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I A

Ac Acetyl

aq. Aqueous solution

Bn Benzyl

Brsm Based on recovered starting material
Bt Benzotriazole

Bu Butyl

Bz Benzoyl

CSA 10-camphorsulfonic acid

DCE 1,2-dichloroethane

DFT Density functional theory

DIBAL Diisobutylaluminium hydride
DMAP N,N-dimethyl-4-aminopyridine
DMF N,N-dimethylformamide

DMP Dess-Martin periodinane

DMSO Dimethyl sulfoxide

dr Diastereomer ratio

2,6-DTBP 2,6-di-tert-butylpyridine

E Entgegen

EDCI 1-(3-dimethylaminopropyl)-3-ethylcarbodiimide
ee Enantiomeric excess

eq. Equivalent

Et Ethyl

h Hour

HMDS 1,1,1,3,3,3-hexamethyldisilazane
HMPA Hexamethylphosphoric triamide
HRMS High-resolution mass spectrum
Hz Hertz

IR Infrared

J Coupling constant

LDA Lithium diisopropylamide

LRMS Low-resolution mass spectrum
mCPBA m-chloroperoxybenzoic acid

M Molar



Me Methyl

min Minute

MHz Megahertz

MOM Methoxymethyl

MS Molecular sieve

MTPA a-methoxy-a-(trifluoromethyl)phenylacetic acid
M. W. Micro Wave

m/z Mass to charge ratio

NBS N-bromosuccinimide

Nic Nicotinyl

NIS N-iodosuccinimide

NMR Nuclear magnetic resonance
Ns o-nitrobenzenesulfonyl

Ph Phenyl

PMB p-methoxybenzyl

ppm Parts per million

Pr Propyl

rt Room temperature

TBAF Tetrabutylammonium floride
TBAI Tetrabutylammonium iodide
TBS tert-butyldimethylsilyl
temp. Temperature

TES Triethylsilyl

Tf Trifluoromethanesulfonyl
TFAA Trifluoroacetic anhydride
THF Tetrahydrofuran

TIPS Triisopropylsilyl

TMS Trimethylsilyl

TS Transition state

Ts p-toluenesulfonyl

VA Zusammen



52

p=1{10}
=

AEWTENE RIRITIR ) CEARRAEMTEME 2 ST b DD, EHERREE DT OA R KT
HDLDONEL, BHEAEE AT DIEMERRY OREF L LT, Kansuinine A (1)X°
Kansuiphorin A (2). Kopetdaghinane A (3)72 E23 % F 65415 (Figure 1), 2L 6 1348 LTz
EENTIRAANSTT VNV EEZR L TEBY . 26T YNVEDFEN AR Z NEEHZ L T D
FERD—2L 75T\, 2D, LLFITRT RO EE R ZZERT DD, Kk
PEOAR N KERFEIZ X T 2 @iE e T S AL DO BIR N L ETH - 72,

ER AcO"AcO" “H
H = "C15H34 OAc
AcO OAc o} (0] OAc
Kansuinine A (1) Kansuiphorin A (2) Kopetdaghinane A (3)
Figure 1

RO R AT, FEHIIT AL T &®H % N,N-Dimethyl-4-aminopyridine (DMAP, 4)!!]
\Z% H L7z (Figure2), 2003 412 Steglich 51X, 4 OFFERTH 5 9-Azajulolidine (9-AJ, 5)73
4 & B D EWT S AERBEEE 2 A9 5 L AR RIS L o THA L, EERIC 5 Ak
L D WS M &2 E3E L2, —J5, 1,1,7,7-Tetramethyl-9-Azajulolidine (TMAIJ, 6)7% 5 %
DT U AbIEE AT A S LT, 2005 AEICEERRFIRIC L > TSR Wb o
DB ZOEMBMEOBSING, HEND 15 F£HOBARITER SN TR T2, &2
T 6 A LEMET L Z LA TENE BUSHEDIRV VKBRS 2 7 2 b DfiE %

IR TX D EE 2T,
N7 N N
B B B
N7 N” N

N,N-Dimethyl-4-aminopyridine  9-Azajulolidine 1,1,7,7-Tetramethyl-9-Azajulolidine
(DMAP, 4) (9-AJ, 5) (TMAJ, 6)

Figure 2



%1 ETIE, TMAT(6)D A EIT>7- (Scheme 1) ¥, ZiLF TIZHE I TV D 9-AT(5)
DEMIE, BV VP UREAT IEW A LRIEEIE LTHN TS, LnLRnb, EU Y
VIR DB IR B AR T D 2 LT IR TH L Z LML THEY . KEHK
EZx 6 ODAMICEMT 52 LI TERhole, £ THROAEIMT ATV T NET VT
bR 8 AR LIE, REICE Y VUBREMET DR RANRKIZ LY 6 DHIDAR %
B L7Z, 5126 ZHAWT, MBLEMEORAM R L O A EME O 21T - 72,

N N
Etozcj)\ TIiiiim TIiiiim | A
CO,Et 11 steps CHO 4 steps _

8 TMAJ (6)

Scheme 1

%2 B TIL, TMAJ (6) D& AKIRFIZHfEST L 72 #1#1 72 Octahydro-2H-quinolizine (Quinolizidine)
B DN RHIRELE Z R DG~ LIS L7z, Quinolizidine BHZ A3 2 KWL L
TIX. (+)-Epilupinine (9)<° Sparteine (10), Matrine (11)2351 541 CW\ %  (Figure 3), HFIZ 9 I
~ AFD Lupinus JBHEIZIL AR L TWAHT Vi a A RBICH Y | EWiEtE s L THILR
AR K3 2 HGEPAFTEE A AT 2 2 E A E SN TV DAL, Z oD EHbFE L b
WELAEEDTEY, ZRETIC IS HOALAFLARCTB LV 30 AEBZ 57 2IKes
BN ERE SN TWD, LINLARNRD Y T AR — L E B ARNFEERITHRE SN TV
Mol LB, 9 O D D KEMAG FTREZR DRIV R F 2B R A Bt L7l

(+)-Epilupinine (9) Sparteine (10) Matrine (11) Octahydro-2H-quinolizine & #%&
(Quinolizidine & 1)

Figure 3



%5 3 B ClL, Kansuinine A (1)DREFANFEZIT 572 (Scheme 2), 11%, 1975 FZ BAT -
FHBIZE ST Ry XA 7B ROMY) Euphorbia Kansui DR & BEEEIEIRE ST T
R A RToH YU AWENE L U CHIRRCRINF (NGF) (264 2 e RERETN 2 A1 5
ZEPMBNTWD, ETMEENFEE LT, @EICRAEREHR(L S 4172 Jatrophane ‘H#5 .
HEBR EORTH cis ICRE SN 4 HpAFTOE TR b2 7 MOk d 2 A5
D BEORLERNITA—NVEEEZAT LI 0T oNd, 1 ORERRITHE ST
BOP. ARAELE LTI 7 X Z AN DA 1 FlE S Tun a0, SR Al
HThDETHRINDHER EONI T X — VN OBEZ B OPEICHREL, T /L
FETHLA ) 12 2N TAI TS — /UG OME LT Lz, it T, BEamoT 7
B UFHER 14128 OO L-Ascorbic acid (15) & HFFELE LT, 1 ORFEERK
WFEICEF LT,

o] 0
HO ~ Hg(OTf),, H,0 HO
_____________ -
OBn OBn
12 13

: fo On-0 OH
+ / E2 TIIIIIE
N HO;I\/Q(_/OiH .
BuO OH
14 L-Ascorbic acid (15)

Kansuinine A (1)

Scheme 2



W= SIS YE DMAP S o B g

1-1. TMAJ (6) D & it

TMAJ (6)ICEEL T, UL FDOEEH A2 L7~ (Scheme 3), 6 DYV U U BT, AR
BT NATE RBEOA L7 4 2 REPDELTT AT E REDLOBETHZ & L LT,
8 ™ Quinolizidine ‘FH&IE, 1 I =7 A 16 (Zxf L TH W Mannich SUSEITT 5 2 & TH
bnsdboé L, Mii%wwnamhgmﬁit\%m%m%é EVERTLIHDL
B 2Tz, RBAKGIE, 17005 8 DAEME THN—RICHEITT 2 2 L2 MR L7z, 1713, 1
M@N@Mﬂs*ﬂ#énﬁn9%%mk2ﬁ®7w%wmk%ﬁﬁﬁ T LV AR T
XHH0L L, 19RO AT VT NLELS ZERTEDETHELE,

PP ON:
\ N
%/\\(g)v % K/ 1) fr——
Intramolecular CHO
16

Mannich reaction

TMAJ (6
alkylat/on
HC\></,\fN\/,\><H/CHO ——  NsNH, + /\></\ Etozc%
Ns 18 CO,Et
17 7
Scheme 3

1-2. Ts K 19 DH K

BIDIZ, Ts K19 DA EIT-7- (Scheme 4), HIIROAREAFIT 25 /L 7 Z HFEHFEHE L
TTUAEDEACLY VAT /1 20 & Uiz, WOT 20 120 L THIAKRRIZE D O
RUBRE LTctg, &3 b R IR 217 5 2 & THONR IR 21 ~E B LTS, 155
T2 21 & AF VT AT )L~ LNtk DIBAL T & 0 7L 20— )L 22 & 4572, ik IC,
U T KERIED Ts b %1T5 2 L THHID 19 2 A LT-,

MaBr 1) 6 M NaOH aq.
Etozcﬁ)\ AN el EtOZCM MeOH, 50 °C o C\></\
o 2 A
CO,Et Et,O0,-40°Ctort CO,Et 2) xylene, reflux ’
7 91% 20
1) Mel, K,CO3
DMF, rt /\></\ TsCl, NEt;, DMAP /\></\
_— = _—
2) DIBAL HO X CH,Cl,, 0°Ctort  TsO X
CH,Cl,, —78 °C 22 50% (5 steps) 19
Scheme 4



1-3. =F—1 17 DAL

B LT Ts K19 2 HWT, =F— 17 D& EIT> 72 (Scheme 5), NsNH, 18 }5 LT}
19 DIREMET VX IALOFRMETA LIz & 2 A, MIBICKIENEIT LY = 23 55
Too FFONT 23 ITKFLTAY UEMLAIT) 2L TYT AT b R 24 ~ B2, RIED
U LFETFRA~Y) VEERSES ZETHNO 17 28K LTz,

NsNH, + /\></\ _ KCOs /\></\ /\></\ O3, CH,Clp, ~78 °C;
TsO X

18 DMF, 100 C PPh3, -78 °C to rt
19 70% 23 73%

HC\></\N/\></CHO _formalin, KoCOs \></\
Ns Ns

EtOH -H,0, 70 °C
24 52% (brsm 95%)

Scheme 5

1-4. =F—/L 17 % A\ 7= Quinolizidine ‘B ¥ DHELE

TS —L 17 ZHWT, HikERLRIGIC X 5 Quinolizidine B #& DHEEE A KaFT L 7= (Scheme
6), 171K LT, REEA Y U LFAE T T AT =/ — AV ZAEH SE7- L 2 A Ns JoZ:
WXV T I 28 ZEUTE, 5 FHNTO 12AMIIOSIZE O ~IT IF—)L 26 AR L
7o TOBRMAKIZED A I =T 16 &7z o721% . 431N Mannich SUSHEITT 5 Z & TIK
W%?ﬁ%éﬁﬁ%@?thFS%ﬁ*@V?XTVﬁ?~&Lfﬁé_kmﬁﬁbko

HC\></\N cHo  PhSH KoCOs \></\
Ns MeOH rt
17
H . H(*/\></\® N
C\></\§N o N
5 18%
HO CHO
26

16 8
Scheme 6



1-5. SEFEERAL UG DMEILER Th > 72K DB L & Sk

HeE S D EREBRALSUSIC I T HRE S Z . LLTFICEE#T 5 (Scheme 7)., HHIO T LT
E R8I, =F—/L 17 O Ns EOBRERICAERT 27 I 25 1% LT, 12-(N S8
ITTHZETAITIFT N2 %EUTH% B a)., 4 I =7 LDHEKE 571N Mannich
FOSINETTHZ ETH/DZENTE S, IHIZ 25 1T LT, 1LAMMISIZ LY 7T
b R27TBERTOHRE b BEIORT AT E RADMINZE Y ~I T IF—)L 28 kT %
TR e DA L, THMEIEDORIKNTH D EHEE Lz, £ 2T, &K b B LV e 2
D ENTENITIEROUGEIZDRND EBEZT-N, AL 7 4 VB BRI LIc L ik
b OMBNIREECTH o7, £ T, TAT b REfR#T 5 2 L2 X DR ¢ oMl & it
L7 171 LT TIPS = /) —v2—T Uiz L W = —/1 29 & L%, Ns FDOBREICH
EBBRILSERAT-E Z A, 47% L NEE M\ LS D 2 LIk Lz,

— c a J—
/\/\ OHC\></\§N N
. OHC\></\N/\><H/CHO a
N 18%
25¥/ Ho= CHO

e |
OHC\></\
/\><H/CHO N
N
7Ck PhSH, K,CO4

OH CHO MeOH, 40 °C
_ 28 27 - 47%
TIPSOTY, 2,6-DTBP | o
L OHC\></\N CHO . 2,6- W CHO
Ns CH,Cly, 0°Cto rt NS
17 84% (E/Z = 1/2) 29
Scheme 7



1-6. TMAJ (9) DA%,

TNATE R8EH/DHZILENTEXEDT, BYVUVBRERICKD TMAT 6)DAKETIT-T-

(Scheme 8), 8 IZ%F L C NH.OMe #1EF S D2 & TAHF T L 30 ~EEH L=, =k
T IO EITH Z LT N-AF T R 31~ L8z, § 54072 31 124 LT Polonovski X
JEMD SR Lie b 2 A, FFEOxTF 2 2 32 L E 2V E BIEIK 32a,32b ORAWN
BFohlc, BERWTF I 32a,32b BEAFDE L THELNIZLDOD, ZHHIFKRIEHR
HC 32 ~ERMSEDZENARETH D EE XI5 32, 32a, 32b DIEAMITK L TAX
J—VRE R~ A s n 2 —T BB L2 L 2 A, NUBRRMISIZE S MeO D BifC
XV 6 DERMEER LT,

O@
N |
N Ne
NH,OMe-HCl mCPBA TFAA
— > —_— _—
MeOH, 40 °C N CH,Cl,, 1t CH,Cly, 40 °C
CHO 97% N N

N
8 OMe .
30 OMe
31
N
~ M. W.
+ + _ " s | A
N N N MeOH, 150 °C
N N N 36% (3 steps) N
OMe OMe OMe TMAJ (6)
32 32a 32b

(32/32a+32b = 1/3)
Scheme 8
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1-7. TMAJ (6) D iE M A4l

TMAJ (6)DHIDE R & FERK L 7= DT, fBIEEOFHE 21T - 72 (Figure4), 3 72bbH,
RO B ENT /L2 —/L 33 78T — b 34 ~DZEHIZE LT, MUGEHE % 'H NMR % H
WTIBHT DWW b D TH D, TORE TMAT (6)i%. DMAP (48 L N9-AJ (5)% kA%
B OWETEYE 2 L TR Y . ARG O 5 DMAP (4) & bl LT 15 524 B, 9-AT (5)
EHEE LT 1S f%%i@‘%u\ﬁﬁtiiﬁlm»ﬁ LTV Z EBRHLMNIRS T,

Ac,0 (2.0 eq), NEt; (3.0 eq.) AN
OH catalyst (10 mol %) OAc

CDCl; (0.2 M), rt

34

100

80

60

conversion (%)

40

20

0 60 120 180 240
reaction time (min)

Figure 4

1-8. TMAJ (6) > F&/8 3 F 4 FH O i 2%

TMAT (6)D @\ OMBETE M 2 MR85 Z E N TE DT, HBRICHEEEH#EOFHE LT
7= (Table 1), T72bb, Flx DT N a—UIkT 25T v F MALKEDILEE%Z DMAP
@) &l L7z, entry 1 T, JEIET V¥ =L 7 Va2 —/L 35 Z Wiz & 2 A IEN
T L, TMAJ(6)Z W= IZBDO T 27 — b 36 2 83% DR TH LIz, —J7. 35

\ZXF3 % DMAP (4) & W2 7 2 F /U BITIEROI R M8 S 4172, entry 2,3 TIET L7 =
NTNaT— L 3TBLRTAX AT Va— 39 % HNTRIGEITo72 & 2 A, FAEKIZ TMAT
0)F W HAICERHRINETT 7 — b 38 8LV 40 BMES Tz, 2B, ZhbEHE
D AR %f}iﬂﬂ%b TIX=)b T =)v, T IF NV ONEI R O TERE SRR S 1
7z, entry4 T, BRBIMEETHDL Y b & affliCAT DT 0 a— 4112 LTS %
ToleM, BIFRIETT T — b2 %2527, entry 5 OFIK R U 7 AF LT 03 —)L 43
ZRWTEGA D [FERIZ DMAP @) & i L TEWIERTHIO 7T v 7 — h 44 MG 57,

11



BIZ, entry 6 TIEUA—/L 45 2xF LC, 2k C& il L C 2 (B0 MokFkEE 2 v T
T Y F LS EIToT2 2 A, 78T — b 46 NEIFRINERTE LN, Al Lz
FEIZBW T, TMAJ (6)/% DMAP (4) X VW 135 MmO S 2 = L=,

j)i Ac,0, NEt3, catalyst j)ﬁc
R R CH,Cly, rt R! B>
substrate product
yield (%)
entry substrate product time (h) DMAP (4) TMAJ (6)
1 OH OAc 1.3 46 83
@ﬁ @%
35 36
2 OH OAc 7.0 51 84
w w
37 38
39 40
0] (0]
41 42
5 [O ><:><OH [O ><:><OAC 33 54 85
(¢} (e}
43 44
6 OH OAc 8 26 82
Ho% Aco%
45 46

Table 1

12



% 2% (+)-Epilupinine DZhEAIARFH 245 Ak

2-1. (+)-Epilupinine (9) D& % 71 i

%5 1 FCHENL L 72 Quinolizidine B # OREELE Z B £ 2. (+)-Epilupinine (9)IZBI L TLLF D
BREH AR L 72 (Scheme 9) 91X 7 /LT b K47 Z8 0T HZ & TERTE D EE X T,
47 @ Quinolizidine ‘HH&I%, 4 I =7 A 48 (ZxF L T4 Mannich ST 5 2 & T
BNHHLOE L, 481XV T LT B K49 O Ns KDORE L FHNBKEEICL Y AERT 5 b
DEZEZ T, IRBARRIME, # 1 B FRRIC 49 205 47 OERE TRt d 52 &
IR LTz, ETEARN A — RRISIZBWT, 70 Mannich KU Z il 72 AR5 BSOS~
EIRHT D2 L TR A TGN ARE L B X T2, 212 49 1. NsNH, 18 (Zxt L CTHillk

DEAET A FN 50 Z N2 2 EDOT AF /ML E AL T 4 ORLBAZRIC LV EIT 5 LB Z
N R
/@Q SN —
f— Y — N
Intramolecular OHC H b@
47 48

77
N
H
HO Mannich reaction

(+)-Epilupinine (9)

alkylation
OHC _~_ <\ ~_~_-CHO
’}l e— NsNH, + g "X
Ns 18 50
49

Scheme 9

222. VT NTE R 49 DAL

Bz, HEBALSHIBATH D T T & K49 DA ETT> 72 (Scheme 10), TR
® NsNHz 18 B3 LU RALT VL 50 2 HFEFENE L, 2 EOT AF /A LORIZ LY v
51~ o, EHICSICKHLT, AV Uik aEITH> ZE THMNOY T AT B K49 26
% L7z,

K,CO 7V Nt SN O3, CH,Cl,, —78 °C;
NsNH, + g "X _RtOs & l}l X 3 2Ll
18 DMF, 100 °C Ns PPh;, —78 °C to rt
50 98% 51 86%
OHC CHO
\/\/\,}j/\/\/
Ns
49
Scheme 10
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2-3. 5EGEBRAL SO % VO 7= (+)-Epilupinine (9) & A% & ]

T IVT B R 49 )26 (+)-Epilupinine (9)235 5415 St & LA FIZ/R T (Scheme 11), 49 (Z
KL T, REEDY T LR ORFEAERMBEAE T T A7 = ) —VEEASE S &, Ns ROk
FIZRV T IV 83 UM%, mFWNBRIEBOSIZEDAIT I —v 54 4T D, £
D%, RHEAHME L T LT RO F I VERBIORAICEIV A I =048 L7 o
7ot K755y W Mannich )OS HETT T2 2 L TV AT e RATRELND Z L 2 LT-,
BBIZ, BILEITHI ZETYINLEL ZENTEDLEB R,

PhSH, K,CO3
OHC\/\/\N/\/\/CHO catalyst OHC\/\/\N/\/\/CHO
Y et > o -
Ns \_/
49 53

HO
(+)-Epilupinine (9)

