo and
extracted with EtOAc (200 mIL). Combined organic layers were washed with brine (50
mL), dried over MgSQs, and concentrated in vacuo. The residue was purified by flash
column chromatography (silica gel, 10% to 70% EtOAc in mhexane) to afford selenide
E-4 as a yellow syrup (5.44 g, 103%). A small amount of E-4 was separated by
preparative TLC. Br= 0.36 (silica gel, EtOAc/nhexane, 1:1); tH NMR (300 MHz, CDCls)
8 1.51-1.54 (m, 1H), 1.53(s, 9H), 1.90-2.00 (m, 5H), 2.05 (s, 3H), 2.14 (dd, J = 18.29, 8.32
Hz, 1H), 2.52 (brm, 1H), 2.64-2.69 (m, 1H), 2.66 (t, J = 7.35 Hz, 2H), 2.94 (brs, 2H), 3.16
(brs, 2H), 3.41 (brd, 1H), 3.90-3.98 (m, 1H), 4.09 (t, J = 6.41 Hz, 2H), 4.72 (s, 1H), 5.80 (s,
1H), 7.31 (brdt, J = 8.19, 1.14 Hz, 1H), 7.50-7.64 (m, 5H), 7.74-7.77 (m, 2H), 8.29 (dd, J =
8.24, 1.09 Hz, 1H); 13C NMR (75 MHz, CDCls) § 20.9, 22.5, 25.4, 27.0, 27.5,
28.4, 33.8, 40.2, 41.4, 42.5, 50.4, 58.0, 58.6, 63.5 (2C), 80.2, 102.7, 125.3, 'C@
126.4, 127.2, 128.9, 129.2 (20), 132.8, 133.6, 133.8, 137.3, 146.8, 154.6, t
155.2, 160.2, 171.0; IR (thin film) 2972, 2931, 2871, 1736, 1689, 1589, 1566, ”
1512, 1477, 1446, 1389, 1365, 1333, 1304, 1248, 1159, 1138, 1095, 1038, 1095, 1038, 978,
912, 852, 785, 731, 690, 646, 582, 484, 432, 417 cm'l; LRMS (FAB, M + Na): 774; HRMS
Calculated for CssH4sN3OsSSe (FAB, M + Na): 796.1786. Found 796.1782.

To a solution of selenide E-4 (5.4 g) in CH2Cl2 (100 mL) and 2.4 M KeHPO4 (5 mL, 11.9
mmol) aqueous solution was added 70% mCPBA (1.67g, 6.77 mmol) portionwise at 0 °C.
After stirring for 0.5 h at 0 °C, the reaction was quenched by addition of 1 N'NasS204 (5
mL) aqueous solution and extracted with EtOAc. Combined organic layers were washed
with sat. NaHCOs (20 mL, twice) aqueous solution and water (20 mL), and concentrated
in vacuo. The residue was purified by flash column chromatography (silica gel, 10% to
65% EtOAc in mhexane) to afford 253 as a yellow syrup (3.09 g, 80%): Br= 0.52 (silica
gel, EtOAc/n-hexane, 1:1); tH NMR (300 MHz, CDCls) § 1.40-1.70 (m, 1H), 1.53 (s, 9H),
1.85-2.15 (m, 3H), 1.90-2.00 (m, 2H), 2.05 (s, 3H), 2.60-2.69 (m, 1H), 2.67 (t, J = 7.41 Hz,
2H), 2.95-3.25 (brm, 3H), 3.35-3.65 (brm, 1H), 4.09 (t, J = 6.42 Hz, 2H), 4.39 (brs, 1H),
4.71 (d, J = 0.82 Hz, 1H), 5.07-5.18 (m, 2H), 5.79 (s, 1H), 5.77-5.88 (m, 1H),
7.50-7.60 (m, 3H), 7.73-7.80 (m, 2H); 13C NMR (75 MHz, CDCls)  20.9, C" >
25.5, 27.0, 27.9, 28.4, 39.8, 42.1, 42.2, 49.8, 59.2, 62.9, 63.5, 80.0, 102.8, %{@
114.0, 127.8, 128.5, 129.1, 132.7, 137.6, 139.2, 154.3, 155.4, 160.3, 171.0; AcO
IR (thin film) 2960, 2929, 2856, 1738, 1695, 1387, 1346, 1244, 1169, 1092, o

Phso{N FH

1038, 978, 741, 692, 582 cm'l; LRMS (FAB, M + K): 609; HRMS Calculated H%Nmoc
for C3oHssN207S (FAB, M + K): 609.2037. Found 609.2051.
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Optically pure (8)-253 was prepared as same as racemic 253. tertButyl
(25,3a.5,7a.5,10b.9)-9-[3-(Acetyloxy) propyll-5-(phenylsulfonyl)-2-vinyl-2,3,4,5,6,7,7a,10b-
octahydro-1H-furo[3’,2":3,4]pyrrolo[3’,2":1,5]lcyclopenta[1,2-dpyridine-1-carboxylate
[(9)-253]: [alp20 —43.7° (¢ 0.43, CHCls).

3'[(213",3aR”,7aR",10bR")'5'(Phenylsulfonyl)-2'viny1-2,3,4,5,6,7,7a,10b-octahydro-1[:[

-furo[8’,2":3,4]pyrrolo[8’,2:1,5lcyclopental1,2-dpyridin-9-yllpropyl Acetate (254) and
3-[(2R* 3a ¥, 7a B*,10b B*)-1-(5-Hexenoyl)-5-(phenylsulfonyl)-2-vinyl-2,3,4,5,6,7,7a, 10b-
octahydro-1H-furo[3’,2:3,4]pyrrolo[8’,2":1,5]cyclopental1,2-dpyridin-9-yllpropyl Acetate
(255). To a solution of 253 (2.90 g, 5.08 mmol) in CH2Clz (8 mL) was added TFA (8 mL) at
rt. After stirring for 0.5'h at rt, the mixture was concentrated in vacuo and extracted
with EtOAc (50 mL), Combined organic layers were washed with sat. NaHCOs (15 mL,
twice) aqueous solution and brine (15 mL), and concentrated in vacuo affording crude
254 as a reddish oil (2.70 g). A small amount of crude 254 was separated by preparative
TLC (silica gel, EtOAc/mhexane, 2:1).
3-[(2R*,3aR*, 7a R*,10b B*)-5-(Phenylsulfonyl)-2-vinyl-2,3,4,5,6,7, 7a, 10b-octahydro-1 F-f
uro[3’,2":3,4]pyrrolo[8’,2":1,5]cyclopental1,2-dpyridin-9-yllpropyl Acetate (254): = 0.15
(silica gel, EtOAc/mhexane, 2:1); TH NMR (300 MHz, CDCls) § 1.26-1.40 (m, - Ao
1H), 1.56-1.65 (m, 1H), 1.86-2.02 (m, 4H), 2.06 (s, 3H), 2.67 (t, J = 7.73 Hz, Q@
2H), 2.71 (s, 1H), 2.79-2.83 (m, 1H), 3.12-3.22 (m, 2H), 3.14 (d, J = 12.35 Hz, (
1H), 8.45 (d, J = 12.35 Hz, 1H), 3.50-3.58(m, 1H), 4.10 (t, J = 6.43 Hz, 2H),
4.30 (s, 1H), 5.05-5.19 (m, 2H), 5.78 (s, 1H), 5.80-5.90 (m, 1H), 7.48-7.59 (m,
8H), 7.75-7.78 (m, 2H); 13C NMR (75 MHz, CDCls) & 20.9, 25.4, 26.2, 27.0,
41.1,41.2, 47 .4, 49.5, 60.1, 61.2, 63.6, 64.6, 102.5, 115.6, 127.1, 129.0, 129.1, .
132.5, 138.1, 138.5, 155.2, 160.8, 171.1; IR (KBr) 3300, 3070, 2951, 2860, 1736, 1446,
1334, 1244, 1165, 1092, 1041, 970, 910, 733, 692, 588 cm'!; LRMS (FAB, M + H): 471;
HRMS Calculated for C2sH31N205S (FAB, M + H): 471.1954. Found 471.1967.

