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Ny R = 4 v v (pactamycin) & % O KN B AR X 58 ) 2 ORGP PR S NS
PR EHEzE LY, FIREELMEME LTk, L2rL, PO
EHEMEC T 2mESFRFCBEBICHY) ERFEZACLTH LI 3228
ERSHBICHLZs CTEERMEREL o T, N7 2~ 4 v v EEKERDFH
F. CoREEMRTZ2HEDO 128 LTHIffFE w32, HE0 & BEE O
Bl "7 2<A4A v vy oRMBHGZBEESEEMEBEZHL 2T T2 L8R DH 5,

KWz, 724 vy vl zoligFofltyrazHMELTEL, Zh
bOEYIEM ORI X EMCHEUERKH C 2D IWMEEGFOMRHICEL 2 LFH 2
TWwd, ZNnICXoTHRLNZME R, EEMEME 22 M HEEEOHEY N2
g=A vy olEic ko HmBLEREMO ARG ~0EM2HIFTE 3,

1-1. BEELAEEIZONT

N =AY vIE, 1961 IR K Streptomyces pactum var. pactum 7> b H i X
nr !
pg/mL &0 3 RUIECTH LR S, L L, EAEEDEB P 'HNMR X~ 2 b 1o

7 &icky, coBBEoNE 224 viET by (FiHEE) oEA

CF LT . EBLEZFoBMICEY., N2 A AV IIAEROEBERD D 216

thepzemmans (MERAW) > nb, cofatkikos /) — LT
AL L., X722 A vy~ ZBHInd, £, COEAKDOEYIEN I
v r~w Ay R0V b BATHEEREAT LS D,

Ny x= Ay OfEMEIR, 1970 FICH A D A2 AT RS RERY D
S IC X o THRIEBEAE T, LAaL 1972 10, FHlko X #655#E T2 %
BEh, ZOWEMESITEZRZ S, cRICKY, BN LERE 2 G722 &
~ AT VORBENBEMPHES 2 &R o7 (Figurel), §972bb, Oy 7uxy xyv
KT 22 TCORF(C-1~C-HP, EXFTLEIMMECERELINZAFRL T
Hb, QL mEREFRELEY C-1. C-2. C3MICHT 5, @HHE L 7 PUE KRR
Z C-1. C-5. C-4ffic 32, MEOBENRHE»., X7 24 vy ms
VRAVEREBR LT IRAYOPTC . RODEMLEFBEEEZLORAY D1 OTH B
EEbiLTw 3%,
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Figure 1-1. Structure of Pactamycin

1-2. EEMCVERER
HEMONT WD N7 24 oy OEYEIT I EEE. S E . biE h s

sz Y, PEEECTREAO 7 ABERB L0 T LEMEE LT
HezrRLl.Zr2rTdbEEBETFVIERECHERL Y IERE., REBEHCH ZEEICX L T
WAV EEEZE LTS, VUEBEEEIFCEVEALARIATE DL, KBl
faiwx LcmhafMiamztzrdizr MiEeibiEsE2zhRe T 2HL4 0E
MAdicn LcfiiesmtesrndcenlidGIncnwsd, smiioffseclid, F U
JV —~FEBRLEAME~Z ) TIHRBECHN T 2ENDANBEREEEZ TR T L D
breho T . ZOEMERIBRAEFHMINTOIMKREREMHCERT 2 b0 TH
2, FY XY —<=BE (T 7Y AERKE) TPV Xy —<HHoREEERE F
277V A0 EHFETHY . BRI VERBEH2E N, FHEDO O LI ICE B ER
ThHd, 2DXIHIIL, X724 Vv ERAPOBAGZEMEEZAL TV H D
O, b PMEH EEBRMEFMBO MRC-5 KT 2 AafilasEte,. BIWERKC
FLWTTI7ARX I v b AR LTCEREEEZE T2 bHEINTHY, &
R L THEHT 22013 I0X)dmUZRIBICBMIEILELD L,

RBtota 724 v voffEFEI)EFRY —L30SH72=v Ff7ki
4084 7=y FICEHL, 202 v BERERET I IEHIEEZLN
w3 %t VEY LA 30SH T amy bR rvfr v okERD X
MiEECT, X7 2= 4 v v mRNA Ofi& ¥+ 4 b TH2 16STRNA (H23b H L U

H24a) * DM AR BN v biclsk L Tw s (Fig.1-2) ' 22D k3



Tt RERE» S, N7 2~ 4 v v 5sBREKESBFEBRIBAMIZT. T Z 1L mRNA O
VAR — R EEBEREZEML 3 2B IATWY 3,

Pactamycin

Figure 1-2. Co-crystal Structure of Ribosomal 30S Subunit with Pactamycin7a

1-3. I EZ~AT v DIFEZE

WEINTVE A2 2~ 4y vy oGk > % Figure 13 1Cm LA, <27 %~ 4
YV ORBEREFC S A VLD, ZOBEEEHABETEZEL TRV, BEOD
LA oS FREME IO TROKBEL OV TENCERERE~0 B 5 2
HAMICHHLT W30 THL, £/, ChOEBEKOEYTEIEIRXD X 5 10 #
BXRTW5E, 27 &~%4 24 b (pactamycate)” " X BEE A EWIE M 2R & 5. Ml
BN E2ED T _COEME.R B S 2~ v v L H_AKBIIET 2 & W&

I NI A S S I V(7-de0xypactamycin)80 EYVaF¥r~

nTw 3
4 v ¥ (jogyamyein)' 32 x4 v v EREBRIC P Y Sy — ~ JE % S AT b~
UV THRB T 2mA AEREEEHE T 505, v b 0 IER &AM F MR
HDH MRC-5 cx T 2MifamMEDd 7 x~A v v eRAMBICBNTHZ L PHES
NTwd, INLERBUEIRTEYTEEL L. C-1 Loy LT HLE X C-70D
KBEOFEL AV EECEZ2HERPREV I LRI N BHAERE LT
ZALFEER I N HBEED C-1ILe C-TEZEBMLAED DAL AHEINLTED .,

Z DOfth D ERAL(C-2,3,4, 5 M)z Efi L ZHBEEITIZFEAEHREI LTV WV,
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Figure 1-3. Pactamycin Analogs

1-4. RO E<=AT L DFFIFBIEDBRFEIZDOUWNT

ok~ rs x4 vz olBEEREIAEMNRAEYEEZAEL TWE 20,
A EENEMS e LI Tws, L2AL, e roEFEMBIEY T 2HMED M
Nz, EREHEOM EXPERELMERE L ZoTWnd, 20X BRUNTICE
WT, ik oRBERCoORBEoOMIKED 12 LTEZLNDE, BWE
TliE, 2000 FHE IV ZOoFRBEOLROEL DT 2L N7 2~ 4 v v ofG R
KEMEDTET VS, T, TTIRVLDPDOHEI L —Tic ko T, LEAK
FRFEAKEREFOREBEC L 2HBREORAAELTEALNLTEH Y (U TIClHICH
™3 5,

ftramic X 28HEKORMBICEI. BoNERAVErFELLT 2 LHEK L T2
YHERC I o THBEREAR T 2FE»PD L, X722~ A v vohah, TO0RER
BWEMNRM(-1 )XY, KAV Z O 0D BREREERW RFEAIZIEFIC
HcoHhs, 2070, EAERKNFELCIIHBREKAGEPIVAMTHL LI LEZLN
2, HEZT TR, UMAEZEZED VL 22D V=T 205 MEPHREINTE

2 ro<cx

p ' % o4& & A Hanessian @ 74— 7 ' & Johnson @ v — 7
NEFNWE TN T3, Hanessian D 2 v — F i L- AL A= v 2 HFEFERLE L TH
WL FHAMILT AN —AfEAEICLEZ Y 7Ry X VERBROBE, =K F v F o
Ricks C3fi~o7 =) voBAzEHLTCPHAEAHAZAKL 20D, il #H D
Biizfk 72~ v v ZERL T 5% (Scheme 1-1.a), — J7. Johnson

DTN —FIE, BEHMEEZHECETIFIALLILLEY JA BT IBOAKF~Y = v



ERIGICEZFBEICOAER. P THTALVEF—AfEEICX 2y 7y 2V EK
DHEEZECHBEERIDZEKL T3, D%, Hanessian D &2 & Vv — b 2 &5 #
KL THRZIEREZEAL, S22 A4A v vy02A6 K %ZEK L TWw 3 (Scheme 1-1.

b)o

a) S. Hanessian, et al., Angew. Chem. In. Ed., 2011, 50, 3497.

o}
o
OH o | OH
COOH —_— HN, OM_ orepps o HN, o
NH —_— 3 4 - . HO
2 N3 “OH HoN “OH
L-threonine N\ : HN OH
)—0 \'il o
HA .
pactamycin
b) J. S. Johnson, et al., Science, 2013, 340, 180. T T
O o
HN_ _NMe, S/
\n/ organocatalyst
o
—_ CbzHN o
JA > > HN n
OTB
+ \’il/&o OoTBS
\
ph—/ “N-cooBn
JB JC JD

Scheme 1-1. Reported Total Synthesis of Pactamycin

Hanessian © & Johnson L i & b iCK LD X7 2~ 4 v vedHhr—F2ZFHL
TZoHBEHhEVCOD2AR L. EEMIB T sMiagztshoczns o%py
W EFMLCZ oM EEWMEL T s O, Hanessian b IR EIC C-1 LD ¥ A 5 1
yL7l C3MoT =) vyoEEREMOBHBEMPICOWTHEIL TW 3
(Figure 1-4. a)e — /7. Johnson 5 I C-3 D7 =V v O FHERIEMN., C-56LD X F
NEB XY C-6 oz X7 VGO EHESRICOWTHE L Tw % (Figure 1-4.
by HIEED L 2 A5, ThoDfbEAERMFETIET AN 2~ v o EMBEMIZRS
NTEY . ILLDDEARLV— P TENETELRVWEBEROEFEELZ IBL T3 L&
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a) Hanessian's group

Figure 1-4. Synthetic Analogs of Pactamycin

— . EARBLETFOREIC K o THAES W ZHEZEAE TIE, Mahmud ® 7 v — 7
B 5 WA S N TM-025 & TM-026 2 o R EF TH 5 ', cho RHEEHR T E
B M AL (HNSCC) o ¥ Z# Ml L <2~ B3R T3 d. 2 27 H
DEAREFHELAEREINL TSI, ZHERERMAINTEL N7 X224
VOFRBFE LR R A2 "ML TEY) FEFCHERECHERL VIS, &5
IZ. TM-025 % TM-026 b 2fEABEF 3. irAKE LCH AT 7u—-F%4
TE2EATHLLHIFEFEZOLND, DX IWCANT XA v v OB ICITIER I
WECEYTEEZ T T I0oREGINTEY H2AhBEREAIFHEER oMK L E
MBERBHO Y — e L CHfFETE %,
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Figure 1-5. Biosynthetically Engineered Analogs of Pactamycin

1-5. ABFZE TR LTE I 2L SR
FHERBEM L R 2 2 <4y v EBhZ2AEMICHIT 2013, B H

AR CHFOIBEEFEEWHL 2 LT ILENS I HETCEHESIL T B H
Bz rsonxvy a2 v ERol#E 2B LD DH»FETDH S (Figure 1-4, 1-5 5 18),
ZZT, AR Ty I/ r Ry 2y EK oMY ERE (C-2,3,4,500) % —#X
V% X & =BG K (Figure 1-6)2 & T3 22 HMME LA, 2L T, 2hboiEdkR
BARMHARTIEICHLE N7 2w 4 v voBEEEHBEOMBEICETEM TR 3 L #
ATHEY). BEREZEDEH CKIETREABHS »ich 2 LT, fiE % il
S HEBEOMRMNARLAREIC AL EWETCELZ, S5, WL Eho M
WEEEEB L LB EABEHoSHEN X ~0oF 5 b METEIZILLE X T
3 KM EICETZEKN R N7 24 vt lEs X r o HEEOE KRG H

OWTERETIHER B,



pactamycin
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Figure 1-6. Target Analogs of Pactamycin

1-6. MEINTNEIEZ ATV DEBRIZONT

BAEETIlc, X2 2~ 4 v v D44 T Hanessian ® 24 — 7 ' & Johnson ® 2
=7 Pk otz R ERBEINTE Y., ZOFMELU FICFT.

YD 2AG KT 2011 412 Hanessian @ 7' v — 712 X o T#E K & 1L 72 (Scheme 1-
) bR L- AL A= v EHERBELTHY, 9 TEZ&E CEAAEE H-1 2 #
MLlzob, FAMILTAPF—AKIGICX2/MEY H2 OGRICKYD v 7 m <
VRAVEKROERERERL L, 20k, LEYH2 Z2{LAEY HI ~LEHRL, 2T
KT 27 Y FoBALCE> CTILAEY HA4ZHEKL7Z, O DFHE TIX. C-3 0L~
D7 =Y VHMNOBEARZZIRFLFYOHRBA2MHA T2 TETH o2, (LAY H-
4 DT XX FPREOUKILFEEZRALTC ALz, DD, C-5~DXF N
HoBA2&0 8 THEAR LAY H4 2o 2okt 28T 2{LAY H-5 ~
CEB L. 2L T ) viFEkEH AR F L FORBIC X > CLAY H-
6 xR LZ0b, liioBiMizRTc N2~ 4 v vyDRAEREERL =,



DIPEA, TiCl4 o
OH 9 steps TMSCI, CH20|2 (o)
)\(COOH —_— 0°C, 85% PMP/(\ 3
N OH

NH, Sl
TESO ~OTBDPS

L-threonine
TBDPSO H-2

H-1

o] Tf,O, pyridine OH
PMP/(\ 8 steps 78 OCpt{) 0°C o) :
N o - -0 ~ pmp—4 -
- - N o,
ot then BuyNN; =10
OH ~oTBDPS OTBDPS  {olyene, rt, 86% TESO  *_impps
H-5 H-4
H-3
l H,N
Yb(OTf)3, toluene
-78°C, 81%
o]
)‘\@ .
9 steps
OH OH
0 = HN oTBDPS —> HN, o
/(\ NH 4 — HO
PMP H-N ",
N; OH 2 OH
—OH N HN
OH ~oTBDPS ' 6 :
)—0 \Nzgo OH

H-6
pactamycin

Scheme 1-2. Total Synthesis of Pactamycin by Hanessian’s Group

2013 4T X, Johnson D A — 7 IC X > T 2 O2DHDO AWK B HE & L7z (Scheme
1-3), ORETTHEBMEEA LTI IV AMLAENIIBLVI20F8F~ Vv =
yeRIGICX o TILAEWIIZER L, Xic, BonLEY J-3 O X% IC
» %Y 7 + v % LTBA (Lithium tri(tert-butoxy)aluminum hydride)i& JC I X » T JE Xt
At (mono L) L. 3 20 ARFHFLAERLZILAEMI4EEGRL 2, Zofbtd
WWI-4a263 TEEABCRMAMMBAEISZHABML, 2 FHATALF—AHHEGICL > T
ta®mIezaMT 2T r7u_y XYy BKROMELERL -, BALATHE J-
5D C2MOEHEFEREI N Z7Z2~4 > vDbot3Hoitkit¥®2EL Twi
2. Bitgoz e x Ifbic ko CE VAL E~EEBINLTWYE, DK,

Hanessian D 2 &6V — b2 E LT, =T FAF P FPOoEZFAAL =2 C-3 fi~D
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TV v OBAEZERL WS, bbb, LAEWI-6%ZFF L F J7~¢
L, VA AR L 3-acetylaniline Z W2 RKF L FoBHBRICXVILAEY J-8 %
GR L7z, zL . IHoBHMiSPRELOMREELIR AN/ X2 ~A vV ORHER%E
ERLTWw3,

= CH,Cl,
O o -65 °C o O
N 85% 1 .
98:2 er 2
A o — -~ HN_ __NMe
HN\n,NMez + ph—/ “N-cooBn —— Ny oH ph/ 5N M,
0 J-2 Nz o= O
OBn
J-1 cat.
J-3
LTBA, THF
-40 °C, 72%
OH O OTBS O OH
o4 O OTBS 1) O3, CH,Cl, . 2 steps P
4 o SMe,, -78 °C Y )
-~ : HN__NMe, * . HN__NMe,
3 H—/( 2) NaOMe ph—" W X B E— Ph—7 in X
CbzHN NMe, THF,0°C o= © o= O
50% in 2 steps OBn oBn
) J-4
- J-5
3 steps
(o} o o
TBDP OH OTBS o)
sQ { NH OH 3 steps
0 2 HN, OTBDPS ——>
_« y —
H m Sc(OTf); .
CbzHN €2 toluene CbZHNHN ‘OH
60 °C, 66% :
J-7
\N,&O OH
I
J-8 pactamycin

Scheme 1-3. Total Synthesis of Pactamycin by Johnson’s Group
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AW TR R REBEERS R Z LB AT Z~ A DG RV — DN % H
FRLTWS, 8 1 2 4 81 CTHk L9, RuE~ AV O k& RT3 IE 5 1Bk % W A&
MIEEE T TLORE ENTEY B a v A BRI R E R R YRRk
MBRMBIHOY— L ELTHFHFTEHLEEZTWD, AR TENETIHEEMEKRELT,FE |1
BECRLZEBEE (-5 2R)OM ., IERAY THD ent-XIF~A (RO F~A D8
BN EZDEZ R ICHHE B L, ent-/X7 4~ AV T B AL F W72~ A0 L% Al T
HY,IERRY THLINBIZEDEWIEMEITH K E W, DG K TiX. & b 57 #7224 0
fili il 2 A S AT E A BT THERLER FEEZH WL 2B L, £L T
FTxix,. o7 DI A= ARG B TELN) /T BN TIR E A R EL, AR
BT MBS XDy 7a X2 G OBELR B LA RV —FR 2O H B &2 723 0
BEME RN DHEHE 272 (Scheme 2-1), N7 7 7R E @ a-B BSAL. a-y BBAL £721% B-y
WAL EHWTENLEN T 7 X Z B EMETLILT, XAV R IKEED 5y
FHZENAHEERD, Bl 21X, a-B AL EZH WAL —FTIX, N Zaa7BhT7INE 2L & W
F $7203b&8M 1 ~eBEHBL, T2 Wi Abhar 7 %05 + W[3+2]18 b £+
OIS T3 AF L L-FL T4 BALAMS M IS IZE>THE G A L& B 22T a il
T56, ZLTC It ATH W TR IEZA 2 AbAaM BEH W TCent-XIF~AT U &R
BT DR ThD, 2L By MATHEEE T2 LEW O 2R M LTRALAERY D
WL, ZNENIEAV D C2 M DOTIEERESELFEREA KT HE O F
RELTHELTWD, TIZ o-f BN CTHBBEELIZALED B DD ent-237 8~V h
M LS A HULEAR FEICE>Tay B TERKBEEL LAY LERHBEL
THOhTIEEY C ZHWT ent-X7F< AL DE K ER 2D W THDH, ZHIZLED,
i 2 OB IR ARG BRICK KK IS TELA R FIEMRITRLIEMFLTND,
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pactamycin