Scheme 11

2-4. ¥4+ Mannich S IZ B3 2 Mgt

T IT B R 49 & V72 (+)-Epilupinine ()D& EIT o712, 4912k LT, KA U ¥
LK O Jorgensen fiE(S2)OHFHE R T A7 =/ — NV EERH S L 2 A, BHOEFERLK
JEDHICHEIT LT VT B R 4T BME BT, 47 1L, RLEENDFIEMED B o 7272 8 one-pot
T NaBHy ZJHW2E T 21T 9 2T T9 OEAMAZEK LTz, L LR 6, RIRIZRAT
R DD, WEHEMEIL 5%ee LT THVEDWL bDTIH A hoTz, £ 2T, HHME%
ml k&5 X ARFS N Mannich GO H 72 Bt #4T > 7= (Table 2), entry 2 TlX
MacMillan fREE(SS) 7™ 171% TG 21T > 72728 H B D (+)-Epilupinine (9)% 152 Z L IX T
7o lz, —JF T, entry 3 Tl & L C Hayashi-Jorgensen fiE(S6)'S1&fEH L7= & Z A,
61% ee L Rif7exF o FAERMETIZH5 272, T Tentry 4 TiE 56 DY E% 50 mol %
ANEBMEETZ, FEROKEBIIHR SN2 oT, £72, entry 5,6 T 56 & FRLOfilfh:
Toh 5 570, 5820% VTS EIT S 72D, IERB L Wee I T T DR o7, &
512 entry 7, 8 TlE, 5912115 X OY D-Prolinamide (60)22 % VN TG Z 4T - 7273, [RIERIZUER
DK TR S 7=, —JF. entry 9 T D-Proline (61)>1 % HWWCKIG&IT-T2& 2 A, B
TRULRDD 26% ee T 9 NEOLNDFERE 72 o572, £ 2T, entry 10 TIX 61 O% &% 100
mol %o~ LN S /=L 2 A, WRBIO=FrFA@RENRmELE, 22T, 61

14



TG #EAT - 12856 (-)-Epilupinine (ent-9)235 H4L72 728, # D% OFRFt Tl L-Proline (ent-
6)ZHWD Z L L Uiz, entry1l,12 Tk, BEZEMIICIKTFIEZEZA0°CIZBWT
76% ee & IETFHIE DA ESHERR S T2, 15 °CIZEB W TN L= F A& R
PMETT DR &7z, entry 13 TIIIEREZRIEE S TV AMIEL LA, 83%ee &=
T F AR ) B SRR & e o7z, & Z Tentry 14 T, &)Eﬁxb&)t“/ﬁbiﬁk L
TofibliE 62 # W CRIGZEITo 7o & ZATFT U FABIRMEO S B2 510 EREZR S NT-0
U, WK T 5/ L eolz, 22T ent-61 OAFFHLIL, WK EEEOH 7
B—=NTFHANEEEZITTNDHEEZ, entry 15 TREEVEEWT VY E=ULETHD
Triton B % W TS E AT 5 e DRI 72 fERIFG O lz, —HFT/haWh o 22—
FA U EHWTz entry 16, 17 TliX, 9 2825 2 LIXTE oz, UL EOREREN IR X
V=T o FABRPRNEZZRE L, entry 13 Z Al L RE LT, S HICARKESEETIE, 1.6
g AT =N THHBMERS ISDEITT 22 2l Lo, B, KRISTIEYT AT LA
~—"C& % Lupinine (63)I 3D S 72> 72,

PhSH (2.0eq) __ __  iTTTTToIToTo

base (3.0 eq), catalyst
OHC\/\/\N/\/\/CHO CHCl3, temp.;
Ns NaBH,, MeOH .

49 0O°Ctort . |

(+) Eplluplnlne ! Luplnlne (63)
entry catalyst (mol %) base temp. (°C) vyield (%) ee (%) . \ 0O :
i N H
1 52 (20) K,CO4 rt 71 <5 D Af ;
2 55 (20) KoCOs4 rt - - 1 Ph™N7Ph />N HEg: |
3 56 (20) K,COs rt 73 61 H o ;
4 56 (50) K,COs rt 61 59  Jargensen's catalyst MacMillan's catalyst '
(52) (55) :
5 57 (20) K,COs it 33 <5 ! |
6 58 (20) K,CO3 rt 28 8 b S,,,%Ph O*Ph :
: N Ph N Ph |
7 59 (20) K,CO3 rt trace 11 | H OTMS H OH .
8 60 (20) K2COs rt ) . Hayashi- 57 ;
9 61 (20) K2CO3 rt 57 30" i Jorgensen catalyst '
10 61 (100) K,CO; rt 68 69* : (56) ;
11 ent-61 (100) K,CO, 0 61 76 | Ph <HCl
12 ent-61(100)  K,COs -15 38 28 | N Ph N :
- H H !
13 ent61(100)  Cs,COs 0 70 83 | ! BOTES QNHTS :
5 5 .
14 62 (100) Cs,CO; 0 35 92 ; ;
. 1 NH 1
15 ent-61 (100 Triton B 0 53 25 ' . 2 o '
(00 O Ceon |
16 ent-61(100)  Li,COs 0 - ! H o H ;
17 ent-61(100)  Me;NOH 0 - - ! D-Prolinamide D-Proline E
T , (60) (61) !
(=)-epilupinine (ent-9) was obtained. |
Q‘COZH Q‘COZCS E
H H E
L-Proline 62 5
(ent-61) |

Table 2
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2-5.DFT #tHE & AW o) o F A BRIRMED B 52

AF5 5y 1N Mannich SE O =5 > FABRMEICE LT, BEPLEEHE (DFT) #HE % H
W 21T o 72 (Figure 5) P4, 37ebh, A I =17 A 48a 7> b A7 471N Mannich i
DHEITT DA OBBIREE (TS) Z3tH T2 0 LD TH D, FHHOFERE, Re HNHK
JEDHEIT T D6 OEBIRRETH D TSk (64)1. 5.36 kcal/mol DIEVEALBEEENFAE L=, —
F T SitE» S RISHETT 5356 OBBIRIETH D TSx (65)1%. TEME(LEERE N FEE 0
FITHDZENRHLNTIoTz, EHIT 651X, TN O-H B THAEERNGFET D729
64 L L TREMSNTND Z EBERINT, HtW\ T, REEH ) U LB IO REEE
U L E WG AE DTG U FARPEOBE WA RE Lz, FHREOBE, Er v AEIIh Y T
LHLE I T 64 B LSO RLF—2NL D REWVWZ ENRHLNICR ST, £,
ZDOTFNNF—FEDOENI S FNAEERICER L TEBY ., £ 7 A TIX O-H B ok
M 288A THHDIZH L, BV 7L TIE322A THhoT-, TRbbey v AEOEE, 65
DLETEALD L VRN =D o FABIRVER W B LT EBE LT,

AG (kcal/mol
( ) TSre(64) _ (-)-Epilupinine
/ Cs:5.36 (ent-9)
SKE327 .
| CsO,C :
, . ® .
/ H e S .
D ' N X N '
147 : | :
B E 48a E
0.00 R = (S)-CO,Cs .
"~ TSsi(85)  (+)Epilupinine
Cs:-2.48 9)
48a K:-2.12
interaction
\\‘\ (distance)
Cs:2.88A
K:3.22 A

Figure 5
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2-6. FHRERRIC L D ee DIF) E
B 72 OSSN NS o T2 728 FIAERIZ £ D ee DIF_E & fREH L7z (Scheme 12)
L L72723 6, (+)-Epilupinine ()T E/L 7 7 ZRILEY Th - 7 72 DI AIC L S A aaib
Tl dlz, ARt ORESR, M) 7 = = VA WSS I BIR OB 2 T 2 2 & 3
LNl oT, ZZTYID NI 7 = = )VEEEIE 66 % VN CRESL 21T - 7o th, MR ED
WL DM ZIToTo & 2 A, HFAINTHI 2 9 2155 Z LITEI LT,
Ph Ph
N Ph P 007 }ﬂ tallizati N
recrystallization
PhXCOZH oN (C%CI3/Et20)
H CHClj, rt H acid-base extraction H
HO HO 53% (3 cycles) HO

(+)-Epilupinine (9)

66 9
83% ee enantiomerically pure

Scheme 12
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Pavaxd

% 3 % Kansuinine A D25 AT

3-1. Kansuinine A (1)D& Bt i

Kansuinine A ()IZBI LT, AT OA KM AL L7 (Scheme 13), 1 O+ _BRIZE E
NBHT VT IVa— i, BRI FN NIAD/Cr(ID) A v 7V v 7% FANTE=/L h
77— NeFTHTNATE ROTNOMEETHLDOE L. 6TOE=L ) 7T — R BT
VT REMLIZZENZENSIGT D AF AT F B O T Vv a— L2 GT 25 68 > 5HiE<
Zolliz, £72 68 OHERIMET D AT NVEIT, ~I T X =L 69 DAFNAKIZLED
BoncbDEL, 69 DT Tk Ru7 T UBRITA /2 70 [Zk3 % Hg(OTh, & W=7
NFDOKRFIBORZE DGR TE D EEX T, &EZITTOIE, 7 T BRI 2T LF
YNET=AVH TV ZICEVEET A ETROND LB X, BRI
B, Z® Hg(OTH, Z AW =T bF o OKFISUR DN FEEIT A RE T b 2 M DWW TRRA 21T 9
NP Y

methylation ~

sz
intramolecular

Ni(l1)/Cr(ll) coupling TBSO
Kansuinine A (1) 68
anion coupling
Hg(OTf), catalyzed
hydration reaction
f—

10Ac —

Scheme 13
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3-2. Hg(OTH), Z A= 7 /L 3% o /K Faf i B3 % 20 B

WHFFEE THE LTV 5 Hg(OTH (2R3 2 LA LLFIZR T (Scheme 14), T 72 b,
RES B LF LT L3 — L 7312%F LT HO {F1E Ml & Heg(OTH, Z{EH S/ 5 &
NI TNV TA B L TEINETT IS BRBLNLE VNI DO THDLE, Zomb
I, A NEEEATHRET 0oL T L3 —)0 70 12k LR D K G &
T2, eI 2 — 76 ’EoNbETHE L, £2C, ETETARETNZHW
T, AKFOI)E)S Kansuinine A (1) DA B FH ATREDNZ OV THllAE L7,

Hg(OTf), (1.0 mol %)

— H,0 (3.0 eq)
= oo OH
By OH MeCN, rt "By OHO 82%

"Bu 0
73 74 75
O
(0]
Hg(OTf), K
H,0 HO _—
-------- > QOV = HO OAC
RO OBz OBn
TBSO PMBSG model substrate (77)

Scheme 14
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3-3. ETNFEEINO AR & ORIE A

DT, BT NVIEEATDOEKEIT> 72 (Scheme 15), HRD Y A4 —/v 78 % HFEFEL &
L. WiKERIIT 6 2R D AREICK S A VBRMEEITO 2 TT AT B R 79 ~ L EN
oo BB 79 12%F LT, PrCN OfHINAATV= 1K UL 80 & L7=#%., = VU /L®d DIBAL
I KD T v FIAR#EIC LY, 7T — 81 28 LT, HWT, 81 DT LT
b RIZxf L CARRIE@) DM EATH Z & T, TAa—L 8 2 2FOYT AT LA~
—RAME LT, 831CK LTT L& UKD TMS M FrE Lizth, KEEHLD TMS {#
HEEATH) L TT IR 84 ~LIBN, KZIC 84 ITK LT, TAF RGO Y FAE
T oAy TV TN E B a X B BB AN R AT, KISITETET HRO
BTN TIRSS G H T EIXTERN-T,

_ 1) NaH, BnBr, TBAI H ‘ NG 1) DIBAL
OH THF, 0°Ctort o) 'PrCN, LDA OH CH,Cl,, -78 °C
OH 2) O3, CH,Clp, 78 °C; THF, —78 °C 2) Ac,0, NEt,
-8 PPhs, ~78 °C to rt OBn quant oBn DMAP
78% (2 steps) 79 80 CH,Cly, rt
26% (2 steps)
MOM
Sn reagent (82) (:) 0 ?MOM
OHC ono BUSNC, SiO, y 1) TBAF, THF, it
CH,Cl,, 780 0°C  TMS HO OAc ) TMSOTf TMSO OAc
OBn 39% B 2,6-Iutidine;
81 (d.r. = 1:1) OBn CH,Cl,, 0 °C OBn
83 48% (2 steps) 84
two diastereomers
"BuLi, THF QMOM
-78t0 0 °C; HO — E Sn"Bus '
o TMSO OAc : /\ ;
; = OMOM
d OBn s :
78°Ctort % | Snreagent (82) |
n.r.

Scheme 15
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3-4. TERET IR 86 HHWZT T R X UEROEA

TX 84T HEARFBICEREZT oI E T A, TIF U RIEOEKEITHEIT L
mole, ZORRNOTNAF RGOV FADBMETHLEEX, TRET LT 86 %
AWieT7=4r By 7V 7 %4752 L& LTz (Scheme 16), 7 /L3> 84 1ZxF LTI /L
VRGO RFALROEITH Z L T8 & LT, 86 XL T, na Ty AL DY
FAAEATO LTI FULTEFURST E LR, T=A Ly 7V 7tk svrnm
RUAVBOBNERRTZE ZH, BEWEOD 7 K85 NHER SN b DD, B4
W CTHBEL I a R R ) DERTR ) RS NEAEME L TELN SRR L 2R
ST, T T8 DG LNDIHRKIZ LBy a2 ) ool 7a AR hH B EE
Z. ZORIBSEIHT 5729 _Hmmm){%ﬁ'm“é ZEBRMmLNTWA Y AT BT
YRN8 ZHNDLZ L& LT, 86Tkt LTY FA{LAEITV 87 & L7, Hifb® Y U AZM
ZHTETY AN LT, &ZIT, 89kt L Ty ruaXv & ) VEERSEEZ A, 1T

IR HEORMITIH L OO, BEWOD 85 2155 Z LTI Liz, ZREBARTIETIL, 88
DAERITHER S e o T2,

OMOM OMOM OMOM
4 NBS, AgNO3 4 NBuLi 4
TMSO OAc acetone,t ~ Br~ TMSO OAc  ThF, _78°C | Li” TMSO OAc
94%
OBn OBn OBn
84 86 87
Lo i
OMOM oMo | :
CeCly = —78 °C \ )OH:
—78°C | Cl,Ce”  TMSO OAc | 7g-c TMSO trace | 88 :
D7 A N S (I EEEEEDEE SRR
OBn
89
Scheme 16
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3-5. T VBT DAL

HEID A v 7V o TR 85 MG LT DT, TET NVEE(TT)DERKEZTT > 72 (Scheme 17),
85 1Tk L TR NN DORERLLZRET DL TT FTIA =190 & Lictk, Wb~
YHATK DT a IV NNT N a— LD AR T, LI LRBN L HEDA 291 &
BDZ I TET BRI ENET LT T AT L a— L 2B NY S h 93
DIREMNESNT-, ZZT 92 1%, HEOET NVIEE () L FHEICHAET 7 1 UL LT L

a— 2=y hEHLTWAZENDL,. N ETTORDLVICETLVEEE LTHWSZ L
L7

OMOM OH
HO _— dowex® 50Wx2 HO _~ MnO,
7 e s = — 2
TMSO OAc MeOH-H,0, reflux HO OH  THF, reflux
41%
OBn OBn
85 90
o) 0 0
HO _~ HO _— HO _~
7 Wo o * ~ 4 OH ” W OH
OBn OBn OBn
92 93 91
desired
0
HO _—
= HO mOAc
OBn
model substrate (77)

Scheme 17
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3-6. Hg(OTh), & A= 7 v % v DK R

A 7292 &z Hg(OTH 12 L 5 7 L% v OKFA G % LA FIZ/k T (Scheme 18), &
% L7292 125%F L C, H0 f77E T 1.0 mol % Hg(OTH, Z/EM SH7-L 24, HEDO~I 7
X —)b 94 TiI7e < BAKIK 95 N BTz, 95 3T B HEE R 2 DL R IR, #19
(2 92 (2% LT Hg(OTD 2SELNLT 5 Z & CTHIREAR 96 & 72> 7%, I FHNOKEEEN LT IV
F U AORBHENHETT 2 Z & TE=LKERPRHIA 97 38 L OV TIOH #4545, il
T, TIOHIZ X% 97 D7 a ALk DAY =0 A F 42 98 L 7x 7%, Hg(OTh),
WHEET 52 L TS NEONIEEHEE L, S HIT951F, FEx DKFEISIZ LY BRYD
NI T XV 9 IEBARE L THTE 22D, 207 T 7 UFEEREFANT
Kansuinine A ()OO R AF R EH#EDH Z L & LTz,

0 0] 0]
Hg(OTf), (1.0 mol %)
HO ~ H,0 HO || HO
HO o o o o o
MeCN, rt o
OBn OBn OBn
92 95 . 94
_ l’ Hg(OTf), 4‘ N }
H,0, H'
o
OBn

L OBn —

Scheme 18
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3-7. & b T OF ARG

7R THCBE LT, LR OARRGHE A 2% L7z (Scheme 19), 71 1%, 3 Ok T 5 R
FHONT R Ceis IREINTEY, a#EEDOE 2=y NThbH, TZTIDcis
FCE Sz 3 H AT PO, = T4 9916 LT RU R P SEEA L T<L
HZLETHETEDEER T, £72991F, =ARFT R 100 OFRLELIZ L > TR TE 5
EEZ. 1001 XTIV AT A= 101 OZRFIALICEDEONDI O L L, BAT
RE AT, THKBRIEOBMZNRICE Y U7 A7 UARIRICHEITTT 5 Z L 28R L
Too BIZIZ101 1%, BERD Y7 a7 ) UFER 14U 55 TE 58D & Lz,

o (o-R

OR OH
H -nH
o ®
H (¢}
RO " oTtBs RO OTBS OTBS OTBS
71 99 100 101
0]
f— @
BuUO
14

Scheme 19

3-8. TBS fRF# TR ¥ K 100a DE K

HIHIZ, B RV REEALHTBRATH D ZARF T K 100a DAERKZETT> 7 (Scheme 20), BEAN
DIFAEWEY 7 a X T ) UiFER 14 Z HEFELE L, ATFAVEOTT AT L AR
72 LA-fHnE BuO ZEOMiEfEIC LY =/ > 102 & L7-t%. Baylis-Hillman )G LD & R e
FUAFNIEEZEATHZETT A a— 1103 ~EEH L=, R T 103 D/KEREE%Z TBS
FECIRH#EL-4, Luche BTl k0 7 U LT b a—L 101 ~& 8=, 512, 101 (2%
LT mCPBA Z/E &H 5 Z & C, ZHKBEDOEMZIFIZL Y U7 A7 LA BRMICK
JEDET L, =ARF T L3 —L 104 BE 0Tz, RIS, ZROKEREED TBS (REE1T 5
Z L THM® 100a = Ak LT-,

O 1)MeLi Cul 0 1) TBSCI, imidazole
U Et,0, —78 °C O formalin, "BugP DMF, rt
_ > _—
. 2) NaOH —g CHCl3-MeOH, rt 2) NaBH,

BuG THF-H0, 0 °C 102 54% (3 steps) OH CBC|3'7H20°
14 103 MeOH,—15 C

OH OH OTBS

mCPBA “1H TBSOTY, Pr,NEt “1H

CH20|2, rt 0 CH20|2, 0°C 0
oTBS  62% (3 steps) OTBS quant OTBS
101 104 100a
R =TBS
Scheme 20
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3-9. wEINTWDE R RS & TR F 2 R 100a ~DqE

HEOTZARF Y R100a 3G 50720 T, b KU REEMOKRF %17 -7 (Scheme 21), =
ZCRAE 2T 2 A, TARF T K 105 (2% L T40°C T TBSOTf Z{EH S H 5 &
ST A 106 DR E B KU REEMLAETT 52 & T, 7 107 5605 &l
ENTWER, 22 TZOSCHERE [FAEIC, 100a 125 L T—40 °C ¢ TBSOTS & {EH] & B 72723
HBID7 b Mal3fF o OSTET Lo Tz,

oTBS _ (o-TBS 0
"IN TBSOTY, 'ProNEt “H
5 CH,Cly, —40 °C ® n.r. a
oTBS TBSO  OTBS TBSO " OTBS
100a 992 71a
R=TBS =
R=TBS R=TBS
OTBS , 0~ TBS 0o
am TBSOTf, Pr,NEt 5H
CH,Cl,, —40 °C ® 73% :
0 TBSO TBsO H
Scheme 21

3-10. =ARF T R 100 12355 D B U RIS ORET

TARF T F100 123 LT, & FU FEEASOMBF 21T >72 (Table 3), entry 1 (213,
100a Z AV Z A O R A2 TTH L TV D, entry 2 TIE X D @RS CRIGEIT 7208, X
JSITHEIT Lo 7o, £ 2 Tentry 3 T L Y mWEUSHEZ WIFF LT TESOTf 2 Wz & 2
A, BEIO R 71b & & HIZ 71b O TESO D iEEN T L= /7 > 108 HAERK LT L
FORMRLRoT, £ T108 DAERRZIHIT 5720, —78 °C THULHEITT D & Wi
S5 TMSOTFIZAE L& Z A, 108 DAEREIMZHZ LI Lz, S HICHEEE
HMDS ([ZZE B Lz & Z A, 108 DAERMNTERIINH] SRR T Tle 2155 2 L ITAR
L7,

OR (oR 0 | 0
“'H ROTY, base 'i'H :

CH,Cl,, temp. ®) T z | !
© otBs RO Ores RO M ores ! oTBS !
100 99 4 R 108 . ;

entry R base temp. (°C) result
1 TBS Pr,NEt -40 n.r.
2 TBS iPr,NEt 50* n.r. 5'1' 66;':'5{';'{,;'3'5
3 TES 'Pr,NEt -40 <40% (71b:108 = 2:1) '71b:R=TES .
4 ™S Pr,NEt -78 71c : 55%, 108 : 11% (NMR yield) i171c:R=TMS |
5 ™S HMDS -78 71c¢ : 70% (NMR yield)
*DCE was used as a solvent.
Table 3
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3-11. =ARF T K104 IZxF 5 & R Y RGOS

TRFTR100 ZHVizt Y NSO RESE A2 T 20T, TRF VR
104 (257 % one-pot TD7 k2 Tle DERKZ IR L2 (Scheme 22), Fl 4 fRETORER, 5t
DEMOSONRIE 260 °C ~EEET 5 Z L T99e DR E & KU RERALSE A —28 1
ITLEHBO by Tle 2155 Z L IT P LTz,

OH (o-TMs o)
“H TMSOTf, HMDS 3“
| CH,Cly, —60 °C ® :
OTBS TMSO  OTBS ™s0 " otes
104 09 71c
Scheme 22

3-12. AT ILRL T2 DA

ANETFX T2 LT, LTO&EMGHEZ 42 L7z (Scheme 23), 72 D7 w30
AT Na—E, TUV= LV AZXOMINZE Y 7 v7 e K109 oo isbo s L, 109
DO RFZL Cr(I)H v F Y o 72k, 7ATE FNMO LA TE 5 EE X, K%
{2 110 1%, L-Ascorbic acid (15)75HE < H D & LTz,

addition of

OMOM
/,/\\\al/enyl stannane - Cr(il-mediated

- '_'”O coupling MOMO, £HO

X [ iTe) jr— R p— .