To a solution of 254 (1.76 g, 3.74 mmol), 5-hexenoic acid (470 mg, 4.11 mmol) and
1-hydroxybenzotriazole (HOBt) (286 mg, 1.87 mmol) in THF (9 ml) was added
WSC-+HCI (1.08 g, 5.61 mmol) at 0 °C for 1 h. After stirring for 3 h at rt, the reaction
was quenched by addition of water (10 ml) and extracted with EtOAc (50 mL).

Combined organic layers were washed with water (10 mL, twice) and concentrated in
vacuo. The residue was purified by flash column chromatography (silica gel, 10% to 80%
EtOAc in mhexane) to afford amide 255 as a reddish oil (1.76 g, 83% from 253).
8-[(2R*,3a R*,7Ta B*,10bR*)-1-(5-Hexenoyl)-5-(phenylsulfonyl)-2-vinyl-2,3,4,5,6,7,7 a,10b-
octahydro-1 4 furo[3’,2:3,4]pyrrolol[8’,2":1,5]cyclopental1,2-dpyridin-9-yllpropyl Acetate
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(256): Rr=0.56 (silica gel, EtOAc/mhexane, 2:1); 1H NMR (300 MHz, CDCls) § 1.35-1.65
(m, 5/56H), 1.7-2.35 (m, 47/5H), 2.04 (s, 6/5H), 2.06 (s, 9/5H), 2.45-2.81 (m, 21/5H),
2.84-2.93 (m, 21/5 H), 3.07-3.14 (m, 2/5H), 3.24-3.39 (m, 9/5H), 3.78 (brd, J = 12.76 Hz,
3/5H), 4.04-4.12 (m, 10/5H), 4.47-4.49 (m, 2/5H), 4.63-4.67 (m, 3/5H), 4.90-5.29 (m,
25/6H), 5.70-5.99 (m, 15/5H), 7.52-7.62 (m, 15/5H), 7.72-7.76 (m, 10/5H); 13C NMR (75
MHz, CDCls) & 20.8, 24.1, 25.3, 26.8, 26.9, 27.7, 29.2, 33.1, 33.3, 33.4, 33.9, 39.1, 40.4,
41.1, 42.3, 42.4, 42.6, 49.0, 50.8, 58.0, 58.9, 59.9, 60.0, 62.5, 63.1, 63.3, 63.5, 102.5, 103.2,
113.9, 114.8, 114.9, 115.0, 127.1, 127.2, 128.2, 129.1, 129.4, 132.7, 132.7, 137.5, 137.5,
138.3, 138.9, 139.7, 154.1, 155.3, 160.5, 160.7, 171.0, 171.0, 172.8; IR (KBr) 2927, 2854,
1736, 1649, 1446, 1410, 1342, 1242, 1157, 1092, 1038, 978, 910, O e
742, 692, 582 cm'l; LRMS (FAB, M + H): 567; HRMS C& 0
Calculated for CsiHssN2OeS (FAB, M + H): 567.2529. Found =) 25 = ¥ )
567.2602.

Optically pure (9-255 was prepared as same as racemic 255.
3-[(25,3a.5,7a.5,10b.9-1-(5-Hexenoyl)-5-(phenylsulfonyl)-2-vinyl-2,3,4,5,6,7,7a,10b-octah
ydro-1H-furo[3,2":8,4]pyrrolo[8’,2":1,5]cyclopentall,2-dpyridin-9-yllpropyl Acetate
[(9-255]: [odp20 —38.7° (¢ 0.46, CHCls).

3-[(6aR*,7aR*,11a R*,14b R*)-1-Oxo0-9-(phenylsulfonyl)-1,2,3,4,64,7,8,9,10,11,11a, 14b-
dodecahydrofuro[2”,3”:8’,4’lpyrido[3”,47:1’,5’lcyclopental1’,2:4, 5] pyrrolo[1,2-alazocin-13-
yllpropyl Acetate (268). A solution of 255 (200 mg, 0.35 mmol) in degassed (three
freeze-thaw cycles) CHzClz (350 mL) containing catalyst 213 (45.0 mg, 53.0 pmol) was
heated vunder reflux for 2 h. The reaction mixture was concentrated in vacuo and
purified by flash column chromatography (silica gel, 10% to 100% EtOAc in n-hexane) to
afford 263 as a colorless foam (147 mg, 86%): Er= 0.18 (silica gel, EtOAc/mhexane, 2:1);
'H NMR (300 MHz, CDCls) § 1.40-1.53 (m, 1H), 1.60-1.82 (m, 1H), 1.83-2.08 (m, 6H),
2.04 (s, 3 H), 2.17-2.39 (m, 2H), 2.36 (dd, J = 13.63, 4.19 Hz, 1H), 2.54-2.61 (m, 1H),
2.63-2.72 (m, 1H), 2.69 (t, J = 7.46 Hz, 2H), 2.95-3.04 (m, 1H), 3.01 (d, J = 12.59 Hz, 1H),
3.26-3.33 (m, 1H), 3.51 (d, J = 12.59 Hz, 1H), 4.07 (t, J = 6.43 Hz, 2H), 4.58 (brd, J = 9.36
Hz, 1H), 5.07(s, 1H), 5.46 (br dt, J = 11.95, 2.01 Hz, 1H), 5.76 (ddd, J = C%
11.95, 9.36, 1.99 Hz, 1H), 5.81 (s, 1H), 7.49-7.62 (m, 3H), 7.72-7.76 (m, 2H); \“Z
183C NMR (75 MHz, CDCls) & 20.9, 22.8, 25.4, 26.3, 26.9, 29.1, 32.6, 39.0, U
43.0, 43.1, 49.6, 56.8, 59.7, 63.0, 63.6, 102.7, 127.3 (2C), 129.1, 129.2, 132.7, 133.9, 137.5,
155.2, 160.5, 171.1, 173.3; IR (thin film) 2931, 2858, 1734, 1645, 1464, 1408, 1340, 1242,
1161, 1092, 1043, 982, 775, 742, 692, 580 cm'l; LRMS (FAB, M + H): 359; HRMS
Calculated for C290H35N206S (FAB, M + H): 539.2216. Found 539.2187; Anal. Calculated



