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% 1 #i. Pancratistatin & O O3Bk
Pancratistatin (1-1) 1% 1984 4£(Z Pettit 512 X ¥ Pancratium littoral O ERFR 7> & B - K

E S L7 amaryllidaceae 7V 1A RTHY UV, BETEEREER (AR, DO sp? i1
DIFAEIZE VDR ATZ6 BB T 7 2 & (BE) MO mEIKEEE L Sz 6 i A7l
MH7% 6 B (CE) &V ) BRI EM RIS E Fio T KW CThH 5 (Figurel), Fa{ML
OIS % FF-> 7-deoxypancratistatin (1-2) V< narciclasine (1-3) 2. lycoricidine (1-4) 3% &
B, 300 ZHE X DHOALEMMBHEES LTV D, Amaryllidaceae 7 /v v A NIZHHEA AL
FHOWEKAERE L GIEMFTRY, Z2OHFTYH pancratistatin (1-1) (358 ) 22 PriEEE 1 ©
RMUANAE.RERT T2 DI LNBAEEY — XL LTI ST 5, 1-1 OFUEETE
PEITREZ A4 27 R b= ZAFEICER T 26D TH L EEZLNTWDRZ DR
M7 A J = X BIFA ST 7o TV, Flix ORESETEMERBIZE OIc kv BERE CEBRD
N7 AMEEAEIE . KON 2,3,7 MO KIRIEDOIFAEDNEERBLUCEE TH L 2 L DRR ST
WD, CBRDA R DMERISLARBLE S & D X O IEMIEMEICTH L TV NIEAHATH Y |
AN =X LD DIREAD 20122 < OEITENR 2 STV D,

OH
HO - OH
<O Y OH
o NH
OH O (0] OH O
(+)-pancratistatin (+)-7-deoxypancratistatin (+)-narciclasine (+)-lycoricidine
11 1-2 1-3 1-4

Figure 1.1 The chemical structures of major amaryllidaceae alkaloids.

% 2 . Pancratistatin D& a&H
1989 #=1Z Danishefsky © 12 & - T, Scheme 1.2 (/R L=/ Rk/LV— KN THIDO 7 & IR

pancratistatin (1-1) DA A ER S 7= ™, Pyrogallol (1-5) Z H%JFENE LT, HHEER L
CHNVARCEET I REROV6 BERAIBRA L 72 57 VLT )V a— A58 AN LTz 1-6 ~ L 358
L. v7und oz Uiz 8A Lz, fonic1-7oa— K77 hfplye Ry
MEIZ K> T 18 AL, Hix BRRIELARRT6 BHEY 1-9 2 157-, Z Dk, KEEkE
ZhUrZmoAf I FANVETHRE LLZICE I ZEFGEZEAL 110 26 LT, i
BICKFERERDOREL T FUEMLO T 7 2 A~DBZE L EITV, 11 OPIOREME
R LTz,
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Scheme 1.2 Total synthesis of (+)-pancratistatin (1-1) reported by Danshefsky.

D%, NHFEEEREZ RS ICATFARER 1-12 2% 5 07— LTHIA Lz 1-1 O3
TEPER DO 2A DY Hudlicky 512 X 0 #ifd &7z (Scheme1.3) ™, 97 1-12 D 1,2-VA4— /L
EALE T 2 ARHE L, 2 BT LT o ERIC SRR RIS T DY OV EA L
TUNVETRME T T 'k T2 2 & T 113 Ak Lz, BISARLIEEEER L= k
1-14 7 IR S 2 AHERREE L 1-13 Z/US S 5 2 L Tlia= v FSHiE SNERERE
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Scheme 1.3 Total synthesis of (+)-pancratistatin 1-1 reported by Hudlicky.

ZNLE, BEE TIZE L OBBILZEHIZ L > TRILEY DO BB SEHE SN T D
(Table 1.1) 7, L2xL, THHDOEEIKIEZDIZE L ENRZREERERE L%, &
FRAHEIZ C ROARFRENEKEANT HH D Tholo, BHEEEPIEE SN BRI RE S
BT D T D OB ClE, SAREIRME DO FBURE OSLIREEIC L 2B L2 REZT
D12 ZRRIRNLARAEIE O SR 2 MRS 2 Z LIZREETH D & PSS, 2D
T EMBBUEE TITHENL LT= B RIEIC K o TKER I O NTARELE 23 272 2 F # O pancratistatin
TR LRI AT 5 2 LIXREETH D | HRCE R OB 2R A BRI O BRI A K O b
TWb, Z 2 CAMATER IR ZRF ML U7 AT LA~ —OfBRNGHKEZ fIRe & 7
D LWARTIEOBRICE Y MTeZ & & Lz, BARR72 A BRI 2 R IEIZ R T,



Table 1.1 Summary of total and formal syntheses of pancratistatin.

Author Year  Number of steps Racemate or (+) Ref
Danishefsky 1989 27 (€3] ref. 2a
Hudlicky 1995 14 (+) ref. 2b
Trost 1995 20 (+) ref. 2c
Haseltine 1997 24 (+) ref. 2d
Magnus 1998 22 (+) ref. 2e
Rigby 2000 23 (+) ref. 2f
Pettit 2001 10 (+) ref. 2¢g
Kim 2002 21 (= ref. 2h
Li 2006 13 (+) ref. 2i
Madsen 2009 18 (+) ref. 2j
Cho 2011 16 ( ref. 2k
Alonso 2012 14 (+) ref. 2l
Sato 2013 18 (+) ref. 2m
Ellman 2017 10 (+) ref. 2n
Hudlicky 2017 14 (+) ref. 20
Sarlah 2017 9 (+) ref. 2p
Liu 2022 10 (+) Ref. 2q

% 3. NHC iz LA FREFRV A VR

TR, GREBEFLRI AL VDWW D NHC & WD H LWEHAR S DS ANZHFZE S U
TW5, NHC ARt U CHWDRIGICIE, BIEEREZES oo, TV AT Y U v
LAZERETLHORENH D, FTBEMEETIX. NHC M X 50 TRy Y A VU RIGIZ
Lo Thkx 72 A ) ) — AR BAEAR Z G k3 5 FIEOBZICEKZ L7z (Scheme 1.4) ¥, fi
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AU, il D-mannitol 7> &S ICTKATREZ2 7 VT & B 1-17 (2% LT NHC fil i 2 v
DRSS A UEEATD L X TIA ) V= A L-18 D EIR DO ESLIRRIRIZE H D,
D-mannitol DX Y (T L-iditol Z W% &, A/ YV — A 1-20 N EIER DD E LR IRIIIC A
LCE D, ZOEIT, FRHIHWD T Y M=V EEE T 5721F ThE & ZRSLIRELE & RO
A I)—=ARELND, £ T, HoiizA /7 Y —A% H\ T pancratistatin (1-1) @ C Bg=
= MFEERE ST VTR % 72 pancratistatin SR RVER N AR TRE & B 2 72,

H o\>\
NN 5 mol%
=N,
OH OBn l-I|3F _® CeFs OBn
4
BnO .OBn
HO wOH BnO ~OBn EtsN 5 mol% “
’ . Z ., Y ‘,
HO "“OH o | "OBn toluene, rt, 1 h HO OBn

OH 0 °
o 17 1-18
D-mannitol 90% vyield

dr >99:1

H/ o‘>\
N\ 10 mol%
~ \;N
H “@ce
OH OBn BF, o OBn
HO/,, \\\OH BnO,,, \\\OBn Et3N 10 mol% BnO,,, \\\OBI"I
s .
—_—> g W
HO OH (0] I OBn toluene, rt, 18 h HO' OBn

OH o 0]
L-iditol 1-19 1-20
86% yield
dr >99:1

Scheme 1.4 Chiral Inosose syntheses catalyzed by NHC-catalyst.

% Afh. FUBMIZEEICIT D SEATHISR
ATEMTTEE TIEZ I DOSEAR L& ETe CBRER I TSR L 72 NHC filihiC & 570 7N

R A UROROTEH BN D% IR Z oA /Y — A7) 6 pancratistatin 37 B K A2 &
T2 &b Lie, ey 7Y U RGBT ARE CRAZER L TCBRAMET L&
Z it L7z (Scheme1.5), AWFFEDPIAG S, ABRL C Bz HER 3 5 Cl0a-C10b 7 v 7' U
YRR E LTELT D TR T A VERAGEUG M O Friedel-Crafts SUG23 4TI S 41T

Wie,
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Scheme 1.5 Synthesis strategy of previous study.

4.1 BT X5 EITHE

BHEITIE Gl OKBEIZTFAINR=VEEZEALET VINE G2 A LT,
Azobisisobutyronitrile (AIBN) f#f£ F U 7F /LA Xt KU K (BusSnH) Z MW TH+HNT
DANTT T T i BT b O DBRGIRIIG S o 72 (Scheme 1.6),

thiocarbonyldiimidazole S AIBN 1.0 eq
@) “'OH 2.0eq o) "’O)J\N N BuzSnH 1.0eq 0O
{ { LY oo s
o

N Ve dichlggo?éhane 0 Neyte N toluene, 80 °C o Neve
OMe O G1 21% OMe O G2 OMe O G3

Scheme 1.6 Goto’s previous study

4.2 FHEIT X B HATHE

I Mla, Mlb ZGHL TT7 P ANVEALEOSIC K D PABR A fiEf L7- (Tablel.2), Mla
(2% LT T P AVROSEARAT L LT AIBN Z IV T 100 °C THRISZAT > 72 b D DRI
1T L7 ho 7z (entry 1), @i CTRISZEIT 9 72T V-40 % VT 120 °C TG S B 72 A i
THETT L7 Do 7o (entry2), EE EOREENE D M1b 2 W5 & BHIYDOBRILIR & 1352
72 D EIVERR N ER LT (entry 3),
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Table 1.2 Radical reactions with M1 by Masuda.

ol ¢

N\
PG O PG
OMe M1 OMe M2

entry M1l PG condition yield

1 Mla o-Ns AIBN (0.1 eq), BusSnH (5.0 eq), toluene, 100 °C, 15h 0%
2 Mila o-Ns  V-40(0.1eq), BusSnH (5.0 eq), PhCl, 120 °C, 10 h 0%

3  Milb p-Ns AIBN (0.5 eq), BusSnH (5.0 eq), toluene, 110 °C, 8h 0%

WEIIRIZ, TP ANAINBOSPET LT < 272012 A BB EOBEFHEN ML XV
KT LEM3ZHWTT VU VIARBIG Z /e L7c (Table 1.3), SUGBifaA] & LT AIBN,
EICAI & LT BusSnH 2l 2 & 2 A BHERIREMME B D DA T H I O BRI B
Snpinode (entry 1), oAl & LT tris(trimethylsilyl)silane (TTMSS) % 7223, B
MIIREERICE G727 (entry2), RIC, IRIERTRIHTE S M) =F AU FE (EB) &
7RV L L THWTRISZ T o7, oAl e LT BusSnH Z iz & 24, TLC k
T SO DOWET 2R TE =08, AOBRLIKITEZR TE 2o 72 (entry 3), BT
7z TTMSS ICZEF L7z, R03 0 B LIRIZHE S o7z (entry 4),

Table 1.3 Radical reactions with M3 by Masuda.

o Q"’OiSMe o
{ j@w {

N\
O Bn o N\Bn
OMe O M3 OMe O M4
entry condition result

[EY

AIBN (0.1 eq), BuszSnH (5.0 eq), toluene, 100 °C, 15h  complex mixture
2 AIBN (0.5 eq), TTMSS (1.5 eq), toluene, 110 °C, 2 h  complex mixture
3 EtsB (2.0 eq), BusSnH (4.0 eq), CH2Cly, rt, 4 h complex mixture

4 EtsB (2.0 eq), TTMSS (3.0 eq), CH2Cl, rt, 3 h complex mixture

13



4 13 Friedel-Crafts )2 K D BALDORE H1T -7 (Table 1.4), M5 (ZXf L T/LA A
el LTHAET VI =T L HWTRISEIToTc e TAZODRIERM S B (entry
1), BIAERYOH#EEIL H NMR & ESI-MS OFERNG Bpl & Bp2 EHEE Sz, Zhubix
BOGH THER LTCBRIZ & D7 ' 2 — Vo, MO A B &2~ DAL TORRIC L > TE
RLIZbDEBZBND, £lo, VA AL U TERLERZ AW CRUG & AT - 7228 H O % 15
HZEIXTE R o7 (entries2 and 3), /LA AL LCT b7 7/ AR UigiRa AT
75°C TS SEEZSGA S BTSN~ 7- (entry4),

Table 1.4 Friedel-Crafts reactions with M5 by Masuda.