Route Il :
conjugation
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B-y moieties

-
-

Route | :
conjugaction
of
a-f3 moieties

trichloroacetamide E

Route Il :
conjugation
of
a-y moieties

Scheme 2-1. Concept of Research
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2-1. Route I (ZBIF BRI F~AT DA RRETHHE

Route I TONRI X< A 4 ik 7 Wi %2 Scheme 2-1 (277 Lz, ZO4& Bk & Wi 1X., i =& o
HARICES TR B SHEZLDICE SNTVD , ZOHE TIE LAY A 2/ 78~v(L 0B
FACH - EE A LLCRELL LAY A BIEAW F E0FAhovE7 L% 05y
FNBR2IBAE A M S ICEsTA R TELEE ZLND, SHIC LAY FiXba®w H O
2 OOTRFSREE SV ETAFLICENZNE R LIS Y G &M LT 52 g
THHLMBE TES, LAY G DAL H O A ICE-sTTTICBE SR TEY, 1
DT ER-D-ZNa—AnLR)7aa 7 B TYINEZRBLTE S ICAKR THIEN A HE T
b5,

HN™
\N,&o OH
|

pactamycin

ce” Yo

trichloroacetamide E

Scheme 2-2. A Synthetic Plan of Pactamycin by Route |

2-2. Route I 1Z81F5 ent-/ 7 F~< AT DEREHHE

AVFFYHIVCUVROGHIED 1 DL T, FA A LT 00D 1,30 A+ B Ak A+ 0
KIe DI BNTWS, — F  AFv A 740020 WEERAALKISIZEDA ARV
UV B O A W (ex;Scheme 2-3)0 B HLE STV AR, il Bl LA 2D BLE DL
FEHRINTEET  RADOMBMORAME R IZTBOTIIH WS F TR, LA
MO XV LHTRAE D E 2L T TAMRTELIER., GoNTAVAXFT Y ID R |
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DEFZENEER CTHY, EHICHL BEREHBREZEANTLHIENARE THL, HE>T, KE 1
MBS IS HRFEEERAER OISR ECBLIN B Rt E YDA RICIAL
WHTELORBEEZR D TWVDLEHFL TS, £Z T HMAIFZOREAAT M IS 278~
AL DO TUR 2 b ORE S ITE RS LU TER I L2 A R B 287 BB LT,

g e | H8S
z — z | — 4
oLr ddmdeet
Scheme 2-3. Synthesis of Isoxazolidine by Oxime-olefin Cycloaddition

xRV heFArar Bl WEAYAXF VIO UR OB EEZRIEET D ent-/NIHA~v A
DA B EFE A Scheme 2-4 (TR T, M AITILEW B % ent-"IZ~AT AR DIZHDE
HEHRMERLLTRELZ LG BIXLAEW I oA F L 2eA LT 002 WAL RS
LAV ARV IV VBROERIZES>T. AP AR THLIEZE ZOND, LEW 1T OF X
VAL EW I DOANIT BV O AR H L TCHERAEOT VT ERNOHR B TED,
&% J X Scheme 2-1 T/R L7z Route | TO NI H~ AT DA B aE LR A O T k% H

WHZETh) 77 B 7INE b G KAZRR B LTE K T3 THD,

o)
OH
o] N N
OH NH
oH 0 HO™ OH
Hoo‘ NH RN
2
NH o)/’ °

HO OJ\T/ B |

ent-pactamycin @
0 0 ~OH
H, O\ H, O\ H, O
o—/ HN o—/ HN RN
»—0

|
cgc’go C|3c’go OH 4

trichloroacetamide E K

Scheme 2-4. A Synthetic Plan of ent-Pactamycin by Route I
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2-3. Route II IZ8BI1F3 ent-" X7 7~ AT DEREHHE
Route IT B XY Route I (ZTHE &K G ik D7D 7215 Tld7e<, Route ]| TONRIE< AT D

AR ENPAEICHLT YRV REZA X TZBEO PO RAE KB EL TOREFLH -TVD,
Z®— LT Route I1 TD ent-/"7 ¥~ A2 DA KAt #i % Scheme 2-5 1278 L7z, Route
I TONRIEALOERAFE LRI Gy C xEERMAELLTREL, A
TNAXRLDIFNBR2IBRACAMEISZR L ELTIEEY L DB R TELEE 272, 1k
AW LIFIEAED M OTLVTERET ALF A BV E AT Ay ~bZnEnEHm 352
ETHONDEMEL LAY M T FEHEEICHMEEH N 27 7 IR E »
Ll TE5LB 27, B HHEOEHLE AL Route I THOLATZM R 21ENT 2L+
A CHBETHY Nz T v TINE LAY L ~OZE HITR EIZE T TELLDL
EZT0W5D,

¥ o

OH
HO™ NH,

< NH
OHOJ\T/

ent-pactamycin

s‘o
H, 0\ 7(
[

trichloroacetamide E N M

(o)
lo) HN
Cl;C” ~0

Scheme 2-5. A Synthetic Plan of ent-Pactamycin by Route II
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2-4. Route [Il TO/RIE<AT Tl OEREHE

o
; OH I OH HN, OH
HO
HzN 5 ‘OH 5 OH

HN HN :
\ngo oH N’go on \N’go on
I I

pactamycin

I
(o]
o) )‘\Q ) )‘\Q o)
H OH
OH < HN, o HN, o
H,N 5"OH H,N 5"OH H,N 5°'H

HNY N HNY N HNY N
~o A OH ~o A, OH \N,goéH
I

Figure 2-1. Target Analogs of Pactamycin

Route I, Route II B EL T Route [Il DWFTNNITEBNWT NI Z~v AT EoT ent-"I 72~ A
VUVDEARBRMPERINZG A NI AVCOHEBER G R EED TWLEE THD, B
EDEZA MEHETHNIE AL DI BAKIL Figure 2-1 IZRLIEbOZBELTEY, 7
FTas G o —flEL T Route 111 I2BI1FD 2-TT7I/ X724 D4 it B % Scheme
2-6 2R LT, ZOA B EHE 2B W TH Route 1 ICHITD /7%~ A2 D4 ket & A £ IS
ft&®w D ZEEFHEAKELTEELL, ZLTIhbEL, FA a7 EFL DO+ W
B2 AL IS IZE>THE & O oA M TELHLBELL LEY O 1 1 T r=
— DT NVTER~DOBAL LT Ay ~OEBIZL>TIL AW PO R TEHLE 25
N5 LAY PIZILEW QXA LTIN Zon 7 ¥ 7INENLE B TEXLLDEE 277,

18



o
R
; e iS 2.
@0‘ N
HN OH
2 HO NH NH
o_ 0
HN fOH XOJ\N/ C)){)OJ\N/
A OH ' I
SN"So
|

D o

2-deamino-pactamycin @
(0] HO
n “.074 H OH 74 ”
H ‘.
HN NH
o= !
~ o__o
C|3c’go N o )QOJ\T/

trichloroacetamide E Q P

Scheme 2-6. A Synthetic Plan of 2-Deamino-pactamycin by Route 111

2-5. ent-F) 77 v TIRDE R EFE DR FIZOWT

AR L7233 DDA RNV —NMIEoTRIF~ A FiT ent-/X0 B~ AL D—F7 O IAE R
MER CEL A b~ FoxFrFA~—F N z7aa7®h7INE O ) F 4 ~—Th
HRZL-ZNVa—ANLERKRL, ZREH WTHE KT 55 B THH(Scheme 2-7), L-Z L —
ZIFFERRBEIE CEA THL, T D7 D-Z VAT T b Y T B -L-T
NaA—=ZANDE A T TART =LV TCOEBRBFEINTNDIOT, ZREFHL TN Z7reT
wh7IFREA K TS O,
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HOH,C.__OH PhCHO HOH,C—¢°H i) NalO, HO
N —_— —_—
\_/ OL — ii) 10% THA HOY N g~
R ~o" o H,0 OH
HO OH Ph H 2
99% in 2 steps

D-glucoheptonolactone

H,SO,4
acetone

99%

i) NaBH,, H,O

5 steps 074 )(0 (0]
H O 10 °C o
T e pU 2 AT
b i) HySO,4 N

OH acetone
39% in 2 steps

cn3c’§o

trichloroacetamide R diacetone-L-glucose

Scheme 2-7. Synthesis of Trichloroacetamide R via Diacetone-L-Glucose

2-6. BEEECICBRELIEFERNAIZOWNT
LLEDOX 73 B b, RAHFZE TlL, Route [ ITED 78 AL BEW ent-237 7~ A

YOERMEERBE Lz, T/ Route I TOF A b 7 AXF il Xdn1+W
B2 AL IS IR De 7m X2 OBE (LEM A DAER) BLIURELNTE
fBEER M 2 H Wiz H~ A2 D4 % (Scheme 2-8. a), Route I TOAF T A-FL T v
BALM NG IC LDy 7m0 gk O E (L&YW B D& ) BEOE b L7z B AL £ i’
W& Wiz ent-/X 7 2~ A2 DA % (Scheme 2-8. b)IZOWTENZENMFT LIz, RE LD,
TRHDOHFZERE RIZHOWTIR N5,
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a) Chapter 3 : Attempts of Conversion of Trichloroacetamide E to Pactamycin

BnN /
------- > HO™ OH EEEEELEE o
NR
C|3c’§o o~
(o}
trichloroacetamide E A
pactamycin
b) Chapter 4 : Attempts of Conversion of Trichloroacetamide E to ent-Pactamycin
(o}
(o}

trichloroacetamide E

ent-pactamycin

Scheme 2-8. Topic of Chapters
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Route 1 TO/RX7 ¥~ A4 st B % Scheme 3-1 (2 UUR L, 204 B & B X, Al
HOFARICESTHBENELDICE SNTNG °, COHETIE LAY A 205w A
VABRICHITEEERPEAELLTRELLAEEY A TRRIETHL T A&7 Lx
D5y FWNBR2IBRAEM MK IS ICE>TIE AW F XIVAE KR TE5EBZ 265, LI L&Y
FIZfbtEW HD2 OOTBh=REE=AVELET A NZEZENENEBRLIIEAEY G 2/ H
LTHB AT THHLEMETEL. LAY G DA RITHIES O R ICE>TTTITH S
ENTEY, HIROYT B -D-Z)La—2nbR)7aa7 b 7N E 2% B LTE S 1A K
THIENA B THD,

(o]
o)
0 RN R
ong |
HN OH o . 0" N
HG HO OH HO OH
HyN 5"OH o NR
HN™ %\ 0-«
A, oH ° 0
~
'|4 0 A F
pactamycin

trichloroacetamide E

Scheme 3-1. A Synthetic Plan of Pactamycin by Route I

3-1. NIZ7uu7¥%h7IN E DXKEERK

B E CINETITIT O 7Y B T INE O/ KIE,25g OV T EMN-D-Z L
I—ZAB-1D)EH WO R KA — NV Tholz, 5% . N Z7ea7Er7IKN E X Route I T
D ent-/3I B <AL DA FAF S S Route 1T B X O Route 11T TOH i AF 212 BV TH HE 3
PR LD SORDAREGKRERFT L, LT EEZ X100 g O T EN-D-7
Na—AB3-1)&EH B FEEELTHWES K 2% 272 (Scheme 3-2), TOATZ— LT v 7T
X, Y7 B -D-Z L3 —Z(3-1)D PCC [Z 1k &#i < Wittig X It TO% LB 8GR B &7 o7z,
TRbH, 25 g AT —ILDOE K TIZ 100 g D PCC RMEThHo=7m0 ., I T #% 12 PCC
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DEBEZRETDEOICRKREBOVID TNV EH WRITNIX bR oTz, £z, fit < Wittig X
JGIZBWTHLRKREICEI A TAHAN T2 VRAT A F XV ROBREBICRKREDOVIDF L E M E
ETAHE BREZROHAEKRYERME R BLIOIT L~ N I77 4 —TH 35720, IED
B THLZENBRE LR TV, 22T, ZNODOREZN & T KIS EFHF2mFT L
L. UTEN-D-Z Va3 —A(3-1)D PCC AL ZAN IO R F L TH L Sz

TEMPO feit '’

EEALHIETRIS DBRLBIIZIRBAEDOHRLETHIENTE I, £z,
Wittig X Jiz %2 Horner-Wadsworth-Emmons (HWE)N I IZE H 5528 T, 2O K& D th AL
MoK EBEEOHLLERY, EREOMBE R Z2W HETLHIENARELERST, TNIZED, T &R
V-D-ZNNaA—AB-1)IPHHE B ET D Z-ester 3-2 & 2 LTI 5T% DI LR THIHIIEN T
(E/Z i3 1:4), RICH BTz Z-ester 3-2 % DIBAL EE L ICK->TTUALT ba— b 3-3 ~
EEMLI-DG, N 7ra 7 Bh=b A ERIESETAIT—h 3452 L7z, ZL T, p-F v

VBV FTCO Overman BENZIZEVE B ET AN a7 Eh7IRN 3-5 (E)EH — O 4
MPOH DT TATLU A~ —LL T3 L 85%DINE THHIZLIZHK I LI, Zd Overman
0 TN BT 78 S O AL SRS & %Hﬂb\fk‘b\p-#vvy@%’iﬁéﬂﬁc:cto
THEIETHHNVABEZHE T5720I1C KoCOs ZIRMBH ELTH WT WD, 28, 20T
JJE 1 Scheme 3-2 IC/R LI N O T Bh=RED N K EE O/ B EHNLHET 5
O AW 3-5 PH — DV TAT LAY —LLTHLNEEEZE X TS, LT, 4RI X7
AREEHNWLZEICEST 100g OV T I -D-ZVa—R 3-1)1H 81 g ORI /may
ERTIN 3-5 (E)&2B{AZENAIRELR-T,

1) TEMPO, NaBr

O NaOCI, AcONa o 0
H 0" AcOEt, HzO 15°C DIBAL, CHZCIZ H O\ 74
e Xy XA
Ta0c I
o OH 2) (EtO)gP(O)CHCOOEt o OH

NaH, THF, 0 ° COOEt
diacetone-D-glucose ~ E/Z=1/4 aa
o0s 57% in 2 steps
100 g ° P CIsCCN, DBU
CH,Cl,, -40 °C
Overman
Rearrangement
(0] CCl; °
H (o] o ﬁ G’IQNH R K2CO3 H‘ o—" ﬁ
Oy Ao o p-xylene )(O . "y
HNT ™ B SN ( I
© ¥ reflux o. .ccl
Ao Pk o
ehe” O s it
trichloroacetamide os
3-5=E

81g, 85% (3 steps)
Scheme 3-2. Synthesis of Trichloroacetamide 3-5 from diacetone-D-glucose
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3-2. =AY G DERR

HARLDHIE I ST, N ZaaTEhT IR 35 hhbTY AL G AA R L, £, Moo
27 Eh7IN 3-5D C-7 (L IZ/KEEFK A AL 3-10 Z3 8 L7=(Scheme 3-3), T 726 b
yraa 7 EhTIR 3-5 D= VAR AU Itk TT VTR 3.6 ~EEH LT, B
N7 VT ER 3-6 % methyl Grignard K EX G S TAF VK EZE AL, EAEKP ELT
Ta—)b 3T @ WY T AT LA~ = (>20: 1) TEHZ, 2OYVT AT LA~ — W ITH £ Ak
¥ D "H-NMR AT MUAZE > TR E LTz, £, TON AL ZILE R ICE > T TN &S
nNTns, bbb, 7ba—/ 3-7 % DBU TUELTEIRI— "A—h 3-8 ITEH LD
H.Z®D NOESY AXZTZELVDOMEMN IZE > TR E I 7 (Figure 3-1), i K 513, methyl
Grignard I O MIZB W T, 2O X572 WAL R ZAR M NB I S -# &L T, Figure
32N LI RF L —MBEE L Lolo P MK 2R 2720 KOSL KR F /NS 225400
DHEAT LD THDHEEZE X TWDH, 2O RPOELIE, 7hy 3-9 & L7528 7T, Ak
DAN=ANZEVH B ET DT A3 — L 3-10 DA B REICRDEE 27, T2 T, T/ha—
JL3-7 D Albright-Goldman 2 1. (Ac,0-DMSO) 12 k> TH R 3-9 %7 ® L7~ L | Luche
# 75 (NaBH,+CeCly» 7TH,0/MeOH,CH,CL)  IZ EoT7 b — L 3-10 % 10:1 &WVH58 4R 4
T, EHILZO Luche I T ICBIT LTV 4 /AR K4 JEH (Ce, Sm, Yb, Y. La O % 1k
WyDsh B2 A L2 £ . LaCl;» 7H,0 2 H W7z Luche & 5T 23 b i WAL K 88 R M 20K
FTEMH B L7 (Table 3-1), D%\ A7 — VT v 7 EEQIZIORISFHERE AL, Kk
IR Z-10 °C 7°5-50 °C IZ, NaBH, Y &% 5 Y &b 2 Y EICHETL22LT, &K
14.5:1 OV 7 AT VA RIRMEIZL-THMET D7 ba—)L 3-10 1552 &2 B LTz,
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°>4
)(o I) 03, CHzclz
—>
HN
/& ii) Et3N, 84%
cLc Yo

3-5 3-6 3-7

Ac,0, DMSO, rt

97% in 2 steps
LaCl3-7H,0
NaBH4, CHzclz

o “‘074 MeOH, -50 °C
% 93%, dr = 14.5:1
: w0
(o] HN N

|

Scheme 3-3. Synthesis of Alchol 3-10

o) : 0
.0 DBU, CH,Cl; NH R i NH R DBU ‘oﬁ
0 74 rt, 88% > o > H, O
0.7 : o 7 CH,Cly, rt O, s w0
— W L o - W<
oHo Hw/oH o o)
1. : OH
ceNo NOESY . | NoEsY > ce o
3-7 3-8 ; 3-11 3-10

Figure 3-1. Confirmantion of Stereochemistry at C-7 position of 3-7 and 3-11

0
—ccl,
M--N R
36 S o 37
—_— N —_—
39 \© SN 3-10
Q>
R'=H or CH3

M = Mg, La, Ce, Sm, Yb, Y

Figure 3-2. A Proposed Mechanism for Addition of MeMgBr

or Hydride to Aldehyde 3-6 and 3-9
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Table 3-1. Stereoselective Reduction of Ketone 3-9

LnCly-xH,0

o “‘074 NaBH,, CH,Cl, o ‘«074 “‘Oﬁ
o M. MeOH, -10 °C o M. o H
o (o} o
—_— +
o HN o HN o HN
o OH OH
CI3C/§O Cl;C” ~0 Cl3C” ~O0
39 3-10 3-7
20 mg scale
Product ratio*
Entry LnCl3 NaBH,4 3.10:3-7
1 CeCl3+7H,0 6 eq 5.5:1
2 SmCl3+6H,0 6 eq 3.5:1
3 YbCl3+6H,0 6 eq 2.5:1
4 YCl3*6H,0 6 eq 2.8:1
5 LaCl3*7H,O 5eq 6.5:1

* Ratio was determined by "H-NMR analysis of crude product.