for CaoH34N206S.H20, C: 62.57, H: 6.52, N: 5.03, O: 20.12, S: 5.76. Found C: 63.32, H:
6.43, N: 5.06.

Optically pure (9-263 was prepared as same as racemic 263.
3-[(6a.5,7a.5,11a.5,14b.9-1-0x0-9-(phenylsulfonyl)-1,2,3,4,6a,7,8,9,10,11,11a, 14b-dodecah
ydrofuro[2”,3”:3",4 ] pyrido[3”,4”:1’,5]cyclopental[1’,2":4,5]pyrrolol1,2- alazocin-13-yll prop
yl Acetate [(9)-263]: [aln20 —90.7° (¢ 0.46, CHCls). Optical purity of 263 was confirmed by
HPLC analysis using a chiral column. A racemic form of 263 was subjected to HPLC
analysis (column: Chiralpak AD column, 4.6 i. d. X 250 mm, Daicel Chemical Ind., Ltd.;
eluent mhexane/EtOH, 75:25; flow rate, 1.0 mL/min; temperature, 40 °C; detector, 254
nm) and peaks due to (9-(-)-and (B)-(+)-263 were detected at & 11.4 and 22.9 min.

(6aR*,7a B*,11a B*,14b R*)-13-(3-Hydroxypropyl)-9-(phenylsulfonyl)-3,4,6a,7,8,9,10,11,

11a,14b-decahydrofuro[2”,3”:8’,4'Ipyrido[3”,4”:1’,5lcyclopenta[1’,2:4,5] pyrrolo[1,2-alazo
cin-1(2H)-one (265). To a solution of ester 263 (294 mg, 0.59 mmol) in MeOH (10 mL)
was added 2 NVNaOH (4.0 mL, 8.00 mmol) aqueous solution at rt. After stirring for 1.0 h
at rt, the reaction mixture was concentrated in vacuo and extracted with EtOAc.
Combined organic layers were washed with brine, dried over MgSO4, and concentrated
in vacuo. The residue was purified by flash column chromatography (silica gel, 10% to
100% EtOAc in m-hexane) to afford alcohol 265 as a colorless solid (248 mg, 92%): Rr=
0.17 (silica gel, EtOAc); mp 200-203 °C dec.; 'H NMR (300 MHz, CDCls) § 1.41-1.58 (m,
1H), 1.70-1.77 (m, 2H), 1.77-1.93 (m, 2H), 1.98-2.08 (m, 4H), 2.13-2.38 (m,
3H), 2.49-2.71 (m, 2H), 2.71 (¢, J = 7.36 Hz, 2H), 2.94-3.14 (m, 1H), 3.04 @, ] _1 Y
= 12.57 Hz, 1H), 3.24-3.31 (m, 1H), 3.49 (d, J = 12.57 Hz, 1H), 3.68 (t, J = U
6.17 Hz, 2H), 4.58 (brd, J = 9.17 Hz, 1H), 5.05 (s, 1H), 5.47 (brdt, J = 12.09 \
Hz, 1H), 5.71-5.85 (m, 2H), 5.81 (s, 1H), 7.50-7.62 m, 3H), 7.73-7.76 (m, 2H); 13C NMR
(75 MHz, CDCls) § 22.8, 25.3, 26.3, 28.9, 31.0, 32.6, 39.1, 43.0, 43.1, 49.6, 56.8, 59.8, 62.1,
63.1, 102.5, 127.3, 127.4, 129.1, 129.2, 132.7, 133.8, 137.5, 155.1, 161.3, 173.4; IR (thin
film) 3400, 2941, 2873, 1628, 1464, 1446, 1415, 1340, 1159, 982, 910, 777, 735, 692, 580
cm; LRMS (FAB, M + H): 497; HRMS Calculated for CarHssN20sS (FAB, M + H):
497.2110. Found 497.2101; Anal. Calculated for C27H32N205S 1/4 H20, C: 64.71, H: 6.54,
N: 5.59, 02 16.76, S: 6.40. Found C: 64.75, H: 6.56, N 5.55.

Optically pure (9-266 was prepared as same as racemic 265.
(6a.5,7a.5,11a.5,14b9)-13-(3-Hydroxypropyl)-9-(phenylsulfonyl)-3,4,6a,7,8,9,10,11,11a,14
b-decahydrofuro[2”,3”:3",4Ipyrido[3”,4”:1’,5']cyclopental1’,2:4,5] pyrrolo[1,2- alazocin-1(2
H)-one [(8)-265]: mp 177.5:178.5 °C (EtOAc/diisopropyl ether); [odp20 —104.3° (¢ 0.56,
CHCls). Optical purity of 265 was confirmed by HPLC analysis using a chiral column. A
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racemic form of 265 was subjected to HPLC analysis (column: Chiralpak AD column, 4.6
1. d. X 250 mm, Daicel Chemical Ind., Ltd.; eluent n-hexane/EtOH, 75:25; flow rate, 1.0
mL/min; temperature, 40 °C; detector, 254 nm) and peaks due to (9-(-)-and (B-(+)-265
were detected at ¢r 8.8 and 20.7 min.