0 Q',/Cl Lewis acid O
oy ==

N. N<

Bn o Bn
OMe M5 OMe M6
entry condition result
1 AICl3 (2.0 eq), toluene, 80 °C, 7 h Bpl, Bp2
2 Ag20 (1.0 eq), MeCN, rt, 27 h complex mixture
3 Ag20 (0.5 eq), MeCN, 80 °C, 27 h complex mixture

4 AgBF4 (1.0 eq), CFsCH20H, 75 °C,5h complex mixture

0?

N. No
HO Bn H Bn
OMe

Bp1 Bp2

F 7=, RHIE Fe**—montmorillonite & flRiEE &> A & > Z )Lk Bk % FV % Friedel-Crafts [
i bREF L= (Scheme 1.7), 7 X R Bn fR#KTH 5 Mda & SULGMHIC LIz L 2 A,
HIOBRILIRE G2 Z IX CETRIARM A Uiz, BIARD OfEEILX THNMR & ESI-MS
F0 ., RUOVNHBOFBEFER? ARG EETT LT Bp3 LHEE S L/z, & 2 CHBRKIEL
RSN A F VI TR LT- Mab 2 W23, OSIFHETT Lo 7z,
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Fe3*-montmorillonite
<0 “/OH MsOH 0.1 eq o

o N<gn . . < N
1,2-dichloroethane, 100 °C, 13 h 0]

OMe O M4a Bp3

OMe O
) Fe3*-montmorillonite o
<Oj©\m/ "/OH MsOH 0.1 eq <

o N o Nem
€ 1,2-dichloroethane, 100 °C, 12 h e
OMe O M4b OMe O

Scheme 1.7 Friedel-Crafts reactions with M4 by Masuda.

% 5 B ARG R
ABFFETIZ, A BRE C BRORRIFEFFOEFE 5 FWNERALSUE & 3R v 7' 7R

i & D oD — b ATz (Scheme 1.8) . 70 FWNEBRALEUS T, F 9128 & 4k O SEATHF
RORMREME 272 ECT UINABRLIGE S DITHRFT LTz, D%, ITFEICIE RIS
NTE o=y Vil z V% sp? IRFB-sp® RSB D 7 a 21 > 7 ) v TG & it Lz,
SRR > 7Y T ROST ARSI £ D 1 R R ARG & /T LTz,
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Scheme 1.8 Synthesis strategies of this study.
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Chem. Commun., 2017, 53, 4469.
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1,4a-di-epi-ent-pancratistatin D24 kK
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ARETIL ET 1 EREIHOMREABEZ T2 A TIT 21 FRNT VHAHARKIED S 5
mAHMETE . =y VI A WD N ) v TR & oy SRR K D
v IV T ROEDOBEHIOWTETIRAD, FRERB L, ZIb O FHERLINITZREZ L
P TeD T, My 7Y v T ERE Ui, 0%, TROZM7/eH p-mannitol 75
pancratistatin 3SR DGR Z1T - 7= (Figure 2.1), ##IZ. A6k L7 pancratistatin 73
1A 1,4a-di-epi-ent-pancratistatin & OV& Al H A 2 FH O TAMTE M 2 51 L 7=,

X
@) “y radical reaction O
< >
(0]

N. or Ni coupling reaction N.
Me i coupling i 0 Me
OMe O OMe O
< CuLi conjugate addition O
+ L
2 o
@) NOH
OMe OMe
OH
OH HO WOH
HO \\\OH H
o “'OH
., - H
HO ‘OH < NH
OH
D-mannitol OMe O

1,4a-di-epi-ent-pancratistatin

Figure 2.1 Synthesis strategy.
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18 SOHIABREDRE

2013 #E1Z, Ragains & 137 ¥ 1 VEABR SUG 2 FIH L T (%)-y-lycorane d &k V& =k L TV
% (Scheme2.1), L/ =—F /L 2-1 12k L TRUBUHFTT OO ABMEA & L TLAL AW
5N TW5 AIBN L iEJcA| Tris(trimethylsilyl)silane (TTMSS) % Iz TINEAS A T BHER KOS
ZITH L. TV HHRIK 2-2 28 H L CRBRBREIR 2-3 2% 44%IR TE LV,

PhSe .
o) H TTMSS, AIBN | O H
< " — N —
e} H benzene, reflux | O H

TMS O 2-1 44% TMS o
{ ’;‘J —{ )i%
TMS O 2-3 (x)-y-lycorane

Scheme 2.1: Total synthesis of (x)-y-lycorane enabled by a radical cyclization reported by Ragains et alV

AlEl, Sla, S1b ZHWT T U VBRILEIG 2 et L7z (Table2.1), £97% Sla (2 L T
AIBN &EICHI BusSnH 2 vy, Lo o H OB T PABR UG & BT L7225 H B D BRAL,
KTl 7 < BIZERKY) Bpd 235 B 407 (entryl), IRIZ, p-F T LTV A 7 v (MW) %
FAVNT 180 °CITHIEA L TG S8 72 & 2 ARIAERM) Bpa MR 43% CTH Hviz (entry 2),
BN EB ST A MY 7F /LA X (BusSnz) & VY ML U I CHIEV L 72 & O D s
ST L2 vo 7= (entry3), AIBN ZHi&E L T p-F 3 L > HT MW % fU T 180 °C (2 hHZEA
L72b DD KINTEIT L7z~ 7= (entry4), BugSn, TiE72 < TTMSS % W TG S 7245
A bEILIR Bps 315 H 7 (entry 5), Slb 12kt LT hbam o HCHNEAGE T PSR It % fR
U RSIEEIT Le o 7= (entry6), p-F 3 Lo 1T MW % FVNC 180 °C IZNEAT %
& HEEIR Bps 235 5 417= (entries 7 and 8), EIZERKY) Bpd & Bp5 1% *H NMR ZEER 7 & b
YOBEA VT 4 =T B I OVESI-MS THEEHEE L2,
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Table 2.1 Radical reaction with S1

S
X
<? ; '”O/M\SMG conditions o
O <

N. R N
Me (0] “Me
OMeO  $1 MeO O
entry S1 X condition result
1 Sla X=H AIBN 0.1 eq, BuzSnH 1.2 eq, toluene (0.1 M), 80 °C, 3 h Bp4

2 Sla X=H AIBNO0.4eq, BusSnH 2.0 eq, p-xylene (0.02 M), MW, 180 °C, 5 min Bp4
3 Sla X=H AIBN 0.2 eq, Bu6Sn2 1.2 eq, toluene (0.02 M), 80 °C, 4 h 0%
4 Sla X=H AIBN1.2eq, Bu6Sn2 1.2 eq, p-xylene (0.1 M), MW, 180 °C,5min 0%
5 Sla X=H AIBNO0.4eq, TTMSS 2.0 eq, p-xylene (0.02 M), MW, 180 °C, 5 min  Bp4
6 S1b X=Br AIBN 0.1 eq, BusSnH 1.2 eq, toluene (0.1 M), 80 °C, 3 h 0%
7 Slb X=Br AIBN 0.4 eq, BusSnH 1.2 eq, p-xylene (0.02 M), MW, 180 °C, 5 min  Bp5

8 Slb X=Br AIBN 0.4 eq, BusSn; 1.2 eq, p-xylene (0.1 M), MW, 180 °C, 5 min  Bp5

<I;w© <Qw©

N. N.
o Me o Me
OMe O OMe O
Bp4 Bp5

B2 =7 )LaE % AL SHRIE RS DRSS

RIT, S2 ZBALATERA L L=y 7z iz CC B> 7 v 7S & L
(Table 2.2), =fE¥HD = v 7 )Vt 2 FHONTENEN D RISFREZRE L7223, Bpe &
ESNDENERDDEL D H DD LD THEIT Lo 7o, B4R Bp4 & Bp6 i H
NMR 5EET 0 b DEA VT 4 B — 27 B LU ESI-MS THIEHEE L 7,
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Table 2.2 Nickel catalyzed C—C coupling reaction with S2.

Br conditions
<O Br > <O
o N. o N.
Me Me
MeO O S2 MeO
entry Ni ligand  reductant additive solvent temperature result
1 Nil;10% L110% Zn2eq pyridineleq, MgCl,1eq DMA 23t090°C Bp4, Bp6
2 Nil210% L210% 2Zn2eq pyridine1eq, MgCl, 1eq DMA 23t090°C Bp4, Bp6
3 Nil, 10% L210% Mn2eq pyridine1eq, MgCl; 1 eq DMA 23t090°C Bp4, Bp6
4  Nil10% L110% Zn2eq BusNBF1eq, pyridineleq DMPU 80°C Bp4, Bp6
5 Nil;10% L310% Zn2eq pyridine1eq, MgCl; 1 eq DMA 23t090°C Bp4, Bpb6
6 NiCloleq L43eq Zn3eq pyridineleq DMF 23°C Bp4, Bp6
7 NiClleq L43eg Mn3eq pyridineleq DMF 23°C Bp4, Bp6
8 Nil210% L110% Mn2eq pyridineleq DMPU 80°C Bp4, Bp6
9 Nil,20% L220% Zn2eq pyridine 1eq, MgCl, 1 eq DMA 23°C Bp4, Bp6
10 Nil220% L320% Zn2eq pyridineleg,MgCl.1eq DMA 23°C Bp4, Bp6
11  NiCl,20% L220% Zn2eq  pyridine 1 eq, MgCl, 1 eq DMA 23°C Bp4, Bp6
12 NiBr,10% L210% Zn2eq pyridineleg,MgCl.1eq DMA 60°C Bp4, Bp6
13 NiBr;10% L510% Zn2eq  pyridine 1 eq, MgCl, 1 eq DMA 60°C Bp4, Bp6
14  NiBr,10% L210% Zn2eq pyridineleq DMA 60°C Bp4, Bp6
15 NiBr,10% L510% Zn2eq pyridineleq DMA 60°C Bp4, Bp6
t-Bu t-Bu
_ iPr.
W <iQ> IHJ A»ko« [Hj

L1

<O i:
N.
o Me
MeO O

Bp6
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% 38 4TINS DR ET

53 FWN C-C By 7 U ZIC K DMBRSIIRETH 70T, MU 7Y v TG
AT HZ LI LT, Ay TV RS E LT a-Z B e A XA 2-4 925 R I TH
ESHTe= YA L7 ¢ o L HREERRIEO LM INERNCAE B Lz, Weinreb © 1ZA S G
ZFRM LT oz mudFs b 2-41268T 257 U —MAERIRIZER LTS (Scheme 2.3) 2,

NOH o NO NOH
roCuLl
‘\\Cl 2 eq @ ij \AI’
B —_—
78 °C _
: THF :
: : : 2-5 Ar = Ph, 92%
TS 24 TS TS 26 Ar=p-Tol, 94%

Scheme 2.3 Examples of aryl cuprate conjugate addition reported by Weinreb?