S \\\ PMBO 0Bz

’/OBz OBz
110

72 109

Ox-0 OH
~ 2
OH
L-Ascorbic acid (15)
Scheme 23
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3-13. 77 b K110 DAR

TT e K10 DERKETIT> 7= (Scheme 24), Tl L-Ascorbic acid (15)% HIFEJFEFE L
T, VA= DOT & b= FR#EEITH) Z L THIMOT & = FEEER 111 & L2, K
T, MLIZxT DA L7 ¢ OFBLHZRIZKE < & U7e WV AR B D Weinreb 7 X R{EIC
X7 I FU2~EEN %, 112 OKEEEEIZHT 5 MOM /#4175 2 & T7 X F 113
157, RO NT- N3 ITK L TDIBALIELAITH) 2L Tr AT e RE Lk, ALT
NTE RADAF LY F T LOMINZEY T Aa— 1148 1:1 OYT AT Lg~—
BEMmeE LTH LN, §VWT, A UToKEEED PMB fRi#EZ1T 9 Z & T PMB R4 115
ELE, NSOTE F= REEZRETHZETUA /116 ~EE -, KEZIZ, 116 D
— KRR %D TBS i & KB D Bz (Ri#%21TH Z L TRV o— K 117 ~¢&
ZHLL 7o, 117 D TBS EDRE & A Ul —fokER LD Swern it 2175 Z & T, HEYD
TITE R 10 AR LTz,

1) 10% H,0, aq.
0o OH oo CaCOs, H,0, rt; HO, 0
j\;(_f AcCl j;g_{\o K,COs, t o :(_/o\ /&\
HO OH acetone, t o o/l:‘ 2) MeNHOMe-HCl NMe

OH 90% OH EDCI-HCI, HOBt /

L-Ascorbic acid (15) 111 CH,Cly, rt MeO i
MOMCI, ProNEL  MOMO, ~o 1)DIBAL, CH,Cla  MOMO PMBCI, NaH
TBAL oa/_{o\/&‘ _ -78t0°C Wz_{\o TBAI
CH,Cly, reflux Mo 2) MeLi HO o/&‘ THF, 0°Ctort
74% (3 steps) MeG 4-|;5};|/1:,(20 Sat(;ps) » 84%
"3 d.r.=1:1

1) TBSCI, imidazole

MOMO o MOMO OH MOMO OTBS
" AcOH “ DMF, rt -
., _— - <
PMBOw<_/o\/l§‘ H,0, rt PMBOw<_/oT-| 2) BzCN, NEt3 PMBOw<_/o;z
DMAP
115

116 CH,Cly, rt 117
85% (3 steps)

1) TBAF, AcOH MOMO CHO
THF, rt )

2) (COCl),, DMSO PMBO 0Bz
CH,Cl,, -78 °C;
NEt,, =78 to 0 °C 110

94% (2 steps)
Scheme 24
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3-14. ~"ETILFY T2 DERK
EoN=7LTe R0 ZHWT, ~aT7ix 72 D8 %E1T>7- (Scheme 25), 110
WXL, Cr(I)# 7Y o 72 K 5 RALT L = L DB AT T L — L 118 ~ & 38
2o LMLENSLT L=/ WA U kR RIZ, 111 O T AT LA~ —IREW
THo7=Z L5, Dess-Martin BLIZ#Hi < NaBHs & FlWVZBICIC K > TH—DO VT 27
LA~—ThdT7/la—L NP~EIR S, &HI1C, N8I L TERREEZAT 5
T b= FEER N9 ~E AL, 22 TN LT, 'HNMR OF v 7Y v 7 EH
B L ONOESY Z Rl L7fE . AR ATE O S ACIUR L2 2 & 3 B M
Rolce FENTNIITK L TAHY VLA ITH) ZETT AT R109 & L-tk, 7Tk
R~D 2 XIS D MEFTH Z & TT A a—/L 120 ~E B U7z, HHEIZ 120 1Sk L
T, KEEHD TMS 1R# 1Tk TR RO a7 b 2179 2 L T, Al a7 L%
Y T2aBLUT2b 2155 Z LI LT,
Br

o dr.=1:1
MOMQ  CHO 1) DMP
- CFC|2 OH CHZC|2, rt
. >
PMBO OBz THF, rt " 2) NaBH4, MeOH
OBz —-78t0 0 °C
110
MeO OMe
2.6 Hz | .
O3, anisole

+)-CSA
(+) y

H/\ CH2C|2, -78 OC;

acetone, rt PMBO— <0 PPhy, -78 °C to rt
69% PMBO B \'H O 72% PMBO
(4 steps) 5.5 Hz
key NOESY and J value 109
1) TMSOTf
Sn reagent (82) 2,6-lutidine
"BuSnCls, MS4A CH,Cl,, 0 °C
CHCI3, 0 °C 2) NBS or NIS / \&
82% AgNO3, DMF, rt DBz
72a:77%,72b : 66%
(2 steps)
Scheme 25
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3-15. 7= o TV 72k bhy 7)o 7K 121 OARK

TR MeBLEUNOT AR NRE/{GLHIENTE LD, 7=y 7TV T
W2 X DR MR L7 (Table 3), entry 1 TIX, "BuLi W a7l F 07 AZZHIZ K
LV FULTEF U ROERICHS Tle ~OfINERAART-, ZORSE, FETHL T rE
ThAHxFrNRaBLOCYFULTEF Y NICKT L2781 M AT L7277 /1% 2 122a 73
1:1 OHTAER L, 72 Tle © TMSO EABEEL 72— 7 108 ERR L TLE I FER & 72
ST, ZIZ T, entry2 BEIO3 Tlana - UF U AN LD EHIHEITTHZ &2 H)
L. BuLi Z W& MEB L E — RT7 V%2 72b % AW T2 5 2 3R T2 SRR O i R
Lot 2B, ARBUS T "Buli @ Tle ~OFAINIMEER SN2 o 72, #HiVTCentry 4, 5,
6 Tk, VFULTEF Y NOAERAERET 2 B CTIREOEE 21T o), BOER%
5D LI TERNPoT, ERIIA T - TF U AREITETT Loz b oD, VT Y
ATEF U RBERLTND Z EIIRBENTZZ LD, entry 3 DERMITER 2 22U %
MAZTELRDRHNEATOTNEMO 121 2155 Z LILTE ehole, EZCTREAAR
T5HZ &L L, entry7 TILPrtMgBr Z HHWW TS Z T oo & 2 A, ~a b -amac#iiiM
TCHETT L7228 121 1 3fERR T3, ZnCh 2RI L 72§ RPICH RO R L e o 72, &
=TRSO E AR U entry 8 TlE, PrMgCL-LICIBAZ AW TG E 1T > 7278 H i &
B"/DHZ LI TE o7z, entry 9 TldA P07 LB entry 10 TIX Y = F LifignlP4 2 v
TRISEAT > Te BRISITEIT Lo 7o, &tzl2 3 vk~ U v ABIZ WL TRES 21T -
723, 122a BEONHDHTH T,
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reagent

solvent, temp. 1,;

_—

O]
OTBS
108
entry X reagent temp. 1 (°C) temp. 2 (°C) solvent result
1 Br "BuLi —781t0 0 0 THF 72a:122a=1:1, 108
2 Br BuLi -7810 0 0 THF 72a:122a=1:1, 108
34 | "BuLi 0 0 THF 72b : 122a = 2:1, 108
4 | "BuLi 0 0 hexane 72b : 122a = 4:1,108
5 | "BuLi 0 0 toluene 72b :122a=1:1,108
6 | "BuLi 0 0 Et,O 72b : 122a = 1:1, 108
7° Br PrmgBr rt rt THF almost 122a
8 Br PrMgCI-LiCI 0 0 THF almost 122a
9 | In reflux reflux DCE n.r.
10 | ZnEty, PPh3 rt to reflux rt to reflux CH,Cl, n.r.
11 | Smly, HMPA rt rt THF almost 122a
aAddition of HMPA, LiCl, CeClz or TMEDA was failed.
baddition of ZnCl, was failed.
Table 3
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3-16. I — N7 /L3 72b (2% D Bk F L FBR

TR NMeBLOE—RT VI T2b DT =42 H v 7Y o 73T L WRIK &S
To0H, UFULTEFY RITd 2 EKFEERZIT o7 (Scheme 26), 72b (Zxf L
T, "BuLi Z e e U FULZHIZ LY UF U LT EF Y R L2tk DO &
MUTz, ZORER, 7% RN EAFELI NI T VF 2 1220 TR IS, Lk
VMLE CTOEKRFBIEDEIT LT 0% 2 1232 BLOV123b 23 2:1 O THOLILHFER & 72
Sfc, FETEZOBE, TAFVRmEO T ) F U AP EEICEI T L TR G
LMo T, LEDOFERND, ~a -V F U LRI E DY FU LT T Y KDL
LY B I AT 0 R ALD I RN LIRS SN, T, T4y
Vo 7K EfEIIRNEECH D LB, Bl — FTOEREITO Z L L L,

OMOM OMOM OMOM
N "BuLi N

THF, -78 °C;
_

D,0, -78 °C

123a:R=H 122b
123b:R =1 desired
Scheme 26

3-17. #Hil=72 0 v 77V > 7K 124 O A LG

INETORFNCTT =4 Dy 7V o T X DEERRBECTH T2 end, Filzed
FEFE A2 L7 (Scheme27), v 7V v 7K 124 1%, 4 NidD)/Cr(I) A » 7V > 7
WZEDI—RTAF 125 BLOT AT E 126 0 HEKRTELEEXT, EbiZ125 %
K126 1%, ZNETITARLICFRENGES 2N TELETHLE,

intermolecular
Ni(ll)/Cr(ll) coupling
OH
N

Scheme 27
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3-18. I — K7 /L¥ > 125a DAL

AMOIZ, I— KT X 125a DEKREIT>7- (Scheme28), TARF K104 125 LT,
TARF LV FORRICH & FU FEEL21T) 2L Tr bk Liefk, =F =L EDEAIC
e YU NMMEBROBREICL Y P A= 127 ~ 2B, B 5NT 127 O— kB4
TBS ECHR#ET D52 L TUA—/V 128 L LTcth, —DOOKEEED MOM {Ri#EZ1T5 Z & T
TIF 129 ~EAEHA LTS, ®IEIC, 129 DT VR R AE I UFETHZ L THHO
125a 5 RK L7z,

OH 1) TMSOTY, HMDS HO /7
“'H CH,Cl,, —60 °C TBSCI, imidazole
2) =—MgCl DMF, rt
O otes THF, 0°C to rt; 74%
104 TBAF, THF, rt
62% (2 steps) 127
MOMCI, ‘Pr,NEt MOMQ
TBAI NIS, AgNO;
CH,Cly, rt acetone, rt |
52% H 88% :
MOMO129 OTBS mMoMmo H o7Bs
125a
R = MOM
Scheme 28

3-19. 7T R 126 DEAL

BMWTT LT K126 DERZEIT>7- (Scheme?29), 7/L75t K109 2% LT, =/
HOBAZELY T Va3 —1130 & Liztk, AV BIbE1TH> 2 E THMOT LT B K126
AR LT,

O3, anisole OHC

CH,Cl,, 78 °C;
—_—

PPhg, =78 °C to rt

PMBO 78% PMBO

109 130
Scheme 29
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3-20. 3 FRINIAD/Cr(ID) A v 7'V 72850 v 7 v 7K 124a DAL

I—FRT7F 1258a BT LT E R 126 G LNT-720, 21 Ni()/Cr(I) 71 > 7
U o 72 KR A 72 (Scheme 30), 77205, 125a 36 KN 126 DIREMITX LT
NiCLAE F CrCL ZEH & 72 L 2 A, BMMETIEH 203 HMO T » 7 ) 7K 124a 8
AL TNWD ZEEBVAARY MUZXR VR LT, ZHUTKYD, —D2D Me &RV
T RTOREH T %A % Kansuinine A (1) D EEAEH DRF B ER LT,

NiCl,, CrCl,
R

DMF, rt
trace

Scheme 30
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ARFIECTlE. BIETEZR T DAL CH 2 TMAT OB 2 Uk L LT, ABEMERAY
T & % (+)-Epilupinine DA 72 RH A E & O Kansuinine A D25 21T - 7=,

A 1 32Tl TMAJ O& R Z 1D TiER L. DMAP 38 X TV 9-AT & Fhi U C VO iliiiyE
PEEALTWDZEZHLMNI LT, SOICEEEAEMIHZMR L., BExREmEmn =7 /L
a—LIZx L CHEHRRETH D Z LR LT,

FES 2 B CIE, TMAT OA R TR U728 BR b UGS & % Quinolizidine ‘BA& D 2h -1y
WEEZ IG5 Z & T, (+)-Epilupinine D RFE2EKE DT 3 TRETENR LT, 51T,
AT A AN TR LS D = T A8 A2 DFT FHRIC K D fiE L7, &&IT,
FRAE B K 0 SRS 72 (+)-Epilupinine #1525 Z & IZpkEh L7z,

AiwEh 3 #CIE, Kansuinine A D RFEGHEMFEIZIY MATZ, MO, ETH T
BEAIFZ— VOB L TET AV EEZHWTHRAZITO 2L T, ~I 74—
NOFEMETH D7 T /) FHEROFHIEGILE LMY L7z, & 51T Kansuinine A DARFF
BERICEY fHA, — DD Me #EZ R T X TORFEIR 7% A7 5 Kanuinine A O FEAG#
DARE G A R LT,
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palsy

FEROFS

General Information

All reactions were carried out under an argon atmosphere. Triethylamine (NEt;) and N,N-
diisopropylethylamine (‘ProNEt) was distilled from CaH» under argon atmosphere and stored over
NaOH. Anhydrous solvents and reagents were commercial grade and used as supplied. NMR spectra
were recorded on a JEOL JNM-AL400 (400 MHz), Bruker AVANCE III 500 (500 MHz) or Bruker
AVANCE 111 400 (400 MHz). Chemical shifts were reported in parts per million (ppm). For 'H NMR
spectra (CDCls, D20), the residual solvent peak was used as the internal reference (7.26, 4.89 ppm),
whereas the central solvent peak was used as the reference (77.0 ppm) for 1*C NMR spectra. High-
resolution Mass spectra (HRMS) were recorded on a Waters/Micromass LCT PREMIER and Low-
resolution Mass spectra (LRMS) were recorded on a Waters/Micromass SQ Detector 2. Infrared (IR)
spectra were recorded on a JASCO FT/IR-4200 spectrometer using KBr plate. Analytical thin layer
chromatography (TLC) was performed with E. Merck pre-coated TLC plates, silica gel 60F-254, layer
thickness 0.25 mm. Preparative thin layer chromatography (PTLC) was performed with E. Merck pre-
coated TLC plates, silica gel 60F-254, layer thickness 0.5 mm. Reaction components were visualized
by ninhydrin in 3% acetic acid in "BuOH, p-anisaldehyde in 10% sulfuric acid in EtOH,
phosphomolybdic acid in EtOH or Basic aqueous solution of KMn>O7 (using NaOH and K>COs3).
Flash column chromatography was performed on Kanto Chemical Silica Gel 60 N (spherical, neutral,
0.063-0.210 mm) mesh silica gel, Merch Aluminium oxide 90 active basic (0.063-0.200 mm) or Wako
Wakogel 50C18 (0.038-0.063 mm). Optical rotation was recorded on a JASCO P-2200 polarimeter.
Micro Wave was used CEM corp. Discover SP. Melting point was measured with AS ONE ATM-01.
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Experimental Details in Chapter 1

Diethyl 2-(2-methylpent-4-en-2-yl) malonate (20)

MgBr
EtO,C._~ A cuel EtO,C N

CO,Et Et,0,-40°Ctort CO,Et
7 91% 20

To a solution of CuCl (9.00 g, 91.0 mmol) in Et;O (910 mL) was added 1.0 M Et,0O solution of allyl
magnesium bromide (200 mL, 200 mmol) at —40 °C and stirred for 1 hour. To the mixture was added
7 (37.4 mL, 191 mmol) at —40 °C, and the mixture was stirred at room temperature for 30 min. The
reaction was quenched with saturated aqueous solution of NH4Cl, and the mixture was extracted with
Et,0 (x3). The combined organic layers were washed with brine, dried over anhydrous MgSOa,
filtered, and concentrated under reduced pressure. The residue was purified by silica-gel column
chromatography (Hexane/AcOEt = 50/1) to give 20 (42.0 g, 173 mmol, 91%) as a yellow oil. '"H NMR
(500 MHz, CDCls): 6 5.81 (ddt, J=17.1, 10.0, 7.5 Hz, 1H), 5.09 (dd, J=10.1, 2.0 Hz, 1H), 5.05 (dd,
J=17.1,1.3 Hz, 1H), 4.18 (g, J= 7.1 Hz, 4H), 3.30 (s, IH), 2.23 (d, /= 7.5 Hz, 2H), 1.26 (t, J=7.2
Hz, 6H), 1.11 (s, 6H); 3C NMR (125 MHz, CDCls): & 168.4, 134.1, 118.4, 60.9, 59.2,45.1, 36.3, 25.0,
14.1; IR (KBr): 3077, 2980, 1750, 1730, 1367, 1227, 1037, 913 cm™'; HRMS-ESI (m/z): [M + H]"
calced for Ci3H2304, 243.1596; found, 243.1595.