8-[(6aR*,TaR*,11a R*,14b R*)-1-Oxo-9-(phenylsulfonyl)-1,2,3,4,6a,7,8,9,10,11,11a,14b-
dodecahydrofuro[2”,3”:8",4’]pyrido[3”,47:1’,5"|cyclopental1’,2:4,5]pyrrolol1,2- gl azocin-13-
yllpropanal (266). To a solution of alcohol 265 (898 mg, 1.81 mmol) in CH2Clz (70 ml)
was added Dess-Martin periodinane (805 mg, 1.90 mmol) at 3 °C. After stirring for 1.5 h
at 3 °C, the reaction was quenched by addition of 1 N Na2S203 (4 mL) aqueous solution
and extracted with CH2Cle. Combined organic layers were washed with brine, dried
over MgS04, and concentrated in vacuo. The residue was purified by flash column
chromatography (silica gel, 28% to 100% EtOAc in n-hexane) to afford aldehyde 266 as a
colorless solid (718 mg, 80%): Rr= 0.37 (silica gel, EtOAc); mp 197.5-198.5 °C (EtOAc/n
pentane); 'H NMR (300 MHz, CDCls) § 1.39-1.53 (m, 1H), 1.69-1.78 (m, 1H), 1.97-2.09
(m, 4H), 2.22-2.29 (brm, 1H), 2.29-2.39 (m, 1H), 2.31 (dd, J = 12.95, 7.59 Hz, 1H),
2.54-2.59 (m, 1H), 2.61-2.69 (m, 1H), 2.80 (dt, J = 7.03, 0.96 Hz, 2H), 2.93-3.03 (m, 1H),

2.95 (t, J = 7.03 Hz, 2H), 2.97 (d, J = 12.57 Hz, 1H), 3.12-3.33 (m, 1H), 3.52

(d, J = 12.57 Hz, 1H), 4.57 (brd, J = 9.44 Hz, 1H), 5.07 (s, 1H), 5.46 (brdt, J smsor" 2
poNagP

=12.05, 2.21, 2.21 Hz, 1H), 5.76 (ddd, J = 12.05, 9.32, 2.23 Hz, 1H), 5.82 (s, \

1H), 7.49-7.62 (m, 3H), 7.72-7.76 (m, 2H), 9.79 (d, J = 0.96 Hz, 1H); 13C NMR (75 MHz,
CDCls) & 21.6, 22.8, 26.3, 29.0, 32.5, 39.0, 41.8, 43.0, 43.1, 49.6, 56.8, 59.7, 63.0, 103.2,
127.3, 127.4, 129.1, 129.3, 132.7, 133.8, 137.5, 155.5, 159.3, 173.4, 201.0; IR (thin film)
3012, 2941, 2860, 1722, 1637, 1464, 1412, 1340, 1161, 1092, 982, 910, 777, 737, 692, 580
cml; LRMS (FAB, M + H): 495; HRMS Calculated for CerHsiN20sS (FAB, M + H):
495.1954. Found 495.1954; Anal Calculated for C27H30N205S. Hz20, C: 63.26, H: 6.29, N:
5.46, O: 18.73, S: 6.26. Found C: 63.67, H: 5.97, N: 5.09.

Optically pure (9-266 was prepared as same as racemic 266.
3-[(6a.5,7a.5,11a.5,14b.9-1-0x0-9-(phenylsulfonyl)-1,2,3,4,6a,7,8,9,10,11,11a, 14b-dodecah
ydrofuro[2”,3”:3’,4’lpyrido[3”,4”:1’,5'lcyclopental1’,2":4,5] pyrrolo[1,2-alazocin-13-yllprop
anal [(9-266]: [a]p20 -193.4° (¢ 0.58, CHCls).

(6aR*, 7aR*,11aR*,14bR*)-13-(3-Butenyl)-9-(phenylsulfonyl)-3,4,6a,7,8,9,10,11,11a,
. 14b-decahydrofuro[2”,3”:3",4"|pyrido[3”,4”:1’,5"lcyclopental1’,2":4,5] pyrrolo[1,2- slazocin-
1(2H)-one (267). A 0.5 M solution of potassium bis(trimethylsilyl)amide (7.2 mL, 3.61

mmol) in toluene was added dropwise to a solution of methyltriphenylphosphonium
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bromide (992 mg, 2.78 mmol) in toluene (20 mL) at 0 °C, and the mixture was stirred at
the same temperature for 0.5 h to give a solution of the Wittig reagent. The solution of
Wittig reagent (12 mL) was added dropwise to a solution of aldehyde 266 (687 mg, 1.39
mmol) in THF (20 mL) at 0 °C for 2 h. After stirring for 1.5 h at rt, the reaction was
quenched by addition of sat. NH4Cl aqueous solution and concentrated in vacuo. The
residue was dissolved in EtOAc (50 mL), and the solution was washed with water (20
mL), dried over MgSO0s4, and concentrated in vacuo. The residue was purified by flash
column chromatography (silica gel, 10% to 90% EtOAc in mhexane) to afford 267 as a
colorless solid (492 mg, 72%): Rr = 0.45 (silica gel, EtOAc); mp 172-175 °C dec.
(EtOAc/mrhexane); TH NMR (300 MHz, CDCls) 8 1.42-1.54 (m, 1H), 1.68-1.79 (m, 1H),
1.95-2.08 (m, 4H), 2.23-2.41 (m, 5H), 2.54-2.78 (m, 4H), 2.92-3.01 (m, 1H), 2.96 (d, J =

12.57 Hz, 1H), 3.27-3.34 (m, 1H), 3.54 (d, J = 12.57 Hz, 1H), 4.57 (brd, J = e
9.37 Hz, 1H), 4.95-5.10 (m, 2H), 5.09 (s, 1H), 5.45 (ddd, J = 12.05, 2.05, *o7 {4~
2.05 Hz, 1H), 5.73-5.83 (m, 2H), 5.80 (s, 1H), 7.49-7.59 (m, 3H), 7.72-7.53 \

(m, 2H); 13C NMR (75 MHz, CDCls) & 22.7, 26.3, 28.3, 29.1, 31.8, 32.5, 38.9, 43.0, 43.1,
49.6, 56.6, 59.6, 62.9, 102.3, 115.1, 127.2, 127.3, 129.1, 129.1, 132.7, 133.8, 137.4, 137 .4,
154.9, 161.2, 173.2; IR (thin film) 3070, 3010, 2939, 2873, 2858, 1641, 1462,

1408, 1342, 1159, 1092, 982, 910, 775, 735, 690, 579 cm'l; LRMS (FAB, M + ms,;
H) 493; HRMS Calculated for C2sHasN204S (FAB, M + H): 493.2161. Found <-4
493.2140; Anal. Calculated for C2sH32N204S C: 68.27, H: 6.55, N: 5.69, O:
12.99, S: 6.51. Found C: 68.39, H: 6.63, N: 5.63.