3.1 ETNAKIGOKRE

Weinreb & OHEZ BB L T FA » 7Y VRIS RE Lo (Scheme2.4), £ 3713
5-7 HE-13-RN Y VAFRY =L ETHF R TTF AU F UL LRIGSETY FA L L2,
T AL (1) ERURSHCTHBERIE a R LTz, BTl a ® THE EIRHIZ a-7 7
BARTN2-THMATZEZ A, BRI 2-8 13 86%RIETH LN, KIZ, KVETEER
FER A PO 2-9 % MV AHSIAIE b & W L CRUSEAT o 72 & 25 FI2OLAY 2-
9 2N TONILRTHRONIZ, LALRNE, A XU AFIUVELATLIEE 2-10 Z VDK
RO B R 2-10 138 B AT R 2-12 E3RITIR 2-13 23K L 7o, AHEETERIE DL AR
R EIHT o720, wmEmn ) Fax AFAVEEL AT LEE 2-14 ZHWTRIGEIT -
7= OO B 2-15 1315 HAVTE LR 2-16 23 ERE L=,
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oo Ay

BuLi 4 eq NOH 2-7
CuCN 2 eq O
5-Bromo-1,3-benzodioxole Ar,CulLi > <
THF, -78 °C a THF, -78 °Cto 0 °C o) NOH
2-8 86%
0] Br
CuCN 2 eq

OMe -~ ArzCuLi < NOH

e @]

2-9 THF, -78°C THF, -78 °C to 0 °C

OMe
2-9 76%
0] Br
< BuLi 4 eq NOH 2-7
@)

CuCN 2 eq 1eq @)
> Ar,CuLi { I
OMe OMe THF, -78 °C THF, -78 °Cto 0 °C o)
210 OMe OMe
OMe OMe 211 0%
4 O <I%
© OMe OMe
OMe OMe
0) Br ‘ ;
( BuLi 4 eq NOH 27
e} CuCN 2 eq
> Ar,CuLi - < NOH
OMe OTr THF, -78°C THF, r.t. 0]
2-14 OMe OTr
<O 2-15 0%
o 2-16
OMe OTr

Scheme 2.4 Attempted conjugate additions with model substances.

3.2 HEAR

WIZA ) ) —A1L-12 ZHWCTHE 72D a-7 n o 45 v ADOA K ERAT- (Scheme 2.5)
TS ) V=R 112 XL THELT A= VERIZT NI 7 N T Y — L E RS-
D, BOSMTETE PRI SNz, MY 7 == R A7 ¢ LU RIRFE & VD Appel
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B S ST FREHEIL S 7z, =T b EAFH U ORAEE P Tk T 4 =1 % Fviz
SNi BUG & R Te ST TR S v Tz,

BRI FRFR BTN CH o 72720 KER I Z DU IS 2 L T DIEHRF - ~0
B A AT, A THKITEIT LT 2-17 ME b7z, THE Tk ) F U L HH0ET
T R=FNUAHRTHET NI T7TFAT BT L ERIGSE THIED, RO TETE TR
[ STz, THE FTRALY F U L & FUG ST H OSFETEFRUBHEIL S 47z,

NaF VR OENINRECTHST7d, X AD o fMIZA VNV EEEALLED
BRRERF Uiz, LA F LT 217 ICR LT Raxv T IVl vl) o F
TEHER T N U U A& Nz THF v DA A TS | BOS LT L2V E FREHEI S 7z,
RIZ, A/ —=A 1-1R2 (LT HY 77— Muds &7 e Fubdszitvw b 77— b
2-18 L7 T — 1k 2-19 257, FU 7T —h 218 LT T — b 2-19 DA F T AMbERA
Teid, 2B DRSS EITE T RUBHEIL S Tz,

IKEEIEZER L Te B DA F o MEIZIREE TS > 7= DT, LloA X v MLz iT0 0702, A4 ) Y
— A 112 ZHWTA TV MURISZEAT 9 & AF T4 2-20 73 48RINR TH O T, 2-20 (2
X LTHRYZ7T7—MURIEE A VIUULRIS R OT B F ARSI T2 T2 ZA TED R U
7T —hEAVT—RNIELNRhoTmb 0D, VTR T— bk 2221 WELTZ, £I T 2-
21 ORI T & T AL 2R AT,

SOCl,
CH,Cl,

Trichlorotriazine

OBn no reaction

BnO ~OBn | DMF/CH,CI,

\ , PPh;
HO" “OBn CCly

0 112

no reaction

CH,Cl,

SOCI, 1.2 eq
L » noreaction
Et,O/Hexane

2:1
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LiCl

no reaction
OBn OBn dry THF
MsCl, 1.5eq BnoO .OBn
BnO 20BN TEN, 3.0 ‘ Bu,NCl
. . - = - ., ——> no reaction
HO" “OBn  CHyCly, 1t MsO' ‘OBn | MeCN
- 0 217 61%
O 112 °| LB
no reaction
dry THF
OBn
BnO w0OBn
MsCl, 1.5 eq o "
Et;N,3.0eq MsO OBn
CH,Cly, rt O 21761% — no reaction
OBn OBn NH,OH<HCI 1.5 eq
BnO .OBn Tf,0 1.1 eq BnO WOBn NaOAc 1.5 eq
' pyridine 2.0 eq or pyridine 1.5eq .
. ) T - . > No reaction
HO" “oBn | CHJCl,, 0°C TfO' ‘OBn CH.Cly, rt,2h
O 112 O 2-1842%
Ac,0, 2.0 eq .
DMAP, 1.0 eq OBn L> no reaction
~ B OB
CH,Clp, 0°C  °"O OB
AcO" "'OBn
O 2-19 35%
MsCl, 1.5 eq
EtsN, 3.0 eq .
————— complex mixture
CH,Cl,, rt
OB OBn
n
BnO WOBn | TfHO1.1eq
BnO 0Bn NH,OH-HCI 5.0 eq pyridine 2.0 eq .
. ., > complex mixture
s " pyridine 2 mL HO' ‘OBn | CH,Cly, 0 °C
HO OBn rt,2h NOH OBn
O 112 2- 20 48% Ac,0,20eq BnO wO0Bn
DMAP, 1.0 eq
> N ‘y
CH,Cl,, 0°C  AcO" ‘OBn
2-21 80% NOAc
OBn MeNH, OBn
BnO w0Bn 1.0 eq BnO w0Bn
R
ACO\\\ ',/OBn '\/IOeOOCH ACO\V ',/OBn
NOAc NOH
2-21 2-2281%
Z/EE=1:1

Scheme 2.5 Synthesis of the substance for the key reaction.

222L 12X LTCAZ ) =)L 0 °C TLYEDAFAT IV EZMATISSEREZ A, A

U AANBIRANTHL T F AL D&, 2-22 73 81%ILR TH iz,
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3.3 BRSO FIEIRE

HKENBWTETZDOTA y 7V T RISEATIR 5 lc, TRENSY VA F Y — /L b
L7z 2 M BOAMHIE a (2% LT THF 78 °C T 2-22 N 2 72 1 Rt S H 7= 9 &
ZAH T TRRER 2-23 & 16%IELRDHHEDL Z LI L, o, A MR UHEE
BOBRALT UV —/L 2-9 2B L2 b ZAWVWTRIGEITY & v 7 U v TR 2-24 M
220UV = T3 H 47~ (Scheme 2.6) ,

OBn
BnO .0OBn
OBn
AcO™ “OBn BnO OBn
<O:©/Br BuLi 4 eq NOH 2.22
CuCN 2 eq 1eq @] o vy
o) ————— AnCuli - D | OBn
~ THF,-78°C a THF o) N on
5-Bromo-1,3-benzodioxole —78°C,1h
0°C,1h 2-23 16%
OBn
BnO OBn
OBn
o Br AcO" Yy~ “OBn BnO OBn
< BuLi 4 eq NOH 2-22
CuCN 2 eq 1eq @) o vy
——— AnCuli - ( | OBn
OMe THF,-78°C b 73“2:': . 0 N<on
2'9 - ° )
0°C. 1h OMe 2-24 22%

Scheme 2.6 Attempted key reaction.
3.4 RIGFMHOEEL

FOSONZEZ L5720, FMEE2HRET LT (Table2.3), A% A 2-2212%f LT3 Y4
EOABSHRIED 2 L TR 21T 72 & 2 AIEI 25%12 1A L7 (entry2), & 512,
Bt D A r— V& 2 {512 FiF T 0.40 mmol DA% A 2-22 #WTRUREITo72 8 Z A
T 29%2m B L7z (entry 3), WIZ, BN FIRIIORMGET 21T o7z, 1,2- A ¥ X

(DME) L7 R 7 AFNLZ=F L V7 I (TMEDA) 1A MR D ILEA MR & <
b HEN T TH D, F7 240 mmol @ BuLi (Zx LT 1 % ED DME % H\ T 1.20 mmol
DA RESIRIE b 2 8L L 721 0.400 mmol DA F o A 2-22 N2 TG /7= & Z AR
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45%\Z 1 L7z (entry4), [F] U A4 —/L"CDME % TMEDA (& 2 TRILEIT- T2 & Z AL

R 37%IAETF L7 (entry5), VU 7 ==Lk A7 1> (PPhy) ZEMiT& LTIMATK
i EHT2 L T AIERIT 20%IZIE T L7z (entry 6), A —/L% & 512 0.60 mmol I EIFTH
[FIAREE DULEE T H W) 2-24 #1537 (entry 7).

Table 2.3 Optimization of reaction conditions

OBn
BnO WOBn
AcO" N 0B 7
n
c BnO ~0OBn
Br , NOH 2-22 :
< BulLi 1
CuCN €q 0] o “,
0O — > AnCuli - < | OBn
THF, -78 °C THF
OMe ’ e} N
g _78°C,1.5h OH
i 0°C,15h OMe 2-24
entry oxime AroCulLi ligand (mmol) yield
1 0.20 mmol 0.40 mmol 0 22%
2 0.20 mmol 0.60 mmol 0 25%
3 0.40 mmol 1.20 mmol 0 29%
4 0.40 mmol 1.20 mmol DME 2.40 45%
TMEDA
5 0.40 mmol 1.20 mmol 2 40 37%
6 0.40 mmol 1.20 mmol PPh3 1.2 20%
7 0.60 mmol 1.80 mmol DME 3.60 43%
3.5 Z/E EMARD S g

PLEDORKE CRIGINRIT T X T 50%LL F CTh ol BlIERMERBE LA, a-k KR
XA F AN 0NERELER L TWDZ ERN oty FUNIHWAF v A0 ElZ Bt
EEHIZ 11 Tho=2, A L7 o-8 R4 ATHE—O BRI 577, Z OFREE)

DRATORMEKII= b YA LT 0 o ~EEBR L T2 D T en & 272, Ak LT
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ot REF T AF U AEHNTI T MR UAFUAEZAH L X SRS ERET ORISR
ELIAER, MO F X DI ZETHLZ N ghroT, T, 7 hx A%
2T UGB T £ F 21T Z RO a- T8 XU AF v 0528 LTE, Z RO a7
T rFRTFRTLEHNTIHEMNMBIEZAT o728 2 A, BRO v 70 T RGEIRD 9%
R T HILTER 65%[EI SN T a-b REF A% AN 50NETER L, 0D
FERNS, PAMEY Z RIS LIZ W E 3R S 7= (Scheme 2.7)

ACzo

OBn 2" OBn OBn
pyridine MeNH
BnO OBn DMAP BnO ~0Bn  10eq BNO .0Bn
—_—
HO" | “0Bn dry CH,Cl, AcO™ | “oBn MeOH  aAco™ "'OBn
HO”™ AcO” HO™ "7.2.22
Z-2-20 Z-2-21
Xray
OBn

BnO .OBn OBn
BnO wOBn

AcO" | ‘OBn OBn ‘ '
_N BnO \0Bn  AcO' ‘OBn

0 Br gt"ﬁ HO a N

{ et 7.2.22 o N ogy . RO z222
—————— AnCuli - I 65%

OMe  THF,-78°C b THF 0 N-on OH
2.9 -78°C,1.5h 2.24 BnO \OBn

0 °C,1.5h OMe 9%

HO" | “OBn
Ho N z-2-20
25%

Scheme 2.7 Synthesis of Z-configured oxime and its conjugate addition reaction.