3,3-dimethylhex-5-en-1-yl 4-methylbenzenesulfonate (19)

EtOZCM oI HOZCM > HO C\></\
MeOH, 50 °C xylene, reflux 2 AN

CO,Et CO,H 21
20 127
Mel, K,COq4 DIBAL TsCl, NEt;, DMAP
——-=—> MeO,C —_— —_—
DMF, rt X CH,Cl,, 78 °C HO X CH,Cly, 0 °C to rt
128 22 50% (5 steps)

TSO/\></\

19
To a solution of 20 (42.0 g, 173 mmol) in MeOH (870 mL) was added 6.0 M aqueous solution of
NaOH (870 mL) at room temperature, and the mixture was stirred at 50 °C for 20 hours. The reaction
was quenched with 6.0 M aqueous solution of HCI, and the mixture was extracted with AcOEt (x3).
The combined organic layers were dried over anhydrous MgSOs, filtered, and concentrated under
reduced pressure. The residue was used without further purification. The residue was dissolved in
xylene (870 mL), and the mixture was heated to reflux for 48 hours. The reaction was quenched with
6.0 M aqueous solution of NaOH, and the mixture was extracted with Et,O (x3). The aqueous layer

was acidified by 6.0 M aqueous solution of HCI until the pH was below 3, and the mixture was
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extracted with AcOEt (x3). The combined organic layers were dried over anhydrous MgSOs, filtered,
and concentrated under reduced pressure to give the crude 21. The crude 21 was used without further
purification. To a solution of the crude 21 in DMF (870 mL) was added K>COs (35.9 g, 260 mmol)
and Mel (16.2 mL, 260 mmol) at 0 °C, and the reaction mixture was stirred at room temperature for 1
hour. The reaction was quenched with 1.0 M aqueous solution of HCI and extracted with Hexane (x3).
The combined organic layers were washed with brine, dried over anhydrous MgSOs, filtered, and
concentrated under reduced pressure (30 °C, >120 Torr) to give the crude 128. The crude 128 was used
without further purification. To a solution of the crude 128 in CH>Cl, (870 mL) was added 1.0 M
Hexane solution of DIBAL (347 mL, 347 mmol) at —78 °C, and the mixture was stirred at —78 °C for
30 minutes and diluted with Et,O. To the mixture was added saturated aqueous solution of NH4Cl (50
mL) at —78 °C, and the mixture was stirred for 20 min. To the mixture was added MgSOs, and the
mixture was stirred at room temperature for 2 hours, filtered, and concentrated under reduced pressure
(30 °C, >80 Torr) to give the crude 22. The crude 22 was used without further purification. To a
solution of the crude 22 in CH>Cl, (870 mL) were added NEt3 (36.2 mL, 260 mmol), TsCl (33.0 g,
173 mmol) and DMAP (4.24 g, 34.7 mmol) at 0 °C, and the mixture was stirred at room temperature
for 3 hours. The reaction was quenched with water, and the mixture was extracted with CH>Cl> (x3).
The combined organic layers were washed with brine, dried over anhydrous MgSQa, filtered, and
concentrated under reduced pressure. The residue was purified by silica-gel column chromatography
(Hexane/AcOEt = 19/1) to give 19 (24.4 g, 86.4 mmol, 50% from 20) as a colorless oil. "H NMR (500
MHz, CDCl3): 6 7.79 (d, J = 8.3 Hz, 2H), 7.35 (d, J = 8.1 Hz, 2H), 5.71 (ddt, J=17.1, 10.1, 7.4 Hz,
1H), 5.03 (ddt, J = 10.2, 2.2, 1.0 Hz, 1H), 4.97 (ddt, J = 16.9, 2.0, 1.1 Hz, 1H), 4.09 (t, J = 7.4 Hz,
2H), 2.45 (s, 3H), 1.90 (d, J= 7.3 Hz, 2H), 1.58 (t, J= 7.4 Hz, 2H), 0.85 (s, 6H); '*C NMR (125 MHz,
CDCl): 6 144.6, 134.5, 133.1, 130.0, 127.8, 117.5, 67.9, 46.6, 39.6, 32.4, 26.9, 21.6; IR (KBr): 3073,
2960, 1638, 1598, 1472, 1388, 1362, 1189, 1176, 1097, 997, 921, 815 cm™'; HRMS-ESI (m/z) [M +
Na]" calcd for C1sH2203SNa 305.1187; found, 305.1190.

N,N-bis(3,3-dimethylhex-5-en-1-yl)-2-nitrobenzenesulfonamide (23)

K,CO
NsNH, + /\></\ #, /\></\ /\></\
TsO X N

DMF, 100 °C Ns

18
19 70% 23

To a solution of NsNH> 18 (8.73 g, 43.2 mmol) in DMF (220 mL) was added K>CO3 (17.9 g, 130
mmol) at room temperature, and the mixture was heated to 100 °C for 10 minutes. To the mixture was
added 19 (24.4 g, 86.4 mmol) at 100 °C, and the mixture was stirred at this temperature for 15 hours.
The mixture was diluted with water and extracted with Et;O (x3). The combined organic layers were
washed with brine, dried over anhydrous MgSQs, filtered, and concentrated under reduced pressure.
The residue was purified by silica-gel column chromatography (Hexane/AcOEt = 19/1) to give 23
(12.6 g, 29.8 mmol, 70%) as a yellow solid. Mp 54-55 °C; '"H NMR (500 MHz, CDCls): & 8.02 (m,

37



1H), 7.71-7.65 (m, 2H), 7.63 (m, 1H), 5.75 (ddt, J= 17.0, 10.1, 7.3 Hz, 2H), 5.03 (dd, J=9.5, 1.5 Hz,
2H), 5.00 (dd, J = 17.0, 1.1 Hz, 2H), 3.30-3.25 (m, 4H), 1.93 (d, J = 7.4 Hz, 4H), 1.45-1.39 (m, 4H),
0.87 (s, 12H); *C NMR (125 MHz, CDCls): & 148.0, 134.8, 133.8, 133.3, 131.5, 130.8, 124.2, 1174,
46.2,43.2,39.1, 32.5, 26.9; IR (KBr): 3074, 2958, 1638, 1546, 1472, 1372, 1350, 1160, 1125, 1064,
998,915, 755 cm'; HRMS-ESI (m/z) [M + H]" caled for C2oHisN2O4S, 423.2318; found, 423.2318.

N,N-bis(3,3-dimethyl-5-oxopentyl)-2-nitrobenzenesulfonamide (24)

/\></\N/\></\ OHC N CHO
Ns

Ns PPhg, =78 °C to rt
23 73%

24

Ozone was bubbled through a solution of 23 (4.49 g, 10.6 mmol) in CH>Cl, (50 mL) at —78 °C until
the color of the solution changed to blue. After bubbling of argon until the blue color was gone, to the
mixture was added PPhs; (8.36 g, 31.9 mmol) at —78 °C, and the mixture was stirred at room
temperature for 2 hours and concentrated under reduced pressure. The residue was purified by silica-
gel column chromatography (Hexane/AcOEt = 9/1 to 7/3) to give 24 (3.40 g, 7.75 mmol, 73%) as a
pale yellow oil. '"H NMR (500 MHz, CDCls): § 9.81 (t, J = 2.8 Hz, 2H), 8.02 (m, 1H), 7.74-7.68 (m,
2H), 7.63 (m, 1H), 3.34-3.28 (m, 4H), 2.30 (d, J = 2.8 Hz, 4H), 1.62-1.56 (m, 4H), 1.08 (s, 12H); 13C
NMR (125 MHz, CDCls3): 6 202.6, 148.0, 133.5, 133.4, 131.7, 130.8, 124.2, 54.1, 43.2, 39.7, 32.7,
27.4; IR (KBr): 2961, 2738, 1716, 1544, 1471, 1372, 1349, 1161, 1124, 1061, 756 cm™!; HRMS-ESI
(m/z) [M + H]* calcd for C20H31N206S, 427.1903, found, 427.1905.

N-(3,3-dimethyl-5-oxopentyl)-N-(4-formyl-3,3-dimethylpent-4-en-1-yl)-2-

nitrobenzenesulfonamide (17)

OHC\></\N/\></CHO formalin, K,COs OHC\></\N CHO
Ns Ns
17

EtOH-H,0, 70 °C
24 52% (brsm 95%)

To a solution of 24 (1.16 g, 2.72 mmol) in EtOH (11 mL) and H,O (2.7 mL) was added K>COs3 (376
mg, 2.72 mmol) at room temperature, and the mixture was warmed to 70 °C. To the mixture was added
formalin (221 pL, 2.72 mmol, 37% aqueous solution) with a syringe pump at 70 °C over 30 min. The
mixture was diluted with water and extracted with AcOEt (x3). The combined organic layers were
washed with brine, dried over anhydrous MgSOy, filtered, and concentrated under reduced pressure.
The residue was purified by silica-gel column chromatography (Hexane/AcOEt = 17/3) to give 17
(623 mg, 1.42 mmol, 52%) as a pale yellow oil and 24 (503 mg, 1.18 mmol, 43%) as a pale yellow
oil. 17; '"H NMR (500 MHz, CDCls): 8 9.80 (t, J = 2.9 Hz, 1H), 9.51 (s, 1H), 7.97 (m, 1H), 7.71-7.67
(m, 2H), 7.61 (m, 1H), 6.35 (s, 1H), 6.05 (s, 1H), 3.30-3.24 (m, 2H), 3.06-3.01 (m, 2H), 2.27 (d, J =
2.8 Hz, 2H), 1.94-1.88 (m, 2H), 1.56-1.50 (m, 2H), 1.16 (s, 6H), 1.06 (s, 6H); '3C NMR (125 MHz,
CDCl): 6 202.7, 194.8, 155.0, 147.9, 136.5, 133.5, 133.4, 131.6, 130.7, 124.1, 54.3, 43.6, 42.9, 39.7,
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36.7, 36.0, 32.6, 27.3, 27.0; IR (KBr): 3064, 2962, 2928, 2726, 1869, 1747, 1716, 1691, 1543, 1473,
1373, 1350, 1160, 1124, 1082, 851, 761 cm'; HRMS-ESI (m/z) [M + H]" caled for Co1HsN>OsS,
439.1903; found, 439.1904.

(£)-N-(3,3-dimethyl-5-((triisopropylsilyl)oxy)pent-4-en-1-yl)-N-(4-formyl-3,3-dimethylpent-4-
en-1-yl)-2-nitrobenzenesulfonamide (29)
TIPSO
OHC\></\N cHo TIPSOTY, 2,:3-DTBP WN CHO
Ns CH20|2, 0°Ctort Ns
17 84% (E/Z = 1/2) 29

To a solution of 17 (675 mg, 1.54 mmol) in CH>Cl, (7.7 mL) were added 2,6-DTBP (745 uL, 3.39

mmol) and TIPSOT( (827 pL, 3.08 mmol) at 0 °C, and the mixture was stirred at room temperature
for 14 hours. The reaction was quenched with saturated aqueous solution of NaHCO3, and the mixture
was extracted with AcOEt (x3). The combined organic layers were washed with brine, dried over
anhydrous MgSOQs, filtered, and concentrated under reduced pressure. The residue was purified by
silica-gel column chromatography (Hexane/AcOEt = 9/1 to 4/1) to give stereoisomeric mixture of 29
(770 mg, 1.29 mmol, 84%, E/Z = 1/2) as a pale yellow oil. '"H NMR (500 MHz, CDCls): § Z isomer
9.50 (s, 1H), 7.95 (m, 1H), 7.68-7.64 (m, 2H), 7.60 (m, 1H), 6.34 (s, 1H), 6.14 (d, /= 6.6 Hz, 1H),
6.03 (s, 1H), 4.03 (d, J= 6.6 Hz, 1H), 3.30-3.24 (m, 2H), 3.10-3.04 (m, 2H), 1.93-1.88 (m, 2H), 1.60-
1.50 (m, 2H), 1.18-1.09 (m, 3H), 1.17 (s, 6H), 1.07 (s, 18H), 1.05 (s, 6H); E isomer 9.51 (s, 1H), 7.95
(m, 1H), 7.68-7.64 (m, 2H), 7.60 (m, 1H), 6.34 (s, 1H), 6.22 (d, /= 12.2 Hz, 1H), 6.04 (s, 1H), 4.89
(d, J=12.1 Hz, 1H), 3.21-3.16 (m, 2H), 3.10-3.03 (m, 2H), 1.93-1.88 (m, 2H), 1.43-1.38 (m, 2H),
1.18-1.09 (m, 3H), 1.12 (s, 18H), 1.07 (s, 6H), 0.97 (s, 6H); '*C NMR (125 MHz, CDCl3): § Z and E
isomer 194.6, 194.6, 155.1, 155.1, 148.0, 148.0, 139.6, 139.0, 136.2, 136.1, 133.9, 133.7, 133.2, 133.1,
131.5, 131.4, 130.8, 130.7, 124.1, 124.1, 112.0, 115.1, 44.2, 43.8, 43.6, 43.6, 41.2, 40.9, 37.0, 37.0,
36.0,33.5,32.7,28.2,27.8,27.0,27.0,17.8, 12.0, 11.8; IR (KBr): 3097, 2946, 2893, 2868, 2713, 1871,
1720, 1697, 1656, 1591, 1547, 1440, 1373, 1352, 1162, 1126, 1012, 883, 739, 682 cm™'; HRMS-ESI
(m/z) [M + H]" calced for C30Hs51N206SSi, 595.3237; found, 595.3240.

2,2,8,8-tetramethyl-9-methyleneoctahydro-2 H-quinolizine-1-carbaldehyde (8)
Tlpsw PhSH, ch03 N
N MeOH 40 °C
S 47 % CHO
8
To a solution of 29 (555 mg, 0.933 mmol) in MeOH (23 mL) were added K,COs3 (1.16 g, 8.40 mmol)
and PhSH (573 pL, 5.60 mmol) at room temperature, and the reaction was stirred at 40 °C for 2 weeks.
The reaction was quenched with saturated aqueous solution of NaHCOQ3, and the mixture was extracted

with AcOEt (x3). The combined organic layers were dried over anhydrous MgSOs, filtered, and
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concentrated under reduced pressure. The residue was purified by silica-gel column chromatography
(CHCI3/MeOH = 9/1) to give 8 (104 mg, 0.442 mmol, 47%) as a yellow oil. "H NMR (400 MHz,
CDCl): 6 9.47 (d, J=4.2 Hz, 1H), 4.98 (s, 1H), 4.66 (s, 1H), 3.25 (d, /= 10.6 Hz, 1H), 2.82 (d, J=
9.0 Hz, 1H), 2.75 (d, /= 10.0 Hz, 1H), 2.61 (td, /= 12.3,2.7 Hz, lH), 2.47 (t,J= 12.4 Hz, 2H), 1.78-
1.56 (m, 2H), 1.50 (dt, J=13.3, 2.8 Hz, 1H), 1.34 (dt,J=13.7,2.7 Hz, 1H), 1.16 (s, 3H), 1.13 (s, 6H),
1.02 (s, 3H); 1*C NMR (125 MHz, CDCl3): & 204.7, 153.5, 108.6, 58.3, 56.0, 53.0, 51.7, 40.0, 39.7,
36.2, 33.5, 30.6, 29.6, 25.1, 20.6; IR (KBr): 2953, 2924, 2868, 1722, 1593, 1466, 1180, 670 cm;
HRMS-ESI (m/z) [M + H]" caled for Ci5sH26NO, 236.2014; found, 236.2010.

2,2,8,8-tetramethyl-9-methyleneoctahydro-2H-quinolizine-1-carbaldehyde O-methyl oxime (30)

N
N
NH,OMe-HCl
7@% MeOH, 40 °C N
CHO 97% N
8 OMe

30

To a solution of 8 (35.9 mg, 0.153 mmol) in MeOH (760 pL) was added NH,OMe-HCI (15.3 mg,
0.183 mmol) at room temperature, and the reaction was stirred at 40 °C for 12 hours. The reaction was
quenched with saturated aqueous solution of NaHCO3, and the mixture was extracted with AcOEt (x3).
The combined organic layers were dried over anhydrous MgSOs, filtered, and concentrated under
reduced pressure. The residue was purified by silica-gel column chromatography (CHCI:/MeOH =
9/1) to give 30 (39.1 mg, 0.149 mmol, 97%) as a pale orange oil. "H NMR (500 MHz, CDCl3): § 6.92
(d, J=8.6 Hz, 1H), 5.02 (s, 1H), 4.97 (s, 1H), 3.83 (s, 3H), 2.88 (d, /= 10.9 Hz, 1H), 2.80 (ddd, J =
12.0, 4.8, 2.6 Hz, 1H), 2.72 (dt, J=11.7, 3.4 Hz, 1H), 2.54 (td, J = 12.4, 3.4 Hz, 1H), 2.50-2.43 (m,
2H), 1.69 (td, J = 13.4, 4.0 Hz, 1H), 1.62 (td, /= 13.1, 4.9 Hz, 1H), 1.47 (dt, /= 13.2, 3.0 Hz, 1H),
1.37 (dt, J = 13.6, 2.6 Hz, 1H), 1.10 (s, 3H), 1.08 (s, 3H), 1.05 (s, 3H), 0.92 (s, 3H); '3C NMR (125
MHz, CDCl3): § 152.4, 151.6, 109.6, 61.3, 57.8, 52.9, 51.6, 46.6, 40.3, 38.8, 36.1, 32.9, 30.6, 29.5,
24.9,20.4; IR (KBr): 2952, 2924, 1640, 1602, 1465, 1177, 1047, 911, 676 cm™'; HRMS-ESI (m/z) [M
+ Na]* caled for C16H2sN2ONa 287.2099; found, 287.2099.
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1,1,7,7-Tetramethyl-9-Azajulolidine (TMAJ, 6)

o®
N |
Ne
mCPBA TFAA
—_—
\N CH,Cly, 1t \N CH,Cl,, 40 °C
|
OMe )
30 OMe
31
N N
~ A
4>
Sy MeOH, 150 °C | _
) 36% (3 steps) N
OMe OMe TMAJ (6)
32 32a 32b

(32/32a+32b = 1/3)

To a solution of 30 (69.3 mg, 0.262 mmol) in CH,Cl, (1.3 mL) was added mCPBA (67.9 mg, 0.275
mmol) at room temperature, and the mixture was stirred for 20 minutes. To the mixture was added
saturated aqueous solution of NaHCO3; and CHCI;. After stirring for 20 minutes, the mixture was
extracted with CHCl3 (x3). The combined organic layers were dried over anhydrous MgSOs, filtered,
and concentrated under reduced pressure. The residue was passed through Basic Alumina to remove
m-chlorobenzoic acid to give the crude 31. The crude 31 was used without further purification. To a
solution of the crude 31 in CH,Cl, (1.8 mL) was added TFAA (128 pL, 0.906 mmol) at 40 °C, and the
mixture was stirred for 10 minutes. The reaction was quenched with saturated aqueous solution of
NaHCOs3, and the mixture was extracted with AcOEt (x3). The combined organic layers were dried
over anhydrous MgSOy, filtered, and concentrated under reduced pressure. The residue including 32,
32a and 32b was used without further purification. The residue was dissolved in MeOH (4.5 mL) at
room temperature, and the mixture was heated to 150 °C under microwave irradiation (300W) for 4
hours. The reaction mixture was concentrated under reduced pressure. The residue was purified by
Reverse-Phase silica-gel column chromatography (MeCN) followed by silica-gel column
chromatography (CHCl3/MeOH = 9/1) to give 6 (21.4 mg, 0.0929 mmol, 36%, 3 steps) as a white
powder oil. 'H NMR (500 MHz, CDCls): § 8.02 (s, 2H), 3.25 (t, J= 6.0 Hz, 4H), 1.71 (t, J = 6.1 Hz,
4H), 1.29 (s, 12H); '*C NMR (125 MHz, CDCls): 8 145.1, 144.1, 124.0, 46.0, 35.9, 30.5, 30.2; IR
(KBr): 2924, 1593, 1326, 777, 705 cm™'; HRMS-ESI (m/z) [M + H]" calcd for CisHN2, 231.1861;
found, 231.1858.

General Procedure of Catalytic Activity Test of DMAP analogues

OH Ac,0, NEt;, catalyst OAc

CDC|3, rt

33 34
To a solution of 33 (50.0 pL, 0.389 mmol) in CDCI3 (1.95 mL) were added catalyst (0.0389 mmol),
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NEt; (162.8 pL, 1.17 mmol) and AcO (73.6 uL, 0.779 mmol) at room temperature. The little amount
of reaction mixture was taken out, diluted by CDCl; and measured by 'H NMR, and the conversion

was determined by the integration ratio of the alkyne or acetyl peaks.

1-ethynylcyclohexyl acetate (34)
\\ colorless oil; "H NMR (500 MHz, CDCls): § 2.58 (s, 1H), 2.18-2.04 (m, 2H), 2.02 (s, 3H),
OAc
1.81-1.78 (m, 2H), 1.68-1.59 (m, 4H), 1.58-1.46 (m, 1H), 1.37-1.21 (m, 1H).

This 'H NMR data is identical with that of ref 36.
34

General Procedure for Substrate Scope Using DMAP (4)

OH Ac,0, NEts, DMAP (4) OAc
R’ R CH,Cl,, rt R! R
substrate product

To a solution of substrate (0.409 mmol) in CH>Cl (2.05 mL) were added DMAP (4) (5.0 mg, 0.0409
mmol), NEt3 (171.1 pL, 1.23 mmol) and Ac,O (77.4 pL, 0.819 mmol) at room temperature. The
reaction was monitored by TLC. When the reaction finished, it was quenched with saturated aqueous
solution of NH4Cl, and the mixture was extracted with AcOEt (x3). The combined organic layers were
dried over anhydrous MgSOQs, filtered, and concentrated under reduced pressure. The residue was
measured by "H NMR without further purification, and the yield was determined by the integration

ratio compared with pyrazine (8.19 mg, 0.102 mmol) as an internal standard.