Optically pure (5-267 was prepared as same as racemic 267.
(6a.5,7a.5,11a.5,14b.S)-13-(3-Butenyl)-9-(phenylsulfonyl)-3,4,6a,7,8,9,10,11,11a,14b-deca
hydrofuro[2”,3”:8’,4Ipyrido[3”,4”:1’,5]cyclopental1’,2":4,5]pyrrolo[1,2- alazocin-1(2 A)-one
[(9-267]: mp 214.0-215.0 °C (EtOH); [a]p20 —93.1° (¢ 0.66, CHCls). Optical purity of 267
was confirmed by HPLC analysis using a chiral column. A racemic form of
267 was subjected to HPLC analysis (column: Chiralpak AD column, 4.6 i.
d. X 250 mm, Daicel Chemical Ind., Ltd.; eluent mhexane/EtOH, 75:25;
flow rate, 1.0 mL/min; temperature, 40 °C; detector, 254 nm) and peaks
due to (9-(-)-and (&)-(+)-267 were detected at & 7.8 and
175 min. Crystal data: CesH22N204S, FW=492.63,
orthorhombic system, a = 10.780 (2) A, b=12.270 (2) A, ¢
= 18.705 (4) A, V = 2474.2 (7) A3, space group P212:12:
#19), Z value = 4, Deale = 1.322 glem3, Fooo = 1048.00,
1w (MoKo) 1.69 cm'l, Lattice constants and intensity data

0.71069 A) radiation on

were measured using graphite monochromated MoKao (A
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graphite monochromated diffractometer. Of the 14949 reflections which were collected,
3399 were unique (Rinx = 0.087). These were made on a Rigaku/MSC Mercury
diffractometer. The structure was solved by direct methods using SIR92 and refined to a
final R value of 0.062 and Rw = 0.082.

(6aR*,7aR*,11a R*,14b B*)-13-(3-Butenyl)-3,4,6a,7,8,9,10,11,11a,14b-decahydrofuro[2”,3
”:3’,4Ipyrido[3”,4”:1’,5lcyclopental[1’,2":4, 5]pyrrolol1,2-alazocin-1(2H)-one  (269) and
(6aR*,7aR*,11aR*,14b R*)-13-(3-Butenyl)-9-(5-hexenoyl)-3,4,64,7,8,9,10,11,11a,14b-deca
hydrofuro[2”,37:8',4’lpyrido[3”,47:1’,5'lcyclopental[1’,2’:4,5]pyrrolo[1,2-al azocin-1(2 H)-one
(270). A 0.39 M solution of sodium naphthalenide in DME was prepared by stirring a
mixture of sodium metal (409 mg, 17.79 mmol) and naphthalene (2.28g, 17.79 mmol) in
dry DME (40 mL) at rt for 4 h. The solution maintained a deep blue color. This
naphthalenide solution (0.9 mL) was added dropwise to a solution of 267 (57 mg, 0.116
mmol) in DME (8 mL) at —78 °C until a blue color persisted for 30 min. The reaction was
quenched by addition of sat. NH4Cl (2 mL) aqueous solution and the mixture was
concentrated in vacuo. The residue was dissolved in 1 N HCI (20 mL) aqueous solution
and the solution was washed with EtOAc (5 mL, twice) repeatedly. The aqueous layer
was basified to pH 8 with 2 N NaOH (20 mlL) aqueous solution and extracted with
EtOAc (30 mL, twice). Combined organic layers were washed with 1 N NaOH (10 mL)
aqueous solution and brine (20 mL), concentrated in vacuo to afford crude amine 269
(36 mg, 88%).
(6aR*,7TaR*,11aR*14bR*)-13-(3-Butenyl)-3,4,6a,7,8,9,10,11,11a,14b-decahydrofuro[2”,3
”i3’,4’]pyrido[3”,4”21’,5’]cyclopenta[1’,2’:4,5]pyrrolo[1,2-a]azocin-1(2H)-one (269): Rr =
0.06 (silica gel, EtOAc); *H NMR (300 MHz, CDCls) § 1.16-1.28 (m, 1H), 1.64-1.76 (m,
1H), 1.78 (dd, J= 13.85, 2.11 Hz, 1H), 1.94-2.21 (m, 4H), 2.26-2.47 (m, 5H), 2.53-2.73 (m,
6H), 2.86-2.95 (m, 1H), 3.25 (d, J = 13.60 Hz, 1H), 4.50-4.54 (m, 1H), Q%
4.95-5.08 (m, 2H), 5.20 (s, 1H), 5.40 (dt, J = 12.09, 2.21, 2.17 Hz, 1H), »~C{%,
5.58-5.69 (m, 1H), 5.77-5.91 (m, 1H), 5.83 (s, 1H); 13C NMR (75 MHz, CDCls) U

5 22.9, 26.1, 28.3, 29.6, 31.9, 32.6, 32.7, 38.8, 43.6, 44.4, 52.8, 54.9, 59.7, 62.5, 102.5,
115.0, 126.2, 131.4, 134.4, 137.6, 155.1, 160.4, 173.4; IR (thin film) 3450, 3350, 2933,
2858, 1639, 1464, 1415, 1188, 1159, 916, 798, 729 cm'1; LRMS (FAB, M + H): 353; HRMS
Calculated for C22Hz2oN20s (FAB, M + H): 353.2229. Found 353.2225.

Optically pure (5-269 was vprepared as same as racemic 269.
(6a.5,7a5,11a.514b.5)-13-(3-Butenyl)-3,4,6a,7,8,9,10,11,11a,14b-decahydrofuro[2”,3":3’,4’
Ipyrido[3”,47:1°,5’lcyclopental1’,2":4,5] pyrrolo[1,2-alazocin-1(2 A)-one  [(9)-269]: [o]p20
-162.8° (¢ 0.43, CHCls). To a solution of 5-hexenoic acid (12 mg, 0.143 mmol), HOBt
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(7.2 mg, 46.8 umol) and amine 269 (33 mg, 93.6 umol) in THF (1.5 mL) was added
WSC+HC1 (27 mg, 0.14 mmol) at 3 °C for 0.5 h. After stirring for 2.5 h at rt, the reaction
was quenched by addition of water (3 mL) and extracted with EtOAc. Combined organic
layers were dried over MgSO4 and concentrated in vacuo. The residue was purified by
flash column chromatography (silica gel, EtOAc) to afford amide 270 as a colorless oil
(37 mg, 88%).
(6aR*,7aR* 11aR*,14b B*)-13-(3-Butenyl)-9-(5-hexenoyl)-3,4,6a,7,8,9,10,11,11a,14b-deca
hydrofuro[2”,3”:8’,4’]pyrido[3”,4”:1’,5’]cyclopenta[1’,2":4,5]pyrrolo[1,2- alazocin-1(2 H)-one
(270): Rr = 0.36 (silica gel, EtOAc); *H NMR (300 MHz,

CDCls) § 1.60-1.90 (m, 25/5H), 1.94-2.45 (m, 60/5H), 2.59-2.75 i Q&
(m, 20/5H), 8.19-3.55 (m, 10/5H), 3.86 (d, J = 13.77 Hz, 3/5H), B U
3.46 (d, J = 13.61 Hz, 2/5H), 3.68 (d, J = 13.61 Hz, 2/5H), 4.17