3.6 L DORRET

FOSTREE A2 = F N —T 0 MV N CEW L CENENG st L7z (Table 2.4),
W BRI TR E e o 7o, YT VT —T )V EEELC AW 5E . BE 2-22 23
2%INRTH LN (entry2), FLmr ZHAWEEA Tk, AR OEMBIENEL T,
HBY DS 24%I =R TR Bz (entry 3),
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Table 2.4 Screening of solvents.

entry solvent yield
1 THF 45%
2 Et,O 22%
3 Toluene 24%

3.7 SRR DRRET

FE L U CT A7 = -2-T1 V7R IR ERSCHERR S 2 V) D SO & il A 7= (Table2.5), \W9°
NHBINBENME T T AR L o7, T4 T = -2-h R UEREA V-84 . B 58 23
28%ILR T LN (entry 2), FEEESRZ W2 3HA Clid, INRIZEHIC 13%E TR F L=

(entry 3),
Table 2.5 Screening of Cu' salts.
entry solvent yield
1 CuCN 45%
2 CuTc 28%
3 CuAc 13%
3.8 AH DIiMERE DR

LA-FIMBS DI 50% % M2 722 & &L BB O Z REMRDRISHEIMENZ &b Z
IR BMER A ST 2 BT Figure 2.2 ISR TARIRIRIEDSE AL L T D Z & 2 HEHI L 72, B D
BB 2 i i < 97 AUE 2 OIRIRIRRE D TERR A il T & 2 D TRV & B R T2D T, BBk
ZammWbDICEBR LT EEZ 6 L Cl4-Mametds2 & & L,
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OBn OBn

BnO OB BnO ~OBn
n WUEN ArCuL :
AcO" N “0Bn o" Y~ “oBn
N ﬁ% N
HO o /o

possible resting state
Figure 2.2 Proposed possible resting state.
Scheme 2.8 IZR$ X 91T 2-22b, 2-22¢, 2-22d = >OEE AR L=, TNENnEHNT
LA 21T > 7= (Table 2.6), WiBEELIZ T B F VA A V7 F U VT AE L LT 2-22b
(ZIE=1:1)Z AW =5E T, BHOILED 25%F TIK T L. ALY L Bpl 15%, Bp2
30%FNENEIN SN (entry2), TEHEFAEZEISICEE LTERaA L LTz 2-
22c (ZIE=21)E 2% & BRI 26%IE THE v, RIZERMIE Bp3 DA 52%[EIL S 4L
7= (entry3), WilfEa N> v A E L LTz 2-22d (ZIE=41)% HWi=5GA Tk, BHO
RN E B2 15%F TIK T L. AIERY L Bpd DA 39%EIIX S iL7- (entry 4), LI EDFE
Ko, MR LmEm< T L, LAMINTEITLIZK KRS T ENnnhoalz, £2 T, 3L
REEEDTZORISHRENEL oo Te B X TSR ZIER L TGS L9 & Lz, 2-
22¢ (ZIE = 20:3)% AV T—78 °C T 1.5 Kff#f], 0°C T 1.5 KIS S /=D h, |IFIC=ER L
TI8HH &Sz & 2 A, BEMDIERIT 26%0 5 38%I2[A EL7= (entry5), [FIIXEN7-
Bp3 #HWCTH —7p ZEMEZ AR L CRIC L DN EITo72 8 2 A, WRFEHIT
2% F TH L L7z (entry6), FEE 2-22¢ & AW TSR 2 IER 325 2 & TILERMN A B9
D ENDIoTe, WITHR BIEROE WY 2-22 ICKE L CH U XL 5 ROSHR 22T & L TK
RS HToE 2 A, WZEMNME T T HENELNT (entry 7,8),
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O O

(@)
5eq
OBn DMAP
BnO \OBn  pyridine
N ” CH,CI
\ / 2v12
N, rt, 1h
OH
2-20
OBn Piv,O 6 eq
BnO 0OBn DMAP 5 eq
' vy pyridine
HO™ " "OBn g5ec 25h
Nbl
220 OH
OBn BzCl 8 eq
BnO OBn DMAP 5 eq
HO\‘\ "/OBn dry pyridine
| rt, 1.5 h
Nbl
H
2-20 ©

OBn
BnO OBn

0]
| ,/OBn

\8*0\\\ .
N_ 0

X

OBn
BnO OBn
PivO" "OBn
NOPiv
OBn
BnO w0Bn
BzO" | “OBn
Nv-
OBz

0.2 M MeNH,

MeOH, 0 °C
30 min

0.2 M MeNH,
in MeOH

MeOH, 60 °C
overnight

0.2 M MeNH,

in MeOH

MeOH, 60 °C

overnight

Scheme 2.8 Synthees of substrates.
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OBn
BnO 0B
o)
\6\»0\“ o
N"I
OH

E/Z=11 2-22b
35%
2 steps
OBn
BnO. w0OBn
PivO"" | “/OBn
N..
Z/E20:3 OH
32% 2-22¢c
2 steps
OBn
BnO. w0OBn
BzO" “/OBn
ZE 41 Negy
28%
2 stesps 2-22d



Table 2.6 1,4-addtion using substitutes with different leaving groups.

\\OBn
0 Br DME \OBn
< BulLi
CuCN %
0o = AnCuli - OBn +
M THF, -78 °C
gge b —78°C,1.5h Q4 Bp1LG-—OH
0 °C,1.5h 8% Bp2 LG =/PrCO,
0 Bp3 LG = PivO
Bp4 LG =BzO
entry substitute Z/E TM yield recovery
1 2-22 11 45% Bp1 30%
Bp1 15%
= o)
2 2-22b 11 25% Bp2 30%
3 2-22¢ 21 26% Bp3 52%
4 2-22d 4/1 15% Bp4 39%
Bp1 16%
- o
52) 2-22c 20/3 38% Bp3 9%
Bp1 13%
a) - 9
6 2-22¢ 1/0 42% Bp3 11%
73) 2-22 11 26% Bp4 48%
82 2-22 5/1 8% Bp4 49%

a) stirred for 18 h at room temperture after stirring at 0 °C for 1.5h .

39 V7 AT LA BIRMEDELE

7 U = ALDOSLAREIRVEIT Scheme 2.9 ISR T X O ICHATE 5, £, =277 — kN
TR LOKBIEER T 0 N AT L ETET— BB L C=hr Y AL T o URELD
%o Fa/T— bOIBEMAIMTRDCNELDN/NESL 2D axial 25
L7 40D20oDATHA—arDI)IBLEDAL T 5 A— 3 TEKIRT R Y

VAR T HEIT K DN

34

ENBAT-D . HDIAL T A—arnb
trans (RSN IRAYIZ AR T 5,

T4 %,

58 L Tfmaste

=hua vt

1TL,



OBn B
BnO WOBn BnO) (AryCuli o8n OB
- Ar,CuLi | Bno ’ N=0 L _—-/Xl
Ao AT mOB,l\ " oBn Bro> AN
"O-H ) Ar,CuLi B
Ar L OBn
OBn OBn
BnO wOBn BnO wOBn
<O “/OBn <O “/OBn
O N\ O N\
OH OH
OMe not detected OMe obtained

Scheme 2.9 Rational for Diastereoselective Arylation
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FAT 77 BREAR

T 7N TRHRIR 2-24 MG HNTD T, W T T 7 ¥ LRI 21T -7 (Scheme
2.10), %9 Bischler—Napieralski )iz V& Hiat L7z, 2-24 (2%F L & D NiClz + 6H.0 D
fFAE T T NaBHg 21 2 TR TS EFTVT 2 2 2-25 215372, 7 uu XA F L ERIES
DL TN A— K 2-26 D3 45%IUER THF b7z, Bischler—Napieralski SUs &7 o7& 2
5. BHERIREMB GO,

OBn o OBn

OBn
BnO OBn OBn CI)J\ ~OBn
N|C|2‘6H20 )
o » NaBH pyridine
<O \‘ ‘OBn 4 “‘OBn ’OBn
o) NOH
OMe
2-24

EtOH < I; CHZCIZ HN
O°Ctort

Me OMe
2-2 2-26
45%
OBn OBn
BnO ‘\\OBn szo 51 eq BnO ‘\\OBn
\ ' DMAP 4.0eq 2MHCI . .,
<O NS Y "OBn —> - < v Y ‘OBn
HN. _O CH,Cl,  THF,rt NH
© hd 3°Cto6°C 20h © 2-27
OMe OMe 24 h OMe O  complex
2-26 mixture

Scheme 2.10 Attempted formation of the lactam ring via Bischler—Napieralski reaction.

I

ISR IS TR LN T 2 > 2-25 Z W TALE BRI 72 AR L 2 ukicke < A 2 /b
IS V& E L7z (Scheme 2.11), 77 X 2 2-25 12%f L C TFA/JACOH (3:1) DiRAEMEALH
TAFHAFLUT T I (HMTA) ERnsED EA4 v 228 3 febiic, ATigT %
WF7E5E TR S 7z Pinnick B 9% WA T X RAOEBREIT ST 2 A, T7 % 5227
A BAFRINEE TR D Z LIS L,
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OBn OBn OBn

BnO, ‘\\OBn BnO ‘\\OBn 2_methy|_2_butene BnO ‘\\OBn
‘ , HMTA 5.0 eq H NaClO, H
W 0B o “OBn NaH,PO, 10BN
NH TFA/AcOH < N NH
e} 2 1:3 0 Z dry THF
OMe 2-25 90 °C OMe  2-28 0°Ctort OMe O 2-27
83% 85%

Scheme 2.11 Formation of the lactam ring.
REIERTE D T2 01T 2-27 1256 LKL N T 20 A2 VTR DV 2 BB L7tk
IZRU Y A NFETHRE LT & Z ARERMEO B 2-30 35 B vz, X B dbis s fesric X -

TR NLARELE 5 6O THE G 2 MEs® L 7= (Scheme 2.12),

OBn OH OBz
BnO \\\OBn H2 HO ‘\\OH BzCl 15 eq BzO \\\OBZ
H Pd(OH), H DMAP 2 mg H
O OB o ‘OH O OB
< HP koae < H dine 0.5 mL < H
ridine V.om
o NH o NH py > o NBz
OMe O 2-27 OMe O 2-29 16 h OMe O 2-30
50%, 2 steps X-ray

ORTEP of 2-30 (50% probability)

Scheme 2.12
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5 5 Hfi BitREE DKM mRES

THEORERRIIA TN L N UV RS DIEF A MG L7 (Scheme 2.13)
97227 (2K LT 1.05 HEDOKER LT 20 MO T TRIRRISZAT D &, B~
PN LTIZ 231 BWERMICR O, WRICZRIEATFE (BBrs) ZHWTHRATFLZ21To7
&2 A, 2-31 DEFRIEMRN =D BEIFAER T 25 b DD 2-30 B 5ERITIH AT RN
SNz, DMF T Y F 74 (LICH ZHWDHAF /LSRG L2, OGS EITE
CEEHENN STz, £72. BERET ABMCAR L7z 2-30 (2% LT b B2 e L=,
2-30 IZX LT BB DY 7 mu A X ARKE IS SEIZE 25, AFNVEBRERIZERESH
TRUVANEL WL ODRESNT- L ODORSMNELNT-. ORI LT,
MeOH H1 40 °C TRIES U w7 AL KG St 25 & HIYO pancratistatin 3748 ZL 4K 1,4a-di-epi-
ent-pancratistatin - (2-31) 2ER L= 00, HRIIKREECTH -7,

WITIBIZHA F /AL T D — b 2R L7z, 227 IS LT BB DY 7 mu A X iR &
POSEEIZEL Z A, XUV ELWNSONRESNTE LD L ATFIARFRESNLTHRNG
DOREDF BTz, 2-27 2% LT TMSCI & Nal % 1 ¥4 532012 T 60 °C TG &AT
5 & BATF AL LT 2-33 23 STRINETH NIz, S BITIKE IS DThi~> Vv
fEL7=& 2 A, HBEJD pancratistatin 37 &SR 1,4a-di-epi-ent-pancratistatin (2-31) 2% 82%