General Procedure for Substrate Scope Using TMAJ (6)

OH Ac,0, NEts, TMAJ (6) OAc
R’ R CH,Cl,, rt R! B2
substrate product

To a solution of substrate (43.4 pmol) in CH>Cl, (217.1 pL) were added 1.0 M solution of TMAJ (6)
in CHxCl, (4.34 pL, 4.34 umol), NEt; (18.2 pL, 130 pmol) and Ac,O (8.21 pL, 86.8 umol) at room
temperature. The reaction was monitored by TLC. When the reaction finished, it was quenched with
saturated aqueous solution of NH4Cl, and the mixture was extracted with AcOEt (x3). The combined
organic layers were dried over anhydrous MgSOy, filtered, and concentrated under reduced pressure.
The residue was measured by "H NMR without further purification, and the yield was determined by

the integration ratio compared with pyrazine (3.48 mg, 43.4 pmol) as an internal standard.
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2-methyl-4-phenylbut-3-yn-2-yl acetate (36)
OAc  colorless oil; "H NMR (500 MHz, CDCls): & 7.45-7.43 (m, 2H), 7.30-7.29 (m, 3H),
Z 2.06 (s, 3H), 1.76 (s, 6H).
This "H NMR data is identical with that of ref 37.
36

Synthesis of (E)-2-methyl-4-phenylbut-3-en-2-ol (37)

OH
- C02Me MeLi
—_—T \
THF, 0 °C
129 52%

37

To a solution of 129 (850 mg, 5.24 mmol) in THF (26 mL) was added 1.5 M Et,O solution of MeLi
(10.5 mL, 15.7 mmol) at 0 °C, and the mixture was stirred for 10 minutes. The reaction was quenched
with saturated aqueous solution of NH4Cl, and the mixture was extracted with AcOEt (x3). The
combined organic layers were washed with brine, dried over anhydrous MgSQOs, filtered, and
concentrated under reduced pressure. The residue was purified by silica-gel column chromatography
(Hexane/AcOEt = 4/1) to give 37 (439 mg, 2.71 mmol, 52%) as a white solid. "H NMR (500 MHz,
CDCl): 6 7.33-7.21 (m, 5H), 6.61-6.57 (d, J=16.0 Hz, 1H), 6.38-6.34 (d, /= 16.0 Hz, 1H), 1.54 (s,
1H), 1.43 (s, 6H). This '"H NMR data is identical with that of ref 38.

(E)-2-methyl-4-phenylbut-3-en-2-yl acetate (38)
QA colorless oil; 'TH NMR (500 MHz, CDCls): & 7.38 (d, J = 7.3 Hz, 2H), 7.31 (t, J =
h 7.6 Hz, 2H), 7.23 (t,J = 7.3 Hz, 1H), 6.53 (d, J= 16.4 Hz, 1H), 6.49 (d, J= 16.4 Hz,
38 1H), 2.01 (s, 3H), 1.63 (s, 6H); '3C NMR (125 MHz, CDCL): § 170.1, 136.7, 133.9,
128.5, 128.0, 127.6, 126.5, 80.5, 26.8, 22.3; IR (KBr): 2980, 2931, 1732, 1604, 1494, 1246, 1124,
1016, 963, 747, 693 cm™'; HRMS-ESI (m/z) [M + H]* calcd for C13H 702, 205.1229; found, 205.1225.

Synthesis of 2-methyl-4-phenylbutan-2-ol (39)
O OH
MeMgCl
—_—
72%
130 39
To a solution 0of 130 (1.00 mL, 6.68 mmol) in THF (33 mL) was added 3.0 M THF solution of MeMgCl
(3.34 mL, 10.0 mmol) at 0 °C, and the mixture was stirred for 10 minutes. The reaction was quenched
with saturated aqueous solution of NH4Cl, and the mixture was extracted with AcOEt (x3). The
combined organic layers were washed with brine, dried over anhydrous MgSQOs, filtered, and
concentrated under reduced pressure. The residue was purified by silica-gel column chromatography

(Hexane/AcOEt = 4/1) to give 39 (786 mg, 4.79 mmol, 72%) as a colorless oil. 'H NMR (500 MHz,
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CDCl): 6 7.34-7.20 (m, 5H), 2.71-2.67 (m, 2H), 1.80 (d, J = 17.4 Hz, 1H), 1.78-1.74 (m, 2H), 1.27
(s, 6H). This "H NMR data is identical with that of ref 39.

2-methyl-4-phenylbutan-2-yl acetate (40)
OAc  colorless oil; 'H NMR (500 MHz, CDClz): 8 7.26-7.20 (m, 2H), 7.17-7.09 (m, 3H),
2.66-2.55 (m, 2H), 2.07-1.98 (m, 2H), 1.92 (s, 3H), 1.47 (s, 6H).

40 This 'H NMR data is identical with that of ref 40.

2-methyl-1-oxo-1-phenylpropan-2-yl acetate (42)
oAc Wwhite solid; 'H NMR (500 MHz, CDClz): § 8.02-8.00 (m, 2H), 7.51-7.48 (m, 1H),
7.42-7.38 (m, 2H), 1.93 (s, 3H), 1.72 (s, 6H).

° This 'H NMR data is identical with that of ref 41.

42

Synthesis of 8-methyl-1,4-dioxaspiro[4.5]decan-8-ol (41)

(0]
SO e O

131 91%

To a solution of 131 (1.00 g, 6.40 mmol) in THF (32 mL) was added 3.0 M THF solution of MeMgCl
(3.20 mL, 9.60 mmol) at 0 °C, and the mixture was stirred for 10 minutes. The reaction was quenched
with saturated aqueous solution of NH4Cl, and the mixture was extracted with AcOEt (x3). The
combined organic layers were washed with brine, dried over anhydrous MgSQs, filtered, and
concentrated under reduced pressure. The residue was purified by silica-gel column chromatography
(Hexane/AcOEt = 2/1) to give 43 (1.00 g, 5.81 mmol, 91%) as a white solid. 'H NMR (500 MHz,
CDCl): 6 4.00-3.91 (m, 4H), 1.95-1.80 (m, 3H), 1.77-1.67 (m, 4H), 1.59-1.58 (m, 1H), 1.27 (s, 3H)
This "H NMR data is identical with that of ref 42.

8-methyl-1,4-dioxaspiro[4.5]decan-8-yl acetate (44)
0 oAc colorless oil; 'H NMR (500 MHz, CDCls): 8 3.98-3.91 (m, 4H), 2.30-2.24 (m, 2H),
[ ><:>< 2.00 (s, 3H) 1.75 (td, J = 12.2, 3.9 Hz, 2H), 1.68-1.59 (m, 3H), 1.50 (s, 3H); '3C
NMR (125 MHz, CDCIs): 6 170.4, 108.0, 80.1, 64.2, 64.1, 33.9, 30.4, 24.8, 22.1; IR
(KBr): 2882, 1731, 1445, 1372, 1231, 1149, 1097, 1025, 769 cm™'; HRMS-ESI (m/z) [M + Na]* caled
for C11H1304Na, 237.1103; found, 237.1098.
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3-methylbutane-1,3-diyl diacetate (46)
colorless oil; 'TH NMR (500 MHz, CDCl5): & 4.16 (t, J= 7.1 Hz, 2H), 2.12 (t, J= 7.1

Hz, 2H), 2.04 (s, 3H), 1.98 (s, 3H), 1.48 (s, 6H); '*C NMR (125 MHz, CDCl5): $ 170.9,
46 170.3, 80.6, 60.6, 38.8, 26.3, 22.3, 20.9; IR (KBr): 2940, 1740, 1475, 1369, 1252,
1152, 1080, 1020, 787 cm’!; HRMS-ESI (m/z) [M + Na]" calcd for CoH;604Na, 211.0946; found,

OAc

AcO

211.0951.
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Experimental section in Chapter 2

NV,N-bis(5-hexenyl)-2-nitrobenzenesulfonamide (51)

K,CO 72 N NP N T N

NsNH, + BF/M 28 = '}l ~
18 DMF, 100 °C Ns
50 98% 51

To a solution of NsNH; 18 (7.56 g, 37.4 mmol) in DMF (375 mL) were added K,COs3 (31.0 g, 224
mmol) and 50 (10.0 mL, 74.8 mmol) at room temperature. The reaction mixture was heated to 100 °C
for 16 hours. The reaction was quenched with water and the mixture was extracted with Et;O (x3).
The combined organic layers were washed with brine, dried over anhydrous MgSOQs, filtered, and
concentrated under reduced pressure. The residue was purified by silica-gel column chromatography
(Hexane/AcOEt = 9/1 to 4/1) to give 51 (13.4 g, 36.6 mmol, 98%) as a pale yellow oil. 'H NMR (500
MHz, CDCls): 6 8.01 (m, 1H), 7.69-7.65 (m, 2H), 7.61 (m, 1H), 5.73 (ddt, /= 17.0, 10.1, 6.7 Hz, 2H),
4.97 (dq, J=17.1, 1.7 Hz, 2H), 4.94 (ddt, /= 10.8, 2.1, 1.0 Hz, 2H), 3.28 (t, J= 7.6 Hz, 4H), 2.03 (q,
J = 7.2 Hz, 4H), 1.54 (quint, J = 7.7 Hz, 4H), 1.35 (quint, J = 7.6 Hz, 4H); '3C NMR (125 MHz,
CDCl): & 148.1, 138.2, 133.9, 133.2, 131.5, 130.8, 124.1, 114.9, 47.0, 33.2, 27.4, 25.7; IR (KBr):
3076, 2932, 1640, 1545, 1373, 1347, 1160, 1124, 996, 912, 740 cm™'; HRMS-ESI (m/z): [M + H]"
calcd for Ci1gH27N204S, 367.1692; found, 367.1689.

N,N-bis(5-oxopentyl)-2-nitrobenzenesulfonamide (49)

/\/\/\N/\/\/\ 03, CH,Cl,, 78 °C; OHC\/\/\N/\/\/CHO
|
Ns PPhs, =78 °C to rt l{ls
51 86% 49

Ozone was bubbled through a solution of 51 (13.4 g, 36.6 mmol) in CH>Cl, (200 mL) at —78 °C until
the color of the solution changed to blue. After bubbling of argon until the blue color disappeared, to
the mixture was added PPh;3 (28.8 g, 110 mmol) at —78 °C. The mixture was stirred at room temperature
for 1 hour and concentrated under reduced pressure. The residue was purified by silica-gel column
chromatography (CH>Cl/AcOEt = 1/0 to 19/1) to give 49 (11.7 g, 31.6 mmol, 86%) as a pale yellow
oil. "H NMR (500 MHz, CDCls): 6 9.74 (t,J = 1.4 Hz, 2H), 8.01 (m, 1H), 7.71-7.68 (m, 2H), 7.62 (m,
1H), 3.30 (t, /= 7.0 Hz, 4H), 2.46 (td, J= 6.7, 1.3 Hz, 4H), 1.62-1.57 (m, 8H); '3*C NMR (125 MHz,
CDCl): 6201.7,148.1,133.5,133.4,131.6, 130.7, 124.2,47.0,43.1, 27.6, 18.9; IR (KBr): 2929, 2729,
1720, 1542, 1373, 1343, 1160, 1141, 745 cm™'; HRMS-ESI (m/z): [M + H]" calcd for C16H23N206S,
371.1277; found, 371.1278.
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(+)-Epilupinine (9)

PhSH, 052003

L-Proline (ent-61) N
OHC. " -CHO  CHCI5, 0 °C;
Ns NaBH,, MeOH H
49 O0°Ctort HO

70% (83% e6)  (+)-Epilupinine (9)

To a solution 0f 49 (5.00 g, 13.5 mmol) in CHCI3 (335 mL) were added Cs,COs (13.2 g, 40.5 mmol),
L-proline (ent-61) (1.55 g, 13.5 mmol) and PhSH (2.76 mL, 27.0 mmol) at 0 °C, and the mixture was
stirred at 0 °C for 12 hours. To the mixture were added MeOH (335 mL) and NaBH4 (766 mg, 20.2
mmol), and the mixture was stirred at room temperature for 10 minutes. The reaction was quenched
with saturated aqueous solution of NaHCO3, and the mixture was extracted with CHClz (x3). The
combined organic layers were dried over anhydrous MgSOs, filtered, and concentrated under reduced
pressure. The residue was purified by silica-gel column chromatography (AcOEt/MeOH = 3/1) to give
9 (1.60 g, 9.45 mmol, 70%) as a yellow oil. "H NMR (500 MHz, CDCls): § 3.64 (dd, J=10.9, 3.6 Hz,
1H), 3.55 (dd, J = 10.9, 5.8 Hz, 1H), 2.85-2.75 (m, 2H), 2.06-1.98 (m, 2H), 1.89 (m, 1H), 1.83 (m,
1H), 1.76 (m, 1H), 1.72-1.65 (m, 3H), 1.63-1.56 (m, 2H), 1.41 (m, 1H), 1.29-1.14 (m, 3H); '3C NMR
(125Hz, CDCls): 6 64.6, 64.3, 56.9, 56.6, 43.9, 29.7, 28.2, 25.5, 25.0, 24.5; IR (KBr): 3351, 2928,
1443, 1370, 1113, 1092, 1069, 769 cm'; HRMS-ESI (m/z): [M + H]" calcd for C1oH20NO, 170.1545;
found, 170.1546; [a]?) +19.2 (c 0.60, EtOH).

Cesium L-prolinate (62)

{ < cscoy [ N
CO,H ——> CO,Cs

N N
H Hzo, rt H

L-Proline 62
(ent-61)

To a solution of L-Proline (ent-61) (5.00 g, 43.4 mmol) in H>O (45 mL) was added Cs>CO3 (7.08 g,
21.7 mmol) at room temperature, and the mixture was stirred at room temperature for 1 hour. The

mixture was concentrated under reduced pressure. The residue was used without further purification.

Recrystallization of (+)-Epilupinine (9)

Ph_ Ph
S
Ph Ph Ph™ "CO; H ! "

N recrystallization

PhXCOZH oN (CHCI5/Et,0)

_—
H CHClj, rt H acid-base extraction H

HO HO 53% (3 cycles) HO
(+)-Epilupinine (9) 66 9
83% ee enantiomerically pure

Triphenylacetic acid (1.59 g, 5.52 mmol) was added to a solution of 9 (935 mg, 5.52 mmol) in CHCl3
at room temperature, and the mixture was concentrated under reduced pressure. The residue was

recrystallized from CHCI3/Et;O at 0 °C in closed vessel. The mixture was filtrated, and the crystals
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were collected. The crystals were dissolved in 1M aqueous solution of HCI, and the mixture was
extracted with Et;O (x3). To the aqueous layer was added 3M aqueous solution of NaOH, and the
mixture was extracted with "BuOH (x3). The combined organic layers were dried over anhydrous
MgSOQs, filtered and concentrated under reduced pressure to give 9 (496 mg, 2.93 mmol, 53%, 3
cycles) as a white solid. mp 77-78 °C [1it.*31 77-79 °C]; [a]}; +31.5 (c 0.35, EtOH) [lit. [o]?) +31.8
(c 0.60, EtOH)].

Determination of ee

N N N
(S)-MTPACI, NEt, . |

H CH,Cl,,0°Ctort H = H
HO (R)-MTPAO (R)-MTPAO/
(+)-Epilupinine (9) 132 133

To a solution of 9 (2.80 mg, 0.0165 mmol) in CH2Cl, (100 uL) were added NEt; (3.46 pL, 0.0248
mmol) and (S)-MTPACI (3.71 uL, 0.0198 mmol) at 0 °C. The mixture was stirred at room temperature
for 12 hours. The reaction was quenched with saturated aqueous solution of NaHCO3 and the mixture
was extracted with AcOEt (x3). The combined organic layers were dried over anhydrous MgSQO4,
filtered, and concentrated under reduced pressure. The residue was measured by '°F NMR without

further purification, and the ee was determined by the integration ratio of the CF; peaks.
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Experimental section in Chapter 3

(Z2)-1,4-bis(benzyloxy)but-2-ene (134)

OH NaH, BnBr, TBAI
OH THF, 0°Ctort OBn

78 78% 134
To a solution of 78 (1.00 mL, 12.2 mmol) in THF (60 mL) was added 60% dispersion in paraffin liquid
of NaH (1.80 g, 36.6 mmol) at 0 °C and stirred for 30 minutes. To the mixture was added BnBr (3.60
mL, 30.5 mmol) and TBAI (900 mg, 2.44 mmol) at 0 °C, and the mixture was stirred at room

OBn

temperature for 2 hours. The reaction was quenched with water, and the mixture was extracted with
AcOEt (x3). The combined organic layers were washed with brine, dried over anhydrous MgSQOs,
filtered, and concentrated under reduced pressure. The residue was purified by silica-gel column
chromatography (Hexane/AcOEt = 19/1 to 4/1) to give 134 (2.50 g, 9.32 mmol, 78%) as a pale yellow
oil. '"H NMR (400 MHz, CDCl3): & 7.38-7.27 (m, 5H), 5.79 (ddd, J = 4.8, 3.8, 1.0 Hz, 1H), 4.49 (s,
2H), 4.08-4.05 (m, 2H).

2-(benzyloxy)acetaldehyde (79)

(=\—OBn 03, CH,Cly, -78 °C; o
OBn PPh;, -78 °C to rt
134 quant OBn
79

Ozone was bubbled through a solution of 134 (2.00 g, 7.45 mmol) in CH»Cl, (40 mL) at —78 °C until
the color of the solution changed to blue. After bubbling of argon until the blue color disappeared, to
the mixture was added PPhs (2.90 g, 110 mmol) at—78 °C. The mixture was stirred at room temperature
for 1 hour and concentrated under reduced pressure. The residue was purified by silica-gel column
chromatography (Hexane/AcOEt = 4/1) to give 79 (2.27 g, 15.1 mmol, quant) as a pale yellow oil. 'H
NMR (400 MHz, CDCl3): 6 9.73 (t, J= 0.7 Hz, 1H), 7.40-7.29 (m, 5H), 4.64 (s, 2H), 4.11 (d, J=0.7
Hz, 2H).

4-(benzyloxy)-3-hydroxy-2,2-dimethylbutanenitrile (80)

H
i . NC
'PrCN, "BuL
2.:0 rCN, "BulLi oM
THF, -78 °C
OBn quant OBn
79 80

To a solution of ‘ProNH (6.63 mL, 46.9 mmol) in THF (75 mL) was added 2.6 M hexane solution of
"BuLi (18.0 mL, 46.9 mmol) at 0 °C and stirred for 30 minutes. To the mixture was added ‘PrCN (4.07
mL, 45.3 mmol) at —78 °C, and the mixture was stirred at 0 °C for 30 minutes. To the mixture was

added 79 (2.27 g, 15.1 mmol) at —78 °C, and the mixture was stirred at —78 °C for 20 minutes. The
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reaction was quenched with water, and the mixture was extracted with AcOEt (x3). The combined
organic layers were washed with brine, dried over anhydrous MgSQOy, filtered, and concentrated under
reduced pressure. The residue was purified by silica-gel column chromatography (Hexane/AcOEt =
4/1) to give 80 (3.30 g, 15.1 mmol, quant) as a pale yellow oil. "H NMR (400 MHz, CDCls): § 7.41-
7.29 (m, 5H), 4.61 (d, J=11.6 Hz, 1H), 4.58 (d, /= 11.6 Hz, 1H), 3.74 (dd, /= 9.1, 3.0 Hz, 1H), 3.67
(dt,J=17.9,3.2 Hz, 1H), 3.57 (dd, /=9.1, 8.0 Hz, 1H), 2.80 (d, /= 3.4 Hz, 1H), 1.42 (s, 3H), 1.34 (s,
3H).

4-(benzyloxy)-3-hydroxy-2,2-dimethylbutanal (135)

NC OHC
OH DIBAL OH
CH,Cl,, -78 °C
OBn 34% OBn
80 135

To a solution of 80 (522 mg, 2.38 mmol) in CH>Cl> (12.0 mL) was added 1.0 M Hexane solution of
DIBAL (7.20 mL, 7.14 mmol) at —78 °C, and the mixture was stirred at —78 °C for 10 minutes. The
reaction was quenched with saturated aqueous solution of Rochelle salt, and the mixture was extracted
with AcOEt (x3). The combined organic layers were washed with brine, dried over anhydrous MgSOs,
filtered, and concentrated under reduced pressure. The residue was purified by silica-gel column
chromatography (Hexane/AcOEt = 4/1) to give 135 (181 mg, 0.814 mmol, 34%) as a pale yellow oil.
"H NMR (400 MHz, CDCl;3): 8 9.60 (s, 1H), 7.41-7.28 (m, 5H), 4.55 (s, 2H), 3.92 (dt, J= 7.6, 3. Hz,
1H), 3.58 (dd, J=9.6, 3.1 Hz, 1H), 3.49 (dd, J=9.6, 7.6 Hz, 1H), 2.61 (d, J=3.9 Hz, 1H), 1.10 (s,
3H), 1.09 (s, 3H).

1-(benzyloxy)-3,3-dimethyl-4-oxobutan-2-yl acetate (81)

OHC ’SiﬁﬁsNEt‘* OHC
OH _— OAc
CH20|2, rt
OBn 76% OBn
135 81

To a solution of 135 (181 mg, 0.814 mmol) in CH>Cl (4.00 mL) was added DMAP (20.0 mg, 0.163
mmol), NEt3 (227 pL, 1.63 mmol) and Ac2O (115 pL, 1.22 mmol) at room temperature, and the
mixture was stirred at room temperature for 15 minutes. The reaction was quenched with water, and
the mixture was extracted with AcOEt (x3). The combined organic layers were dried over anhydrous
MgSOs,, filtered, and concentrated under reduced pressure. The residue was purified by silica-gel
column chromatography (Hexane/AcOEt = 4/1) to give 81 (162 mg, 0.613 mmol, 76%) as a pale
yellow oil. 'H NMR (400 MHz, CDCls): 8 9.62 (s, 1H), 7.39-7.26 (m, 5H), 5.21 (dd, J = 5.1, 4.5 Hz,
1H), 4.51 (d, J=12.4 Hz, 1H), 4.45 (d, /= 12.1 Hz, 1H), 3.58 (dd, /= 10.7, 5.2 Hz, 1H), 3.54 (dd, J
=10.7, 4.5 Hz, 1H), 2.09 (s, 3H), 1.09 (s, 3H), 1.08 (s, 3H).
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trans-1-(benzyloxy)-4-hydroxy-5-(methoxymethoxy)-3,3-dimethyl-7-(trimethylsilyl) hept-6-yn-
2-yl acetate (83)

OMOM L ol_.