(d, J = 18.77 Hz, 3/5H), 4.58-4.66 (m, 5/5H), 4.90-5.09 (m, 25/5H), 5.46-5.53 (m, 5/5H),
5.70-5.91 (m, 20/5H); 13C NMR (75 MHz, CDCls) § 22.9, 23.1, 23.9, 24.1, 26.5, 26.7, 26.9,
27.3, 28.4, 31.9, 32.5, 32.6, 32.7, 32.9, 33.3, 33.4, 39.8, 40.1, 40.6, 41.1, 43.1, 43.5, 43.9,
48.0, 57.4, 57.6, 59.7, 63.6, 63.6, 102.4, 102.5, 115.1, 115.1, 127.5, 127.9, 128.0, 128.6,
133.4, 134.3, 137.5, 137.5, 138.1, 138.2, 154.6, 155.3, 161.8, 161.9, 172.1, 172.8, 173.3,
173.6,; IR (thin film) 2929, 2858, 1641, 1460, 1417, 1271, 1194, 1157, 993, 912 cm'L;
LRMS (FAB, M + H): 449; HRMS Calculated for C2sH37N203 (FAB, M + H): 449.2804.
Found 449.2812.

Optically pure (9-270 was prepared as same as racemic 270.
(6a.5,7a.5,11a.5,14b.9-13-(3-Butenyl)-9-(5-hexenoyl)-3,4,6a,7,8,9,10,11,11a, 14b-decahydr
ofuro[2”,3”:3’,4'lpyrido[3”,4”:1’,5lcyclopentall’,2:4, 5lpyrrolol1,2-alazocin-1(2 A)-one
[(9-270]: [a]p20 ~78.8° (¢ 0.46, CHCls).

20,29-Dioxonakadomarin A (271). A solution of 270 (192 mg, 0.43 mmol) in degassed
(three freeze-thaw cycles) CH2Clz (700 mL) containing catalyst 214 (52.8 mg, 64.2 pmol)
was heated under reflux for 24 h. The mixture was cooled to rt and concentrated in
vacuo. The residue was purified by flash column chromatography (silica gel, EtOAc) to
give (24 B)-271 (78.4 mg, 44%) and (242)-271 (43.1 mg, 24%) as a colorless solid. The
structure of (24 5)-271 was established by nOe study (see Supporting Information).

Less Polar (24)-271: Rr = 0.26 (silica gel, EtOAc); 1H NMR (300 MHz, CDCls) &
1.35-1.57 (m, 2H), 1.61-2.11 (m, 9H), 2.15-1.99 (m, 4H) 2.32-2.49 (m, 1H),
2.54-2.74 (m, 3H), 2.83-3.93 (m, 1H), 2.86 (d, J = 13.71 Hz, 1H), 3.04 (brs,
1H), 3.20-3.29 (m, 1H), 3.30-3.39 (m, 1H), 4.43-4.50 (m, 1H), 4.60 (d, J =
13.71 Hz, 1H), 4.99 (s, 1H), 5.16-5.30 (m, 2H), 5.48-5.64 (m, 2H), 5.81 (s, 1
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H); 1H NMR (300 MHz, MeOH-ds) & 1.41-1.54 (d, 2 H), 1.59-1.86 (m, 4 H), 1.64 (dd, J =
12.95, 11.51 Hz, 1H), 1.90-2.19 (m, 6H), 2.20-2.40 (m, 2H), 2.33 (dd, J = 12.95, 5.53 Hz,
1H), 2.47-2.60 (m, 1H), 2.62-2.80 (m, 3H), 8.01 (d, J = 13.67 Hz, 1H), 3.12 (s, 1H),
3.26-3.43 (m, 2H), 4.44 (d, J = 18.67 Hz, 1H), 4.55 (m, 1H), 5.12 (s, 1H), 5.11-5.20 (m, 1H),
5.23-5.37 (m, 1H), 5.58 (ddd, J = 11.96, 11.14, 8.29 Hz, 1H), 5.69 (ddd, J = 11.96, 4.02,
1.19 Hz, 1H), 5.96 (s, 1H); t1H NMR (300 MHz, C¢D¢) § 1.05-1.25 (m, 1H), 1.33 (dd, J =
13.53, 11.23 Hz, 1H), 1.51-1.80 (m, 8H), 1.84-1.97 (m, 1H), 2.08-2.15 (m, 1H), 2.22-2.54
(m, 6H), 2.48 (d, J = 13.61 Hz, 1H), 2.58-2.79 (m, 3H), 2.69 (brs, 1H), 3.00-3.10 (m, 1H),
4.03-4.08 (m, 1H), 4.82 (d, J = 13.61 Hz, 1H), 5.20-5.32 (m, 4H), 5.53 (s, 1H), 5.63 (s, 1H,
furan H-3); 13C NMR (75 MHz, CDCls) § 21.1, 21.8, 22.7, 23.7, 28.3, 29.5, 31.1, 31.1, 32.4,
39.6, 40.4, 43.3, 44.8, 58.2, 58.7, 65.8, 102.6, 125.8, 129.0, 130.3, 131.1, 131.5, 157.2,
160.7, 172.1, 172.5; 13C NMR (75 MHz, MeOH-dy) § 22.2, 22.2, 23.4, 24.5, 29.1, 30.4, 32.0,
32.3, 33.1, 40.6, 42.0, 44.0, 46.1, 59.6, 60.4, 67.3, 104.3, 126.3, 131.5, 131.8, 132.2, 132.4,
157.5, 162.0, 174.7, 175.0; IR (thin film) 3014, 2939, 2877, 1639, 1456, 1429, 1350, 1265,
1159, 1074, 1001, 968, 910, 845, 787, 727 cm'; LRMS (FAB, M + H): 420; HRMS
Calculated for C26H3sN20s (FAB, M + H): 421.2491. Found 420.2471.

Optically pure (9)-(24E)-271 was prepared as same as racemic (24F)-271.
(9)-(-)-24£20,29-Dioxonakadomarin A [(S-(245)-271]: [olp20 -56.8° (¢ 0.62, CHCls).
Optical purity of 271 was confirmed by HPLC analysis using a chiral column. A racemic
form of 271 was subjected to HPLC analysis (column: Chiralpak AD column, 4.6 i. d. X
250 mm, Daicel Chemical Ind., Ltd.; eluent mhexane/EtOH, 75:25; flow rate, 1.0
mL/min; temperature, 40 °C; detector, 206 nm) and peaks due to (§-()-and (B)-(+)-271
were detectéd at fr 6.7 and 7.2 min.