TR LN,
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OBn OH OH
BnO \OBn Hy, HO \OH BB, HO \OH
H P?(OO:)Z/ c H in CH,Cl, H
O “/0oB 29 &4 o “oH — 0O “/OH
< Hoo < H ortici < H
NH NH NH
0O EtrOTAC 'e) DMF o)

+ SM
OMe O 2-27 OMe O 2-29 OH O 2-31
quant. 1,4a-di-epi-ent-pancratistatin
OBz
BzO OBz BBr 95 T
K 3 HO \OH
H in CH,Cl, BzO ~0Bz  KyCOs . .
e) 0y . H
OBz ” MeOH 0 R
H O e
<o NBz dry CH,Cl, { L OBz 40eC { H O
78°C100°C NH 3h o NH

inseperable mixture 1,4a-di-epi-ent-pancratistatin

OBn OBn OH
BnO \0Bn 1 M BBr, BnO \0Bn Hy, HO \OH
o H 5 in CH,Cl, o H , Pd(OH),/C H ,
{ OBn ——— % H”OBn —_— <O H"OH
o NH dry CH,Cl, NH EtOAc ) NH
~78°Ct0 0°C rt

OMe O 2-27 OH O 2-33 OH O 2-31
inseperable mixture 1,4a-di-epi-ent-pancratistatin
OBn OBn OH
BnO ~OBN 4 yv% dist. TMSCI BnO ~OBn  20% Pd(OH),/C HO ~OH
H in MeCN 1.3 eq H 4eq o H
0 Nal 1e o) H
OBn q OBn 2 OH
H
<o NH . < NH < NH
dist. CH3CN ] EtOAc 5 mL ®)
OMe o 2_27 60 o(:, 1 h OH O 2'33 rt, 9 h OH O 2'31
57% 82%

1,4a-di-epi-ent-pancratistatin

Scheme 2.13 Deprotection.
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BofHi XL LD RNT URBTEMERE

AFXT L2248 D T U ABTLORMRR 21T o7, ETA XV LAOEEEDRIET ~ T
v AE TSR AR LT (Table2.7), Entryl & entry2 TIET 2 2 &R T v O R%EE T
Al LTRIGSETLEZ A, EH 0 B UGSETITHERIR S 7z, LiAlHs TiEILZ21T 272
Ba T, cis-7 X2 2-25 28 3TN TH L L7228, trans-7 X 2 2-25° 13 ER L 2R o T

(entry 3), KEAL/ T 0 MRBEOIFAE T TR ZEAT 9 & RN UAERBRES L
VAT I U225 RGNz (entry ), @B ZEISCANZHWZGE T, OS2 T
BPFEHAIR & 7= (entry 5), Smla &2 W36 Ti, cis-7 2 o 2-25 23 19%IX R T 5
‘iz (entry6), Entry7 & entry 8 TIEA T AL L7=AF 2 A 2-25b D& LG & Bt L
72 MesN(AcO)sBH Z H 72356 TRIX Y RUSITEIT LR o7z (entry 7), &REI D DAL
RIEIRAE UL 9% VWD & MEERIAZ BRI AR L BRI trans-7 X o 2-25213%°
Z0ELNRo7 (entry8), ATFNIEE R UNVERICEH L TERK S OETEE
%L OSITETEFICFERREI S iz (entry 9), AR T > THF Sk % eI VT
&G L7gino 7z (entry 10),
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Table 2.7 Trans-selective reduction of Oxime 58x

OBn OBn
BnO w0Bn 0OBn
o reductant
oY % K “,
< OBn solvent < OBn
o NOR NH,
OMe 2-24x R=H,2-24 2-25'
© R = Me, 2-24b
R = Bn, 2-24c
entry R reductant solvent result

1 H  MeyN(AcO);BH AcOH/MeCN  no reaction

2 H tBuNH,*BH3 toluene no reaction
3 H LiAIH,4 THF cis 37%
4 H Pd(OH),, Hy EtOAc cis?®

5 H Zn AcOH no reaction
6 H Smil, THF cis 19%

7 Me MeyN(AcO);BH  AcOH/MeCN  no reaction

8 Me NaOMe, LiAlH, THF unknown Bp
9 Bn NaOMe, LiAlH, THF no reaction
10 Bn BH3THF THF no reaction

a) cis-amine with 4 hydroxy groups deprotected.

VL EOEREFTC R T v B TIIRTI L TR WA 3 AT FETE T Y —
NIERCDONVARFVENEHFE LT F T IR E SN TWAHZH, B KU KAk
SN T D672 EF 2 7=, £ LT, Scheme 2.14 |2/~ 3 HERE &2 51 L7, A% A
2-24 Z LB O KEEAL /ST V0 W IO KIRBOS TR AR DOV EZRRET H 2 L
TAX LD T A= araE7 ) vy 7 S8k, 6 BRPRICL-Tar7r A—
arvEEELIKETEITT UL rans-7 2 U BE LD EHIFF LT, BRERN S,
FiLx R L7223, BRYD 6 BRI E ORI oTolz, 2 ORME S 7850 L7 h
-7,
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OBn HO

BnO oB OBn OH
n \OBn H
BnO NiCl,*6 H,0 HO, ~wOH
N . H
o o . OBn NaBH
< A ‘OBn — H | 4 N
o) NOH H NOH EtOH <o KH,
OBn
OMe 2-24 Ar R
OMe cis-amine
2-24 2-25
OBn 20% Pd(OH),/C
H 20 mol% OH OR o
BnO H, H H
|:| OBn H OH  -—--------- > H o)«
EtOAc HO OH RO o)
| — —
H NOH rt, 9 h OH N~ R\ =N
OBn Ar Ar'
Ar H H |
2-24 !
HO

2

OH

HO. wOH

.......... - <O W “'OH
0O NH

OMe trans-amine

2-25'

Scheme 2.14 Strategy for trans-selective reduction of oxime 2-24.
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F7HEN TEVERHE

Pancratistatin (3N 7= HFUESHEME 2 Fi-> 2 & 135 1 5558 1 #ilSHE LTz,

AlEl, FIHIZ in vitro T R ILASAMIME MCF7, b EEMIAN MiaPaca2 J (Y PANC-1, %
NZ Ik U CANIZE CA R L= 1,4a-di-epi-ent-pancratistatin X O O Ak H A o 4l i 45
TR 2 2R 2 5 A L7225, 0.03 uM~3 pM DR EFIP TIIW T OLEY TH A ERDIRN
ool

I, 7=z b= ZAMHENEEICER Le, 7 =1 b —3 2 (BMEAAERIILSE) 13 2012 4R
(Z Dixon 51T & o TH L < WG SN MISERECTH 0 | Miar B m$k (Fe2+) Al L
TN ) VIR E OB OG2NEH LIFEE e X7 O ANERET 5 2 & THltlan
FEIZE D & B Z DALTU Do LR B gk oD i L P i o o b 2 rh 7 & O MR AR & ALS,
N R T NI NA = IF N T S BRI 7 ORI TEIR R BBV T
Tz b=V AREET L ENME SN TS P, S b M AMIIEE Hep3B (2%t
957z b—3 ZAMENEM AN L 7= (Figure3), T O#EHR., (bW 2-24, 2-27, 2-33 1%
7 xna b=V RGNS E R Lis, FRIC 2-33 137 = v b — T AFHSEAITH 5 Ferrostatin-1 &
DL UIRUVEEZFEO Z E R LN o7z, —H T, (LA 2-25, 2-28 X Hep3B fiifa
1% U CHITEENE 2 R U e, S ER 4 70 b B9 _RCoKEE S BLR# S /- 1,4a-di-epi-
ent-pancratistatin 2-31 13 Hep3B AHAIZIZIT BN 2N 2 L3 o Tz, LA EDOFERIC L - T,
TEED & DLW OWEFRE LOBEENEEORBUCEHETH L Z EBNREBIN TN D,

OBn OBn OBn
Bno\(')‘\\OBn BnO 0Bn BnO .0Bn
H H
“SN"0Bn O “oBn O 1{'OBn

IR QL™ I

(0] (@)
OMe 2-25 OMe 2-28 OMe O 2-27
OBn OH
BnO. wOBn HO WOH
H H
<O H"OBn <O H,/OH
0 NH 0 NH
OH O 2-33 OH O 2-31
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120

***: P<0.001 (vs Untreated)
11: P<0.01 (vs Erastin)
111: P<0.001 (vs Erastin)
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Figure 4. Anti-ferroptosis activity of compounds on erastin-treated hepatoma Hep3B cells at 10 uM.

Fer-1: ferrostatin-1.

Fefli HEEHK

8.1 FHEEL=v FDEHK

TIUV—NF=27T7—bFORIEEE L THWEZRALT YU — BN FO XS I2EK LT

(Scheme 2.17), o-vanillin 2 7 & &{k L 7= . Dakin #&{t D XL v HF 22—/ 2-35 & 157=,
BT aA—NVENEAF LA T WL, U7 ana AF LA Fro—7 )L LA
2 (V) ZHWELIVIEEZEANL 2-36 #1372 1), KFIFUHEFT N T AEZHOALI
NWIEERRET LT NV a—)L 23102 &k Uiz, 2-37 OKERIEZ A F U V50 L b Y Fu
E®L T 2-10 & 2-14 #457=,

2-36 DRI NVIEE D NVRF VE~LEE L, HROZRF T andhronb s
RWLEET 73— 2-40 LHEE 9T 52 L THTED 2-E Ko7 I R 241 24
L7, RIZ. BN T-LEW 2-41 Ot RuxL AL A DV TCIEMHEL LRI T e+
fbik S2 "5 bz,
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OHC

NaOAc 1.5eq OHC 2M NaOH 2.0 eq
Br2 1.5 eq 6% H,0, 2.0 eq HO Br
HO _
OMe dry AcOH, rt, 1h rt, 1h HO
92% 74%
o-vanilline ° 234 OMe
2-35
CH,Br, 3.0 eq CH30CHCI, 1.0 eq
K2CO3 3.0 eq X SnCl, 1.75 eq <O Br
_—
NaBH,; 1.5 eq
100'3C';WF1 A dry DCM, -78°C,3h O CHO — 70
73% ® o 59% OMe THF/EtOH
’ 2-9 2-36 89%
Br NaH 3.0 eq Br
< _ Mel30eq <
OMe dry ngo/reﬂux OMe
2-37 ° 2-10
Br e) Br
< TrCl 2.0 eq <
dry pyridine, 100 °C
ry py dne. OMe
-37 214

NaH,PO,*H,0 20 eq

(COCl), 1.3 eq
Br NaClO, 4 eq dry DMF 25 mol%
<o Me,C=CHMe6eq  ( j;:[
0 CHO
OMe
2-36

tBuOH/H,0 5:1, rt, 30 min

COOH dry DMF, rt, 1.5 h

92%

2-38
r OH MsCl 1.5 eq
< EtsN 2.0 eq < H EtsN 3.0 eq
z OH
COCI HN dry DCM, rt, 9 h OMe O \O dry DCM, rt, 4 h
OMe Me 66%
2-39 -40

2-41
. O
< Me OMs LiBr 2 eq <
>~ 0
dry THF, reflux, 4 h \é
OMe O 78% OMe O
2-42

Scheme 2.17 Synthesis of Arylbromide substrates

82 XL ADERK

-7 B F XL 2-TPNILLFD X 9

AR L7- (Scheme2.18), > 7 u~x¥ /) o L4k

FUAFALL YL (TMSC) % DMF H1C R YU =FAT I v OFFE FRIESE D &=/ — /L
T—F ) 2-43 BN H Tz, N-Zun X7y A IR

(NCS) ZMHWTHi#LT DL a-7 1
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A ko 2-44 RGBT, KPP THIRT Y D ADIFE T R T I et 2
ZATCHINEREDE -7t b 2-7T N ELNT,

NOH
o TMSCI1.2eq ~ (TMS Q NH,OH-HCI 1.5 eq .
Et;N24eq @ NCS 1.1 eq é/c' NaOAc 2.0 eq
DMF, reflux, 22 h THF, 20 min H,0,0°C

80% 2-43 65% 2-44 43% 2-7

cyclohexanone

Scheme 2.18 Synthesis of oxime 42.