TAY G DE BRI IT, T/ra—/ 3-10 b2 2 DOT7 BR=RE 2 =L LT L *
IZENZNE LT (Scheme 3-4), T, AR L7z LR AL ICT 2 —/0 3-10 & CH,CI,
H DBU THRELTEBRI—AA—NNIEBLI-OL, EHFEEX VL (Bn)kk THR#ELT N-
NV =N A=F3-12 2B LT, SO N-XU PV — " A—F3-12 DR b 7 b=
NiX. 50%NERE KR CUBR 3252 TEIRBY MK 53 f S AT HE THY | £ D% K I & A
L (Ms)fb L, Z#ZE DMF H Zn & Nal %\ CiE Jt (Tipson-Cohen procedure) S o
ETE =LK 3-13 & 3 TH 92%DIN R TH I, RIT, kDT BF=F% 80%TFA K&K T
IMARGIRELTAIT L= 3-14 ZEAERLWEL TR I, ZOMK GO N7 vtaT
EFNM(TFALENTZAL & 3-15 OFI A N8B Sz, 2O £ K% X MeOH ' K,CO;
ZHWTNIZAAnT v FNVE MK SR THIETAIT®F =/ 3-14 ~LEB LT,

27



1) 50% AcOH

H20 rt ‘O
DBU CH,Cl, OHO 2) MsCl, Et;N H O—
_7& & ChHCla, 0 A Yo

NaH TBAI 3) NaI Zn BnN
cl c BnBr THF, rt DMF, 120 °C o
3 99% in 2 steps 0 92% in 3 steps (o)
3-10 3-12 3413
K2C03, MeOH
rt, 62%
| + 80% TFA
H,0, rt
o OTFA
H
BnN BnN B —
o) o
3-15 3.14
29% 65%

Scheme 3-4. Synthesis of Hemiacetal 3-14

W) O F W T, BiEE O K DA Ky —F(Scheme 3-)IZHE > T, HEbhi=~3IT7 kX
—Jv 3-14 PbxT Ay 3-18 ZHEMTHTE Chole, TbH, ~IT X —/ 3-14 %
NaBH, & gt ICX o ThUA—/b 3-16 ZR W L7=DH | NalOy TUEL T 1,2-UA4 — VL &
W52 TTATER 3-17T ~LEHBL, CRIZYVF UL TMS 7TEFIUREZM IISE T A
v 3-18 AT HEE Thole, LLRNE, M TLAT— LOEKIZEB W TIE~IT &
Z—)L 3-14 ® NaBH,; Z [ W/ZBE L ICK->THMET DRI A — /L 3-16 215 52 LT TE e
ST, ZOJRIN %2l X570 28 T I THTEH A K Y % Ac,O-pyridine TULE L7-EZA
ANIT B = 3-14 OT EFALAE 3-20 BT, £, R UHL A W &R ME S E TR
HILLFEBOANIT7TEX— L 3-14 BEIILENDHZEND, NaBH, DI
WARVHENMED 3-19 RRRNTAEBRLTWDD, 2L EiE o N ET R A —L 3-16 H
B not= W LT,

AR WTL E 2B
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OH OH

H, © =
oA Y NaBH,, MeOH . )
OH  TaEM. Ve HO" “OH
BnN : rt BnN~
»—0 )—O
o) o
3-14 3-16
NalOj, THF
H,O, rt
T™S
~ TMS —=—Li NG
o oy THR-78C o
H
o] o]
0 o
3-18 3417

Scheme 3-5. Initial Synthetic Tactic for Synthesis of Enyne 3-18

OH NaBH,4 00O,0H OAc

H © MeOH, rt n 0—" Bl Acz0 H O
N +OH » % OH pyridine «0Ac
—>
BnN H B S— BnN H BnN H
»—0 AcOH »—O )—0
o MeOH, rt o o
3-14 3-19 3-20

Scheme 3-6. Reduction of Hemiacetal 3-14 with NaBH,4

FRoMREE EX, ~IT X =1 3-14 ZE # NalOy TRELTT VT ER 3-17 &
L, 7EFIROMIMICE-oT=r A2 3-22 28 K 355 W 1% ¥ L7-(Scheme 3-7), ~3
TS —/ 3-14 % NalO, CTUEH FTHLEHRLINVTITER 3-21 B’ELNT, T/VTER 3-17
EEDTDICHENVINEDOREEZBGFTLIEEZA, LA E T Na,SO; #H WHERALINVE D
HOFREVAIRREERY TATER 3-17 2857, 2RI LIFULT BEFIREZf INSEHE
IR TIEHDZHLDOD, 10:1 DYV TATLA~v—L T A2 3-22 BLO 3-23 25 52eN0
T&Efe, = AAINT VT ER 3221 IZH LBROVFULTEFIUREEH & 5L K 5
RAETIE TG DL A IR DU R o) b 23831 Sz,
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NalO,, THF

H,0, rt J — i
then Na,SO3 Ci TMS—=—TLi
HO* S H
BnN” THF, -78 °C ,],
)—0. 32% in 2 steps
lo) dr=10:1
TMS
o OH 3-17
H
L Veon NG|
BnN” ) HO® on T
»—6 Bn'}_ N
fo) (o)
(o)
3-22
NalO,, THF
H20. R ™S
B“N THF, -78 °C
52% in 2 steps

dr=3:1
3-21

Scheme 3-7. Addition of Lithium TMS-acetylide to Aldehyde 3-17

and Formylaldehyde 3-21

ZDH% ARV IVTITER 3221 IR TH5M MO IR &2 AL, BOSR E 2k 2 12%
BRECHIE TH2ZLETINERAEREICH EXHDHZE3TE7/(Scheme 3-8), &HZ, %k 35
C-5 N DN ARAL Z DN IZE->TTEFIURDOAH NI Scheme 3-8 HIZ/R L7zF L — b ]
BRAZXF LSRR E O/NSWE DO EAT L2 EB B Lic, 288, 74T ER 3-17 2 H Wiz f)
MBS IR R THo7208, TR EE OV a7 VR — L KSR AT LT < E o)) i#
ICEDbDEHRE L TVD, ZNOHDOR REBE L, KVINEKDR WARALILTALTER 3-21 %
MWAOKIRIZEs T A 322 28 M THFEEZRM 75281,

OH i) NalO,, THF
H © H,0, rt
A Ye0H
+
B"N)rd' i) TMS—=—Li
THF
78°Ctort °
3-14 TMS—= 3-22
— - 61%
(2 steps)

Scheme 3-8. Improved Synthesis of Enyne 3-22 and 3-23
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T A 3-22 O C-5 (L OLAKEL & 1%, 4> F N Pauson-Khand IS IZXK > TH L2 ER 16
R O NMR ATV DT 2L > TR E L7 (Scheme 3-9), T bbb, =12 3-22 %
Cox(COg ERXTESHTTEF L -a LR ZFH L7005 CH;CN H 70 °C TMEL T
%HZ L& T4 1 N Pauson-Khand S IZE OMIZ#EAT L, 27X T /2 3224 & 3-25 % 2:1
DYTATUVA =l THIEZ, R IO TAT LA ~—O S BENIER ICH #HEThdrEH
HELTWEN  VIBTNITZLoax T I7T74—DFRFEEHM AL R 7T N -~FH R
DREBIBEMBZHBEIZLICESTHEET IR LI, ZLT,. INOLY T AT LA~ —D
NOESY AXJMVOMRHICEY, =2 A2 3-22 D C-5 \LIE R DN AKEEEZA L TNDHIEN

B L=,

o} o)
1) Cox(CO)s, CH,Cl, TMS TMS
rt, 88%
— H Hees
2) CHiCN, 70 °C, 68% o o T ho OH
BnN" BnN
o 0
0 o
3-24 3-25
45% 23%
NOESY
o Ph H,\y Ph H NOESY
XH Q M
NN H N Hou
(o] 0 U
..... (6} - o Y0
H i Lo, Hul o1 °
H TMS H ™S
A\ AN
NOESY NOESY

Scheme 3-9. Pauson-Khand Reaction of Enyne 3-22

3-3. B2 BRI IR G
T Ay 3222 OERALHIEIE THL T Ahry 3-28 OE L. FNEH WAt b7

LT DL TN [3+2]8 AL A IS 22 1250 T Scheme 3-10 127 3, $9°, T2 A2 3-22
D TMS J% MeOH H K,CO; THLE L THARELZDL, 2 DOKEE A2V LI TR
ELTILEY 3-26%2 TR 78% DN R THZ, WIC.E=VEELY U LTT VT ER

327 B EONTETAATER 3227 L N-7=2= LEeRuaXx I A TIVDORES KR EEN LT
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BRACETBR A THL ST Ahmy 3-28 ZA ML, ZobEamEH Wi TFAhar LT rxrnsy
F W [B32] BB AL AT N RIS IE ML = 385 F CH RN ICHET L B — DR KW 2 G 22812
B Lo, LIPLZRRG, & i NMR AT RLEZFEMICHMAT LIZEZA G oA ITHE
B LT A4V AFH VY 3-29 TEARL, T7PIPL 3-30 THLHZENH ML,

T™MS

~ 1) KoCOs i) O3, CH,Cl, oy |
M OH, rt 78 °C
. OH ° BnO"’ BnO*’ OBn
Ho N BnBr NaH B“N ||)PPh3 BnN"
i TBAI THF 84% />—0
S o 78% in 2 steps o
3-26 3-27
3-22
PhNHOH
toluene, rt
86%
_ o -
H N CHO PPN @zh IlI
" xS H:e eo' <
toluene
BnO™ OBn -—— BnO™ OoBn [——m BnO"' OBn
BnN” Bnr}_ > reflux BnN”
o o] o
o o o)_
3-30 3-29 3-28

73%

Scheme 3-10. Intramolecular Cycloaddition of Nitrone 3-28

LR A O R T AR ET AR Dy FN[BR2IRAA MBS ICRDT VIV RO
A BT Baldwin HIZH-oTHE SN TEBY oD HE TIEAYAFH Y I REZRHBLTT
DYDU AR T HESH TV 2 (Scheme 3-11)°Y, F b E | P4 S H 2T ARy B-1
ETNFL B-2 InbAVFFHFYIL B3 AEML. CNESHIMBATLILICI TV
B-4 ~LHANLTHZELERHLTWD, AVAFH VI DERBIOT VIV ~DHE L (T 3
BRIREFHFIEIELAEDOBEICEKFEL TN, . 20REODOL AV XV I Unb
TP L DI R IE OO E SN THY Y H 2 220K 5% Baldwin 5 47 L FE
KRIEEFRBLTCND, RFIETIX, B ELTWEEAYAFH YUY 3229 OAREB N T2
ZLIETERD TN AR O ICE>TTH Ay 328 D7 VUP Y 3-30 G HATEHD
EBZTCVWD, BB, BN AERMITT VIV 3-30 Tlkboen, ZofkA& Wb S
JEZAT DL OEREDE AL ERENNPIZALTNDIED, ATz H TN
IAIAT L DE R ERF T252LELT,
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< OH  74°C 78°C \I/
NI QUL SN VAL,
N N g~ "oH
| Il OH
B-2

I
o
B-1 B-3 B-4

Scheme 3-11. Baldwin Rearrangement

WRIZ= A DEBICHT, FTHLNLETIVO0 3-30 DN KL FZHOLNCTLHIEE
L7z, LIDLARD, 7YV Y 3-30 O NMR A7 ML DN TIET PUP U B O Kb
FEPETET, FREBREAD THHD X BEBBEMITOA A CEhholz,
ZFIT,.TVIVY 330 OfEEEBRLIZOBNBILFEOREERGFTLIZEZASA, TVIT
BRZB R T5ZETETOMLKALF M B LIz (Scheme 3-12), T72b5H, FFT7VUP 2 3-30
DT NVTERDE T LAV MEIZE > TAY T —b 3-31 ZF WL, TBAI ZH \W-av#E (b
ko Tavik® 3-32 G Ak Lz, RICIVI® 3-32 DT VIPUER OB R ICHOWTHRF L
72EZAL0 CC I A L3t 3-32 & TBAI DR A R i (CH,Cl, ¥ #%)IZ BF;+OEt, %
WMFTLHZETTVIVVRITEHLHICHEL, BETL27ULTIV 3-33 2437, £L T,
0504, NMO ZH Wi=x V4L 7DV eRuad v fbickoTCo4— 3-34 A kL., =
DAL AW D NOESY AT VDR IZL - T C-3 if O LR EL & A3 S B & ThHoHZ &3
Lic, Z0% T7INVTI 3-33 O X i b G BT b DI L, 2O KL 2R L

(Figure 3-3),
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Ph Ph OMs Ph |
I N

H.,N“‘CHO 1) NaBH,, MeOH H.,/ \w TBAI, THF H../ \ o
it 86% 60 °C, 73%
BnO™ OBn s BnO™" OBh —>»  BnO" OBn
BnN” 2) MsCl, EtzN BnN” BnN)__.
3 CH,CI 3 :
o MLl o o]
d 0°C, 88% o)_ d
3-30 3-31 3-32
BF3OEt2
TBAI, C,Cl,
0°C, 79%
0s0,, NMO H
THF, H,0 PhHN_ T
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Scheme 3-12. Determination of Stereochemistry at C-3 position

Figure 3-3. X-ray Structure of Allylamine 3-33
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Scheme 3-13. A Proposed Mechanism of [3+2] Cycloaddition of Compound 3-28
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Scheme 3-14. Synthetic Tactic for Inversion of Configuration of C-3 position
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Scheme 4-6. Initial Attempts of Synthesis of Aziridine 4-13
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Scheme 4-13. A Proposed Mechanism of the 1,4-Addition using Aniline Derivative 4-17
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Scheme 4-14. Attempted Epoxidation of Enone
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CH,Cl,, 0 °C

NOESY
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TBSO H JN,HIIS PMB TBSO
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(o) RO “, O>= TMSO NHTs 3 TMSO* NHTs
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o

4-43R=H %0

4-45R = TMS o o
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* Ratio was determined by "H-NMR of crude product.

Scheme 4-15. Epoxidation of Compounds 4-41 and 4-44
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Scheme 4-16. Summary of the Research
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------ >
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Introduction of )’ o
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at C-5 Position 4-46
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b) Synthesis of Aziridine 4-48 and Introduction of Aniline at C-3 Position
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7
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Scheme 4-17. Future Plan
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General: Melting points (mp) were recorded on a Yanaco MP-S3 melting point apparatus and are not corrected.
Optical rotations were measured on a JASCO DIP-370 digital polarimeter. Infrared spectra (IR) were recorded
on a JASCO FT/IR-8300 spectrophotometer and are reported in wave number (cm™). Proton nuclear magnetic
resonance (‘'H NMR) spectra were recorded on a Bruker AVANCE-400 (400 MHz) or a Varian Gemini-2000
(300 MHz) spectrometer. NMR samples were dissolved in CDCl;, CD;0D or C¢Ds, and chemical shifts are
reported in ppm relative to TMS or the residual undeuterated solvent (CDCl; as 6 = 7.26, CD;0OD as 6 = 3.31,
C¢Dg as & = 7.16). "H NMR data are reported as follows; chemical shift, integration, multiplicity (s = singlet, d
= doublet, t = triplet, q = quartet, br = broadened, m = multiplet), coupling constant, and assignment. Carbon
nuclear magnetic resonance (°C NMR) spectra were recorded on a Bruker AVANCE-400 (100 MHz) or a Varian
Gemini-2000 (75 MHz) spectrometer. The samples were dissolved in CDCl;, and chemical shifts are reported
in ppm relative to the solvent (CDCl; as 6 = 77.0, CDCl; as 6 = 49.0). 'H NMR and “C NMR spectra were
measured at 300 K unless otherwise noted. Elemental analyses were performed at the Analytical Laboratory of
the Graduate School of Bioagricultural Sciences, Nagoya University. High resolution mass spectra (HRMS)
were recorded on an Applied Biosystems Mariner Biospectrometry Workstation and are reported in m/z.
Reactions were monitored by thin-layer chromatography (TLC) on 0.25 mm silica gel coated glass plate 60 Fys4
(Merck, #1.05715). Silica gel 60 (particle size 63-200 pm, 70-230 mesh ASTM, Merck Ltd.) and silica gel 60
N (spherical, neutral, particle size 63-210 um, Kanto Chemical Co., Inc.) were used for open-column
chromatography. Flash silica gel 60 N (spherical, neutral, particle size 40-50 um, Kanto Chemical Co., Tnc.)
was used for flash-column chromatography. Preparative thin-layer chromatographic separations were carried
out on 0.5 mm silica gel coated glass plate 60 F,s4 (Merck, #1.05744). Unless otherwise noted, non-aqueous
reactions were carried out in oven-dried (120 °C) or flame-dried glassware under nitrogen or argon. Dry CH;CN
and DMF were distilled from CaH,. Dry THF and CH,Cl, were purchased from Kanto Chemical Co., Inc. All

other commercially available reagents were used as received.
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TEMPO, NaBr
o NaOCI, AcONa “oﬁ

H 0" 74 AcOEt, H,0, 15 °C H, 0\

o OH ° 0

diacetone-D-glucose
(3-1)

To a solution of diacetone-D-glucose (100.0 g, 384 mmol) in AcOEt (420 mL) and H,O (180 mL) were added
NaBr (30.9 g, 300 mmol), AcONa (47.3 g, 576 mmol) and TEMPO (1.20 g, 7.68 mmol), and stirring was
continued for 30 min at 15 °C. To this solution was added cooled 5 % aqueous NaOCI (640 mL, 426 mmol)
dropwise over 1 h maintaining the temperature around 15 °C. After stirring for 30 min at 15 °C, the mixture
was quenched by addition of 0.4 M aqueous Na,SO; (200 mL) and the mixture was stirred for 20 min at 15 °C,
then extracted with AcOEt (300 mL x 3). The combined organic layers were washed with 10% aqueous NaCl
(300 mL), and concentrated to dryness in vacuo. The crude product (85.4 g) was used for the next reaction

without purification.