More Polar (242)-271: Er= 0.14 (silica gel, EtOAc); mp 161-162 °C dec.; 'H NMR (300
MHz, CDCls) § 1.41-1.93 (m, 9H), 2.00-2.45 (m, 8H), 2.58-2.68 (m, 2H), 2.88 (d, J = 13.71
Hz, 1H), 2.86-2.95 (m, 1H), 3.05 (brs, 1H), 3.15-3.25 (m, 1H), 3.29-3.35 (m, 1H),
4.42-4.49 (m, 1H), 4.52 (d, J = 18.71 Hz, 1H), 5.01 (s, 1H), 5.21-5.32 (m, 2H), 5.54 (dd, J =
11.84, 8.03 Hz, 1H), 5.63 (dd, J = 11.84, 3.98 Hz, 1H), 5.73 (s, 1H); :H NMR (300 MHz,
MeOH-dy) 8 1.38-1.92 (m, 8H), 1.95-2.25 (m, 5H), 2.26-2.45 (m, 3H), 2.48-2.63 (m, 2H),
2.70-2.80 (m, 2H), 8.03 (d, J = 13.71 Hz ,1H), 3.13 (brs, 1H), 3.21-3.31 (m, =

H

1H), 3.37-3.43 (m, 1H), 4.47 (d, J = 13.71 Hz, 1H), 4.51-4.57 (m, 1H), 4.95 (s, \{J \\
1H), 5.26-5.35 (m, 2H), 5.59 (ddd, J = 11.84, 8.10, 8.10 Hz, 1H), 5.73 (ddd, J U

= 11.84, 4.33, 1.22 Hz, 1H), 5.87 (s, 1H); 1H NMR (300 MHz, CsD¢) § 1.12-1.28 (m,1H),
1.33-1.62 (m, 6H), 1.64-1.96 (m, 6H), 2.07-2.34 (m, 4H), 2.38-2.50 (m, 1H), 2.49 (d, J =
13.58 Hz, 1H), 2.56-2.77 (m, 1H), 2.67 (brs, 1H), 2.78-2.82 (m, 2H), 2.95-3.06 (m, 1H),

4.02-4.08 (m, 1H), 4.85 (d, J = 13.58 Hz, 1H), 5.19-5.35 (m, 4H), 5.61 (s, 1H), 5.65 (s, 1H);
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13C NMR (75 MHz, CDCls) § 22.5, 22.6, 23.9, 24.00, 25.6, 27.4, 28.3, 29.9, 32.6, 39.9, 40.9,
44.3, 44.8, 57.3, 58.5, 65.8, 103.4, 126.3, 129.3, 129.5, 130.9, 131.5, 156.7, 160.8, 172.2,
173.3; 183C NMR (75 MHz, MeOH-d1) & 22.9, 23.4, 24.6, 25.2, 26.5, 28.4, 29.1, 30.9, 33.2,
40.9, 42.5, 44.9, 45.9, 58.6, 60.3, 67.2, 105.0, 126.7, 130.6, 131.8, 132.3 (2C), 157.1, 162.1,
174.8, 175.7; 13C NMR (75 MHz, CeDe) § 21.1, 21.8, 22.7, 24.0, 28.6, 29.8, 31.3, 31.8, 32.6,
39.5, 39.8, 43.4, 44.9, 58.2, 58.4, 66.0, 102.7, 125.8, 128.9, 130.4, 131.2, 131.90, 158.3,
160.6, 171.0, 171.8; IR (thin film) 30083, 2920, 2860, 1730, 1556, 1456, 1419, 1350, 1267,
1211, 1159, 1068, 1028, 953, 910, 849, 787, 725 cm';; LRMS (FAB, M + H): 420; HRMS
Calculated for C2sH3sN20s (FAB, M + H): 421.2491. Found 420.2497.

Optically pure (9-271 was prepared as same as racemic 271.
(.9-(-)-20,29-Dioxonakadomarin A: [a]p20 —75.7° (¢ 0.837, CHCls).

24 FNakadomarin A [(248)-1]. A 70% solution of Red-Al in toluene (0.5 mL) was
added dropwise to a solution of 20, 29-dioxonakadomarin A (48 mg, 1.14 mmol) in
toluene (20 mL) under 5 °C and stirring was continued for 10 min. After the solution
was heated under reflux for 2.5 h, the solution was cooled to —30 °C. To this mixture was
added sat. Rochelle’s salt (20 mL), and the mixture was stirred vigorously for 1 h at rt.
Then the mixture was diluted with H20 (5 mL), and extracted with EtOAc (10 mL).
Combined extracts were concentrated in vacuo to give a residue which was purified by
column chromatography (silica gel, 66% MeOH in EtOAc) to give (24F)-1 as a colorless
film (30 mg, 63%): Rr = 0.24 (silica gel, EtOAc/MeOH, 1:3); 'H NMR (600 MHz,
MeOH-dy) & 1.03-1.10 (m, 1H), 1.12-1.18 (m, 1H), 1.20-1.33 (m, 3H), 1.36-1.44 (m, 1H),
1.47-1.52 (m, 1H), 1.56-1.73 (m, 4H), 1.79-1.84 (m, 1H), 1.89-1.92 (m, 1H), 1.96-2.02 (m,
1H), 2.02-2.10 (m, 3H), 2.17-2.20 (m, 1H), 2.23-2.34 (m, 2H), 2.31 (d, J = 12.10 Hz, 1H),
2.38-2.45 (m, 2H), 2.61-2.71 (m, 2H), 2.75-2.80 (m, 2H), 2.85 (brs, 1H), 3.02-3.53 (m, 1H),
3.07 (d, J = 12.10 Hz, 1H), 3.67~3.74 (m, 1H), 4.04 (s, 1H), 5.21-5.27 (m, 2H), 5.47-5.50
(m, 1H), 5.79-5.84 (m, 1H), 5.91 (s, 1H); *H NMR (600 MHz, C¢Ds) & 0.99-1.06 (m, 1H),
1.12-1.44 (m, 5H), 1.44-1.53 (m, 1H), 1.56-1.60 (m, 1H), 1.63-1.82 (m, 5H), 1.93-2.03 (m,
2H), 2.03-2.22 (m, 3H), 2.17 (d, J = 11.82 Hz, 1H), 2.28-2.33 (m, 2H), 2.48-2.68 (m, 4H),
2.63 (brs, 1H), 2.84 (d, J = 11.82 Hz, 1H), 2.89-2.98 (m, 1H), 3.19-3.24 (m, 1H), 3.57-3.61
(m, 1H), 4.34 (s, 1H), 5.30 (ddd, J = 14.85, 7.70, 1.92 Hz, 1H), 5.35 (ddd, J = 14.85, 8.35,