83 )V —ADAHR

A7V —A 120 lIZELFO L S IZEM LT 2D (Scheme 2.19), £3°, #f{k MY F /LT b-
mannitol @ —ODFH—fkt Fux L2 Rk#E L TLAaW 2-45 2157, RIiZ, Bl
THKole4->DE FuX v EairiE L TEY 2-46 G LT, £D%, TFRA ZH W Tk
UFNFEERELTLEZA, VA —/V 2-47T NS BILTZ, YA —/b 2-47 IZ%F L Swern gk %
179 VTN R—2R 1-19 3G BTz, H%IC NHC Sl 2 W7o _ oy o CRIBR U EOS 2AT
ST A A 7Y —A 120 8 M9%ILE TH LT,

OH OH BnBr 4.8 eq an
HO:(;OH TrCl22eq Ho, A OTr 60% NaH 4.8 ®d Bno,, OTr
pyridine, reflux dry THF, r.t. 6 h
HO OH 84% HO oTr refluxovernight BnO OTr
OH OH 2.45 61 % OBn 2-46
D-mannitol
DMSO 2.6 eq H O

OBn
< (COCI), 2.6 eq \OBn

TFA BnO/,' ~ OH Et3N 10 eq BnO/ ~ + CGHS
0, \\'
MeOH/CH,Cly BnO OH CHyCly, -78 °C  gno o Et35N rgf;?"] {;’I% Bn
7272%) OBn 2-47 OBn O 120
119 toluene 49%

Scheme 2.19 Synthesis of Inosose 1-20.
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5 1 FIZIR <72 X 9 12, pancratistatin 1-1 & JH{EL L 72 hexahydrophenanthridinone ‘& #% % £¢->
7-eoxypancratistatin 1-2 <° narciclasine 1-3. lycoricidine 1-4 & & . 300 % #8 2 5 £ D
amaryllidaceae 7 /v 1A RLEMRHEBEESN TR Y | Z{LEMITENTIEEEZFFOZ &
MREINTWD 2D, AEAAETEOREZ R 5141 TS (Figure 3.1),
Pancratistatin &5 81& D& AT ZE I BT 72 (2 BA3E U 7= /B ¥ & iki% 13 pancratistatin o> KRS A D
ARIZHIGHTE 2 L MR L, SakiEOmE H#iPE %2 31272 9 X . hexahydrophenanthridinone
B OFR — G RIEZ et LTz,

OH

OH " _OH
OH <O O 'H OH
o NH
R O

hexahydrophenanthridinone R = OH, (+)-pancratistatin 1-1 R = OH, (+)-narciclasine 1-3
R = H, (+)-7-deoxypancratistatin 1-2 R = H, (+)-lycoricidine 1-4

Figure 3.1 Natural compounds containing a hexahydrophenanthridinone skeleton.

% 1 i hexahydrophenanthridinone =BHE#&

Hexahydrophenanthridinone i pancratistatin % % U & 3 28k 4 72 EWIE M 2 RO KR &
W o KA F K T D, Pancratistatin B KXY O 2 E KL FHFEER G RIZ L - T
hexahydrophenanthridinone OAEEEIEN L < BT Sivlz, £OHTIE, Z<HEEET -7V —
V= hufeE e TREEE LTna Y, Bl 2022 I Liu BIZ Ko HE S
pancratistatin 1-1 D& &K W TIE= b a A LA o ~OIEMHIMTFHEL Henry SISIZ X > T a-
TV —n=btuafbtE® 33 R LK. T/ X LBERKT H LT

hexahydrophenanthridinone —Eg M5 k& 2 55 L 7=,
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OBn OH
BnO. _~_ ,OBn HOW. _~_ LOH

{ ~
I;f \QT . Non % o
NO, o NH

Conjugate o
addition;

Henry reaction OMe  3-3 OH O

(+)-pancratistatin 1-1

Scheme 3.1 Total synthesis of pancratistatin reported by Liu et al.
55 2 & 1,4a-di-epi-ent-pancratistatin D45 %2 & o THr7- 72 hexahydrophenanthridinone = 5%
PEERAESIEZ T Lic, TOFMMEZRT 720, e % RSO Fw{b & b6 FH & pH o FH A

Z1T-o 77,

5 2 i AREAIKIC & 5 BAINSE O et trEt
2-1 (ERDZ) & EEITHW THEAINOBUS LA 2 it L7 (Table 3.1) . 4 T 2

Ao TEnRZENICZME L7z (entryl~4) & Z A, Copper(l) thiophene-2-carboxylate (CuTc)
AW HGEITR b BWRRM™MG O, B 3-4 (ERDAR) 73 85%IRTH L, R
(Z BT ELO 2 W TG AR T & 2 A BRI DT 02 9% L5 H A7 0~ 7= (entry
5), €T, #iIIZ CuTe, ¥BEC THF & 5 &k & ol gl & Lz,

Table 3.1 Optimization of conjugate addition conditions.

A

BuLi 2 eq \N

OH

o Cusalt1eq 0O CulLi 2-70.5¢eq 0

( — < 2
O solvent o solvent O N\OH
-78°Cto0°C -78°Cto0°C
1h 3-4

entry Cu salt solvent yield

1 Cul dry THF 75%

2 CuCN dry THF 80%

3 CuOAc dry THF 59%

4 CuTc dry THF 85%

5 CuTc dry Et,0 9%
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w3 REOEAGKEOKRE
WIZ, FEE O 2 7 ~72 (Table 3.2), £ 5ALT U —/Lo> KB i H #EPA 2 F ~ 72,

NRUBUVBROA N ML, A ZNETNIRTAICA MO H B E W TENENL
1707l 24, 3-6a~c (ERDOAR) &BAFRIETH Oz, NUBVE EIC=20O@#
A B OB TH BIFRIRT3-6d (ERDAR) &5 27, £iz, RUB B RICREMEH
EREO 4 MOKREEZHOVTRFI L7z E 25, 3-6e~h (E hkoA) M EAFRIETH L,
LML, 73X BRI T X ) VA=V Z RSB Tk, B 3-6i
& 3-6) DEI GO NoT, FIKE LT, 26 OBEMEITAMEIED Lk 2 fHE S
D EHERI L7z, RIS, A v AIE O 7 o ~F ¥ U8 EoBE#HIN R 2§~ 72, 3-5k (E/Z
=3:1) & 3-8l (E/2=31) Z#5AH L L THGETLTz& 2 A, HiUM 3-6k (EfRkDA) & 3-61 (E
KD I) 1ZENZEI 46%, 56%INE TH: LAV, BT T OBEELIZ A FLHEA DN
2B 3-5m (E/Z2=1:1) ZHWz5a. 3-6m (ERD ) 1Z40% IR TH LN & & HITZ

RDJEBIA 31%[AN K77, R0NL Y Z-RD F % DD RSHEDMEN T & 238 5 M2 72 - 77,
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Table 3.2 Substrate scope of conjugate addition

L+
BuLi 2 eq Cl

NOH

i 2 R2
Br CuTc1eq N FouL 0.5eq R
R R 2 — A
dry THF Z dry THF R4 I
~78°Ct00°C -78 CtoOC Z 26 | OH

@/@@VQ @Qi

OMe 3-6d 83%

3-6a 84% 3 6b 71% 3-6¢ 73%
HON HON HON HON
3-6e 64% 3-6f 65% 3-6g 66% 3-6h 67%
ﬁu ﬁez
O 3-6i 0% O 3-6j 0%
<OUQ <Ojijq <O:E£;;
o NOH Y, NOH o NOH
3-6k 46%2) 3-61 56%°2) 3-6m 40%"
a) SM: E/Z 3:1.

b) SM: E/Z 1:1, 31% of Z-SM was recovered.
BAE A%V LABTRIGORE
RIZ, XV ORI TG LTz, ETKFUEAR VR =y vz oSt LR

bV 77 & NaBHs Z IV 2R uqM 2 ik L e s b 2 Eivigat L7z (Table3.3), i
RL LT, KRATHR=y V&RV DIEICEME T cis-7 I U MBI AR T D 7]
IZH DD LT, BTV 77 2 & NaBHs & W 218 e 52 V=341 tran-7 X
MERMICE O DN R DN, £, AV MICEBREO® 5 HEIXZ 0 o050
TTEILEDESEIT LW EBRT LN oz, £ 2T, fix &R et LIk
R, ACOH I T T & b Kl 2 F N D KRS ikl & 2 A A0 MUIZE#IED &
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L 3-6e~h DIEILAEIT L, ARIOT I > &l

iz,

Table 3.3 Reduction of a-Aryl Oxime

—R? reduction +R?
N condition A/B AN
R4 > R'T
Z NOH  A: NiCl,+6H,0, NaBH,4 = NH,
B: MoOj3, NaBH, 3-7
0 o)
< NH, < NH -
o o 2 {
NH,
3-7a OMe 3-7b o 3-7c

A: 49%, cis:trans 1:1
B: 68%, cis:trans 1:4

A: 88%, cis:trans 1:1

B: miture containing SM

A: 53%, cis:trans 2:1
B: 58%, cis:trans 1:1

OMe
NHz NH NH
2
OMe 3-7d MeO 37¢ - 3.7
A: 60%, cis:trans 4:3 A: 59%, cis:trans 5:4 A: 0%
B: 80%, cis:trans1:3 B: 78%, cis:trans 1:3.5 B: 0%
HoN HoN HoN HoN
OTr OTIPS OBn OMe
A: 0% A: 0% . A 0% . A 0%
379 3. (9, 37h 5 o9, 37 5oy, 37 gigy
10% PtO,
Ha
—»
AcOH, rt
R NOH 6h R NH,
3-6a, 3-6e~h 3-7g~k
TM+Bp

B T 7 % LABOFERIZ X B hexahydrophenanthridinone D& F%,

JCSNICRIERM & DIREW RS

BWT HATITHRONLET I V2N TENENT 7 Z LROIEK A 1T - 7= (Table 3.4),
TYTE~ BB VDR INACEIToTeth b IcA I A ERERS N U AT
BIb L TT 7 Z L&, 3-Ta~c Z W26, cis-7 X & trans-77 X Wi 7 & b RAF7RIY
RTT 7 X LB LG 5 hexahydrophenanthridinone (b &#) % 5-2 CTW\5, 7 2 2 3-
7d Z WG E . MEBRRIICROCEIT L, 3-8e Z/4ERT 5 Z L72< 3-8d DANFFLIL
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776 3-7e ZHWT=5G BTN IR EIT Lo T2, A BT ED A ZLIT
DMENT= D & HER L 7=,

Table 3.4 Lactam formation

) r{ 7 1 R2
-—R
PN\/ TFA/AcOH N
0 - R'g NH
RT_J  NHp 2) NaClO,, NaH,PO, =
3.7 2-methyl-2-butene O 3-8
THF/H,0

o} OMe O o

cis-3-8a 29% cis-3-8b 31% cis-3-8¢ 29%
trans-3-8a 45% trans-3-8b 27% trans-3-8¢ 73%

MeO
NH NH NH
MeO
(0] OMe O le}
cis/trans 1:1 3-8e 0% a 3-8 0%
inseparable mixture
3-8d 39%

Coei: i s

Iz, 3-Te % AT Bischler—Napieralski SOt 2 & 5 7 7 # LEBRIERL 2% it L 72 (Scheme

3.2), Cis-3-7e & trans-3-7Te Z tNZFN_XU VA BTl oa XA F L& RS ThL

NA=F 2B LTHLARY U (PPA) ZMA TMEL TRISEAT272L A, T7

A LERNTERL LTz cis-3-8f & trans-3-8f I3 F1L-E41 44%., 61%IRTHLNT-, £/, &

DN TH ST AT L 3-6a %7 & LA A2 VD KRG TEIe L7etk, /N A —

MZZ# U CIRERIZ Bischler-Napieralski SUGSSRIFITST LTz & 2 A RN ST 7 Z L

BENERL L 72L& trans-3-8g 735 B L7z,
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1) CICO,Et, K,CO3
Benzene, reflux

2) PPA, 110 °C
> NH
MeO
MeO NH; o)
cis-3-Te cis-3-8f 44%
trans-3-7e trans-3-8f 61%
HON OMe
0o 1) 10 mol% PtO,, Hy H,
AcOH, rt
> H
2) CICO,Et, K,CO4 NH
Benzene, reflux
OMe Jo 4%
3) PPA, 110 °C O 3 steps

3-6a trans-3-8g from oxime

Scheme 3.2 Lactam formation via Bischler—Napieralski reaction.