(EtO),P(O)CHO,Et
.0 NaH, THF, 0 °C o “‘Oﬁ
H, 0\ E/Z=1/4 o M.
JOyds T oy
o o |
o COOEt
3.2

To a solution of (EtO),P(O)CHCO,Et (80.0 mL, 400 mmol) in dry THF (1 L) at 0 °C was added NaH (50-72%
w/w, in mineral oil, 16.0 g, ca. 400 mmol), and stirring was continued for 45 min under nitrogen. To this mixture
was added a solution of the crude product XX (85.4 g, azeotropic dehydronation was performed prior to
reaction) in dry THF (500 mL), and stirring was continued for 50 min at 0 °C. The mixture was quenched by
addition of saturated aqueous NH4CI (300 mL), stirred for 30 min at room temperature. After H,O (200 mL)
was added, the mixture was extracted with Et,O (100 mL x 3). The combined organic layers were washed with
10% aqueous NaCl (300 mL), and concentrated to dryness in vacuo. The residue was recrystallized from hexane
(100 mL) to give Z-ester (40.0 g) as a white solid. The remaining mother liquid was purified by column
chromatography (silica gel 500 g x 4 cycle) eluted with hexane/AcOEt (7/1) to give Z-ester 3-2 (32.4 g) as a
white solid and E-ester (18.0 g, 14% in 2 steps) as a colorless oil. Thus 72.4 g (57% in 2 steps) of Z-ester 3-2

was obtained from 100 g of diacetone-D-glucose.
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(Et0),P(O)CHO,Et

o .«074 NaH, THF, 0 °C 074
H, E/Z=1/4 o
Jep A3 L e
o l OH

COOEt
3-2 33

To a solution of Z-ester 3-2 (72.3 g, 220 mmol) in dry CH,ClI, (1.5 L) at -40 °C was added DIBAL-H (0.94 M
in hexane, 580 mL, 545 mmol) dropwise under nitrogen. The mixture was stirred for 3 h at -40 °C, and then
quenched by addition of 33% aqueous potassium sodium tartrate (1.2 L). The combined mixture was stirred for
12 h at room temperature and then partitioned. The aqueous layer was extracted with CH,Cl, (300 mL x 3). The
combined organic layers were washed with H,O (300 mL) and brine (300 mL), dried over Na,SO,, and
concentrated to dryness in vacuo. The crude product 3-3 (63.7 g) was used for the next reaction without

purification.

"H-NMR (300 MHz, CDCl;) 6 1.35 (3H, s, acetonide), 1.38 (3H, s, acetonide), 1.43 (3H, s, acetonide), 1.49
(3H, s, acetonide), 3.90-4.10 (3H, m), 4.28-4.42 (2H, m), 4.62-4.68 (1H, m), 5.24 (1H, d,J=4.5 Hz, OCHCHC),
5.85(1H, d, J=4.5 Hz, OCHCHC), 6.12 (1H, tt, J= 6, 1.5 Hz, C=CH).

CI;CCN, DBU

40 “‘Oﬁ CH20|2 -40°C
Joy A3 A
5 | on ccn3

3-4

To a solution of the crude product 3-3 (63.7 g) in dry CH,Cl, (1.5 L) at -40 °C were added DBU (50 mL, 334
mmol) and CCI;CN (30 mL, 299 mmol) under nitrogen, and stirring was continued for 2 h at -40 °C. The
mixture was quenched by addition of saturated aqueous NH4Cl1 (600 mL) and stirred for 1 h at 0 °C. After H,O
(200 mL) was added, the mixture was extracted with CH,Cl, (300 mL x 3). The combined organic layers were
filtered through a short column (Na,SO4 50g, neutral silica gel 200 g, Na,SO,4 50 g) eluted with Et,0O. The filtrate
was concentrated to dryness in vacuo. The crude product 3-4 (94.1 g) was used for the next reaction without

purification.
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“074 o 074
H, 0\ K,CO; H,
)(O > =0 p-xylene )(0 > =0

o [ —_— o—/ HN

o_ _cci3 reflux |
b \N’go

A mixture of the crude product 3-4 (94.1 g) and K,CO; (3.0 g) in p-xylene (1.5 L) was heated at reflux
temperature for 90 h with vigorous stirring. After cooling to room temperature, the reaction mixture was filtered
through a pad of Super-Cel, and the precipitate was rinsed with toluene (500 mL). The combined filtrate was
concentrated to dryness in vacuo. The residue was purified by column chromatography (silica gel 500 g x 4
cycle) eluted with hexane/AcOEt (7/1) to give trichloroacetamide 3-5 (81.0 g, 85% in 3 steps) as a pale-yellow

oil.

[a]p’® +41.4 (c = 1.05, CHCL3). IR (film) vimex 3312, 2990, 1720, 1507, 1375, 1248, 1216, 1164, 1081, 1007,
872, 844, 822. 'H-NMR (300 MHz, CDCl;) 6 1.35 (3H, s, acetonide), 1.37 (3H, s, acetonide), 1.49 (3H, s,
acetonide), 1.57 (3H, s, acetonide), 3.96 (1H, t, J = 8 Hz, CH,H,CHC), 4.06 (1H, dd, J = 8, 6.5 Hz,
CH,H,CHCH), 4.18 (1H, d, J = 3.5 Hz, CH,H,CHCH), 4.56 (1H, ddd, J =8, 6.5, 3.5 Hz, CH,H,CHCH), 5.28
(1H, d,J=3.5Hz, OCHCHC), 5.43 (1H, d, J= 11 Hz, CH=CH_.H,) 5.44 (1H, d, /= 17.5 Hz, CH=CH_H,), 5.92
(1H, d, J = 3.5 Hz, OCHCHC), 6.04 (1H, dd, J = 17.5, 11 Hz, CH=CH.H,), 8.54 (1H, brs, NH). "C-NMR (75
MHz, CDCl3) 624.8,26.0,26.5,26.6, 66.0,69.8,75.4,78.5,83.7,92.9,104.0, 110.5, 112.5, 117.6, 131.0, 161.5.
Elemental Analysis Calc’d for C;sH»CI3NOg: C, 44.62; H, 5.15; N, 3.25. found: C, 44.63; H, 5.12; N, 3.23.

o “‘074 o 0
H, i) O3, CH,Cl, H,
o—/ HN | i) EtaN o—/HN H
1] 3 fo)
\N’go \N’&o
| |
3-5 3-6

A solution of trichloroacetamide 3-5 (12.8 g, 29.6 mmol) in CH,Cl, (70 mL) was cooled to -78 °C under argon.
Ozone was passed into the solution until a color of the solution became blue, and the reaction mixture was
stirred for 12 h at the same temperature. After the ozone was purged with argon, Et;N (7.0 mL, 0.050 mol) was
added at -78 °C, and the reaction mixture was stirred for 1 h at room temperature. The mixture was poured into

80% NH4CI aqueous solution, and stirring was continued for 30 min. The aqueous layer was separated and
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extracted with CH,Cl, (50 mL x 3). The combined organic extracts were washed with H,O (50 mL), brine (50
mL), and then dried over Na,SO,. The solution was concentrated to dryness in vacuo. The residue was purified
by column chromatography (silica gel 150 g) eluted with hexane/AcOEt (4/1) to give aldehyde 3-6 (10.7 g,

83%) as a white solid.

[a]h +34.0 (c=1.00, CHCls). Mp.: 113-116 °C (Hexane/AcOEt). IR (film) vimax 3357, 2989, 2886, 1724, 1510,
1375, 1214, 1073. "H-NMR (300 MHz, CDCl3) & 1.25 (3H, s, Me), 1.32 (3H, s, Me), 1.34 (3H, s, Me), 1.64
(3H, s, Me), 4.00-4.18 (3H, m), 4.60 (1H, d, J = 8.5 Hz, CH,H,CHCH), 5.19 (1H, d, J = 3.5 Hz, OCHCHC),
6.35 (1H, d, J= 3.5 Hz, OCHCHC), 7.88 (1H, br, NH), 9.69 (1H, s, CHO). *C-NMR (75 MHz, CDCl;) 524.5,
25.8,26.5,26.7,67.3,72.1,73.1,81.6, 86.8,92.4, 107.7, 109.9, 113.3, 161.5, 194.5. Elemental Analysis Calc’d
for C1sHyCIsNO5: C, 41.67; H, 4.66; N, 3.24. found: C, 41.81; H, 4.79; N, 3.24.

o~ "X o~ Y
H, MeMgBr H,
oA 3o THF, 0 °C )(0 Ao
o—/ HN H — o—/ HN
H
/& \T,&oo

3-6 3-7

To a solution of aldehyde 3-6 (16.9 g, 39.1 mmol) in dry THF (400 mL) at 0 °C was added MeMgBr (0.99 M
in THF, 100 mL, 99 mmol) under nitrogen. The reaction mixture was stirred for 2 h at 0 °C, and then quenched
by addition of saturated aqueous NH4Cl (100 mL). After being stirred for 30 min at room temperature, H,O
(100 mL) was added. The mixture was extracted with Et,0 (100 mL x 3). The combined organic layers were
washed with H,O (100 mL) and brine (100 mL), dried over Na,SO,, and concentrated to dryness in vacuo. The
crude product (18.0 g) was used for the next reaction without purification. A part of the crude product was

purified by preparative thin-layer chromatography for analytical purpose.

[oc]2D7 +30.8 (¢ = 1.02, CHCl5). IR (film) vimex 3424, 3350, 2988, 1732, 1506, 1375, 1214, 1066, 820. 'H-NMR
(400 MHz, CDCl;5) 6 1.33 (3H, s, acetonide), 1.36 (3H, dd, /=6, 0.5 Hz, CHCHj;), 1.37 (3H, s, acetonide), 1.47
(3H, s, acetonide), 1.53 (3H, s, acetonide), 3.98 (1H, d, J =9 Hz, CHHCHCH), 4.03-4.13 (2H, m), 4.17-4.26
(2H, m), 4.29 (1H, brs), 5.13 (1H, d, J= 3.5 Hz, OCHCHC), 6.22 (1H, d, J= 3.5 Hz, OCHCHC), 7.65 (1H, brs,
NH). "C-NMR (100 MHz, CDCl3) §17.5, 25.1, 26.0, 26.5, 26.6, 68.0, 68.3, 71.0, 71.8, 84.4, 85.4, 93.3, 105.9,
110.6, 111.9, 161.7. Elemental Analysis Calc’d for C;sH,4C13NO7: C, 42.83; H, 5.39; N, 3.12. found: C, 42.82;
H, 5.31; N, 2.97.
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To a solution of alcohol 3-7 (21.3 mg, 47.5 umol) in dry CH,ClI, (1 mL) at 0 °C was added DBU (10 pL, 71.2
pmol) and stirring was continued for 4 h at room temperature under nitrogen. The mixture was quenched by
addition of saturated aqueous NH4Cl (5 mL) and stirred for 30 min at room temperature. The mixture was
partitioned, and the aqueous layer was extracted with CH,Cl, (3 mL x 3). The combined organic layers were
washed with H,O (3 mL) and brine (3 mL), dried over Na,SO,, and concentrated to dryness in vacuo. The
residue was purified by preparative thin-layer chromatography (hexane/AcOEt = 1/1) to give carbamate 3-8

(13.8 mg, 88%) as a colorless oil.

"H-NMR (400 MHz, CDCl;) 6 1.32 (3H, s, acetonide), 1.33 (3H, s, acetonide), 1.42 (3H, s, acetonide), 1.52
(3H, s, acetonide), 1.56 (3H, d, J = 6.5 Hz, CHCH;), 3.90-4.01 (2H, m), 4.09-4.17 (2H, m), 4.49 (1H, d, J=3
Hz, OCHCHC), 4.89 (1H, q, J = 6.5 Hz, CHCHj3), 5.78 (1H, d, J = 3 Hz, OCHCHC), 6.88 (1H, brs, NH). "°C-
NMR (100 MHz, CDCls) 6 17.6, 25.1, 26.4, 26.7, 27.0, 67.7, 70.6, 72.6, 75.8, 81.3, 83.7, 103.8, 109.9, 113.5,
159.0. HRMS (ESI) for C;5sH,3NNaO; (M+Na"), caled 352.1372, found 352.1368.
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To a solution of the crude product (18.0 g) in DMSO (360 mL) at 0 °C was added Ac,O (45 mL). After being
stirring was continued for 11 h at room temperature, the mixture was poured into an ice-cold mixture of saturated
aqueous NaHCOj; (500 mL) and Et,O (100 mL), and stirring was continued for 1 h at an ice-bath temperature.
The resulting precipitate was filtered, and the precipitate was washed with cold Et,O (200 mL) to give ketone

(17.0 g, 97%, 2 steps) as a white solid. A part of the crude product was purified by preparative thin-layer
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chromatography for analytical purpose.

[oc]ZD6 +60.7 (¢ = 1.04, CHCI3). Mp.: 196-197 °C (Hexane/AcOEt). IR (film) vinax 3239, 2988, 1714, 1542, 1211,
1081, 1039, 855. '"H-NMR (400 MHz, CDCl;) & 1.27 (3H, s, acetonide), 1.33 (3H, s, acetonide), 1.37 (3H, s,
acetonide), 1.61 (3H, s, acetonide), 2.46 (3H, s, COCHj3), 3.97 (1H, dd, J= 8.5, 5.5 Hz, CHHCHCH), 4.08 (1H,
ddd,J=8,6,5.5 Hz, CHHCHCH), 4.19 (1H, dd, /= 8.5, 6 Hz, CHHCHCH), 4.75 (1H, d, /= 8 Hz, CHHCHCH),
5.26 (1H, d, J = 3.5 Hz, OCHCHC), 6.26 (1H, d, J = 3.5 Hz, OCHCHC), 7.97 (1H, brs, NH). "C-NMR (100
MHz, CDCls) 624.7,25.9,26.0,26.3,28.9,67.8,73.5,75.7,83.2,84.5,92.9,107.1, 109.9, 112.8, 161.3,200.2.
Elemental Analysis Calc’d for C;sH»CI3NO7: C, 43.02; H, 4.96; N, 3.14. found: C, 43.00; H, 4.81; N, 2.99.
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To a solution of the ketone 3-9 (7.24 g, 16.2 mmol) in MeOH/CH,Cl, (1/1, 460 mL) was added LaCl;-7H,0O
(6.01 g, 16.2 mmol). The reaction mixture was stirred for 30 min at room temperature, and then cooled to -
50 °C. To this solution was added NaBH,4 (1.23 g, 32.4 mmol) portionwise. After stirring for 5 h at -50 °C.
Saturated aqueous NH4Cl (100 mL) was added. Stirring was continued for 30 min at room temperature, H,O
(100 mL) was added. The mixture was extracted with Et;,O (100 mL x 3). The combined organic layers were
washed with H,O (100 mL) and brine (100 mL), dried over Na,SO,, and concentrated to dryness in vacuo. The
residue was purified by column chromatography (silica gel 250 g) eluted with hexane/AcOEt (6/1) to give the
desired alcohol 3-10 (6.32 g, 87%) as a white solid and the undesired alcohol 3-7 (0.45 g, 6%) as a colorless oil.

[oc]ZD6 +13.5 (¢ = 1.13, CHCI3). Mp.: 89-93 °C. IR (film) via 3461, 3329, 2987, 1731, 1523, 1375, 1213, 1167,
1070, 820. '"H-NMR (400 MHz, CDCl;) 6 1.35 (3H, s, acetonide), 1.36 (3H, s, acetonide), 1.48 (3H, s, acetonide),
1.52 (3H, d, /= 6.5 Hz, CHCHj;), 1.58 (3H, s, acetonide), 3.27 (1H, d, /= 11.5 Hz, OH), 4.02 (1H, dd, J = 8.5,
6 Hz, CHHCHCH), 4.04-4.14 (2H, m, CHHCHCH and CHCH,), 4.23 (1H, dd, J = 8.5, 6 Hz, CHHCHCH),
4.42 (1H, d, J=8.5 Hz, CHHCHCH), 5.43 (1H, d, /= 3.5 Hz, OCHCHC), 6.14 (1H, d, J= 3.5 Hz, OCHCHC),
7.52 (1H, brs, NH). "C-NMR (100 MHz, CDCl5) & 20.3, 25.0, 25.9, 26.2, 26.5, 68.4, 69.3, 71.3, 73.6, 80.3,
84.3,93.2,106.0, 110.2, 112.4, 161.3. Elemental Analysis Calc’d for C;sH24C1sNO7: C, 42.83; H, 5.39; N, 3.12.
found: C, 42.81; H, 5.18; N, 3.15.
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To a solution of alcohol 3-10 (12.9 g, 28.7 mmol) in dry CH,ClI, (300 mL) at 0 °C was added DBU (5.20 mL,
34.4 mmol) and stirring was continued for 2 h at room temperature under nitrogen. The mixture was quenched
by addition of saturated aqueous NH4C1 (200 mL) and stirred for 30 min at room temperature. The mixture was
partitioned, and the aqueous layer was extracted with CH,Cl, (100 mL x 3). The combined organic layers were
washed with H,O (100 mL), and brine (100 mL), dried over Na,SO,, and concentrated to dryness in vacuo. The
residue was used for the next reaction without purification. A part of the crude product was purified by

preparative thin-layer chromatography for analytical purpose.

[oc]ZD7 +43.4 (¢ = 1.06, CHCI;). IR (film) vinax 3672, 3301, 2987, 1749, 1374, 1216, 1166, 1071, 1023, 874. 'H-
NMR (400 MHz, CDCl;) 6 1.31 (3H, s, acetonide), 1.33 (3H, s, acetonide), 1.43 (3H, s, acetonide), 1.52 (3H,
s, acetonide), 1.58 (3H, d, J= 6.5 Hz, CHCH5), 3.93 (1H, dd, J =8, 6.5 Hz, CHHCHCH), 4.04-4.19 (3H, m),
4.51 (1H, d,J=3.5 Hz, OCHCHC), 4.96 (1H, q, /= 6.5 Hz, CHCH3;), 5.82 (1H, d, /= 3.5 Hz, OCHCHC), 6.98
(1H, brs, NH). "C-NMR (100 MHz, CDCls) § 16.4, 24.9, 26.1, 26.2, 26.5, 68.0, 70.1, 72.7, 76.1, 79.7, 87.2,
103.2, 109.9, 112.8, 159.0. HRMS (ESI) for C;sH»3NNaO; (M+Na"), caled 352.1372, found 352.1378.
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The crude product (10.5 g) was dissolved in dry THF (300 mL), and the solution was cooled to 0 °C under
nitrogen. NaH (50-72% w/w, in mineral oil, 1.72 g, ca. 43.1 mmol), BnBr (4.10 mL, 34.4 mmol) and n-BusNI
(5.30 g, 14.4 mmol) were successively added and stirring was continued for 14 h at room temperature. The
mixture was quenched by addition of saturated aqueous NH4Cl (200 mL) and stirred for 30 min at room

temperature. After H,O (100 mL) was added, the mixture was extracted with Et,0 (100 mL x 3). The combined
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organic layers were washed with saturated aqueous NH4CI (100 mL), H,O (100 mL) and brine (100 mL), dried
over Na,SOy4, and concentrated to dryness in vacuo. The residue was purified by column chromatography (silica
gel 250 g) eluted with hexane/AcOEt (3/1) to give N-benzylcarbamate 3-12 (12.0 g, 99% in 2 steps) as a

colorless oil.