5.77 Hz, 1H), 5.56 (ddd, J = 7.97, 16.12, 2.47 Hz, 1H), 5.61 (ddd, J = 7.97, s

\.0
10.59, 0.00 Hz, 1H), 5.72 (s, 1H); 13C NMR (150 MHz, MeOH-d) § 24.5, 24.7, "¢
26.4, 27.6, 27.87, 27.9, 29.4, 32.0, 33.3, 41.8, 42.7, 45.1, 49.5, 56.6, 58.1, 58.9, b

61.7, 73.2, 102.8, 127.9, 130.0, 132.3, 133.5, 133.6, 153.9, 161.5; 13C NMR (150 MHz,
CeDe) 8 22.3, 25.2, 26.6, 27.0, 27.6, 28.0, 28.6, 29.9, 32.4, 33.9, 41.4, 44.2, 45.6, 50.8, 58.3,
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59.1, 59.5, 61.9, 73.7, 102.8, 127.8 (peak of benzene was overlapped), 129.3, 132.4, 132.7,
147.9, 160.6; IR (thin film) 2921, 2854, 2790, 1442, 1132, 958; LRMS (FAB, M + H): 393;
HRMS Calculated for Cz26Hs7N20 (FAB, M + H): 393.2906. Found 393.2891.

Optically pure (8-(24E)-1 was prepared as same as racemic (24E)-1.
(9-(+)-24 Nakadomarin A (free) (synthetic) [(S)-(24E)-1]: [alp2s +75.2° (¢ 1.00, MeOH).

Nakadomarin A (1): A 70% solution of Red-Al in toluene (0.2 mL) was added dropwise
to a solution of 20, 29-dioxonakadomarin A (20 mg, 47.5 umol) in toluene (8 mL) under 5
°C and stirring was continued for 10 min. After the solution was heated under reflux for
2.5 h, the solution was cooled to — 30 °C. To this mixture was added sat. Rochelle’s salt
(7 mL), and the mixture was stirred vigorously for 1 h at rt. Then the mixture was
diluted with H20 (5 mL), and extracted with EtOAc (20 mL). Combined extracts were
concentrated in vacuo to give a residue which was purified by column chromatography
(silica gel, 66% MeOH in EtOAc) to afford 1 as a colorless film (16 mg, 86%): Rr= 0.22
(silica gel, EtOAc/MeOH, 1:3); 1H NMR (300 MHz, MeOH-ds) & 0.80-0.99 (m, 1H),
1.01-1.29 (m, 2H), 1.28-1.45 (m, 2H), 1.49 (dd, J = 10.38, 12.16 Hz, 1H), 1.55-1.73 (m,
4H), 1.76-2.20 (m, 7H), 2.26-2.54 (m, 3H), 2.31 (d, J= 12.06 Hz, 1H), 2.57-2.79 (m, 5H),
2.84 (brs, 1H), 2.98-3.06 (brm, 1H), 8.05 (d, /= 12.06 Hz, 1H), 3.63-3.89 (brm, @
1H), 3.94 (brs, 1H), 2.27 (brdd, J = 18.68, 10.66 Hz, 1H), 5.40-5.53 (m, 2H), “"“Cf*
5.81 (brdd, J = 17.90, 8.63 Hz, 1H), 5.87 (s, 1H); 'H NMR (600 MHz, @
MeOH-dy) § 0.84-0.93 (m, 1H), 1.02-1.11 (m, 2H), 1.27-1.86 (m, 1H), 1.36-1.44 (m, 1H),
1.49 (dd, J = 12.87, 10.17 Hz, 1H, H-13B), 1.57-1.75 (m, 4H), 1.81-1.84 (m, 1H), 1.88-1.96
(m, 2H), 1.97-2.05 (m, 1H), 2.05-2.11 (m, 1H), 2.12-2.18 (m, 2H), 2.29-2.36 (m, 3H),
2.38-2.43 (m, 1H), 2.45-2.53 (m, 1H), 2.59-2.65 (m, 2H), 2.69-2.75 (m, 1H), 2.75-2.82 (m,
1H), 2.84 (brs, 1H), 2.99-3.07 (m, 1H), 3.05 (d, J = 12.10 Hz, 1H), 3.71-3.77 (m, 1H), 3.94
(s, 1H), 5.26 (ddd, J = 10.9, 8.8, 8.2 Hz, 1H), 5.44 (dt, J = 10.9, 8.0 Hz, 1H), 5.50 (brt, J =
9.4, 8.5 Hz, 1H), 5.81 (brq, J = 9.4, 17.1 Hz, 1H), 5.87 (s, 1H); 13C NMR (75 MHz,
MeOH-ds) § 23.0, 25.9, 26.0, 27.1, 27.2, 28.3, 29.2, 29.2, 29.5, 43.1, 43.4, 46.1, 50.9, 58.3,
59.3, 60.6, 63.6, 74.7, 104.7, 129.3, 131.5, 132.8, 134.6, 135.3, 156.5, 162.5; IR (thin film)
2922, 2856, 2787, 2740, 1442, 1134 cm'1; 13C NMR (150 MHz, MeOH-dy) § 21.6, 24.55,
24.64, 25.78, 25.84, 27.5, 27.9, 28.2, 29.4, 41.8, 42.1, 44.7, 49.6, 57.0, 57.9, 59.3, 62.3,
73.4, 103.4, 127.9, 130.1, 130.9, 133.3, 133.9, 155.1, 161.1; LRMS (FAB, M + H): 393;
HRMS Calculated for C2sHarN20 (FAB, M + H): 393.2906. Found 393.2914.

Optically pure Ent(S)-1 was prepared as same as racemic 1.
Ent-(9-(+)-Nakadomarin A (free) (synthetic) [Ent-(9)-1]: [alp2s +70.4° (¢ 0.94, MeOH),
lodp25 +79.2° (¢ 0.12, MeOH); (9)-(+)-Nakadomarin A (2HCL (synthetic): [olp25 +45.0° (¢
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0.13, MeOH); [[op25 —16° (¢ 0.12, MeOH) 1@, [alp —13° (¢ 0.12, CHCl3) 19]. Optical purity
of 1 was confirmed by HPLC analysis using a chiral column. A racemic form of 1 was
subjected to HPLC analysis (column: Chiralcel OD column, 4.6 i. d. X 250 mm (three
times), Daicel Chemical Ind., Ltd.; eluent mhexane/2-propanol, 98:2; flow rate, 0.3
mL/min; temperature, 25 °C; detector, 206 nm) and peaks due to (&)-(-)-and ent(8)-(+)-1
were detected at & 36.0 and 41.0 min. |
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