2B LR
1) a) Cagide-Fagin, F.; Nieto-Garcia, O.; Lago-Santome, H.; Alonso, R. J. Org. Chem. 2012, 77, 11377.

b) S. Akai, M. Kojima, S. Yamauchi, T. Kohji, Y. Nakamura, K. Sato, Asian J. Org. Chem. 2013, 2,
299. c) Weller, T.; Seebach, D. Tetrahedron Lett. 1982, 23, 935. d) Ding, Fan.; Liang, L.-L.; Yao, J.-
C.; Wang, B.; Xu, C.; Liu, D.-D. Total Synthesis of (+)-Pancratistatin and Its Potent Topo | Inhibition
Activity Studies. Org. Lett. 2022, 24, 9458. e) Akai, S.; Kojima, M.; Yamauchi, S.; Kohji, T.;
Nakamura, Y.; Sato, K. A Concise Total Synthesis of (+)-Pancratistatin from D-Glucose Featuring the
Henry Reaction. Asian J. Org. Chem. 2013, 2, 299-302. f) Potter, T. J.; Ellman, J. A. Total Synthesis
of (+)-Pancratistatin by the Rh(l11)-Catalyzed Addition of a Densely Functionalized Benzamide to a
Sugar-Derived Nitroalkene. Org. Lett. 2017, 19, 2985.

2) Rahman, M. F.;; May, E. L. J. Heterocyclic Chem. 1976, 13, 1329.
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E

1L pancratistatin SZARZEAMER O MRS AR AT, ZOFEF. D-mannitol 7>
5 NHC il 2 FI 5 53 FINARF R Y o VBURUE & ARREIREE D 14RO & 2 & ie
14 T #2 T 1,4a-di-epi-ent-pancratistatin @ &= & AR ICAKCH) L 7=, & A L 7= 1,4a-di-epi-ent-
pancratistatin 35 X OV O A Z W CTEERFHM 21T o722 2 A, N7 =1 h— 2
fiEEZ R OB EME R Lz, £ 7. pancratistatin ¢ K& W 2 Il 7 %
hexahydrophenanthoridinone = ERVEE ¥ OB BSEIE 2N L, R OMF 21T o 72, &K
BRAEGUEZ R 40X, pancratistatin 2 KSR S OV O 38R O ETE PEAH BIAF 72049
TEVED T BN D fE I LB b & & SRR I E T & 5 L HIfFT& D,
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General Remarks

All anhydrous reactions were carried out under a positive atmosphere of argon in dried glassware.
Dehydrated solvents were purchased for the reactions and used without further desiccation. Analytical
thin-layer chromatography was performed on Merck TLC silica gel 60F2ss silica gel plates.
Visualization was accomplished with molibudenium phosphate, p-anisaldehyde, Hannessian’s cocktail
or ninhydrin. For column chromatography, silica gel (FUJI SILYSIA CHEMICAL LTD. BW-200) was
employed. NMR spectra were recorded using a Bruker AV400N at 400 MHz frequency or JEOL JNM-
AL300C at 300 MHz in the stated solvents using tetramethylsilane as an internal standard. Chemical
shifts were reported in parts per million (ppm) on the & scale from an internal standard (NMR
descriptions: s = singlet, d = doublet, t = triplet, q = quartet, quint = quintet, sext = sextet, sept = septet,
oct = octet, m = multiplet, br = broad). Coupling constants, J, are reported in Hertz. Mass spectra were
recorded on a Waters/Micromass SQD2, MICROMASS® LCT PREMIERTM (ESI-TOF). Optical
rotations were measured using a JASCO P-2200 polarimeter (concentration in g-dL™%). IR was
measured using a JEOL FT-IR 6200. Melting point was determined on J-SCIENCE RFS-10. Unless
otherwise noted, reagents were used without further purification. HPLC analysis were performed on a
SHIMADZU analytical system equipped with two LC-10AT pumps.
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5-Bromo-2-hydroxy-3-methoxybenzaldehyde (2-34)

OHC Br

Be

OMe

A mixture of o-vanilline (5.00 g, 32.9 mmol) and NaOAc (4.20 g, 49.4 mmol) were dissolved in glacial
acetic acid (75 mL). A solution of bromine (2.5 mL, 49 mmol) in glacial acetic acid (25 mL) was added
dropwise to the mixture over a period of 4 min. The solution deepened in colour throughout the
addition, and was left to stir at room temperature for 1 h. The reaction was quenched with saturated
solution of Na2S>03 (20 mL). The resulting solution was adjusted to pH 5 by the addition of saturated
solution of Na,CO3z and NaHCOg3, and the mixture was extracted with CHCI3z (4 x 100 mL). The
combined organic phases were washed with brine (400 mL), dried over Na,SOg, filtered and
concentrated under reduced pressure. The resulting residue was purified by silica gel column
chromatography (CH.Cl.) to give the title compound (7.00 g, 30.3 mmol, 92%) as yellow flakes of
mp 119-122 °C. *H NMR (CDClIs, 400 MHz): 6 11.01 (s, 1H), 9.86 (s, 1H), 7.32 (d, J = 2.0 Hz, 1H),
7.18, (d, J = 2.0 Hz, 1H), 3.92 (s, 3H). The *H NMR of 2-34 was identical to that reported.”)

5-Bromo-3-methoxybenzene-1,2-diol (2-35)

HO Br
B o

OMe
Bromide 2-34 (7.00 g, 30.3 mmol) was dissolved in 2 M NaOH aq (30 mL, 0.06 mol). A mixture of
30% H20- (7 mL, 0.06 mol) and H>O (28 mL) was added dropwise to the mixture. The mixture became
deep red purple throughout the addition, and some white precipitate was observed. The mixture was
stirred at room temperature until full consumption of starting material (1 h). The mixture was acidified
with 2 M HCI (15 mL) and extracted with CHCI3 (5 x 100 mL). The combined organic phases were
washed with saturated solution of Na.SOgz, dried over Na>SO4 and purified by silica gel column
chromatography (CH2Cl,) to afford 2-35 (4.91 g, 22.4 mmol, 74%) as light grey crystal of mp 75—
76 °C.
IH NHR (CDCls, 400 MHz): & 6.77 (d, J =2.0 Hz, 1H), 6.61 (d, J = 2.0 Hz, 1H), 5.33 (s, 1H), 5.31 (5,
1H), 3.87 (s, 3H). The *H NMR of 2-35 was identical to that reported.”

6-Bromo-4-methoxybenzo[d][1,3]dioxole (2-9)

0 Br
{ Q
o]

OMe

To a solution of 2-35 (4.91 g, 22.4 mmol) in dry DMF (49 mL) were added K>CO3 (7.00 g, 48.8 mmol)
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and CH2Br; (2.5 mL, 3 7 mmol) under Ar at room temperature. After being stirred at 100 °C for 1.5 h,
the solution was cooled to room temperature, diluted with H.O (900 mL), and extracted with CH2Cl»
(4 x 100 mL). The combined organic layers were washed with brine (200 mL), dried over anhydrous
Na>SOs, evaporated in vacuo, and purified by silica gel column chromatography (hexane/CHCI3 5:1)
to afford 2-9 (4.10 g, 17.7 mmol, 79%) as white solid of mp 78-79 °C. *H NMR (400 MHz, CDCls):
8 6.68 (d, J = 1.5 Hz, 1H), 6.67 (d, J = 1.5 Hz, 1H), 5.97 (s, 2H), 3.88 (s, 3H). The 'H NMR was
identical to that reported.?

6-Bromo-4-methoxybenzo[d][1,3]dioxole-5-carbaldehyde (2-36)

e} Br
O ; :CHO
OMe

To a stirred solution of 2-9 (4.10 g, 17.7 mmol) in dry CH2Cl> (50 mL) under argon cooled in a CO>—
acetone bath, were added dichloromethyl methyl ether (2.1 mL, 18 mmol) and SnCls (4.1 mL, 27
mmol). The mixture was warmed up to room temperature over 3 h. To the solution was added saturated
aqueous solution of NaHCO3, and the whole was extracted with CH2Cl> (3 x 50 mL). The combined
organic layers were washed with 2 M HCI aqg and dried over anhydrous Na>SOa. The solution was
evaporated in vacuo and purified by silica gel column chromatography (hexane/acetone 9:1) to afford
2-36 (2.3 g, 8.9 mmol, 50%) as white solid of mp 117-120 °C.

'H NMR (400 MHz, CDCls): § 10.23 (s, 1 H), 6.86 (s, 1H), 6.05 (s, 2H), 4.03 (s, 3H). The *H NMR
was identical to that reported.?

6-bromo-4-methoxybenzo[d][1,3]dioxole-5-carboxylic acid (2-38)

e} Br
<I;E
O COOH

OMe

To a solution of compound 2-36 (0.60 g, 2.31 mmol) in 'BuOH/H.0O(5/1, 11 mL) were added
NaH2PO4-2H20 (5.50 g, 46.2 mmol), NaClO> (0.84 g 9.24 mmol), 2-methyl-2-butene (1.5 mL, 13.8
mmol) at room temperature. After being stirred at room temperature for 1 h, the solution was extracted
with EtOAc (4X20 mL) and the combined organic layers were washed with brine and dried over
anhydrous Na>SOa. The solution was evaporated in vacuo and recrystallized with Et>0O to afford 2-38
(0.58 g, 2.13 mmol, 92%) as white solid. *H NMR (400 MHz, CDCls): 6.78 (s, 1H), 6.01 (s, 2H), 4.05
(s, 3H) The *H NMR was identical to that reported.®

2-(methylamino)cyclohexan-1-ol (2-40)
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MeNH2 aq 2.5 eq

O - OH
MeOH, r.t. 10 h =
[ ]; eOH, r HR

0,
96% Me

To a mixture of 40% MeNH.aq (6.87 mL, 78 mmol) and MeOH (8.6 mL) was added 1,2-
epoxycyclohexane (2.96 mL, 29.9 mmol). After being stirred at room temperature for 10 h, the solution
was evaporated in vacuo with toluene, and the residue purified by distillation under reduced pressure
to afford 2-40 (2.17 g, 16.8 mmol, 56%) as colorless oil. *H NMR (400 MHz, CDCls): § 3.15~3.21 (m,
1H), 2.42 (s, 3H), 2.07~2.16 (m, 2H), 2.02~2.04 (m, 1H), 1.71~1.74 (m, 2H), 1.25~1.30 (m,
3H),0.88~0.96 (m,1H). The *H NMR was identical to that reported.?

N-(2-hydroxycyclohexyl), N-methyl-4-methoxy-benzodioxole-5-carboxamide (S4)

!