[oc]2D7 +41.2 (¢ =0.915, CHCI;). IR (film) vimex 2987, 1753, 1374, 1213, 1071, 1026, 872. 'H-NMR (400 MHz,
CDCls) 6 1.11 (3H, s, acetonide), 1.35 (3H, s, acetonide), 1.45 (3H, s, acetonide), 1.48 (3H, s, acetonide), 1.58
(3H, d, J = 6.5 Hz, CHCHj;), 3.92 (1H, dd, J = 8.5, 6.5 Hz, CHHCHCH), 4.03 (1H, ddd, J = 8.5, 6.5, 6 Hz,
CHHCHCH), 4.09 (1H, d, J= 16 Hz, PhCHH), 4.18 (1H, d, /= 8.5 Hz, CHHCHCH), 4.21 (1H, dd, J=8.5, 6
Hz, CHHCHCH), 4.23 (1H, d, /=4 Hz, OCHCHC), 4.81 (1H, q, J= 6.5 Hz, CHCH3;), 5.04 (1H, d, /=16 Hz,
PhCHH), 5.69 (1H, d, J = 4 Hz, OCHCHC), 7.27-7.39 (5H, m, Ar). "C-NMR (100 MHz, CDCl;) § 16.5, 24.9,
25.8,26.1,26.3,46.5, 68.5,72.1,73.4,73.7, 81.2, 84.8, 103.4, 110.2, 112.5, 127.2, 128.0, 128.9, 137.8, 158.1.
Elemental Analysis Calc’d for C,,HyoNO7: C, 62.99; H, 6.97; N, 3.34. found: C, 63.01; H, 6.90; N, 3.21.
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A solution of N-benzylcarbamate 3-12 (12.0 g, 28.6 mmol) in 50% aqueous AcOH (300 mL) was stirred for 20
h at room temperature. The mixture was concentrated to dryness in vacuo. The crude product (12.2 g) was used
for the next reaction without purification.

A part of the crude product was purified by preparative thin-layer chromatography for analytical purpose.

IR (film) vimex 3412, 2936, 1992, 1734, 1409, 1295, 1215, 1098, 1073, 1025, 984, 872. '"H-NMR (400 MHz,
CDCl;) 6 1.10 (3H, s, acetonide), 1.47 (3H, s, acetonide), 1.60 (3H, d, J = 6.5 Hz, CHCHj;), 3.69 (1H, dd, J =
11, 6.5 Hz, CHHCHCH), 3.79 (1H, ddd, J=9.5, 6.5 3 Hz, CHHCHCH), 3.92 (1H, dd, /=11, 3 Hz, CHHCHCH),
4.09 (1H, d,J=16 Hz, PhCHH), 4.21 (1H, d, /=4 Hz, OCHCHC), 4.26 (1H, d, J=9.5 Hz, CHHCHCH), 4.84
(1H, q,J= 6.5 Hz, CHCH3), 5.05 (1H, d, /= 16 Hz, PhCHH), 5.67 (1H, d, /=4 Hz, OCHCHC), 7.27-7.38 (5H,
m, Ar). "C-NMR (100 MHz, CDCl3) § 16.5, 25.9, 26.3, 46.5, 65.2, 69.3, 73.7, 74.3, 79.0, 84.7, 103.2, 112.4,
127.1, 128.0, 128.9, 137.7, 159.0. HRMS (ESI) for C,oH,(NO; (M+H"), caled 380.1709, found 380.1711.
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The crude product (12.2 g) was dissolved in dry CH,Cl, (300 mL), and the solution was cooled to 0 °C under
nitrogen. Et;N (12.0 mL, 85.9 mmol) and MsCl (5.50 mL, 71.6 mmol) were successively added and stirring
was continued for 1 h at room temperature. The mixture was quenched by addition of saturated aqueous NH4Cl
(200 mL) and stirred for 30 min at room temperature. After H,O (100 mL) was added, the mixture was extracted
with Et,0 (400 mL x 1, 100 mL x 2). The combined organic layers were washed with saturated aqueous NH4Cl
(100 mL), H,O (100 mL) and brine (100 mL), dried over Na,SO,, and concentrated to dryness in vacuo. The
crude product (16.27 g) was used for the next reaction without purification. A part of the crude product was

purified by preparative thin-layer chromatography for analytical purpose.

IR (film) vimax 2985, 1753, 1358, 1178, 1094, 1068, 1028, 942. '"H-NMR (400 MHz, CDCl3) & 1.14 (3H, s,
acetonide), 1.49 (3H, s, acetonide), 1.55 (3H, d, J = 6.5 Hz, CHCHj;), 3.09 (3H, s, Ms), 3.22 (3H, s, Ms), 4.14
(1H,d,J=16 Hz, PhCHH), 4.29 (1H, d, /=4 Hz, OCHCHC), 4.51 (1H, dd, J= 12, 2.5 Hz, CHHCHCH), 4.57
(1H, d, J= 9.5 Hz, CHHCHCH), 4.74 (1H, dd, J = 12, 2 Hz, CHHCHCH), 4.79 (1H, ddd, J=9.5, 2.5, 2 Hz,
CH.H4CHCH), 4.85 (1H, q, J = 6.5 Hz, CHCH,;), 5.03 (1H, d, J = 16 Hz, PhCH,H,), 5.74 (1H, d, J = 4 Hz,
OCHCHC), 7.30-7.41 (5H, m, Ar). "C-NMR (100 MHz, CDCl;) §16.4, 26.0, 26.4, 37.4,39.2, 46.6, 68.5, 72.9,
73.0, 73.7, 75.4, 85.3, 103.0, 113.2, 127.4, 128.3, 129.0, 137.1, 157.4. Elemental Analysis Calc’d for
C1H2oNOy;S,: C, 47.09; H, 5.46; N, 2.62. found: C, 47.11; H, 5.38; N, 2.53.
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To a solution of the crude product (16.27 g) in DMF (300 mL) were added Zn (4.31 g, 65.9 mmol) and Nal
(4.64 g, 34.4 mmol), and stirring was continued for 10 h at 120 °C under nitrogen. After cooling to room

temperature, the reaction mixture was filtered through a pad of Super-Cel, and the precipitate was rinsed with

67



Et,O (200 mL). The filtrate was washed with saturated aqueous NaHCO; (100 mL) and saturated aqueous
NH,4C1 (100 mL). The combined aqueous layers were extracted with Et,0O (100 mL x 2). The combined organic
layers were washed with H,O (100 mL) and brine (100 mL), dried over Na,SO,, and concentrated to dryness in
vacuo. The residue was purified by column chromatography (silica gel 100 g) eluted with hexane/AcOEt (2/1)
to give 3-13 (9.15 g, 92% in 3 steps) as a colorless oil.

[oc]%5 +48.8 (¢ = 1.10, CHCIs). IR (film) vine 2988, 1756, 1397, 1191, 1068, 1028, 872. 'H-NMR (400 MHz,
CDCl5) 61.10 (3H, s, acetonide), 1.48 (3H, s, acetonide), 1.50 (3H, d, J= 6.5 Hz, CHCH;), 4.15 (1H, d, J=16
Hz, PhCHH), 4.18 (1H, d, J = 4 Hz, OCHCHC), 4.75 (1H, d, J = 5.5 Hz, CHH=CHCH), 4.81 (1H, q, /= 6.5
Hz, CHCH;), 4.97 (1H, d, J= 16 Hz, PhCHH), 5.50 (1H, brd, /= 11 Hz, CHH=CHCH), 5.64 (1H, d, /=4 Hz,
OCHCHC), 5.65 (1H, brd, J = 17 Hz, CHH=CHCH), 5.86 (1H, ddd, /=17, 11, 5.5 Hz, CHH=CHCH), 7.27-
7.38 (5H, m, Ar). "C-NMR (100 MHz, CDCLy) § 16.7, 25.7, 26.2, 46.4, 73.1, 73.3, 79.8, 84.3, 103.5, 112.3,
121.5, 127.4,127.9, 128.8, 129.8, 137.7, 158.0. Elemental Analysis Calc’d for C19H,3NOs: C, 66.07; H, 6.71;
N, 4.06. found: C, 65.90; H, 6.62; N, 4.28.
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A solution of 3-13 (3.09 g, 8.94 mmol) in TFA (72 mL) and H,O (18 mL) was stirred for 24 h at room
temperature. The mixture was concentrated to dryness in vacuo. The residue was purified by column
chromatography (silica gel 50 g) eluted with hexane/AcOEt (2/1) to give diol 3-14 (1.76 g, 65%) as a white
solid, trifluoroacetate 3-15 (1.03 g, 29%) as a pale red oil and recovery 3-13 (0.13 g, 4 %). To a solution of the
trifluoroacetate 3-15 (1.03 g, 2.57 mmol) in MeOH (30 mL) was added K,CO; (300 mg). The mixture was
stirred for 2 h at room temperature. After addition of 1N aqueous HCI (20 mL) and H,O (50 mL), the mixture
was extracted with AcOEt (30 mL x 3). The combined organic layers were washed with saturated aqueous
NH,4CI (20 mL), H,O (20 mL) and brine (20 mL), dried over Na,SO,, and concentrated to dryness in vacuo. The
residue was purified by column chromatography (silica gel 30 g) eluted with hexane/AcOEt (2/1) to give diol
3-14 (0.50 g, 65% from trifluoroacetate 3-15). Thus 2.26 g (7.40 mmol, 83%) of diol 3-14 was obtained from
3.09 g of 3-13.
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3-14; 'H-NMR (400 MHz, CD;OD) & 1.49 (2/3*3H, d, J = 6.5 Hz, CHCH3), 1.51 (1/3*3H, d, J = 6.5 Hz,
CHCH;), 3.97 (1/3*1H, d, J =5 Hz, OCHCHC), 4.04 (2/3*1H, d, J = 3 Hz, OCHCHC), 4.28 (1/3*1H, d, J =
16.5 Hz, PhCHH), 4.61 (2/3*1H, d, J = 16.5 Hz, Ph\CHH), 4.61 (2/3*1H, brd, J = 5.5 Hz, CHH=CHCH), 4.69
(2/3*1H, d, J=16.5 Hz, PhCHH), 4.78 (1/3*1H, brd, J = 5.5 Hz, CHH=CHCH), 4.79 (1/3*1H, d, /= 16.5 Hz,
PhCHH), 4.83 (2/3*1H, q, J = 6.5 Hz, CHCHs), 4.89 (1/3*1H, q, J = 6.5 Hz, CHCH3), 5.07 (2/3*1H, d, J=3
Hz, OCHCHC), 5.32 (1/3*1H, d, J= 5 Hz, OCHCHC), 5.38 (2/3*1H, dt, J = 10.5, 1.5 Hz, CHH=CHCH), 5.42
(1/3*1H, dt, J=10.5, 1.5 Hz, CHH=CHCH), 5.57 (2/3*1H, dt, /=17, 1.5 Hz, CHH=CHCH), 5.58 (1/3*1H, dt,
J=17,1.5 Hz, CHH=CHCH), 5.87 (1/3*1H, ddd, J= 17, 10.5, 5.5 Hz, CHH=CHCH), 5.88 (2/3*1H, ddd, J =
17,10.5,5.5 Hz, CHH=CHCH), 7.19-7.39 (5H, m, Ar). Elemental Analysis Calc’d for C;cH;sNOs: C, 62.94; H,
6.27; N, 4.59. found: C, 62.94; H, 6.28; N, 4.59.

3-15; IR (film) vmax 3199, 1721, 1415, 1194, 1099, 1073, 1004. 'H-NMR (300 MHz, CDCl5) & 1.48 (1/3*3H, d,
J=6.5Hz, CHCH;), 1.55 (2/3*3H, d, J = 6.5 Hz, CHCH}), 4.06 (2/3*1H, d, J = 16 Hz, PhCHH), 4.08 (1/3*1H,
d, J = 16 Hz, PhACHH), 4.37 (2/3*1H, d, J = 4.5 Hz, OCHCHC), 4.52 (1/3*1H, d, J = 4 Hz, OCHCHC), 4.84
(1/3*1H, brd, J = 5.5 Hz, CHH=CHCH), 4.86 (1/3*1H, q, J = 6.5 Hz, CHCH3), 4.88 (2/3*1H, q, J = 6.5 Hz,
CHCHj;), 4.99 (1H, d, J = 16 Hz, PhCHH), 5.02 (2/3*1H, brd, J = 5.5 Hz, CHH=CHCH), 5.55 (2/3*1H, dt, J =
10.5, 1.5 Hz, CHH=CHCH), 5.56 (1/3*1H, dt, J = 10.5, 1.5 Hz, CHH=CHCH), 5.68 (1H, dt, J = 16, 1.5 Hz,
CHH=CHCH), 5.70 (2/3*1H, d, J = 4.5 Hz, OCHCHC), 5.84 (1/3*1H, ddd, J= 16, 10.5, 5.5 Hz, CHH=CHCH),
and (1/3*1H, d, J = 4 Hz, OCHCHC), 5.86 (2/3*1H, ddd, J = 16, 10.5, 5.5 Hz, CHH=CHCH), 7.24-7.42 (5H,
m, Ar). "F-NMR (400 MHz, CDCl;) §-86.4 (1/3*3F, s, COCF;), -84.1 (2/3*3F, s, COCF3).
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To a solution of diol 3-14 (2.05 g, 6.71 mmol) in THF (35 mL) and H,O (35 mL) was added NalO,4 (2.87 g,
13.4 mmol), and stirring was continued for 1 h at room temperature. After H,O (30 mL) was added, the mixture
was extracted with AcOEt (40 mL x 3). The combined organic layers were washed with H,O (40 mL) and brine
(40 mL), dried over Na,SO,, and concentrated to dryness in vacuo. The crude product 3-21 (2.02 g) was used

for the next reaction without purification.
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'"H-NMR (300 MHz, CDCl3) § 1.50 (3H, d, J= 7 Hz, CHCHj), 4.38 (1H, d, J = 15 Hz, PhCHH), 4.46 (1H, q, J
=7 Hz, CHCH3), 5.03 (1H, d, J = 15 Hz, PhCHH), 5.55 (1H, dt, J= 10.5, 1 Hz, CHH=CHCH), 5.57 (1H, dt, J
=17, 1 Hz, CHH=CHCH), 5.87 (1H, ddd, J = 17, 10.5, 6 Hz, CHH=CHCH), 6.07 (1H, q, J = 6, 1 Hz,
CHH=CHCH), 7.28-7.42 (5H, m, Ar), 8.13 (1H, d, /= 1| Hz, OCHO), 8.94 (1H, s, CHO).
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To a solution of trimethylsilylacetylene (4.0 mL, 28 mmol) in dry THF (50 mL) at 0 °C was added n-BuLi (1.65
M in THF 16.3 mL, 26.8 mmol) and stirring was continued for 30 min under nitrogen. To the solution was
added the crude product 3-21 (2.02 g) in dry THF (25 mL) at -78 °C and stirring was continued for 25 mim.
The mixture was allowed to warm up to room temperature over 15 min. After being stirring was continued for
30 min at room temperature, the mixture was quenched by addition of an ice-cooled saturated aqueous NH4Cl1
(30 mL) and then stirred for 20 min. After H;O (30 mL) was added, the mixture was extracted with Et,O (40
mL x 3). The combined organic layers were washed with saturated aqueous NH4Cl (40 mL), H,O (40 mL) and
brine (40 mL), dried over Na,SO4, and concentrated to dryness in vacuo. The residue was purified by column
chromatography (silica gel 200 g) eluted with hexane/AcOEt (4/1 — 3/1 — 2/1) to give enyne 3-22 (1.53 g,

61% in 2 steps) as a white solid, and its diastercomer 3-23 (0.52 g, 21% in 2 steps) as a colorless oil.

3-22: [a]p +99.7 (¢ = 1.00, CHCLy). IR (film) viax 3414, 2959, 1723, 1415, 1251, 1075, 845. "H-NMR (400
MHz, CDCL) §0.13 (9H, s, TMS), 1.52 (3H, d, J = 7 Hz, CHCH), 4.58 (2H, s, PhCH>), 4.67 (1H, brd, J= 5
Hz, CHH=CHCH), 4.93 (1H, brs, TMSC=CCH), 4.97 (1H, q, J= 7 Hz, CHCH3), 5.36 (1H, dt, /= 10.5, 1.5 Hz,
CHH=CHCH), 5.52 (1H, dt, J= 17, 1.5 Hz, CHH=CHCH), 5.98 (1H, ddd, J = 17, 10.5, 5 Hz, CHH=CHCH),
7.21-7.31 (3H, m, Ar) , 7.37-7.43 (2H, m, Ar). *C-NMR (100 MHz, CDCls) §-0.4, 15.9, 46.6, 65.0, 69.9, 72.4,
75.8,95.1,101.7, 119.6, 127.5, 128.4, 128.7, 135.0, 137.9, 158.7. Elemental Analysis Calc’d for CaHNO,Si:
C, 64.31; H, 7.29; N, 3.75. found: C, 64.32; H, 7.05; N, 3.77.

3-23: [OL]ZD7 +34.4 (c = 1.04, CHCL3). IR (film) vine 3543, 3403, 2959, 1726, 1415, 1251, 1071, 845. '"H-NMR
(400 MHz, CDCls) 6 0.16 (9H, s, TMS), 1.19 (1H, d, J = 4.5 Hz, TMSC=CCHOH), 1.53 (3H, d, J = 7 Hz,
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CHCH;), 2.09 (1H, d, J=4 Hz, CHH=CHCHOH), 4.49 (1H, d, J=15.5 Hz, PhnCHH), 4.73 (1H, brd, /=5 Hz,
CHH=CHCH), 4.83 (1H, q, J =7 Hz, CHCHs;), 4.88 (1H, d, J = 15.5 Hz, Ph\CHH), 4.89 (1H, d, J = 4.5 Hz,
TMSC=CCH), 5.45 (1H, dt, J = 10.5, 1.5 Hz, CHH=CHCH), 5.61 (1H, dt, J =17, 1.5 Hz, CHH=CHCH), 6.05
(1H, ddd, J = 17, 10.5, 5 Hz, CHH=CHCH), 7.28-7.39 (3H, m, Ar) , 7.42-7.47 (2H, m, Ar). "C-NMR (100
MHz, CDCl3) 6 -0.4, 15.8, 46.0, 60.7, 71.4, 72.9, 73.5, 92.5, 101.2, 119.3, 128.3, 128.4, 129.4, 135.4, 138.2,
158.5. Elemental Analysis Calc’d for C,0H,7NO4Si: C, 64.31; H, 7.29; N, 3.75. found: C, 64.33; H, 7.13; N,
3.66.

T™S
Co(CO);s TMS - Co(CO);
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To a solution of enyne 3-22 (100 mg, 0.268 mmol) in dry CH,Cl, (3 mL) was added Co,(CO)s (137 mg, 0.402
mmol). After stirring for 3 h at room temperature, the mixture was concentrated to dryness in vacuo. The residue
was purified by column chromatography (neutral silica gel 10 g, hexane/AcOEt = 4/1) to give acetylene-cobalt

complex (155 mg, 88%) as a brown oil.