Sn reagent (82) : ! Sn"Bu

OHC n ) 3

OA BuSnCl3, SiO, //
c 1
CH,Cl,, -78t00°C ~ TMS™  HO OAc = OMOM
OBn 39% i TMS

81 (d.r. = 1:1) " OBn |  Snreagent(82) !

To a solution of 81 (162 mg, 0.613 mmol) and 82 (565 mg, 1.23 mmol) in CH>Cl> (3.00 mL) was
added "BuSnCls (210 pL, 1.29 mmol) at —78 °C, and the mixture was stirred at 0 °C for 1 hour. To the
mixture was added SiO> (160 mg) at 0 °C, and the mixture was stirred at 0 °C for 1 hour. The reaction
was quenched with 0.1 M aqueous solution of HCI, and the mixture was extracted with Et:O (x3). To
the combined organic layers were added KF-Celite (850 mg), and the mixture was stirred at room
temperature for 2 hours. The mixture was dried over anhydrous MgSOQs, filtered, and concentrated
under reduced pressure. The residue was purified by 10 w/w % anhydrous K,COs-silica-gel column
chromatography (Hexane/AcOEt = 50/1 to 25/1 to 4/1) to give diastereomeric mixture of 83 (103 mg,
0.236 mmol, 39%, d.r. = 1:1) as a pale yellow oil. 'H NMR (400 MHz, CDCls): § diastereomer mixture
7.38-7.26 (m, 10H), 5.17 (dd, J=7.1, 3.3 Hz, 1H), 5.04 (dd, /= 6.4, 4.0 Hz, 1H), 4.98-4.91 (m, 2H),
4.65-4.39 (m, 8H), 3.79-3.71 (m, 4H), 3.69-3.55 (m, 2H), 3.38 (s, 3H), 3.37 (s, 3H), 2.73 (d, /= 5.0
Hz, 1H), 2.70 (d, J = 5.5 Hz, 1H), 2.10 (s, 3H), 2.09 (s, 3H), 1.09 (s, 3H), 1.08 (s, 3H), 1.01 (s, 6H),
0.20-0.15 (m, 18H).

trans-1-(benzyloxy)-4-hydroxy-5-(methoxymethoxy)-3,3-dimethylhept-6-yn-2-yl acetate (136)

OMOM OMOM
. TBAF Z
TMS = HO OAc THF. rt = HO OAc
62%
OBn OBn
83 136

To a solution of 83 (103 mg, 0.236 mmol) in THF (1.10 mL) was added 1.0 M THF solution of TBAF
(350 pL, 0.354 mmol) at room temperature, and the mixture was stirred at room temperature for 10
minutes. The reaction was quenched with water, and the mixture was extracted with AcOEt (x3). The
combined organic layers were dried over anhydrous MgSOs, filtered, and concentrated under reduced
pressure. The residue was purified by silica-gel column chromatography (Hexane/AcOEt = 4/1 to 7/3)
to give diastereomeric mixture of 136 (52 mg, 0.143 mmol, 62%) as a pale yellow oil. 'H NMR (400
MHz, CDCl3): & diastereomer mixture 7.40-7.24 (m, 10H), 5.24 (dd, /= 7.2, 3.5 Hz, 1H), 5.13 (dd, J
=6.9, 3.5 Hz, 1H), 5.00-4.92 (m, 2H), 4.73-4.46 (m, 8H), 3.81-3.71 (m, 4H), 3.69-3.59 (m, 2H), 3.38
(s, 3H), 3.37 (s, 3H), 2.99 (d, J= 4.8 Hz, 1H), 2.91 (d, J=4.8 Hz, 1H), 2.56 (d, /= 2.2 Hz, 1H), 2.55
(d,J=2.2Hz, 1H) 2.11 (s, 3H), 2.09 (s, 3H), 1.10 (s, 3H), 1.09 (s, 3H), 1.03 (s, 3H), 1.02 (s, 3H).
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trans-1-(benzyloxy)-5-(methoxymethoxy)-3,3-dimethyl-4-((trimethylsilyl)oxy)hept-6-yn-2-yl
acetate (84)
QMOM QMOM

TMSOTY, 2,6-lutidine
HO OAc CH,Cly, 0 °C
7%
OBn OBn
136 84
To a solution of 136 (28.6 mg, 0.0785 mmol) in CH>Cl, (400 pL) was added 2,6-Iutidinne (58.0 pL,

0.392 mmol) and TMSOTT (35.0 puL, 0.196 mmol) at 0 °C, and the mixture was stirred at room

AN

/
/
TMSO OAc

temperature for 15 minutes. The reaction was quenched with saturated aqueous solution of NaHCO3,
and the mixture was extracted with AcOEt (x3). The combined organic layers were dried over
anhydrous MgSOQs, filtered, and concentrated under reduced pressure. The residue was purified by
silica-gel column chromatography (Hexane/AcOEt = 19/1) to give diastereomeric mixture of 84 (26.2
mg, 0.0600 mmol, 77%) as a pale yellow oil. '"H NMR (400 MHz, CDCI3): § diastereomer mixture
7.42-7.26 (m, 10H), 5.25 (dd, /=8.1, 2.7 Hz, 1H), 5.21 (dd, /= 7.6, 3.8 Hz, 1H), 4.98 (d, J= 6.8 Hz,
1H), 4.95 (d, J= 6.8 Hz, 1H), 4.62-4.41 (m, 8H), 3.83 (dd, J = 11.0, 2.6 Hz, 1H), 3.75-3.49 (m, 5H),
3.36 (s, 3H), 3.34 (s, 3H), 2.42 (d, J=2.2 Hz, 1H), 2.41 (d, J=2.0 Hz, 1H) 2.09 (s, 6H), 1.02 (s, 6H),
1.01 (s, 3H), 098 (s, 3H), 0.20-0.10 (m, 18H).

trans-1-(benzyloxy)-7-bromo-5-(methoxymethoxy)-3,3-dimethyl-4-((trimethylsilyl)oxy)hept-6-
yn-2-yl acetate (86)

OMOM OMOM
= NBS, AgNO3 =
7 — = g
TMSO OAc acetone, rt Br~ TMSO OAc
94%
OBn OBn
84 86

To a solution of 84 (30.6 mg, 0.0701 mmol) in acetone (350 pL) was added NBS (15.0 mg, 0.0841
mmol) and AgNO; (1.20 mg, 0.00701 mmol) at room temperature, and the mixture was stirred at room
temperature for 2 hours. The reaction mixture was cooled to 0 °C, filtered with Celite, and concentrated
under reduced pressure. The residue was purified by silica-gel column chromatography
(Hexane/AcOEt = 19/1) to give diastereomeric mixture of 86 (33.9 mg, 0.0658 mmol, 94%) as a pale
yellow oil. "H NMR (400 MHz, CDCl;): § diastereomer mixture 7.36-7.25 (m, 10H), 5.24 (dd, J="7.9,
2.8 Hz, 2H), 4.94 (d, J = 6.8 Hz, 1H), 4.91 (d, J= 6.8 Hz, 1H), 4.60-4.40 (m, 8H), 3.80 (dd, J = 10.8,
2.5 Hz, 1H), 3.73-3.50 (m, 5H), 3.36 (s, 3H), 3.34 (s, 3H), 2.08 (s, 6H), 0.99 (s, 6H), 0.98 (s, 3H), 096
(s, 3H), 0.16-0.09 (m, 18H); LRMS-ESI (m/z): [M + Na]" caled for C23H35°BrOgSiNa, 537.1284;
found, 537.4110 and calcd for C23H358'BrO¢SiNa, 539.1264; found, 539.3845.
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trans-1-(benzyloxy)-7-(1-hydroxycyclopentyl)-5-(methoxymethoxy)-3,3-dimethyl-4-
((trimethylsilyl)oxy)hept-6-yn-2-yl acetate (85)

?MOM "BulLi, THF, —-78 °C; ?MOM
1;; CeClj, -78 °C; HO ,;;
Br~ TMSO OAc 0 TMSO OAc
OBn <::f/ o OBn
86 ,—78°C 85

45%

To a solution of 86 (21.4 mg, 0.0415 mmol) in THF (200 puL) was added 2.6 M Hexane solution of
"BuLi (35.0 puL, 0.0914 mmol) at —78 °C, and the mixture was stirred at —78 °C for 10 minutes. To the
mixture was added 1.0 M THF solution of anhydrous CeCls (62.0 puL, 0.0623 mmol) at —78 °C, and
the mixture was stirred at —78 °C for 30 minutes. To the mixture was added cyclopentanone (5.50 puL,
0.0623 mmol) at —78 °C, and the mixture was stirred at —78 °C for 30 minutes. The reaction was
quenched with saturated aqueous solution of NH4Cl, and the mixture was extracted with AcOEt (x3).
The combined organic layers were dried over anhydrous MgSQs, filtered, and concentrated under
reduced pressure. The residue was purified by silica-gel column chromatography (Hexane/AcOEt =
19/1 to 1/1) to give diastereomeric mixture of 85 (9.3 mg, 0.0179 mmol, 45%) as a pale yellow oil. 'H
NMR (400 MHz, CDCls): 6 diastereomer mixture 7.37-7.24 (m, 10H), 5.59 (dd, J = 8.4, 2.5 Hz, 1H),
5.50 (dd, /=8.1, 2.4 Hz, 1H), 4.99-4.90 (m, 2H), 4.63-4.42 (m, 8H), 3.92-3.86 (m, 2H), 3.73-3.36 (m,
4H), 3.35 (s, 3H), 3.34 (s, 3H), 2.08 (s, 3H), 2.06 (s, 3H), 1.98-1.44 (m, 16H), 0.99 (s, 3H), 0.98 (s,
3H), 093 (s, 3H), 0.92 (s, 3H), 0.13-0.08 (m, 18H); LRMS-ESI (m/z): [M + Na]" calcd for
C23H4407SiNa, 543.2754; found, 543.4967.

trans-1-(benzyloxy)-7-(1-hydroxycyclopentyl)-3,3-dimethylhept-6-yne-2,4,5-triol (90)

OMOM OH
HO = dowex® 50Wx2 HO _~
TMSO OAC  MeOH-H,0, reflux HO OH
41%
OBn OBn
85 90

To a solution of 85 (9.30 mg, 0.0179 mmol) in MeOH (150 uL) and H>O (30.0 pL) was added dowex®
50Wx2 (9.30 mg) at room temperature, and the mixture was stirred at reflux for 13 hours. The reaction
mixture was filtered with cotton plug and concentrated under reduced pressure. The residue was
purified by silica-gel column chromatography (Hexane/AcOEt = 1/1) to give diastereomeric mixture
090 (2.70 mg, 0.00745 mmol, 41%) as a pale yellow oil. 'H NMR (400 MHz, CDCl5): § diastereomer
mixture 7.39-7.27 (m, 10H), 4.56 (s, 2H), 4.55 (s, 2H), 4.52 (m, 1H), 4.30 (m, 1H), 3.82-3.44 (m, 8H),
1.97-1.66 (m, 16H), 1.10 (s, 3H), 1.07 (s, 3H), 1.01 (s, 3H), 0.97 (s, 3H); LRMS-ESI (m/z): [M + Na]*
calcd for C,1H300sNa, 385.1991; found, 385.2669.
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1-(benzyloxy)-4-hydroxy-7-(1-hydroxycyclopentyl)-3,3-dimethylhept-6-yne-2,5-dione (92)

OH O (0]
HO // MnO, HO // . HO //
HO OH THF, reflux HO o o OH
OBn OBn OBn
90 92 93

To a solution 0f 90 (1.50 mg, 0.00414 mmol) in THF (40.0 pL) was added MnQO; at room temperature,

and the mixture was stirred at reflux for 4 hours. The reaction mixture was filtered with Celite and
concentrated under reduced pressure. The residue was purified by preparative thin layer
chromatography (Hexane/AcOEt = 1/1) to give mixture of 92 and 93 (0.500 mg, 0.00139 mmol) as a
pale yellow oil. 'H NMR (500 MHz, CDCl3): 8 mixture 7.43-7.22 (m, 10H), 4.95 (s, 1H), 4.67 (d, J =

12.0 Hz, 1H), 4.58 (d, /=113 Hz, 2H), 4.54 (d, /= 11.2 Hz, 1H), 4.23 (dd, J=2.3, 1.7 Hz, 1H), 3.81

(dd, J =104, 2.5 Hz, 1H), 3.77-3.66 (m, 2H), 3.55 (dd, J = 10.5, 1.5 Hz, 1H), 2.02-1.69 (m, 16H),

1.41 (s,3H), 1.24 (s, 3H), 1.19 (s, 3H), 1.12 (s, 3H); LRMS-ESI (mm/z): [M + Na]" calcd for C2;H260sNa,
381.1678; found, 381.2165.

2-(4-(benzyloxy)-2-methyl-3-oxobutan-2-yl)-5-(1-hydroxycyclopentyl)furan-3(2 H)-one (95)

o) 0]
HO ~ Hg(OTf),, H,0 HO ||
HO % MeCN, rt 0 0
OBn OBn
92 95

To a solution of mixture of 92 and 93 (0.500 mg, 0.00139 mmol) in MeCN (30.0 pL) was added H,O
(0.100 pL, 0.00418 mmol) and 0.1 M MeCN solution of Hg(OTf)> (0.150 pL, 0.0139 pumol) at room
temperature, and the mixture was stirred at room temperature for 10 minutes. The reaction was
quenched with NEts, and the mixture was extracted with AcOEt (x3). The combined organic layers
were dried over anhydrous MgSQs, filtered, and concentrated under reduced pressure. The residue
was purified by preparative thin layer chromatography (Hexane/AcOEt = 3/2) to give mixture of 95
as a pale yellow oil. 'H NMR (400 MHz, CDCls): § 7.40-7.29 (m, 5H), 5.34 (m, 1H), 4.63 (d, /= 11.8
Hz, 1H), 4.59 (m, 1H), (d, J = 11.8 Hz, 1H), 3.67-3.64 (m, 2H), 1.99-1.67 (m, 8H), 0.95 (s, 6H);
LRMS-ESI (m/z): [M + Na]" calcd for C21H2605Na, 381.1678; found, 381.2365.
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(8)-2-(hydroxymethyl)-4-methylcyclopent-2-en-1-one (103)

O (0]
@ MeLi, Cul _d NaOH O formalin, "BusP

) Et,0, 78 °C ) THF-H,0, 0 °C 'g CHCls-MeOH, rt
BuO BuO 102 54% (3 steps)

14 137
<

OH
103

To a solution of CuCl (756 mg, 3.97 mmol) in Et:O (13.0 mL) was added 1.1 M Et,0O solution of MeLi
(7.22 mL, 7.94 mmol) at —40 °C, and the mixture was stirred at 0 °C for 15 minutes. To the mixture
was added 14 (408 mg, 2.65 mmol) at —78 °C, and the mixture was stirred at —78 °C for 1 hour. The
reaction was quenched with mixture of saturated aqueous solution of NH4Cl/28% aqueous solution of
NH;3 (9/1), and the mixture was extracted with Et2O (x3). The combined organic layers were washed
with brine, dried over anhydrous MgSOQs, filtered, and concentrated under reduced pressure. The
residue was used without further purification. To a solution of the crude 137 in MeOH (8.80 mL) and
H>0 (4.40 mL) was added 6.0 M aqueous solution of NaOH (441 pL, 2.65 mmol) at room temperature,
and the mixture was stirred at room temperature for 6 hours. The reaction was quenched with 1.0 M
aqueous solution of HCI, and the mixture was extracted with Et;O (x3). The combined organic layers
were washed with brine, dried over anhydrous MgSQs, filtered, and concentrated under reduced
pressure (20 °C, >350 Torr). The residue was used without further purification. To a solution of the
crude 102 in CHCI3 (3.30 mL) and MeOH (2.20 mL) was added formalin (325 pL, 3.17 mmol) and
"BusP (66.0 pL, 0.265 mmol) at room temperature, and the reaction mixture was stirred at room
temperature for 30 minutes. The reaction was directly purified by silica-gel column chromatography
(Hexane/AcOEt = 4/1 to 2/1) to give 103 (178 mg, 1.42 mmol, 54%, 3 steps) as a pale yellow oil. 'H
NMR (400 MHz, CDCl3): 6 7.39 (dt, J=2.4, 1.3 Hz, 1H), 4.37 (d, /= 6.0 Hz, 2H), 2.97 (m, 1H), 2.69
(dd, J=19.0, 6.2 Hz, 1H), 2.23 (t, J = 6.2 Hz, 1H), 2.03 (dd, /= 19.0, 2.1 Hz, 1H), 1.21 (d, J=7.2
Hz, 3H)
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(1R,2R4S,55)-1-(((tert-butyldimethylsilyl)oxy)methyl)-4-methyl-6-oxabicyclo[3.1.0]hexan-2-ol
(104)

© O OH
TBSCI, imidazole NaBHy,, CeCl3-7H,0
DMF, rt MeOH, —-15 °C
OH OTBS OTBS
103 138 101
OH
mCPBA “'H
CH,Cly, rt
62% (3 steps) 0 OTBS
104

To a solution of 103 (178 mg, 1.42 mmol) in DMF (2.37 mL) was added imidazole (290 mg, 4.27
mmol) and TBSCI (308 mg, 1.71 mmol) at room temperature, and the mixture was stirred at room
temperature for 1 hour. The reaction was quenched with H>O, and the mixture was extracted with
Hexane (x3). The combined organic layers were washed with water, dried over anhydrous MgSQO4,
filtered, and concentrated under reduced pressure. The residue was used without further purification.
To a solution of the crude 138 in MeOH (14.2 mL) was added CeClz-7H>0O (1.59 g, 4.27 mmol) at
room temperature, and the mixture was stirred at room temperature while the mixture turned to
homogeneous. To the mixture was added NaBH4 (64.6 mg, 1.71 mmol) at —78 °C, and the mixture
was stirred at —78 °C for 5 hours. The reaction was quenched with saturated aqueous solution of NH4Cl,
and the mixture was extracted with Hexane (x3). The combined organic layers were washed with brine,
dried over anhydrous MgSQOys, filtered, and concentrated under reduced pressure. The residue was used
without further purification. To a solution of the crude 101 in CH>Cl, (7.20 mL) was added NaHCO3
(598 mg, 7.11 mmol) and mCPBA (386 mg, 1.56 mmol) at—15 °C, and the reaction mixture was stirred
at—15 °C for 30 minutes. The reaction was quenched with saturated aqueous solution of Na,S,03, and
the mixture was extracted with Hexane (x3). The combined organic layers were washed with water,
dried over anhydrous MgSOQs, filtered, and concentrated under reduced pressure. The residue was
purified by silica-gel column chromatography (Hexane/AcOEt = 10/1) to give 104 (229 mg, 0.886
mmol, 62%, 3 steps) as a pale yellow oil. 'H NMR (400 MHz, CDCls): 6 4.33 (td, J= 8.0, 6.0 Hz, 1H),
4.03 (d,J=11.7Hz, 1H), 3.93 (d, J=11.7 Hz, 1H), 3.24 (s, 1H), 2.26 (d, /= 5.9 Hz, 1H), 2.121-1.96
(m, 2H), 1.10 (d, /= 6.5 Hz, 3H), 1.04 (m, 1H), 0.91 (s, 9H), 0.10 (s, 3H), 0.09 (s, 3H).

(R)-5-((S)-2,2-dimethyl-1,3-dioxolan-4-yl)-3,4-dihydroxyfuran-2(5H)-one (111)

On-0 OH Ox-0

o AcCl /9
HO = OH acetone, rt HO = ’O/‘:\

OH 90% OH
L-Ascorbic acid (15) 111

To a solution of L-ascorbic acid (15) (30.0 g, 170 mmol) in acetone (170 mL) was added AcCl (2.40

mL, 34.1 mmol) at room temperature, and the mixture was stirred at room temperature for 1 hour. The
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reaction was cooled to —20 °C, and stored at —20 °C for 12 hours. The mixture was filtered with filter
paper, and the powders were collected to give 111 (33.2 g, 154 mmol, 90%) as a white powder. 'H
NMR (400 MHz, D,0): 6 4.91 (d, J=2.4 Hz, 1H), 4.59 (m, 1H), 4.31 (dd, J=9.3, 7.6 Hz, 1H), 4.19-
4.17 (dd, J=9.3,5.2 Hz, 1H), 1.37 (s, 6H). This '"H NMR data is identical with that of ref 28.