'H-NMR (400 MHz, CDCls) §0.37 (9H, s, TMS), 1.08 (1H, brd, J = 7 Hz, CHH=CHCHOH), 1.47 (3H, d, J =
6.5 Hz, CHCH5), 3.18 (1H, d, J= 6 Hz, CCH(OH)C), 4.00 (1H, d, /= 15.5 Hz, PhHH), 4.58 (1H, brt, /= 6 Hz,
CHH=CHCHOH), 4.83 (1H, brq, J = 6.5 Hz, CHCH3), 4.97 (1H, brd, J = 17 Hz, CHH=CHCHOH), 5.01-5.17
(2H, m, CHH=CHCHOH, PhHH), 5.70 (1H, d, /= 6 Hz, CCH(OH)C), 5.78 (1H, m, CHH=CHCH), 7.30-7.38
(3H, br, Ar) , 7.45-7.53 (2H, br, Ar). HRMS (ESI) for Cy¢H,7C0,NNaO,,Si (M+Na+), calcd 681.9966, found

o] (o]
T™MS T™MS
CH3CN, 70 °C H [TH
—_— . + .
HO™ OH HO" OH
BnN" > BnN"
)0 o

(o} o
3-24 3-25

681.9977.

A solution of acetylene-cobalt complex (100 mg, 0.152 mmol) in dry CH;CN (2 mL) was stirred for 1 h at 70 °C.
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After cooling to room temperature, the reaction mixture was filtered through a pad of Super-Cel, and the
precipitate was rinsed with CH3;CN (10 mL). The combined filtrate was concentrated to dryness in vacuo. The
residue was purified by flash column chromatography (neutral silica gel 20 g) eluted with hexane/acetone (4/1)
to give cycloadduct 3-24 (27.3 mg, 45%) as a white solid and its diastereomer 3-25 (14.2 mg, 23%) as a colorless

oil.

3-24: [(1]2])7 +69.2 (c = 0.38, acetone). IR (film) vine 3361, 1734, 1684, 1407, 1247, 1148, 844. '"H-NMR (400
MHz, CDCl;) 60.27 (9H, s, TMS), 1.58 (3H, d, /=6 Hz, CHCH;), 2.16 (1H, dd, J= 18, 4 Hz, CHCHHCO),
2.26 (1H, dd, J =18, 6.5 Hz, CHCHHCO), 3.42 (1H, m, CHCHHCO), 4.03 (1H, dd, J =4 Hz, CCHOH), 4.10
(1H, d,J =17 Hz, PhCHH), 4.56 (1H, q, J = 6 Hz, CHCH3), 4.97 (1H, brs, CHCHOH), 5.22 (1H, d,J=17 Hz,
PhCHH), 7.23-7.31 (3H, m, Ar) , 7.31-7.38 (2H, m, Ar). "C-NMR (100 MHz, CDCls) §-1.3, 17.8, 37.3, 47.7,
50.4,71.1, 75.6, 78.6, 80.4, 126.6, 127.7, 129.0, 138.1, 142.8, 160.1, 189.1, 214.3. Elemental Analysis Calc’d
for Cy0H7NO4Si: C, 62.82; H, 6.78; N, 3.49. found: C, 62.81; H, 6.59; N, 3.41.

3-25: [(x]2132 -161 (¢ = 0.30, CDCls). IR (film) vinex 3361, 1734, 1684, 1407, 1247, 1148, 844. '"H-NMR (400
MHz, CDCl;) 6 0.28 (9H, s, TMS), 0.71 (1H, brs, CHCHOH), 1.48 (3H, d, J= 6.5 Hz, CHCHj3), 2.20 (1H, dd,
J =18, 3.5 Hz, CHCHHCO), 2.61 (1H, dd, J = 18, 6.5 Hz, CHCHHCO), 2.83 (1H, ddd, J =12, 6.5, 3.5 Hz,
CHCHHCO), 4.06 (1H, d, J = 12 Hz, CHCHOH), 4.43 (1H, q, J = 6.5 Hz, CHCH3), 4.58 (1H, d, J = 16 Hz,
PhCHH), 5.02 (1H, brs, CCHOH), 5.09 (1H, d, J = 16 Hz, PhCHH), 5.48 (1H, brd, J =4 Hz, CCHOH), 7.30-
7.45 (5H, m, Ar). "C-NMR (100 MHz, CDCl3) §-1.3, 17.8,42.3,46.2,48.3,73.2,75.2,76.1,80.3, 127.4, 128 4,
129.5, 138.2, 144.9, 159.3, 186.7, 211.5. HRMS (ESI) for C,HxNOsSi (M+H"), caled 402.1737, found
402.1740.
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To a solution of enyne 3-22 (832 mg, 2.23 mmol) in MeOH (60 mL) was added K,CO; (462 mg, 3.34 mmol)
and stirring was continued for 3 h at room temperature. The mixture was quenched by addition of 1N aqueous
HCI (5 mL) and stirred for 30 min at room temperature. After H,O (50 mL) was added, the mixture was extracted
with AcOEt (30 mL x 3). The combined organic layers were washed with H,O (30 mL) and brine (30 mL),

dried over Na,SO,, and concentrated to dryness in vacuo. The crude product (672 mg) was used for the next
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reaction without purification.
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The crude product (672 mg) was dissolved in dry THF (60 mL), and the solution was cooled to 0 °C under
nitrogen. BnBr (0.66 mL, 5.58 mmol), n-BusNI (823 mg, 2.23 mmol) and NaH (50-72% w/w, in mineral oil,
223 mg) were successively added and stirring was continued for 12 h at room temperature. The mixture was
quenched by addition of saturated aqueous NH4Cl (20 mL) and stirred for 30 min at room temperature. After
H,0 (20 mL) was added, the mixture was extracted with Et,O (30 mL x 3). The combined organic layers were
washed with saturated aqueous NH4CI (30 mL), H,O (30 mL) and brine (30 mL), dried over Na,SO,4, and
concentrated to dryness in vacuo. The residue was purified by column chromatography (silica gel 50 g) eluted

with hexane/AcOEt (4/1) to give enyne 3-26 (836 mg, 78% in 2 steps) as a colorless oil.

[a]}y +30.4 (c = 1.10, CHCL). IR (film) vmex 3282, 3031, 1750, 1403, 1069. '"H-NMR (400 MHz, CDCl;) &
1.49 (3H, d, J = 7 Hz, CHCH), 2.29 (1H, d, J = 2 Hz, CCHC=CH), 4.10 (1H, d, J = 11 Hz, PhCH,Hy), 4.23
(1H, d, J= 11 Hz, PhACH,Hy), 4.30 (1H, d, J = 7 Hz, CHH=CHCH), 4.47 (1H, d, J = 15.5 Hz, PhCH,Hy), 4.56
(1H, d, J = 11 Hz, PhCH,H,), 4.70 (1H, d, J = 15.5 Hz, PhCH.H)), 4.72 (1H, d, J = 11 Hz, PhCH.H,), 4.89 (1H,
d,J=2 Hz, CCHC=CH), 5.05 (1H, q, J= 7 Hz, CHCHs), 5.49 (1H, brd, J = 17.5 Hz, CHH=CHCH), 5.52 (1H,
brd, J = 10.5 Hz, CHH=CHCH), 5.78 (1H, ddd, J = 17.5, 10.5, 7 Hz, CHH=CHCH), 7.16-7.37 (15H, m, Ar).
3C-NMR (100 MHz, CDCls) & 15.6, 46.9, 70.4, 70.8, 71.3, 71.5, 75.6, 78.3, 79.0, 80.1, 121.9, 127.3, 127.6,
127.7, 127.8, 127.9, 128.0, 128.4 x 2, 129.4, 132.2, 137.0, 137.7, 137.8, 158.7. Elemental Analysis Calc’d for
C3H3NO,: C, 77.31; H, 6.49; N, 2.91. found: C, 77.32; H, 6.55; N, 2.82.
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A solution of enyne 3-26 (197 mg, 0.409 mmol) in CH,Cl, (40 mL) was cooled to -78 °C under argon. Ozone
was passed into the solution until the color became blue, and the solution was stirred for 30 min at -78 °C. After
ozone was purged with argon, PPh; (161 mg, 0.613 mmol) was added at -78 °C. The mixture was allowed to

warm up to room temperature and stirred for 1 h. The mixture was concentrated to dryness in vacuo. The residue
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was purified by column chromatography (silica gel 25 g) eluted with hexane/AcOEt (4:1) to give aldehyde 3-
27 (167 mg, 0.345 mmol, 84%) as a colorless oil.

[a]} -64.6 (c=1.14, CHCl;). IR (film) viex 3279, 1749, 1402, 1089, 1070. "H-NMR (400 MHz, CDCl3) 51.57
(3H, d, J = 6.5 Hz, CHCH;), 2.51 (1H, d, J = 1.5 Hz, CCHC=CH), 4.07 (1H, d, J = 11 Hz, PhCH,H,), 4.13 (1H,
d,J= 11 Hz, PhCHHy), 4.17 (1H, d, J = 2 Hz, CHCHO), 4.36 (1H, d, J = 15.5 Hz, PhCH,Hy), 4.42 (1H, d, J =
15.5 Hz, PhCH.H)), 4.44 (1H, d, J = 11 Hz, PhCH,H,), 4.63 (1H, brs, CCHC=CH), 4.71 (1H, d, J= 11 Hz,
PhCH.H,), 4.93 (1H, q, J = 6.5 Hz, CHCH3), 7.14-7.38 (15H, m, Ar), 9.60 (1H, d, J = 2 Hz, CHCHO). "*C-
NMR (100 MHz, CDCL3) 8 16.6, 46.2, 70.2, 70.9, 71.3, 73.7, 75.8, 79.5, 83.2, 127.6, 128.0 x 2, 128.2, 128.3 x
2, 128.5, 128.6, 129.0, 136.3, 136.4, 137.3, 158.0, 198.6. Elemental Analysis Calc’d for C3HxNOs: C, 74.52;
H, 6.04; N, 2.90. found: C, 74.52; H, 6.03; N, 2.82.

o I on
PhNHOH DN
\‘ toluene, rt ©0" " | l
Hg‘ oH — BnO*' OBn
nN" BaN” N\
o <
o/>_ o)—o
3-27 3-28

Aldehyde 3-27 (66.8 mg, 0.138 mmol) and N-PhNHOH (18.1 mg, 0.166 mmol) were dissolved in toluene (5
mL). The mixture was concentrated to dryness in vacuo over 30 min under below room temperature. The residue
was purified by column chromatography (neutral silica gel 5 g) eluted with hexane/AcOEt (3/1) to give nitrone
3-28 (68.0 mg, 86%) as a colorless oil. During the purification, purified 3-28 gradually underwent the Baldwin

rearrangement to give a mixture of 3-28 and small amount of aziridine 3-30.

IR (film) vimex 2925, 2360, 1750, 1397, 1067. '"H-NMR (300 MHz, CDCl3) 5 1.44 (3H, d, J = 7 Hz, CHCH),
2.48 (1H, d, J = 2 Hz, CCHC=CH), 4.28-4.42 (4H, m), 4.74 (1H, d, J = 15 Hz, PhCH,H,), 4.80 (1H, d,J=11.5
Hz, PhCH,H,), 5.07 (1H, d, J = 2 Hz, CCHC=CH), 5.09 (1H, q, J = 7 Hz, CHCH3), 5.42 (1H, d, J = 8.5 Hz,
CHCHN), 6.89 (1H, d, J = 8.5 Hz, CHCHN), 7.12-7.46 (15H, m, Ar). HRMS (ESI) for C3sH3;N,NaOs (M+Na),
caled 597.2365, found 597.2370.
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A solution of nitrone 3-28 (42.0 mg, 73.1 umol) in toluene (10 mL) was heated at reflux temperature for 30 min
under nitrogen. The mixture was concentrated to dryness in vacuo. The residue was purified by column
chromatography (neutral silica gel 5 g) eluted with hexane/AcOEt (4/1) to give aldehyde 3-30 (33.1 mg, 79%)

as a colorless oil.

[oc]ZD7 +50.8 (¢ = 1.78, CHClL;). IR (film) vy, 3031, 1749, 1703, 1595, 1492, 1454, 1389, 1089, 1072. 'H-NMR
(400 MHz, CDCl;) 6 1.46 (3H, d, J= 6 Hz, CHCH;), 3.07 (1H, s, NCHCH), 3.83 (1H, s, NCCH), 4.10 (1H, d,
J=12 Hz, PhCH Hy), 4.38 (1H, q, J = 6 Hz, CHCH3), 4.39 (1H, d, J = 12 Hz, PhCH,H,), 4.70 (1H, d, J= 16
Hz, PhCH Hy), 4.73 (1H, d, J=11.5 Hz, PhCH Hy), 4.76 (1H, s, NCHCH), 4.84 (1H, d, /= 11.5 Hz, PhCH.H)),
4.94 (1H, d, J= 16 Hz, PhCH_.H,), 6.63 (2H, brd, J = 7.5 Hz, Ar), 7.04 (2H, brt, J=7.5 Hz, Ar), 7.07-7.16 (4H,
m, Ar), 7.20-7.44 (14H, m, Ar), 8.82 (1H, s, CHO). "C-NMR (100 MHz, CDCl3) §17.8, 47.1,49.7, 58.9, 73.0,
73.8, 78.8, 80.1, 81.6, 120.0, 124.0, 127.1, 127.8, 127.9, 128.1, 128.4 x 2, 128.5, 128.6, 128.8, 129.7, 136.3,
137.3,139.4, 145.1, 158.8, 194.8. Elemental Analysis Calc’d for C5¢H34N,0s: C, 75.24; H, 5.96; N, 4.87. found:
C,75.24; H, 5.78; N, 4.93.

rjh l":lh OH
H../\..CHO NaBH, TR
MeOH rt
BnO™' OBn —>  BnO™ OBn
BnN~ BnN"
s s
(o} (o}
3-30

To a solution of aldehyde 3-30 (49.6 mg, 86.3 pmol) in MeOH (6 mL) was added NaBH, (6.5 mg, 0.17 mmol)
and stirring was continued for 20 min at room temperature. The mixture was quenched by addition of saturated
aqueous NH4Cl (10 mL) and stirred for 30 min at room temperature. After H,O (5 mL) was added, the mixture
was extracted with AcOEt (10 mL x 1, 5 mL x 2). The combined organic layers were washed with H,O (5 mL)
and brine (5 mL), dried over Na,SO,, and concentrated to dryness in vacuo. The residue was purified by column
chromatography (neutral silica gel 5 g) eluted with hexane/AcOEt (3/2) to give alcohol (42.8 mg, 86%) as a

colorless oil.
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[a]fy +12.4 (c = 1.40, CHCL). IR (film) vinax 3662, 3183, 3057, 1733, 1595, 1396, 1262, 1070, 894. '"H-NMR
(400 MHz, CDCls) 50.96 (1H, brs, CHHOH), 1.49 (3H, d, J = 6 Hz, CHCH;), 2.55 (1H, s, NCHCH), 3.40 (1H,
brd, J = 12.5 Hz, CHHOH), 3.60 (1H, dd, J = 12.5, 5.5 Hz, CHHOH), 3.80 (1H, s, NCCH), 4.22 (1H, d, J =
11.5 Hz, PhCH,Hy), 4.29 (1H, s, NCHCH), 4.32 (1H, d, J = 11.5 Hz, PhCH,Hy), 4.46 (1H, q, J = 6 Hz, CHCH3),
4.66 (1H, d, J = 11.5 Hz, PhCH,Hy), 4.83 (1H, d, J = 11.5 Hz, PhCH.H,), 4.86 (1H, d, J = 15.5 Hz, PhCH,H)),
4.95 (1H, d, J = 15.5 Hz, PhCH.H)), 6.67 (2H, brd, J = 7.5 Hz, Ar), 6.99 (1H, brt, J = 7.5 Hz, Ar), 7.08-7.15
(4H, m, Ar), 7.20-7.45 (13H, m, Ar). "C-NMR (100 MHz, CDCL;) § 18.2, 45.3, 47.1, 54.0, 59.5, 73.1, 73.8,
76.8,79.0, 80.6, 86.7, 120.1, 122.7, 126.9, 128.0, 128.1, 128.3 x 2, 128.4, 128.5 x 2, 128.6, 129.3, 136.6, 138.0,
139.7, 146.9, 159.0. HRMS (ESI) for C3sHssN,OsNa (M+Na), caled 599.2522, found 599.2511.

r':h OH r':h OMs
TRYAWN MsCl, EtsN TRFAWN
CH,Cl,, 0 °C
BnO™ OBh ——>» BnO™ OBn
BnN)_ T Bnl}_ N

o o
(0] o
3-31

To a solution of alcohol (41.2 mg, 71.4 umol) in dry CH,Cl, (5§ mL) were added Et;N (25 uL, 0.179 mmol) and
MsCl1 (12 pL, 0.155 mmol) at 0 °C under nitrogen, and stirring was continued for 1 h at room temperature. The
mixture was quenched by addition of saturated aqueous NH4Cl (10 mL) and stirred for 30 min at room
temperature. After H,O (5 mL) was added, the mixture was extracted with Et;0 (10 mL x 1, 5 mL x 2). The
combined organic layers were washed with H,O (5 mL) and brine (5 mL), dried over Na,SO4, and concentrated
to dryness in vacuo. The residue was purified by column chromatography (neutral silica gel 5 g) eluted with

hexane/AcOEt (2/1) to give mesylate 3-31 (41.0 mg, 88%) as a colorless oil.

[a]h +21.1 (¢ = 1.06, CHCls). IR (film) Vi 3030, 1744, 1494, 1359, 1175, 1086, 953, 815. "H-NMR (400
MHz, CDCly) 6 1.49 (3H, d, J = 6 Hz, CHCH3), 2.57 (3H, s, Ms), 2.63 (1H, s, NCHCH), 3.76 (1H, s, NCCH),
3.87 (1H,d, J= 11.5 Hz, CHHOMs), 4.09 (1H, d, J= 11.5 Hz, CHHOMs), 4.23 (1H, d, /= 11.5 Hz, PhACH,Hy,),
4.32 (1H, s, NCHCH), 4.34 (1H, d, J = 11.5 Hz, PhCH,H,), 4.47 (1H, q, J = 6 Hz, CHCH3), 4.64 (1H, d, J =
11.5 Hz, PhCH,Hy), 4.82 (1H, d, J = 15.5 Hz, PhCH,Hy), 4.88 (1H, d, J = 11.5 Hz, PhCH.H,), 4.99 (1H, d, J =
15.5 Hz, PhCH.H)), 6.66 (2H, brd, J = 7.5 Hz, Ar), 7.04 (1H, brt, J = 7.5 Hz, Ar), 7.07-7.14 (4H, m, Ar), 7.22-
7.47 (13H, m, Ar). "C-NMR (100 MHz, CDCls) 5 18.2, 37.2,45.7,47.2, 51.0, 65.9, 73.1, 74.4, 76.3, 78.6, 80.6,
87.2, 120.4, 123.4, 127.0, 128.0, 128.1, 128.4 x 3, 128.6, 128.7 x 2, 129.5, 136.3, 137.8, 139.6, 145.6, 158.9.
HRMS (ESI) for C34H3sN,0sNa (M+Na), caled 677.2297, found 677.2316.
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To a solution of mesylate 3-31 (38.2 mg, 58.4 umol) in dry THF (5 mL) was added n-BusNI (32.3 mg, 87.5
pmol), and stirring was continued for 22 h at 60 °C under nitrogen. The mixture was concentrated to dryness in
vacuo. The residue was purified by column chromatography (neutral silica gel 5 g) eluted with hexane/AcOEt

(5/1) to give iodide 3-32 (29.0 mg, 73%) as a pale-yellow oil.