(R)-2-((S)-2,2-dimethyl-1,3-dioxolan-4-yl)- V-methoxy-2-(methoxymethoxy)-V-methylacetamide
(113)

O« 0 10% H,0; aq. HO MeNHOMe-HClI 3 o]
~_ /O CaCO3, H,0, rt; }_/\o EDCI-HCI HOBt -;O/k\
~ -, _— o R
HO O/‘K\ K,COs3, 1t KO,C o/‘:\ CH,Cly, 1t NMe
OH 139 MeO
111 112
MOMCI, Pr,NEt MOMO o
TBAI
CH,Cl,, reflux NMe
74% (3 steps) MeO
13

To a solution of 111 (10 g, 46.3 mmol) in H>O (100 mL) was added CaCOs3 (9.30 g, 92.5 mmol) and
10% aqueous solution of H>O> (60.0 mL, 185 mmol) at room temperature divided into three times
every 20 minutes, and the mixture was stirred at room temperature for 3 hours. To the mixture was
added MnO; (300 mg) and K>CO3 (3.50 g, 25.4 mmol) at room temperature, and the mixture was
stirred at room temperature for 2 days. The mixture was filtered with filter paper, and concentrated
under reduced pressure. This reaction was done three times. The combined residue was used without
further purification. To a solution of the crude 139 in CH>Cl, (700 mL) was added MeNHOMe-HCl
(13.5 g, 139 mmol), HOBt (18.7 g, 139 mmol), and EDCI-HCI (26.6 g, 139 mmol) at room temperature,
and the mixture was stirred at room temperature for 2 hours. The reaction was quenched with water,
and the mixture was extracted with CHCl3; (x3). The combined organic layers were washed with
saturated aqueous solution of NaHCO3, dried over anhydrous MgSOQy, filtered, and concentrated under
reduced pressure. The residue was used without further purification. To a solution of the crude 112 in
CHCl; (7.20 mL) was added ‘ProNEt (60.0 mL, 347 mmol), TBAI (10.0 g, 27.8 mmol), and MOMCI
(15.8 mL, 208 mmol) at room temperature, and the reaction mixture was stirred at reflux for 2 days.
The reaction was quenched with water, and the mixture was extracted with CHCl; (x3). The
combined organic layers were dried over anhydrous MgSOs, filtered, and concentrated under reduced
pressure. The residue was purified by silica-gel column chromatography (Hexane/AcOEt = 3/2) to
give 113 (27.0 g, 103 mmol, 74%, 3 steps) as a orange oil. "H NMR (400 MHz, CDCl): 6 4.77 (d, J
=6.9 Hz, 1H), 4.71 (d, J= 6.9 Hz, 1H), 4.66 (d, J= 5.6 Hz, 1H), 4.46 (q, /= 6.5 Hz, 1H), 4.01 (dd, J
=8.4,6.9 Hz, 1H), 3.93 (dd, J = 8.4, 6.2 Hz, 1H), 3.76 (s, 3H), 3.39 (s, 3H), 3.23 (s, 3H) 1.44 (s, 3H),
1.37 (s, 3H).
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(R)-2-((S)-2,2-dimethyl-1,3-dioxolan-4-yl)-2-(methoxymethoxy)acetaldehyde (140)

MOMO
2 (e}
o:(-_/’o\/&\ _ DIBAL _ Mog—fo
Me CH,Cl, 0 0/&\
MeG —781t0 0 °C H
13
To a solution of 113 (13.5 g, 51.3 mmol) in CH>Cl, (250 mL) was added 1.0 M Hexane solution of
DIBAL (60.0 mL, 61.5 mmol) at =78 °C, and the mixture was stirred at 0 °C for 30 minutes. To the

mixture was added saturated aqueous solution of NH4Cl (6.00 mL) and MeOH (12.0 mL) at —78 °C,

81% 140

diluted with Et,O, and the mixture was stirred at room temperature for 1 hour. To the mixture was
added MgSO4 at room temperature, and the mixture was stirred at room temperature for 1 hour, filtered,
and concentrated under reduced pressure. This reaction was done two times. The combined residue
was purified by silica-gel column chromatography (Hexane/AcOEt = 7/3) to give 140 (16.8 g, 82.3
mmol, 81%) as a pale yellow oil. '"H NMR (400 MHz, CDCls): 8 9.72 (d, J= 1.4 Hz, 1H), 4.79 (s, 2H),
4.39 (q,J=6.1 Hz, 1H), 4.11 (dd, J = 8.8, 6.6 Hz, 1H), 4.01 (dd, /= 5.7, 1.3 Hz, 1H), 3.95 (dd, J =
8.8, 6.1 Hz, 1H), 3.44 (s, 3H), 1.44 (s, 3H), 1.36 (s, 3H).

(15)-1-((5)-2,2-dimethyl-1,3-dioxolan-4-yl)-1-(methoxymethoxy)propan-2-ol (114)

MOMO MOMO
:Z—{\O MeLi “ /0
0 O/&‘ THF, 0°C  HO ’o/k‘

H 45%

140 (2 steps) 114

dr.=1:1

To a solution of 140 (11.3 g, 55.3 mmol) in THF (250 mL) was added 1.5 M Et,O solution of MeLi
(55.0 mL, 83.0 mmol) at 0 °C, and the mixture was stirred at 0 °C for 5 hours. The reaction was
quenched with saturated aqueous solution of NH4Cl, and the mixture was extracted with AcOEt (x3).
The combined organic layers were, dried over anhydrous MgSQs, filtered, and concentrated under
reduced pressure. The residue was purified by silica-gel column chromatography (Hexane/AcOEt =
7/3) to give diastereomeric mixture of 114 (6.8 g, 30.9 mmol, 56%, d.r. = 1:1) as a pale yellow oil. 'H
NMR (400 MHz, CDCls): § diastereomer mixture 4.86 (d, J = 6.8 Hz, 1H), 4.79-4.73 (m, 3H), 4.32
(q, /= 6.5 Hz, 1H), 4.22 (q, J= 6.9 Hz, 1H), 4.15-3.99 (m, 4H), 3.84 (t, J= 7.5 Hz, 1H), 3.75 (t,J =
7.9 Hz, 1H), 3.55 (dd, J = 6.7, 3.7 Hz, 1H), 3.45 (s, 6H), 3.36 (dd, J= 5.5, 4.0 Hz, 1H), 1.43 (s, 6H),
1.38 (s, 3H), 1.36 (s, 3H), 1.26 (d, /= 6.4 Hz, 3H), 1.21 (d, /= 6.5 Hz, 3H).
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(45)-4-((1.5)-2-((4-methoxybenzyl)oxy)-1-(methoxymethoxy)propyl)-2,2-dimethyl-1,3-dioxolane
(115)

MOMO, o ?g/IABICI, NaH MOMO, o
Ho«»<_<)\/&‘ THF,0°Ctort  PMBO «»<_/o\/&‘
114 o 115

To a solution of 114 (5.00 g, 22.7 mmol) in THF (110 mL) was added PMBCI (4.70 mL, 34.0 mmol),
TBAI (1.70 g, 4.54 mmol), and 60% dispersion in paraffin liquid of NaH (1.60 g, 34.0 mmol) at 0 °C,
and the reaction mixture was stirred at room temperature for 1 day. The reaction was quenched with
water, and the mixture was extracted with AcOEt (x3). The combined organic layers were dried over
anhydrous MgSOQs, filtered, and concentrated under reduced pressure. The residue was purified by
silica-gel column chromatography (Hexane/AcOEt = 17/3) to give diastereomeric mixture of 115 (6.60
g, 19.4 mmol, 84%) as a yellow oil. 'H NMR (400 MHz, CDCls): § diastereomer mixture 7.32-7.21
(m, 4H), 6.91-6.84 (m, 4H), 4.89 (d, J = 6.9 Hz, 1H), 4.85 (d, J = 6.6 Hz, 1H), 4.79 (d, J = 6.6 Hz,
1H), 4.73 (d, J= 6.6 Hz, 1H), 4.58-4.36 (m , 8H), 4.27 (q, J= 7.0 Hz, 1H), 4.12 (q, J= 7.1 Hz, 1H),
3.96 (dd, J=8.2, 6.5 Hz, 1H), 3.87 (dd, J = 8.4, 6.3 Hz, 1H), 3.80 (s, 6H), 3.71-3.55 (m, 6H), 1.41 (s,
3H), 1.39 (s, 3H), 1.35 (s, 6H), 1.26 (d, J=2.7 Hz, 3H), 1.24 (d, J= 2.9 Hz, 3H).

(58,65)-5-(1-((4-methoxybenzyl)oxy)ethyl)-9,9,10,10-tetramethyl-2,4,8-trioxa-9-silaundecan-6-
yl benzoate (117)

MOMO, o MOMQ, OH MOMQ, oTBS
P AcOH L/ TBSCI, imidazole p—
PMBO ’o/k‘ H,O,rt  PMBO OH DMF, rt PMBO OH

115 116 141

MOMO OTBS
BzCN, NEt;, DMAP o
CH,Cl,, rt PMBO 0Bz

85% (3 steps)
117

To a solution of 115 (6.60 g, 19.4 mmol) in H>O (50.0 mL) was added AcOH (50.0 mL) at room
temperature, and the mixture was stirred at room temperature for 16 hours. The mixture was directly
concentrated under reduced pressure. The residue was used without further purification. To a solution
of the crude 116 in DMF (100 mL) was added imidazole (3.30 g, 48.5 mmol), and TBSCI (4.40 g, 29.1
mmol) at room temperature, and the mixture was stirred at room temperature for 1.5 hours. The
reaction was quenched with water, and the mixture was extracted with Et,0 (x3). The combined
organic layers were washed with brine, dried over anhydrous MgSOy, filtered, and concentrated under
reduced pressure. The residue was used without further purification. To a solution of the crude 141 in
CH>Cl; (100 mL) was added NEt; (5.40 mL, 38.8 mmol), DMAP (470 mg, 3.88 mmol), and BzCN

(3.50 mL, 29.1 mmol) at room temperature, and the reaction mixture was stirred at room temperatuire
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for 7 hours. The reaction was quenched with saturated aqueous solution of NaHCOs3, and the mixture
was extracted with AcOEt (x3). The combined organic layers were washed with brine, dried over
anhydrous MgSQys, filtered, and concentrated under reduced pressure. The residue was purified by
silica-gel column chromatography (Hexane/AcOEt = 9/1) to give diastereomeric mixture of 117 (8.40
g, 16.2 mmol, 85%, 3 steps) as a pale yellow oil. 'H NMR (400 MHz, CDCls): § diastereomer mixture
8.05 (t, J= 6.9 Hz, 4H), 7.56 (t, J= 7.0 Hz, 2H), 7.47-7.40 (m, 4H), 7.39-30 (m, 4H), 6.87 (d, /= 8.4
Hz, 2H), 6.81 (d, J= 8.6 Hz, 2H), 5.38 (q, J= 5.2 Hz, 1H), 5.31 (q, /= 5.2 Hz, 1H), 4.83 (d, /= 6.8
Hz, 1H), 4.78 (s, 2H), 4.73 (d, J= 6.8 Hz, 1H), 4.67 (s, 2H), 4.59 (d, /= 11.4 Hz, 1H), 4.47-4.38 (m
5H), 3.93-3.68 (m, 6H), 3.81 (s, 3H), 3.80 (s, 3H), 3.40-3.31 (m, 2H), 3.37 (s, 3H), 3.34 (s, 3H), 1.29
(d,J=5.7Hz, 3H), 1.24 (d, /= 6.1 Hz, 3H), 0.96-0.79 (m, 18H), 0.99 (s, 12H).

(2R,35)-4-((4-methoxybenzyl)oxy)-3-(methoxymethoxy)-1-oxopentan-2-yl benzoate (110)

MOMO oTBS MOMO oH  (COCI), DMSO MOMO ~ CHO
g TBAF, AcOH ~. CH,Cl,, 78 °C; ~
> _— > _— >
PMBO OBz THF, rt PMBO 0Bz NEt;, -78t0 0°C ~ PMBO 0Bz
94% (2 steps)
17 142 110

To a solution of 117 (750 mg, 1.45 mmol) in THF (7.20 mL) was added AcOH (330 pL, 5.79 mmol)
and 1.0 M THF solution of TBAF (2.20 mL, 2.17 mmol) at room temperature, and the mixture was
stirred at room temperature for 17 hours. The reaction was diluted with water, and the mixture was
extracted with AcOEt (x3). The combined organic layers were dried over anhydrous MgSOs, filtered,
and concentrated under reduced pressure. The residue was used without further purification. To a
solution of DMSO (311 pL, 4.34 mmol) in CH>Cl, (7.20 mL) was added (COCI), (250 pL, 2.89 mmol)
at —78 °C, and the mixture was stirred at —78 °C for 30 minutes. To the mixture was added the crude
117 at —78 °C, and the mixture was stirred at —78 °C for 30 minutes. To the mixture was added NEt;3
(1.20 mL, 8.68 mmol) at —78 °C, and the mixture was stirred at 0 °C for 1 hour. The reaction was
quenched with water, and the mixture was extracted with AcOEt (x3). The combined organic layers
were dried over anhydrous MgSQy, filtered, and concentrated under reduced pressure. The residue
was purified by silica-gel column chromatography (Hexane/AcOEt = 4/1) to give diastereomeric
mixture of 110 (530 mg, 1.32 mmol, 94%, 2 steps) as a pale yellow oil. "H NMR (400 MHz, CDCl;):
d diastereomer mixture 9.74 (s, 1H), 9.61 (s, 1H), 8.06 (d, J= 7.3 Hz, 2H), 7.98 (d, /= 7.3 Hz, 2H),
7.60 (t, J= 6.8 Hz, 2H), 7.45 (t, J=7.7 Hz, 4H), 7.26-7.23 (m, 2H), 7.16 (d, J = 8.5 Hz, 2H), 6.85 (d,
J=28.6 Hz, 2H), 6.72 (d, J= 8.6 Hz, 2H), 5.66 (d, /=2.2 Hz, 1H), 5.53 (d, /J=4.8 Hz, 1H), 4.87 (d, J
=7.0 Hz, 1H), 4.81 (d, J= 7.0 Hz, 1H), 4.73 (d, /= 6.9 Hz, 1H), 4.69 (d, /= 6.9 Hz, 1H), 4.53 (d, J
=11.4 Hz, 1H), 4.51 (d, /= 11.0 Hz, 1H), 4.39 (d, /= 11.3 Hz, 1H), 4.51 (d, /= 11.0 Hz, 1H), 4.39
(d, J=11.3 Hz, 1H), 4.29 (d, J= 11.2 Hz, 1H), 4.08 (dd, J= 7.6, 2.2 Hz, 1H), 4.05 (dd, J=4.7, 3.6
Hz, 1H) 3.86 (dd, J= 6.4, 3.5 Hz, 1H), 3.82-3.76 (m, 3H), 3.78 (s, 3H), 3.68 (s, 3H), 3.44 (s, 3H), 3.32
(s, 3H), 1.34 (d, /= 6.2 Hz, 3H), 1.29 (d, J = 6.4 Hz, 3H).
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(55,6 R)-4-(1-((4-methoxybenzyl)oxy)ethyl)-2,2-dimethyl-6-(2-methylbut-3-en-2-yl)-1,3-dioxan-
5-yl benzoate (119)

Br
MOMO CHO
- CrCl, DMP
PMBO 0Bz THF, rt CH,Cl,, rt
(d.r. =1:1)
110
118 143
MeO OMe
NaBH, MOMO S 1OH (+)-CSA
MeOH y g acetone, rt
-78t00°C PMBO OBz 69%
(4 steps)
118’ 119

To a solution of 110 (530 mg, 1.32 mmol) in THF (6.50 mL) was added prenyl bromide (230 pL, 1.98
mmol), and degassed with Freeze Pump Thaw cycles. To the mixture was added anhydrous CrCl, at
room temperature under Argon atmosphere with plastic bag, and the mixture was stirred at room
temperature for 1 hour in plastic bag. The reaction was diluted with water, and the mixture was
extracted with AcOEt (x3). The combined organic layers were washed with water and brine, dried over
anhydrous MgSOsy, filtered, and concentrated under reduced pressure. The residue was used without
further purification. To a solution of the crude 118 in CH>Cl, (6.50 mL) was added DMP (840 mg,
1.98 mmol) at room temperature, and the mixture was stirred at room temperature for 40 minutes. The
reaction was quenched with saturated aqueous solution of Na>S>04, and the mixture was extracted
with AcOEt (x3). The combined organic layers were dried over anhydrous MgSQs, filtered, and
concentrated under reduced pressure. The residue was used without further purification. To a solution
of the crude 143 in MeOH (6.50 mL) was added NaBH4 (120 mg, 3.29 mmol) at —78 °C, and the
mixture was stirred at 0 °C for 15 minutes. The reaction was quenched with water, and the mixture
was extracted with AcOEt (x3). The combined organic layers were dried over anhydrous MgSOs,
filtered, and concentrated under reduced pressure. The residue was used without further purification.
To a solution of the crude 118’ in acetone (3.00 mL) and 2,2-dimethoxypropane (3.00 mL) was added
(+)-CSA (300 mg, 1.31 mmol) at room temperature, and the mixture was stirred at room temperature
for 20 hours. The reaction was quenched with saturated aqueous solution of NaHCQ3, and the mixture
was extracted with AcOEt (x3). The combined organic layers were dried over anhydrous MgSO4,
filtered, and concentrated under reduced pressure. The residue was purified by silica-gel column
chromatography (Hexane/AcOEt = 19/1) to give diastereomeric mixture of 119 (420 mg, 0.896 mmol,
69%, 4 steps) as a pale yellow oil. "H NMR (400 MHz, CDCI3): § diastereomer mixture 8.15-7.99 (m,
4H), 7.61-7.53 (m, 2H), 7.50-7.41 (m, 4H), 7.26-7.20 (m, 2H), 7.18 (d, J= 8.6 Hz, 2H), 6.88 (d, J =
8.5 Hz, 2H), 6.78 (d, J = 5.7 Hz, 2H), 5.91 (dd, /= 10.8, 1.3 Hz, 1H), 5.86 (dd, /= 10.8, 1.6 Hz, 1H),
5.66 (dd, J=6.2,2.9 Hz, 1H), 5.58 (dd, J= 5.4, 2.4 Hz, 1H), 5.09-4.91 (m, 4H), 4.57 (d, J=11.2 Hz,
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1H), 4.44 (d,J= 11.2 Hz, 1H), 4.26 (d,J= 10.2 Hz, 1H), 4.02 (d, J= 10.1 Hz, 1H), 3.84-3.46 (m, 6H),
3.81 (s, 3H), 3.76 (s, 3H), 1.46 (s, 3H), 1.42 (s, 3H), 1.34 (s, 3H), 1.32 (s, 3H), 1.26 (d, J = 4.9 Hz,
3H), 1.23 (d, J = 6.3 Hz, 3H), 1.05 (s, 6H), 1.03 (s, 3H), 1.01 (s, 3H).

(55,6R)-4-(1-((4-methoxybenzyl)oxy)ethyl)-2,2-dimethyl-6-(2-methyl-1-oxopropan-2-yl)-1,3-
dioxan-5-yl benzoate (109)

O3, anisole
0 CH,Cly, 78 °C;
\\V PPh;, —78 °C to rt
PMBO 0Bz 72% PMBO
119 109

Ozone was bubbled through a solution of 119 (420 mg, 0.896 mmol) and anisole (100 pL, 0.896 mmol)
in CH2Cl, (10.0 mL) at —78 °C until the color of the solution changed to black. After bubbling of argon
until the black color disappeared, to the mixture was added PPhs (350 mg, 1.34 mmol) at —78 °C. The
mixture was stirred at room temperature for 1 hour and concentrated under reduced pressure. The
residue was purified by silica-gel column chromatography (Hexane/AcOEt = 19/1 to 9/1) to give
diastereomeric mixture of 109 (300 mg, 0.638 mmol, 72%) as a pale yellow oil. 'H NMR (400 MHz,
CDCls): 8 diastereomer mixture 9.49 (s, 2H), 8.09 (d, /= 7.3 Hz, 2H), 8.06 (d, /= 7.1 Hz, 2H), 7.64-
7.55 (m, 2H), 7.51-7.43 (m, 4H), 7.20 (d, J = 5.7 Hz, 2H), 7.18 (d, /= 5.9 Hz, 2H), 6.80 (d, J=9.5
Hz, 2H), 6.78 (d, J= 8.7 Hz, 2H), 5.78 (dd, J= 6.2, 3.1 Hz, 1H), 5.53 (dd, J= 5.4, 2.7 Hz, 1H), 4.61
(d, J=12.3 Hz, 1H), 4.58 (d, /= 12.0 Hz, 1H), 4.47 (d, J=11.2 Hz, 1H), 4.42 (d, /= 11.6 Hz, 1H),
3.79-3.55 (m, 6H), 3.77 (s, 3H), 3.75 (s, 3H), 1.52 (s, 3H), 1.46 (s, 3H), 1.39 (s, 3H), 1.35 (d, /=74
Hz, 3H), 1.32 (s, 3H), 1.25 (d, /= 6.2 Hz, 3H), 1.19 (s, 3H), 1.18 (s, 3H), 1.17 (s, 3H).