[a]f -105 (c = 1.05, CHCLy). IR (film) vimae 3020, 1741, 1522, 1426, 1216, 929. "H-NMR (400 MHz, CDCl;)
51.47 (3H, d, J= 6 Hz, CHCH;), 2.39 (1H, s, NCHCH), 2.56 (1H, d, /= 11 Hz, CHHI), 3.06 (1H, d, J= 11 Hz,
CHHI), 3.76 (1H, s, NCCH), 4.30 (1H, d, J = 16 Hz, PhCH,H,), 4.33 (1H, d, J = 16 Hz, PhCH,Hy,), 4.52 (1H,
q, J = 6 Hz, CHCH3), 4.59 (1H, d, J = 12 Hz, PhCH,Hy), 4.62 (1H, s, NCHCH), 4.84 (1H, d, J = 15.5 Hz,
PhCH,Hy), 4.95 (1H, d, J = 12 Hz, PhCHH,), 4.99 (1H, d, J = 15.5 Hz, PhCH.H)), 6.63 (2H, brd, J = 7.5 Hz,
Ar), 7.03 (1H, brt, J = 7.5 Hz, Ar), 7.06-7.11 (2H, m, Ar), 7.14-7.19 (2H, m, Ar), 7.21-7.48 (13H, m, Ar). ’C-
NMR (100 MHz, CDCls) & 1.4, 18.2, 47.4, 49.8, 54.4, 73.0, 75.0, 76.3, 79.0, 80.8, 87.5, 120.7, 123.2, 126.9,
128.1, 128.2, 128.3 x 2, 128.6 x 2, 128.7, 129.4, 136.5, 138.3, 139.9, 146.0, 159.0. HRMS (ESI) for
CisH36IN,0sNa (M+Na), caled 709.1539, found 709.1550.

Ph | H
mo N BF;-OEt, TBAI  PRANG
—\ CH,Cly, 0 °C
Bno™ OBn >  BnoO" OBn
BnN S BnN 3
S /0
o (o)
3-32 3-33

To a solution of iodide 3-32 (20.5 mg, 29.9 umol) in dry CH,Cl, (3 mL) were added n-BusNI (16.5 mg, 44.8
pmol) and BF5-OEt; (40 pL, 32.4 pmol) and stirring was continued for 20 min at 0 °C under nitrogen. The
mixture was quenched by addition of crushed ice and the mixture was allowed to warm up to room temperature
and stirring was continued for 10 min. After saturated aqueous NaHCO; (10 mL) was added, the mixture was
extracted with CH,Cl, (5§ mL x 3). The combined organic layers were washed with H,O (5 mL) and brine (5
mL), dried over Na,SOy4, and concentrated to dryness in vacuo. The residue was purified by preparative thin-

layer chromatography (hexane/AcOEt = 3/1) to give allylamine 3-33 (13.2 mg, 79%) as a white solid.
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[a]}y -7.3 (c = 0.59, CHCl;). Mp.: 142-146 °C (Hexane/AcOEL). IR (film) vinex 1747, 1602, 1497, 1398, 1216,
1087. "H-NMR (400 MHz, C¢Dg) 5 1.51 (3H, d, J = 6.5 Hz, CHCH;), 3.38 (1H, s, CHH=CCHC), 3.80 (1H, d,
J=11.5 Hz, PhCH,H,), 3.86 (1H, q, J = 6.5 Hz, CHCH3), 4.02 (1H, d, J = 11.5 Hz, PhCH,H,), 4.12 (1H, d, J =
11.5 Hz, PhACH,H,), 4.14 (1H, brd, J = 7 Hz, NHCHCH), 4.28 (1H, d, J = 7 Hz, NHCHCH), 4.34 (1H, d, J =
11.5 Hz, PhCH.H,), 4.67 (1H, d, J = 16 Hz, PhCH,Hy), 4.70 (1H, d, J = 2 Hz, CHH=CCHC), 4.77 (1H, d, J =
16 Hz, PhCH.H)), 5.01 (1H, brs, CHH=CCHC), 6.57 (2H, brd, J = 8 Hz, Ar), 6.76 (1H, brt, J = 7.5 Hz, Ar),
6.92-6.96 (3H, m, Ar), 6.99-7.19 (12H, m, Ar), 7.35 (2H, brd, J = 7.5 Hz, Ar). >*C-NMR (100 MHz, CDCl;) &
17.4, 46.2, 59.6, 69.8, 71.2, 73.2, 78.1, 85.6, 85.9, 114.1, 117.0, 118.6, 126.8, 126.9, 127.5, 127.6, 128.1 x 2,
128.2, 128.4, 128.6, 129.4, 136.8, 137.7, 138.7, 145.3, 146.6, 158.4. HRMS (ESI) for C3sH3sN,0sNa (M+Na"),
caled 617.2628, found 617.2610.

H H H
PhHN_: 0s0, NMo  PRANG ...o,?
THF, H,0, rt

BnO"’ OBnh 5  BnO™ OBn
BnN" BnN~
0 0

o O)_

3-33 3-34

To a solution of allylamine 3-33 (10.6 mg, 18.9 pmol) in THF (0.5 mL) and H,O (0.5 mL) were added NMO
(4.4 mg, 38 umol) and 4% aqueous OsOy4 (12 pL, 1.9 pumol), and stirring was continued for 24 h at room
temperature. The mixture was quenched by addition of saturated aqueous Na,S,0; (3 mL) and stirred for 30
min at room temperature. After H,O (2 mL) was added, the mixture was extracted with AcOEt (3 mL x 3). The
combined organic layers were washed with H,O (3 mL) and brine (3 mL), dried over Na,SO4, and concentrated
to dryness in vacuo. The residue was purified by preparative thin-layer chromatography (hexane/AcOEt = 1/1)

to give diol 3-34 (6.6 mg, 59%) as a colorless oil.

[a]h -3.3 (c = 0.28, CHCLs). IR (film) vimex 3734, 3365, 1718, 1603, 1497, 1418, 1099, 1028. 'H-NMR (400
MHz, C¢Dy) & 1.58 (3H, d, J = 6.5 Hz, CHCH;), 2.88 (1H, brs, +-OH), 3.48 (1H, d, J = 11 Hz, CH,H,0H), 3.65
(1H, s, CCHC), 3.71 (1H, d, J = 11.5 Hz, PhACH.Hy), 3.76 (1H, d, J = 11 Hz, CH,H,0H), 3.86 (1H, d, J= 9.5
Hz, NHCHCH), 4.00 (1H, d, J = 9.5 Hz, NHCHCH), 4.18 (1H, d, J = 11.5 Hz, PhCH.H,), 4.36 (1H, d, J= 10.5
Hz, PhCH,H)), 4.41 (1H, d, J = 10.5 Hz, PhCH.H)), 4.59 (1H, d, J = 16.5 Hz, PhCH,H,), 4.79 (1H, q, J = 6.5
Hz, CHCH3), 5.04 (1H, d, J = 16.5 Hz, PhCH,H,), 6.63 (2H, brd, J = 8, Hz, Ar), 6.72 (1H, brt, J = 7.5 Hz, Ar),
6.85 (2H, brdd, J =8, 1.5 Hz, Ar), 6.93-7.24 (13H, m, Ar), 7.40 (2H, brd, J = 7.5 Hz, Ar). “C-NMR (100 MHz,
CDCL) 8§ 17.1, 46.4, 63.4, 65.4, 70.2, 73.6, 75.8, 79.2, 79.6, 83.5, 88.8, 113.7, 118.8, 127.2, 127.3 x 2, 127.6,
128.2, 128.5, 128.6, 128.7, 128.9, 129.5, 136.5, 137.4, 137.9, 147.0, 158.8. HRMS (ESI) for CssHsN,O,
(M+H"), caled 561.2753, found 561.2735.
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3-7

To a solution of alcohol 3-7 (9.01 g, 20.1 mmol) in dry CH,Cl, (150 mL) was added DBU (4.50 mL, 30.1 mmol)
and stirring was continued for 12 h at room temperature under nitrogen. The mixture was quenched by addition
of saturated aqueous NH4Cl (200 mL) and stirred for 30 min at room temperature. The mixture was partitioned,
and the aqueous layer was extracted with CH,Cl, (80 mL x 3). The combined organic layers were washed with
H,0 (100 mL) and brine (100 mL), dried over Na,SO,, and concentrated to dryness in vacuo. The residue (6.88

g) was used for the next reaction without purification.

"H-NMR (400 MHz, CDCl;) 6 1.32 (3H, s, acetonide), 1.33 (3H, s, acetonide), 1.42 (3H, s, acetonide), 1.52
(3H, s, acetonide), 1.56 (3H, d, J = 6.5 Hz, CHCH;), 3.90-4.01 (2H, m), 4.09-4.17 (2H, m), 4.49 (1H, d, /=3
Hz, OCH(O)CHC), 4.89 (1H, q,J= 6.5 Hz, CHCH3;), 5.78 (1H, d, /=3 Hz, OCH(O)CHC), 6.88 (1H, brs, NH).

_7LoHo “‘oﬁ PMBBr, NaH / oOHO “‘074
P TBAI, THF, rt H
o 0 o) {_ )0
—>
HN PMBN

o o
441

The crude product (6.88 g) was dissolved in dry THF (100 mL), and the solution was cooled to 0 °C under
nitrogen. PMBBr (4.78 g, 23.8 mmol), n-BuyNI (7.42 g, 20.1 mmol) and NaH (50-72% w/w, in mineral oil, 1.61
g, ca. 40.3 mmol) were successively added and stirring was continued for 2 h at room temperature. The mixture
was quenched by addition of saturated aqueous NH4Cl (200 mL) and stirred for 30 min at room temperature.
After H,O (100 mL) was added, the mixture was extracted with Et;0 (100 mL x 3). The combined organic
layers were washed with H,O (100 mL) and brine (100 mL), dried over Na,SO,, and concentrated to dryness in
vacuo. The residue was purified by column chromatography (silica gel 250 g) eluted with hexane/AcOEt (3/1)

to give N-p-methoxybenzylcarbamate 4-1 (8.59 g, 95% in 2 steps) as a colorless oil.
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[oc]ZD5 +47 (¢ 1.47, CHCls). IR (film) vime 2987, 1752, 1514, 1375, 1249, 1082, 1007, 844. 'H-NMR (300 MHz,
CDCl;) 6 1.14 (3H, s, acetonide), 1.34 (3H, s, acetonide), 1.43 (3H, s, acetonide), 1.47 (3H, s, acetonide), 1.51
(3H, d, J=6.5 Hz, CHCH5), 3.81 (3H, s, OCH;), 3.96-4.06 (4H, m), 4.10-4.17 (1H, m), 4.19 (1H, d, /= 3.5 Hz,
OCH(O)CHC), 4.58 (1H, q,J= 6.5 Hz, CHCH3), 5.02 (1H, d, J= 16 Hz, NCHAH3Ar), 5.72 (1H, d, J= 3.5 Hz,
OCH(O)CHC), 6.89 (2H, d, J=9 Hz, Ar), 7.22 (2H, d, J= 9 Hz, Ar). "C-NMR (100 MHz, CDCl;) §18.0, 25.1,
26.1, 26.7, 26.8, 45.8, 55.3, 67.7, 72.3, 73.9, 74.0, 82.2, 84.9, 103.9, 110.1, 112.6, 114.3, 128.0, 130.0, 158.2,
159.2. HRMS (ESI) for C»3H;;NOgNa (M+Na+), calcd 472.1942, found 472.1957.

0 0
—7Lo HO— 7( 50% ACOH-H,0, rt HQH O— 74
o ; w0 HO . =0
—_—

PMBN PMBN

o o
0»— O»—
41

A solution of N-p-methoxybenzylcarbamate 4-1 (8.44 g, 18.8 mmol) in 50% aqueous AcOH (180 mL) was
stirred for 38 h at room temperature. The mixture was concentrated to dryness in vacuo. The crude product (7.68

g) was used for the next reaction without purification.

"H-NMR (400 MHz, CDCl;) 61.14 (3H, s, acetonide), 1.47 (3H, s, acetonide), 1.52 (3H, d, J= 6.5 Hz, CHCH5;),
2.26 (1H, brs, OH), 3.02 (1H, brd, J = 4 Hz, OH), 3.67-3.78 (2H, m), 3.81 (3H, s, OCHj;), 3.84-3.91 (1H, m),
4.02 (1H, d, J = 16 Hz, NCH HgAr), 4.11 (1H, d, J = 9 Hz, HOCH,CHCH), 4.19 (1H, d, J = 3.5 Hz,
OCH(O)CHC), 4.68 (1H, q, J= 6.5 Hz, CHCH3), 5.00 (1H, d, J= 16 Hz, NCHAH3Ar), 5.71 (1H, d, J= 3.5 Hz,
OCH(O)CHC), 6.89 (2H, d, /= 8.5 Hz, Ar), 7.21 (2H, d, J = 8.5 Hz, Ar).

.0 .0
HO H 0—" ﬁ MsCl, EtsN MsO H 0—" ﬁ
HO e ) CH,Cly, 0°C MsO 2 0
—_—
PMBN PMBN

o)/.—o O/)-o

The crude product (7.68 g) was dissolved in dry CH,Cl, (180 mL), and the solution was cooled to 0 °C under
nitrogen. Et;N (7.80 mL, 56.0 mmol) and MsCl (3.60 mL, 46.5 mmol) were successively added and stirring
was continued for 1 h at room temperature. The mixture was quenched by addition of saturated aqueous NH4Cl
(200 mL) and stirred for 30 min at room temperature. After H,O (100 mL) was added, the mixture was extracted

with CH,Cl, (100 mL x 3). The combined organic layers were washed with H,O (100 mL) and brine (100 mL),

80



dried over Na,SO,, and concentrated to dryness in vacuo. The crude product (11.2 g) was used for the next

reaction without purification.

"H-NMR (400 MHz, CDCl3) 6 1.18 (3H, s, acetoide), 1.48 (3H, s, acetonide), 1.53 (3H, d, /= 6.5 Hz, CHCH3),
3.07 (3H, s, Ms), 3.19 (3H, s, Ms), 3.81 (3H, s, OCH;), 4.11 (1H, d, J = 16.5 Hz, NCHHgAr), 4.26 (1H, d, J =
3.5 Hz, OCH(O)CHC), 4.43 (1H, d, /=9 Hz, HOCH,CHCH), 4.45 (1H, dd, J = 12, 3 Hz, HOCH HzCHCH)),
4.55 (1H, q, J= 6.5 Hz, CHCH3;), 4.66 (1H, dd, J =12, 2.5 Hz, HOCH,H3;CHCH), 4.73 (1H, ddd, /=12, 3, 2.5
Hz, HOCH,CHCH), 4.90 (1H, d, J = 16.5 Hz, NCHAH3Ar), 5.81 (1H, d, J = 3.5 Hz, OCH(O)CHC), 6.90 (2H,
d, J=8.5Hz, Ar), 7.24 (2H, d, /= 8.5 Hz, Ar).

.0 ‘
MsO H O—" 74 Zn, Nal H O “oﬁ
MsO. ] oy DMF, 120 °C ™ oy
é
PMBN PMBN
/>—o »—o

o) o
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To a solution of the crude product (11.2 g) in DMF (180 mL) were added Zn dust (3.68 g, 56.3 mmol) and Nal
(8.44 g, 56.3 mmol), and stirring was continued for 18 h at 120 °C under nitrogen. After cooling to room
temperature, the reaction mixture was filtered through a pad of Super-Cel, and the precipitate was rinsed with
Et,0O (200 mL). The filtrate was washed with saturated aqueous NaHCO; (100 mL) and saturated aqueous
NH,4CI (100 mL). The combined aqueous layers were extracted with Et,O (100 mL x 2). The combined organic
layers were washed with H,O (100 mL) and brine (100 mL), dried over Na,SO,, and concentrated to dryness in
vacuo. The residue was purified by column chromatography (silica gel 100 g) eluted with hexane/AcOEt (2/1)
to give 4-2 (6.28 g, 89% in 3 steps) as a white solid.

[alp”” +57 (¢ 1.01, CHCI3). mp: 87-95 °C. IR vy, 2987, 1755, 1514, 1389, 1248, 1171, 1083, 1032, 873. 'H-
NMR (300 MHz, CDCl;) 6 1.14 (3H, s, acetonide), 1.48 (1H, s, acetonide), 1.51 (3H, d, J= 6.5 Hz, CHCH;),
3.82 (3H, s, OCH;), 4.08 (1H, d, J=16.5 Hz, NCH,HgAr), 4.20 (1H , d, J= 3.5 Hz, OCH(O)CHC), 4.43 (1H,
q,J=6.5 Hz, CHCHs;), 4.60 (1H, brd, J = 6 Hz, CH,=CHCH), 4.96 (1H, d, /= 16.5 Hz, NCHAH}Ar), 5.45 (1H,
dt, J=10.5, 1.5 Hz, CH,Hg=CHCH), 5.60 (1H, dt, J = 17, 1.5 Hz, CH,Hz=CHCH), 5.79 (1H, d, J = 3.5 Hz,
OCH(O)CHC), 5.81 (1H, ddd, J =17, 10.5, 6 Hz, CH,=CHCH), 6.90 (2H, d, J = 8.5 Hz, Ar), 7.22 (2H, d, J =
8.5 Hz, Ar). C-NMR (100 MHz, CDCl;) § 17.4, 26.0, 26.6, 45.8, 55.3, 73.9, 74.8, 81.6, 85.4, 104.2, 112.5,
114.3,121.4,128.1,129.2,130.0, 158.2, 159.2. HRMS (ESI) for C50H,sNO¢Na (M+Na"), calcd 398.1574, found
398.1587.
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A solution of vinyl compound 4-2 (6.06 g, 16.1 mmol) in TFA (160 mL) and H,O (40 mL) was stirred for 4
days at room temperature. The mixture was concentrated to dryness in vacuo. The residue was dissolve in
MeOH (100 mL), H,O (50 mL) and Et;N (50 mL), and stirring was continued for 1 h at room temperature. The
mixture was concentrated to dryness in vacuo. The residue was purified by column chromatography (silica gel
200 g) eluted with hexane/AcOEt (2/1 — 1/2) to give hemiacetal 4-3 (4.21 g, 77%) as an amorphous solid and

recovered vinyl compound XX (1.34 g, 22%) as a colorless oil.