(4R ,55)-4-(3-hydroxy-4-(methoxymethoxy)-2-methyl-6-(trimethylsilyl)hex-5-yn-2-yl)-6-(1-((4-
methoxybenzyl)oxy)ethyl)-2,2-dimethyl-1,3-dioxan-5-yl benzoate (120)

OMOM

Sn reagent (82)
"BuSnClz, MS4A
CHCI3, 0 °C
82%

109

120
To a solution of 109 (300 mg, 0.638 mmol) and 82 (1.18 g, 2.55 mmol) in CHCI3 (7.00 mL) was added
MS4A (300 mg) and "BuSnCl; (440 pL, 2.68 mmol) at 0 °C, and the mixture was stirred at 0 °C for 3
hours. To the mixture was added Et;O and KF-Celite (900 mg), and the mixture was stirred at room
temperature for 12 hours. The mixture was filtered with Celite, and concentrated under reduced
pressure. The residue was purified by 10 w/w % anhydrous K>COs-silica-gel column chromatography
(Hexane/AcOEt = 19/1 to 9/1) to give diastereomeric mixture of 120 (363 mg, 0.565 mmol, 82%) as
a pale yellow oil. '"H NMR (400 MHz, CDCl;): § diastereomer mixture 8.19-8.00 (m, 4H), 7.62-7.52
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(m, 2H), 7.50-7.40 (m, 4H), 7.35-7.14 (m, 4H), 6.91-6.83 (m, 2H), 6.83-6.73 (m, 2H), 5.86 (dd, J =
5.4,2.5 Hz, 1H), 5.68 (dd, J=4.6, 2.0 Hz, 1H), 5.01-4.89 (m, 2H), 4.74-4.37 (m, 8H), 3.88-3.46 (m,
8H), 3.77 (s, 3H), 3.76 (s, 3H), 3.37 (s, 3H), 3.36 (s, 3H), 1.51 (s, 3H), 1.44 (s, 3H), 1.39 (s, 3H), 1.36
(s, 3H), 1.34 (d, J= 6.5 Hz, 3H), 1.24 (s, 3H), 1.22 (s, 3H), 1.15 (s, 3H), 1.14 (s, 3H) 1.01 (d, /= 7.5
Hz, 3H), 0.18 (s, 9H), 0.09 (s, 9H) ; LRMS-ESI (m/z): [M + Na]* calcd for C35Hs009SiNa, 665.3122;
found, 665.5025.

(55,6 R)-4-(1-((4-methoxybenzyl)oxy)ethyl)-6-(4-(methoxymethoxy)-2-methyl-6-(trimethylsilyl)-
3-((trimethylsilyl)oxy)hex-5-yn-2-yl)-2,2-dimethyl-1,3-dioxan-5-yl benzoate (144)
OMOM OMOM

TMSOTT, 2,6-lutidine
CH,Cl,, 0 °C
98%

120 144

To a solution of 120 (360 mg, 0.560 mmol) in CH>Cl, (3.00 mL) was added 2,6-lutidine (200 uL, 1.40
mmol) and TMSOTT (150 pL, 0.840 mmol) at 0 °C, and the mixture was stirred at 0 °C for 2 hours.
The reaction was quenched with saturated aqueous solution of NaHCO3, and the mixture was extracted
with AcOEt (x3). The combined organic layers were dried over anhydrous MgSQs, filtered, and
concentrated under reduced pressure. The residue was purified by silica-gel column chromatography
(Hexane/AcOEt = 19/1) to give diastereomeric mixture of 144 (393 mg, 0.550 mmol, 98%) as a pale
yellow oil. '"H NMR (400 MHz, CDCl;): § diastereomer mixture 8.18-8.02 (m, 4H), 7.61-7.53 (m, 2H),
7.51-7.40 (m, 4H), 7.33-7.26 (m, 2H), 7.19 (d, J = 8.6 Hz, 2H), 6.90-6.76 (m, 4H), 5.83 (dd, J=4.9,
2.3 Hz, 1H), 5.59 (dd, J=4.5, 1.7 Hz, 1H), 4.99-4.90 (m, 2H), 4.68-4.23 (m, 8H), 3.91-3.39 (m, 8H),
3.77 (s, 3H), 3.76 (s, 3H), 3.39 (s, 6H), 1.50 (s, 3H), 1.42 (s, 3H), 1.37 (s, 3H), 1.34 (s, 3H), 1.22 (d, J
=6.0 Hz, 3H), 1.19 (d, /= 6.6 Hz, 3H), 0.99 (s, 3H), 0.98 (s, 6H), 0.95 (s, 3H), 0.20-0.00 (m, 36H).

(4R,55)-4-(6-bromo-4-(methoxymethoxy)-2-methyl-3-((trimethylsilyl)oxy)hex-5-yn-2-yl)-6-(1-
((4-methoxybenzyl)oxy)ethyl)-2,2-dimethyl-1,3-dioxan-5-yl benzoate (72a)

OMOM OMOM
NBS, AgNO,
DMF, rt
79%
144 72a

To a solution of 144 (26 mg, 0.0364 mmol) in DMF (180 pL) was added NBS (7.80 mg, 0.0436 mmol)
and AgNO; (3.00 mg, 0.0181 mmol) at room temperature, and the mixture was stirred at room
temperature for 1 hour. The reaction mixture was filtered with Celite, washed with water and brine,

dried over anhydrous MgSQOs, filtered, and concentrated under reduced pressure. The residue was
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purified by silica-gel column chromatography (Hexane/AcOEt = 9/1) to give diastereomeric mixture
of 72a (20.6 mg, 0.0285 mmol, 79%) as a pale yellow oil. 'H NMR (500 MHz, CDCls): § diastereomer
mixture 8.10-8.04 (m, 4H), 7.60-7.55 (m, 2H), 7.47-7.42 (m, 4H), 7.27-7.23 (m, 2H), 7.19 (d, J= 8.5
Hz, 2H), 6.79 (d, J= 8.6 Hz, 2H), 6.78 (d, J= 8.8 Hz, 2H), 5.63 (dd, J=4.7, 1.6 Hz, 1H), 5.59 (dd, J
=49, 2.0 Hz, 1H), 4.92-4.88 (m, 2H), 4.65 (d. /= 6.7 Hz, 1H), 4.61-4.50 (m, 6H), 4.45 (d, J=11.1
Hz, 1H), 3.85-3.75 (m, 6H), 3.77 (s, 3H), 3.76 (s, 3H), 3.63-3.55 (m, 2H), 3.35 (s, 3H), 3.34 (s, 3H),
1.53 (s, 3H), 1.43 (s, 3H), 1.42 (s, 6H), 1.21 (d, /= 5.8 Hz, 3H), 1.18 (d, /= 6.3 Hz, 3H), 0.99 (s, 3H),
097 (s, 3H), 0.95 (s, 6H), 0.16-0.12 (m, 18H); LRMS-ESI (m/z): [M + Na]® calcd for
C35H49°BrOoSiNa, 743.2227; found, 743.4713 and calcd for C3sHao®'BrOoSiNa, 745.2206; found,
745.4761.

(4R,55)-4-(6-iodo-4-(methoxymethoxy)-2-methyl-3-((trimethylsilyl)oxy)hex-5-yn-2-yl)-6-(1-((4-
methoxybenzyl)oxy)ethyl)-2,2-dimethyl-1,3-dioxan-5-yl benzoate (72b)
OMOM OMOM

NIS, AgNO,
—_—

DMF, rt
67%

144 72b

To a solution of 144 (393 mg, 0.550 mmol) in DMF (3.00 mL) was added NIS (110 mg, 0.660 mmol)
and AgNOs (60.0 mg, 0.275 mmol) at room temperature, and the mixture was stirred at room
temperature for 2 hours. The reaction mixture was filtered with Celite, washed with water and
saturated aqueous solution of NaHCO3, dried over anhydrous MgSOQs, filtered, and concentrated under
reduced pressure. The residue was purified by silica-gel column chromatography (Hexane/AcOEt =
19/1 to 9/1) to give diastereomeric mixture of 72b (285 mg, 0.371 mmol, 67%) as a pale yellow oil.
"H NMR (400 MHz, CDCl5): § diastereomer mixture 8.17-8.01 (m, 4H), 7.62-7.54 (m, 2H), 7.51-7.41
(m, 4H), 7.33-7.26 (m, 2H), 7.19 (d, J = 8.2 Hz, 2H), 6.80 (d, J = 8.2 Hz, 2H), 6.79 (d, /= 8.2 Hz,
2H), 5.82 (dd, J=5.1, 2.1 Hz, 1H), 5.58 (dd, J = 4.5, 1.8 Hz, 1H), 4.94-4.85 (m, 2H), 4.70-4.42 (m,
8H), 3915-3.45 (m, 8H), 3.76 (s, 6H), 3.34 (s, 3H), 3.32 (s, 3H), 1.49 (s, 3H), 1.42 (s, 3H), 1.37 (s,
3H), 1.34 (s, 3H), 1.22 (d, J = 6.0 Hz, 3H), 1.18 (d, J = 6.3 Hz, 3H), 0.99 (s, 3H), 0.98 (s, 3H), 0.97
(s, 3H), 0.94 (s, 3H), 0.17-0.04 (m, 18H); LRMS-ESI (m/z): [M + Na]* calcd for C3sH49lO9SiNa,
791.2088; found, 791.4802.

(1R,25,3S5,4S)-1-ethynyl-2-(hydroxymethyl)-4-methylcyclopentane-1,3-diol (127)

OH 0] =—MgClI HO //
g TMSOTf, HMDS THF, 0°Ctort;
I _— >
0 CHCly, -60 °C : TBAF, THF, rt
OTBS ™sO H OT1Bs  62% (2 steps)
104 71c
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To a solution of 104 (176 mg, 0.681 mmol) in CH>Cl> (3.40 mL) was added HMDS (460 pL, 2.18
mmol) and TMSOT (370 pL, 2.04 mmol) at —60 °C, and the mixture was stirred at —60 °C for 1 hour.
The reaction was quenched with saturated aqueous solution of NaHCO3, and the mixture was extracted
with Et,O (x3). The combined organic layers were washed with saturated aqueous solution of NaHCO3
well, dried over anhydrous MgSOQs, filtered, and concentrated under reduced pressure. The residue
was used without further purification. To a solution of the crude 71¢ in THF (3.40 mL) was added 0.5
M THF solution of ethynyl magnesium chloride (4.00 mL, 2.04 mmol) at 0 °C, and the mixture was
stirred at room temperature for 30 minutes. To the mixture was added 1.0 M THF solution of TBAF
(2.7 mL, 2.72 mmol) at room temperature, and the mixture was stirred at room temperature for 1 hour.
The reaction was quenched with saturated aqueous solution of NH4Cl, and the mixture was extracted
with AcOEt (x3). The combined organic layers were washed with brine, dried over anhydrous MgSOs,
filtered, and concentrated under reduced pressure. The residue was purified by silica-gel column
chromatography (Hexane/AcOEt = 1/1) to give 127 (72.0 mg, 0.423 mmol, 62%, 2 steps) as a pale
yellow oil. '"H NMR (400 MHz, CDCl3): 4 4.31-4.18 (m, 3H), 2.55 (dd, J= 14.1, 9.9 Hz, 1H), 2.54 (s,
1H), 2.21 (m, 1H), 2.10 (q, J = 4.5 Hz, 1H), 1.90 (dd, J=14.2, 8.7 Hz, 1H), 1.11 (d, /= 7.0 Hz, 3H).

(1R,25,35,4S5)-2-(((tert-butyldimethylsilyl)oxy)methyl)-1-ethynyl-4-methylcyclopentane-1,3-diol

HO
TBSCI, imidazole
DMF, rt :
- E
4% HO M otes
127 128

To a solution of 127 (25 mg, 0.147 mmol) in DMF (700 uL) was added imidazole (25.0 mg, 0.367
mmol), and TBSCI (33.0 mg, 0.220 mmol) at room temperature, and the mixture was stirred at room
temperature for 1 hour. The reaction was quenched with water, and the mixture was extracted with
Et,O (x3). The combined organic layers were washed with brine, dried over anhydrous MgSOs,
filtered, and concentrated under reduced pressure. The residue was purified by silica-gel column
chromatography (Hexane/AcOEt = 19/1) to give 128 (29.3 mg, 0.103 mmol, 74%) as a pale yellow
oil. '"H NMR (400 MHz, CDCls):  4.20-4.09 (m, 3H), 2.55 (dd, J = 14.2, 9.9 Hz, 1H), 2.48 (s, 1H),
2.21-2.10 (m, 2H), 1.87 (dd, J = 14.3,9.0 Hz, 1H), 1.11 (d, /= 7.0 Hz, 3H), 0.91 (s, 9H), 0.12 (s, 3H),
0.11 (s, 3H).
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tert-butyl(((1S,2R,4S,5S)-2-ethynyl-2,5-bis(methoxymethoxy)-4-methylcyclopentyl)methoxy)-
dimethylsilane (129)

HQ MOMCI, Pr,NE MOMO 7
TBAI
= CH2C|2, rt :
HO M oTes 52% MomO 1 otes
128 129

To a solution of 128 (4.50 mg, 0.0158 mmol) in CH>Cl, (80.0 uL) was added ‘ProNEt (5.50 uL, 0.0316
mmol), and MOMCI (1.80 puL, 0.0237 mmol) at room temperature, and the reaction mixture was stirred
at reflux for 12 hours. To the mixture was added TBAI (1.10 mg, 0.00316 mmol) at room temperature,
and the mixture was stirred at reflux for 4 hours. To the mixture was added ‘Pr,NEt (5.50 pL, 0.0316
mmol), and MOMCI (1.80 pL, 0.0237 mmol) at room temperature for three times every 2 hours, and
the mixture was stirred at reflux for 2 hours. The reaction was quenched with water, and the mixture
was extracted with AcOEt (x3). The combined organic layers were dried over anhydrous MgSO4,
filtered, and concentrated under reduced pressure. The residue was purified by silica-gel column
chromatography (Hexane/AcOEt = 19/1) to give 129 (3.1 mg, 0.00832 mmol, 54%) as a pale yellow
oil. "H NMR (400 MHz, CDCls): § 5.03 (d, J = 6.6 Hz, 1H), 4.79 (d, J= 6.6 Hz, 1H), 4.70 (d, /= 6.8
Hz, 1H), 4.65 (d, J = 6.8 Hz, 1H), 4.01 (m, 1H) 3.87-3.76 (m, 2H), 3.41 (s, 3H), 3.39 (s, 3H), 2.54 (s,
1H), 2.36-2.27 (m, 2H), 2.18-1.96 (m, 2H), 1.09 (d, J = 6.4 Hz, 3H), 0.89 (s, 9H), 0.06 (s, 3H), 0.05
(s, 3H).

tert-butyl(((1S,2R,4S,5S)-2-(iodoethynyl)-2,5-bis(methoxymethoxy)-4-methylcyclopentyl)-
methoxy)dimethylsilane (MOM-125)

MoMQ /7 MOMO

NIS, AgNO,
B ———

acetone, rt

MOMO H OTBS 88%

H
MOMO
129 OTBS

MOM-125

To a solution of 129 (3.10 mg, 0.00832 mmol) in acetone (40.0 pL) was added NIS (2.20 mg, 0.0100
mmol) and AgNO3 (0.800 mg, 0.00416 mmol) at room temperature, and the mixture was stirred at
room temperature for 1 hour. The reaction mixture was filtered with Celite, and concentrated under
reduced pressure. The residue was purified by silica-gel column chromatography (Hexane/AcOEt =
19/1) to give MOM-125 (3.0 mg, 0.00602 mmol, 88%) as a pale yellow oil. 'H NMR (400 MHz,
CDCL): 6 5.01 (d, J= 6.7 Hz, 1H), 4.76 (d, J = 6.6 Hz, 1H), 4.72-4.59 (m, 2H), 3.91-3.79 (m, 3H),
3.40 (s, 3H), 3.37 (s, 3H), 2.44-2.24 (m, 2H), 2.19-1.89 (m, 2H), 1.07 (d, /= 6.4 Hz, 3H), 0.89 (s, 9H),
0.06 (s, 3H), 0.05 (s, 3H).
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(4R,55)-4-(3-hydroxy-2-methylpent-4-en-2-yl)-6-(1-((4-methoxybenzyl)oxy)ethyl)-2,2-dimethyl-
1,3-dioxan-5-yl benzoate (130)

/\MgBr
—_—

THF, 0 °C
80%
(d.r. = 4:1)
109 130

To a solution of 109 (33.5 mg, 0.0712 mmol) in THF (360 puL) was added 1.0 M THF solution of vinyl

magnesium bromide (100 pL, 0.107 mmol) at 0 °C, and the mixture was stirred at 0 °C for 10 minutes.
The reaction was quenched with water, and the mixture was extracted with AcOEt (x3). The combined
organic layers were dried over anhydrous MgSQyg, filtered, and concentrated under reduced pressure.
The residue was purified by silica-gel column chromatography (Hexane/AcOEt = 9/1) to give
diastereomeric mixture of 130 (27.9 mg, 0.0560 mmol, 80%) as a pale yellow oil. 'H NMR (400 MHz,
CDCls): 6 diastereomer mixture 8.17-7.99 (m, 4H), 7.64-7.51 (m, 2H), 7.51-7.40 (m, 4H), 7.26-7.23
(m, 2H), 7.22-7.15 (m, 2H), 6.92-6.75 (m, 4H), 5.99-5.79 (m, 2H), 5.64-5.53 (m, 2H), 5.38-5.14 (m,
4H), 4.67-3.38 (m, 8H), 3.80 (s, 3H), 3.77 (s, 3H), 1.45 (s, 3H), 1.37 (s, 3H), 1.26 (s, 3H), 1.17 (d, J
= 6.3 Hz, 3H), 1.06 (d, J=4.9 Hz, 3H), 1.00 (s, 3H), 0.92 (s, 3H), 0.89 (s, 3H), 0.86 (s, 3H), 0.83 (s,
3H).

(4R,55)-4-(3-hydroxy-2-methyl-4-oxobutan-2-yl)-6-(1-((4-methoxybenzyl)oxy)ethyl)-2,2-
dimethyl-1,3-dioxan-5-yl benzoate (126)

O3, anisole OHC

CH,Cl,, 78 °C;
_—

PPh3, -78 °C to rt
78% PMBO

130 126

Ozone was bubbled through a solution of 130 (10.5 mg, 0.0211 mmol) and anisole (2.30 pL, 0.0211
mmol) in CH>Cl, (200 pL) at —78 °C until the color of the solution changed to black. After bubbling
of argon until the black color disappeared, to the mixture was added PPh3 (8.30 mg, 0.0316 mmol) at
—78 °C. The mixture was stirred at room temperature for 2 hour and concentrated under reduced
pressure. The residue was purified by silica-gel column chromatography (Hexane/AcOEt = 9/1 to 4/1)
to give diastereomeric mixture of 126 (7.80 mg, 0.0156 mmol, 78%) as a pale yellow oil. "H NMR
(400 MHz, CDCl3): ¢ diastereomer mixture 9.86 (s, 2H), 8.12-8.01 (m, 4H), 7.63-7.53 (m, 2H), 7.51-
7.36 (m, 4H), 7.26-7.16 (m, 4H), 6.83-6.76 (m, 4H), 5.82 (dd, /= 5.3, 2.2 Hz, 1H), 5.77 (dd, J= 6.2,
3.0 Hz, 1H), 4.67-4.17 (m, 6H), 4.13-3.45 (m, 6H), 3.77 (s, 6H), 1.53 (s, 3H), 1.48 (s, 3H), 1.39 (s,
3H), 1.33 (s, 3H), 1.22 (d, J= 6.8 Hz, 3H), 1.17 (d, /= 6.4 Hz, 3H), 1.11 (s, 3H), 1.08 (s, 3H), 1.04 (s,
3H) 0.98 (s, 3H). LRMS-ESI (m/z): [M + H]" calcd for C23H360sNa, 523.2308; found, 523.5131
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(4S,58,65)-4-(6-((1R,28,3S,4S)-2-(((tert-butyldimethylsilyl)oxy)methyl)-1,3-
bis(methoxymethoxy)-4-methylcyclopentyl)-3,4-dihydroxy-2-methylhex-5-yn-2-yl)-6-(1-((4-
methoxybenzyl)oxy)ethyl)-2,2-dimethyl-1,3-dioxan-5-yl benzoate (MOM-124)

NiCl,, CrCl,
_—

DMF, rt
trace

momo P oreS

MOM-125 126 MOM-124

To a solution of MOM-125 (3.00 mg, 0.00602 mmol) and 126 (5.1 mg, 0.0102 mmol) in MeCN (60.0
pL) was added anhydrous NiCl, (0.0200 mg, 0.000120 mmol), and degassed with Freeze Pump Thaw

cycles. To the mixture was added anhydrous CrCl; at room temperature under Argon atmosphere with

plastic bag, and the mixture was stirred at room temperature for 1 hour in plastic bag. The reaction

was diluted with Et,0O, added florisil, filtered with Celite, and concentrated under reduced pressure.

LRMS-ESI (m/z): [M — MOM - PMB + H]* calcd for C37He101:S1, 709.3983; found, 709.6316 and

[M —2MOM — PMB + HJ" caled for C3sHs7010S1, 665.3721; found, 665.6224.
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