[a]h +64 (¢ 0.90, CHCL3). IR vinax 3404, 2937, 1719, 1514, 1407, 1248, 1175, 1116, 1092, 1035, 972. '"H-NMR
(400 MHz, CDCl3) 51.55 (3H, d, J = 6.5 Hz, CHCH;), 3.78 (3H, s, OCH3), 3.91, (1H, d, J= 4 Hz, OCH(O)CHC),
4.09 (1H, d, J= 16.5 Hz, NCH,H,Ar), 4.43 (1H, q, J= 6.5 Hz, CHCH;), 4.67 (1H, brd, J= 6 Hz, CHH=CHCH),
4.95 (1H, d, J = 16.5 Hz, NCH,H,Ar), 5.40 (1H, brd, J = 10.5 Hz, CHH=CHCH), 5.52 (1H, d, J = 4 Hz,
OCH(0)CHC), 5.55 (1H, brd, J = 17 Hz, CHH=CHCH), 5.75 (1H, ddd, J = 17, 10.5, 6 Hz, CHH=CHCH), 6.85
(2H, d,J= 8.5 Hz, Ar), 7.15 (2H, d, J = 8.5 Hz, Ar). *C-NMR (100 MHz, CDCl3) §17.1, 45.9, 55.3, 72.6, 74.7,
76.1,85.0,95.7, 114.3, 121.1, 127.8, 129.9, 130.0, 158.9, 159.1. HRMS (ESI) for C;;H,NOgNa (M+Na"), caled
358.1261, found 358.1268.

JOH
H O— i) NH,OH-HCl
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—_— —_—
PMBN .
o reflux 79%
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To a solution of hemiacetal 4-3 (4.57 g, 13.6 mmol) in pyridine (140 mL) was added NHOH-HCIl (1.14 g, 16.4
mmol). The mixture was heated at reflux temperature for 24 h under nitrogen. A part of the reaction mixture
was purified by preparative thin-layer chromatography for analytical purpose to give isoxazolidine 4-6 as a
colorless oil. To the mixture was added TsCl (4.42 g, 23.2 mmol) at room temperature, and stirring was
continued for 1.5 h. The mixture was concentrated under reduced pressure. After AcOEt (150 mL) was added,

the mixture was washed with H,O (50 mL) and brine (50 mL), dried over Na,SO,, and concentrated to dryness
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in vacuo. The residue was purified by column chromatography (silica gel 200 g) eluted with hexane/AcOEt (2/3

— 1/2) to give N-toshylisoxazolidine 4-7 (5.40 g, 79%) as an amorphous solid.

NH (4-6)

[a]h +3.0 (¢ 0.56, CHCI5). IR (film) Vi 3334, 2937, 1724, 1514, 1417, 1247, 1061. 'H-NMR (400 MHz,
CD;OD) § 1.67 (3H, d, J = 7 Hz, CHCH3), 2.68-2.76 (1H, m, OCHHCHCHC), 3.40 (1H, dd, J = 9, 6 Hz,
HNCHCHC), 3.54 (1H, d, J = 8.5 Hz, OCHHCHCHC), 3.72 (1H, d, J = 8 Hz, OCHHCHCHC), 3.77 (1H, dd,
J =8, 4.5 Hz, OCHHCHCHC), 3.77 (3H, s, OCH3), (4H, m), 3.85 (1H, d, J = 9 Hz, HNCHCHC), 4.27 (1H, d,
J = 16 Hz, NCH,H,Ar), 4.49 (1H, d, J = 16 Hz, NCH,H,Ar), 4.96 (1H, q, J = 6.5 Hz, CHCH3), 6.87 (2H, d, J
=9 Hz, Ar), 7.31 (2H, d, J = 9 Hz, Ar). *C-NMR (100 MHz, CD;0D) 5 17.0, 44.1, 52.4, 55.7, 67.2, 72.8, 74.6,
75.0, 75.8x2, 115.0, 129.8, 131.0, 160.5, 160.8. HRMS (ESI) for C;7;H»,N,06Na (M+Na"), caled 373.1370,
found 373.1377.

NTs (4-7)

[a]f +104 (¢ 0.56, CHCI5). IR (film) Vi 3392, 2958, 1724, 1514, 1417, 1248, 1162, 1091, 755. 'H-NMR
(400 MHz, CD;0D) & 1.72 (3H, d, J = 6.5 Hz, CHCHj), 2.46 (3H, s, Ts), 2.75-2.85 (1H, m, OCHHCHCHC),
3.62 (1H, d, J=9 Hz, OCHHCHCHC), 3.70 (1H, d, J = 8.5 Hz, OCHHCHCHC), 3.75 (3H, s, OCH}), 3.89 (1H,
d,J=7.5 Hz, TsNCHCHC), 3.91 (1H, dd, J= 8.5, 6.5 Hz, OCHHCHCHC), 4.27 (1H, d, J= 16 Hz, NCH,HyAr),
447 (1H, d, J = 16 Hz, NCH,H,Ar), 4.53 (1H, dd, J = 10, 7.5 Hz, TsNCHCHC), 4.96 (1H, q, J = 6.5 Hz,
CHCH;), 6.85 (2H, d, J = 9 Hz, Ar), 7.27 (2H, d, J= 9 Hz, Ar), 7.43 (2H, d, J = 8.5 Hz, Ts), 7.82 (2H, d, J =
8.5 Hz, Ts). *C-NMR (100 MHz, CD;OD) § 17.1, 21.6, 44.2, 51.6, 55.7, 66.6, 72.5, 74.7, 75.2, 75.3, 76.2,
115.0, 129.8, 130.2, 130.8, 131.0, 134.8, 147.0, 160.6, 160.7. HRMS (ESI) for C,4H,sN,0sNaS (M+Na"), caled
527.1459, found 527.1476.

i) TFA, reflux
ii) MeOH, reflux

A solution of isoxazolidine 4-7 (503 mg, 0.996 mmol) in TFA (20 mL) was heated at reflux temperature for 12
h under nitrogen. The mixture was concentrated to dryness in vacuo. The residue was dissolved in MeOH (20
mL), and the solution was heated at reflux temperature for 6 h under nitrogen. The mixture was concentrated to

dryness in vacuo. The residue was purified by column chromatography (silica gel 25 g) eluted with
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CH,Cl,/MeOH (20/1 — 10/1) to give diol 4-8 (233 mg, 61%) as a white solid and recovered isoxazolidine 4-7
(118 mg, 23%) as a colorless oil.

[a]fy +111 (c 0.27, CH;OH). mp: 288-290 °C. IR (ATR) Vmex 3534, 3384, 1751, 1353, 1162, 1085, 1047, 814.
'H-NMR (300 MHz, CD;OD) & 1.70 (3H, d, J = 7 Hz, CHCH;), 2.47 3H, s, Ts), 2.76-2.88 (1H, m,
OCHHCHCHC), 3.67 (1H, d, J = 9 Hz, OCHHCHCHC), 3.80 (1H, d, J = 8.5 Hz, OCHHCHCHC), 3.82 (1H,
d, J = 7 Hz, TsNCHCHC), 3.94 (1H, dd, J = 8.5, 6.5 Hz, OCHHCHCHC), 4.52 (1H, dd, J = 10, 7 Hz,
TsNCHCHC), 4.99 (1H, q, J = 7 Hz, CHCH3), 7.45 (2H, d, J = 8.5 Hz, Ar), 7.85 (2H, d, J = 8.5 Hz, Ar). °C-
NMR (100 MHz, CD;OD) & 16.8, 21.6, 51.7, 66.8, 72.3, 75.4, 75.9x2, 80.6, 130.2, 131.0, 134.8, 147.0, 161.2.
HRMS (ESI) for C1¢Hx0N,0,NaS (M+Na"), caled 407.0883, found 407.0867.

Ac,0
pyridine, rt

To a solution of diol 4-8 (259 mg, 0.672 mmol) in pyridine (20 mL) was added Ac,O (0.10 mL, 1.01 mmol),
and stirring was continued for 20 h at room temperature under nitrogen. The mixture was quenched by addition
of saturated aqueous NaHCO3 and stirred for 30 min at room temperature. After H,O (50 mL) was added, the
mixture was extracted with AcOEt (20 mL x 3). The combined organic layers were washed with H,O (20 mL)
and brine (20 mL), dried over Na,SQO4, and concentrated to dryness in vacuo. The residue was purified by
column chromatography (silica gel 15 g) eluted with hexane/AcOEt (1/1 — 2/3) to give monoacetate 4-9 (230
mg, 80%) as colorless oil and diacetate 4-10 (65.0 mg, 20%) as an amorphous solid.

monoacetate 4-9

[oc]zsg +117 (¢ 1.04, CH;0H). IR (film) vimex 3364, 2946, 1748, 1364, 1328, 1235, 1162, 1056. 'H-NMR (300
MHz, CD;0D) ¢ 1.72 (3H, d, J = 7 Hz, CHCH;), 2.10 (3H, s, Ac), 2.46 (3H, s, Ts), 3.00-3.10 (1H, m,
OCHHCHCHC), 3.89 (1H, d, J= 7.5 Hz, TsSNCHCHC), 3.97 (1H, dd, /=9, 6.5 Hz, OCHHCHCHC), 4.04 (1H,
dd, J =9, 1.5 Hz, OCHHCHCHC), 4.62 (1H, dd, J = 10, 7.5 Hz, TsNCHCHC), 4.85 (1H, d, J = 8 Hz,
OCHHCHCHC), 4.98 (1H, q, J =7 Hz, CHCH3), 7.45 (2H, d, J = 8.5 Hz, Ar), 7.85 (2H, d, J = 8.5 Hz, Ar). °C-
NMR (100 MHz, CD;0D) 6 16.9, 20.6, 21.6, 50.0, 66.9, 71.2,75.7,76.8, 77.7,79.3, 130.2, 131.0, 134.6, 147.1,
160.7, 171.9. HRMS (ESI) for C sH,,N,0sNaS (M+Na"), calcd 449.0989, found 449.0993.
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diacetate 4-10

'H-NMR (300 MHz, CD;0D) § 1.72 (3H, d, J= 7 Hz, CHCHj3), 2.11 (3H, s, Ac), 2.15 (3H, s, Ac), 2.47 (3H, s,
Ts), 3.19-3.34 (1H, m, OCHHCHCHC), 4.05 (1H, dd, J =9, 6.5 Hz, OCHHCHCHC), 4.12 (1H, dd, /=9, 1.5
Hz, OCHHCHCHC), 4.75 (1H, dd, J = 10.5, 8 Hz, TSNCHCHC), 5.02 (1H, q, J= 7 Hz, CHCH3), 5.04 (1H, d,
J=9 Hz, OCHHCHCHC), 5.29 (1H, d, J = 8 Hz, TsSNCHCHC), 7.44 (2H, d, J= 8.5 Hz, Ar), 7.81 (2H, d, J =
8.5 Hz, Ar).

MsCl, EtsN
pyridine, rt

To a solution of monoacetate 4-9 (222 mg, 0.519 mmol) in pyridine (10 mL) were added Et;N (0.15 mL, 1.08
mmol) and MsCl (0.35 mL, 4.52 mmol), and stirring was continued for 34 h at room temperature under nitrogen.
The mixture was quenched by saturated aqueous NaHCO; (10 mL) and stirred for 30 min at room temperature.
After H,O (10 mL) was added, the mixture was extracted with AcOEt (10 mL x 3). The combined organic layers
were washed with H,O (10 mL) and brine (10 mL), dried over Na,SQO4, and concentrated to dryness in vacuo.
The residue was purified by column chromatography (silica gel 15 g) eluted with hexane/AcOEt (1/2 — 1/4) to
give mesylate 4-11 (242 mg, 92%) as an amorphous solid.

[OL]2D3 + 74 (c 0.53, CHCL3). IR (film) vy 3366, 3025, 1758, 1365, 1228, 1163, 1041, 968, 851, 754. 'H-NMR
(400 MHz, CDCl) 6 1.66 (3H, d, J = 6.5 Hz, CHCHj;), 2.13 (3H, s, Ac), 2.47 (3H, s, Ts), 3.09-3.20 (1H, m,
OCHHCHCHC), 3.17 (3H, s, Ms), 4.18 (1H, brd, J = 9 Hz, OCHHCHCHC), 4.32 (1H, dd, J =9, 6.5 Hz,
OCHHCHCHC), 4.88-4.99 (4H, m), 5.80 (1H, brs, NH), 7.37 (2H, brd, J= 8.5 Hz, Ar), 7.82 (2H, d, /= 8.5 Hz,
Ar). PC-NMR (100 MHz, CDCl3) §16.7,20.8,21.8,39.1, 50.2, 63.2, 69.7, 74.3, 74.4,83.7, 129.2, 130.0, 131.9,
146.1, 156.7, 170.0. HRMS (ESI) for C9H24N,0(NaS, (M+Na"), caled 527.0765, found 527.0752.
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A round-bottomed flask was charged with mesylate 4-11 (239 mg, 0.474 mmol), MeOH (20 mL) and 10% Pd/C
(503 mg), and connected to a vacuum/tedlar filled with hydrogen. The flask was evacuated and then filled with
hydrogen. This evacuation/filling cycle was repeated three times. The solution was stirred for 48 h at room
temperature under atmospheric pressure of hydrogen. The mixture was filtered through a pad of Super-Cel, and
the precipitate was rinsed with MeOH (10 mL). The filtrate was concentrated to dryness in vacuo. The crude

product 4-12 (223 mg) was used for the next reaction without purification.

To a solution of the crude product 4-12 (223 mg) in dry CH,Cl, (20 mL) was added Et;N (0.15 mL, 1.08 mmol)
and stirring was continued for 12 h at room temperature under nitrogen. The mixture was concentrated to
dryness in vacuo. The residue was purified by column chromatography (silica gel 15 g) eluted with

hexane/AcOEt (1/4) to give aziridine 4-13 (157 mg, 81% in 2 steps) as a colorless oil.

[a]h +8.9 (c 1.10, CHCl;). IR (film) vimex 3335, 1751, 1326, 1228, 1160, 1072, 959, 755. 'H-NMR (400 MHz,
CD;0D) § 1.50 (3H, d, J = 7 Hz, CHCHj), 2.05 (3H, s, Ac), 2.26 (1H, m, OCHHCHCHC), 2.47 (3H, s, Ts),
3.29 (1H, dd, J=10.5, 9 Hz, OCHHCHCHC), 3.43 (1H, dd, J = 10.5, 4.5 Hz, OCHHCHCHC), 3.55 (1H, dd, J
= 5.5, 2.5 Hz, TsSNCHCHC), 3.65 (1H, d, J = 5.5 Hz, TsSNCHCHC), 4.70 (1H, d, J = 9 Hz, OCHHCHCHC),
4.85 (1H, q, J= 7 Hz, CHCH3), 7.46 (1H, d, J = 8 Hz, Ar), 7.88 (1H, d, J = 8 Hz, Ar). C-NMR (100 MHz,
CD;0D) §16.5, 20.6, 45.6, 45.8, 46.0, 61.6, 68.9, 75.4, 75.8, 129.2, 131.0, 135.8, 146.7, 160.2, 171.4. HRMS
(ESI) for C,sH,,N,0,NaS (M+Na"), calcd 433.1040, found 433.1057.
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TBSO
TBSCI, Imidazole

DMF, rt

To a solution of aziridine 4-13 (21.0 mg, 51.2 pumol) in dry DMF (1 mL) were added imidazole (13.9 mg, 0.204
mmol) and TBSCI (15.4 mg, 0.102 mmol), and stirring was continued for 3 h at room temperature under nitrogen.
The mixture was quenched by saturated aqueous NH4Cl (2 mL) and stirred for 10 min at room temperature.
After H,O (1 mL) was added, the mixture was extracted with Et,O (3 mL x 3). The combined organic layers
were washed with H,O (3 mL x 2) and brine (3 mL), dried over Na,SO,, and concentrated to dryness in vacuo.
The residue was purified by preparative thin-layer chromatography (hexane-AcOEt 3/2) to give aziridine 4-31

(22.2 mg, 83%) as a colorless oil.

[ + 22 (c 0.30, CHCLy). IR (film) Ve 2929, 2857, 1768, 1330, 1227, 1161, 1091, 838. 'H-NMR (400 MHz,
CDCls) §-0.04 (3H, s, TBS), -0.02 (3H, s, TBS), 0.85 (9H, s, TBS), 1.50 (3H, d, J = 7 Hz, CHCH3), 2.07 (3H,
s, Ac), 2.14-2.22 (1H, m, TBSOCH,CHCHC), 2.47 (3H, s, Ts), 3.40-3.56 (4H, m), 4.70 (1H, d, J = 9 Hz,
TBSOCH,CHCHC), 4.77 (1H, q,J = 7 Hz, CHCHs), 4.87 (1H, brs, NH), 7.37 (2H, d, /= 8.5 Hz, Ar), 7.81 (2H,
d, J= 8.5 Hz, Ar). "C-NMR (100 MHz, CDCly) § -5.7x2, 16.4, 18.1, 20.7, 21.7, 25.8, 43.9, 44.8, 45.5, 61.4,
67.4, 73.6, 74.0, 127.8, 130.1, 134.3, 145.4, 156.6, 169.6. HRMS (ESI) for C,4H3eN,0;NaSiS (M+Na"), calcd
547.1905, found 547.1922.

To the solution of aziridine 4-31 (22.2 mg, 42.3 umol) in dry DMF (1 mL) was added NaNj; (5.5 mg, 85 umol),
and stirring was continued for 36 h at room temperature under nitrogen. After H,O (4 mL) was added, the
mixture was extracted with Et;0 (2 mL x 2). The combined organic layers were washed with H,O (3 mL) and
brine (3 mL), dried over Na,SO,, and concentrated to dryness in vacuo. The residue was purified by preparative

thin-layer chromatography (hexane-AcOEt 2/1) to give azide 4-32 (21.2 mg, 88%) as a colorless oil.
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[a]}y -61 (c 1.06, CHCLs). IR (film) vmex 3284, 2929, 2858, 2111, 1753, 1376, 1226, 1163, 1092, 837. '"H-NMR
(400 MHz, CDCl5) §0.11 (3H, s, TBS), 0.12 (3H, s, TBS), 0.91 (9H, s, TBS), 1.61 (3H, d, J = 7 Hz, CHCH),
1.85-1.92 (1H, m, TBSOCHHCHCHC), 2.09 (3H, s, Ac), 2.39 (3H, s, Ts), 3.45 (1H, dd, J = 9, 7.5 Hz,
N;CHCHNHTS), 3.71 (1H, dd, J = 10.5, 3.5 Hz, TBSOCHHCHCHC), 3.89 (1H, dd, J = 10.5, 4.5 Hz,
TBSOCHHCHCHC), 4.07 (1H, dd, J = 9.5, 9 Hz, NsCHCHNHTS), 4.64 (1H, q, J = 7 Hz, CHCH3), 4.78 (1H,
d, J=3 Hz, TBSOCHHCHCHC), 6.01 (1H, brd, J = 9.5 Hz, NsCHCHNHTs), 6.32 (1H, s, NH), 7.30 (2H, d, J
=8 Hz, Ar), 7.83 (2H, d, J= 8 Hz, Ar). *C-NMR (100 MHz, CDCL;) 5-5.5x2, 15.2, 18.5,20.8, 21.5, 26.0, 51.2,
60.0, 62.0, 65.7, 67.2, 77.6, 79.1, 126.8, 129.6, 138.8, 143.5, 157.9, 169.5. HRMS (ESI) for C4H3;N50,NaSiS
(M+Na"), caled 590.2075, found 590.2085.
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