OH

HRN
(COCl), 1.3 eq Me 2-40 1.2 eq '
<O dry DMF 25mol%  EtsN 2.0 eq <O “oH
N.
0 COOH dryDMF,rt,15h dryDCM,rt,9h O Me
OMe 73% OMe O
S3 s4

To a solution of compound S3% (200 mg, 1.02 mmol) in dry DCM 3.00 mL was added dry DMF (0.02
mL, 0.25mmol), (COCI)2 (0.11 mL 1.32mmol). After being stirred at room temperature for 2 h, the
solution was added dry DCM (3.0 mL), dry EtsN (0.27 mL 2.04 mmol) and a solution of 2-40 (184
mg, 1.22 mmol) in dry DCM 1.00 mL,at 0 “C. After being stirred at room temperature for 18 h, the
solution was added 2M NaOHagq to adjust pH to 10 then the mixture was extracted with DCM for three
times, washed with 1M HCI and dried over anhydrous Na,SOs. The solution was evaporated in vacuo
and purified by silica gel column chromatography (Hexane/EtOAc 1/6) to afford S4 (230 mg, 0.75
mmol 73%) as white solid.

mp 135~136 ‘C

IR (KBr): 3323, 2935, 2900, 2862, 1615, 1504, 1471, 1415, 1260, 1232, 1080, 1059, 1033 cm™,

'H NMR (400 MHz, CDCls): 6 6.80~6.78 (d, J =8, 0.7 H), 6.65~6.63 (d, J = 8, 0.3H), 6.59 ~6.57 (d,
J=8,1H) 6.01 (s, 2H), 4.02 (s, 3H), 3.5~3.7 (m, 1H), 3.14 (s, 0.5H), 3.02 (s, 1H), 2.77 (s, 2H), 2.2~2.1
(0.5H), 2.1~2.0 (m, 0.5H), 1.8~1.2 (m, 8H).

13C NMR (125.76 MHz, CDCls): 169.3 (C), 150.0 (C), 138.4 (C), 136.4 (C), 123.8 (CH), 119.6 (C),
103.7 (CH), 101.4 (CH>), 69.6 (CH), 64.6 (CH), 60.5 (CHz), 34.5 (CHz), 29.3 (CH2), 27.0 (CH>), 25.0
(CH2), 24.1 (CHy).

IR (KBr): 3322, 2935, 1627, 1612, 1470, 1414, 1260, 1059.

LRMS (ESI) m/z 330 [M+Na] *.
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Anal. Calcd for C1H21NOs: C, 62.53; H, 6.89; N, 4.53. Found: C, 61.96; H, 6.88; N, 4.50.

O-(2-(4-methoxy-N-methylbenzo[d] [1,3] dioxole-5-carboxamido) cyclohexyl) S-methyl
carbonodithioate (S1a)

(o
0o 0" SMe
<o:©H(

N.
Me

OMe O

To a solution of sodium hydride (192 mg, 4.8 mmol) in THF (5 mL), compound S4 (631 mg, 1.6 mmol)
was added. The reaction mixture was stirred at room temperature for 10 mins. Cooled the reaction

mixture to 0 °C and added carbon disulfide (0 .11 mL, 1.6 mmol), stirred for 10 mins, followed by

the addition of methyl iodide (0.11 mL, 1.6 mmol) at 0 °C. Allow to stir at room temperature for 3 h.

Reaction was monitored by TLC. After the completion of reaction, ice cold water (15 mL) was added
extracted with ethyl acetate (25 mLx2). The combined organic layers were washed with water and
brine, and dried over anhydrous Na>SQO4. The solution was evaporated in vacuo and purified by silica
gel column chromatography (Hexane/EtOAc 31) to afford (S1a) (618 mg, 1.56 mmol 97%) as pale
yellow solid.

mp 69~70 C.

'H NMR (400 MHz, CDCls): 6 6.92~6.90 (d, J = 8, 0.3H), 6.62~6.60 (d, 0.9H), 6.54~6.52 (d, J = 8,
0.8H) 6.00 (s, 0.4H) 5.96 (s, 1.6H), 5.79~5.66 (m, 1H), 4.88~5.10 (m, 0.6H), 4.00 (s, 3H), 3.74~3.64
(m, 0.4H), 2.95 (s, 1.1H), 2.72 (s, 1.9H), 2. 60~2. 50 (d, J = 12, 3H), 2.42~2. 26 (m, 0.7H), 2.25~2.16
(m, 0.3H), 2.00~1.14 (m, 8H).

13C NMR (125.76 MHz, CDCls): 215.9 (C), 169.4 (C), 149.8 (C), 139.8 (C), 135.9 (C), 123.4 (C),
122.1 (CH), 121.3 (CH), 120.2 (CH), 119.5 (CH), 1031 (CH), 101.2 (CH), 98.5 (CH>), 80.4 (CHz3),70.1
(CH), 60.9 (CHs), 32.2 (CHg), 30.5 (CH>), 28.6 (CH>), 27.7 (CH>), 23.9 (CH>), 19.33 (CHs).

LRMS (ESI) m/z: 420 [M+ NaJ*.

6-bromo-N-((1R,2R)-2-hydroxycyclohexyl)-4-methoxy-N-methylbenzo[d][1,3]dioxole-5-
carboxamide (2-41)

B
<O Ir|\|/|e OH
o) N~
OMe O \O
33
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To a solution of compound 2-38 (0.50 g, 1.83 mmol) in dry DCM 10.0 mL was added dry DMF (0.04
mL, 0.46 mmol), (COCI)2 (0.2 mL 2.38 mmol). After being stirred at room temperature for 2 h, the
solution was added dry DCM (10.0 mL), dry EtsN (0.49 mL 3.66 mmol), compound 2-40 (0.33 g, 2.20
mmol) diluted with dry DCM (1.0 mL) at 0 “C. After being stirred at room temperature for 4 h, the
solution was added 2M NaOHag to adjust pH to 10 then the mixture was extracted with DCM (3 X 10
mL), and the combined organic layers were washed with 1M HCI and dried over anhydrous Na>SOa.
The solution was evaporated in vacuo and purified by silica gel column chromatography
(Hexane/EtOAc = 1/1) to afford 2-41 (0.51, 1.31 mmol 72%) as white solid.

mp 132 ~ 134 °C

IR (KBr): 3441 (OH), 2929, 2854, 1741 (C=0), 1608, 1471, 1396, 1346, 1256, 1215, 1087, 1039, 525
(Br) cm™.

'H NMR (400 MHz, CDCls): 6 6.78~6.74 (m, 1 H), 6.01~5.96 (m, 2 H), 4.57~4.50 (m, 0.25 H),
4.38~4.30 (m, 0.25H), 4.02~3.98 (m, 3 H), 3.78~3.68 (m, 0.3 H), 3.65~3.50 (m, 0.7 H), 3.15~3.05(m,
1 H), 3.04 (s, 2 H), 2.46 (s, 0.25 H), 2.29 (s, 0.25 H), 2.20~2.00 (m, 1.5 H), 1.97~1.27 (m, 4 H),
1.35~1.25 (m, 2 H).

13C NMR (125.76 MHz, CDCls): 167.8 (C), 167.0 (C), 150.0 (C), 139.6 (C), 136.1 (C), 125.3 (CH),
110.6 (C), 107.8 (CH), 101.9 (CH>), 70.0 (CH), 65.2 (CH), 60.6 (CH3), 34.1 (CH3), 29.4 (CH2), 27.9
(CHy), 25.0 (CH2), 24.1 (CH>).

Anal. Calcd for C16H20BrNOs: C, 49.76; H, 5.22; N, 3.63. Found: C,49.46; H, 5.19; N, 3.83.

0O-((1R,2S)-2-(6-bromo-4-methoxy-N-methylbenzo[d][1,3]dioxole-5-carboxamido)cyclohexyl)-
S-methyl carbonodithioate (S1b)
SMe

37

To a solution of sodium hydride (133 mg, 3.33 mmol) in THF (5 mL), compound 2-41 (400 mg, 1.04
mmol) was added. The reaction mixture was stirred at room temperature for 10 mins. Cooled the
reaction mixture to 0 °C and added carbon disulfide (0 .07 mL, 1.11 mmol), stirred for 10 mins,
followed by the addition of methyl iodide (0.08 mL, 1.11 mmol) at 0 ‘C. Allow to stir at room
temperature for 2 h. Reaction was monitored by TLC. After the completion of reaction, ice cold water
(15 mL) was added extracted with ethyl acetate (3x25 mL). The combined organic layers were washed
with water and brine, and dried over anhydrous Na,SO4. The solution was evaporated in vacuo and
purified by silica gel column chromatography (Hexane/EtOAc = 2/1) to afford S1b (432 mg, 0.98
mmol 98%) as pale yellow solid.

mp 151~153 °C

'H NMR (400 MHz, CDCls): 5 6.71 (s, 1 H), 5.95~5.93 (dd, 2 H), 5.79~5.72 (dt, 1 H) 5.07~5.01 (dt,
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1H), 4.01 (s, 3H), 2.71 (s, 3 H), 2.55 (s, 3 H), 2.35~2.40 (m, 1 H), 1.85~2.04 (M, 1 H), 1.80~1.87 (m,
2 H), 1.64~1.44 (m, 3 H), 1.43~1.33 (m, 1 H):

15C NMR (125.76 MHz, CDCls): 215.0 (C), 167.0 (C), 150.0 (C), 140.2 (C), 136.1 (C), 125.6 (C),
110.6 (CH), 107.3 (CH), 101.8 (CH), 80.2 (CH3),65.8 (CH), 60.3 (CHz3), 30.6 (CH3), 28.6 (CH>), 24.5
(CH2),18.7 (CHy), 15.3 (CH3).

LRMS (ESI) m/z: [M-+Na] * 498, 500.

6-bromo-N-((1R,2S)-2-bromocyclohexyl)-4-methoxy-N-methylbenzo[d][1,3]dioxole-5-
carboxamide (S2)

B
<O rI\I/Ie Br
o) N
OMe O
35

To a solution of compound 2-41 (160 mg, 0.4 mmol) in dry DCM (2 mL), MsClI (0.06, 0.6 mmol) and
EtsN (0.16 mL, 1.2 mmol) were added at 0 °C. After being stirred at room temperature for 3 hours, the
reaction mixture was evaporated in vacuo. The residue was added H>O (10 mL), extracted with EtOAC
(3X10 mL). The combined organic layers were washed with saturated solution of NaHCO3, and dried
over anhydrous Na>SOs. The solution was evaporated in vacuo and then the residue was added
anhydrous LiBr (73 mg, 0.8 mmol) and dry THF (1.5 mL) at 0 "C. After being stirred at room
temperature for 5 hours, the reaction mixture was added H>O (10 mL), extracted with Et2O (3X10
mL). The combined organic layers were directly dried over anhydrous Na,SO4. The solution was
evaporated in vacuo and recrystallized with Et2O to afford S2 (100 mg, 0.22 mmol, 56%) as pale
yellow solid.

mp 172~173 ‘C(EtOAc/Hexane).

IR (KBr): 2929, 2860, 1746 (C=0), 1632, 1470, 1398, 1345, 1261, 1219, 1097, 1039, 526 (Br) cm™.
'H NMR (400 MHz, CDCls): § 6.75~6.74 (d, J = 4, 1 H), 5.98~5.95 (m, 2 H), 3.98~3.97 (m, 3 H),
2.79~2.77 (m, 3 H), 2.55~2.45 (m, 1 H), 2.06~1.91 (m, 2H), 1.91~1.68 (m, 2 H), 1.60~1.40 (m, 3.5
H), 1.38~1.22 (m,1.5 H).

13C NMR (125.76 MHz, CDCls): 166.6 (C), 150.0 (C), 140.4 (C), 136.4 (C), 125.5 (C), 114.9 (CH),
110.5 (CH), 107.1 (CH), 101.8 (CH>), 60.2 (CHs), 51.4 (CHz3), 37.8 (CH2), 29.6 (CH2), 27.0 (CHy),
24.8 (CHy), 18.0 (CHs5).

Anal. Calcd for C16H19BraNO4: C, 42.79; H, 4.26; N, 3.12. Found: C,42.78; H, 4.31; N, 3.19.

(6-Bromo-4-methoxybenzo[d][1,3]dioxol-5-yl)methanol (2-37)
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o) Br

<O]@/OH
OMe

To a solution of 2-36 (8.30 g, 32.0 mmol) in THF (140 mL) cooled in an ice—water bath, were added
NaBHs (1.84 g, 48.7 mmol) and EtOH (47 mL). The cooling bath was removed, and the mixture was
stirred for 30 min. After the addition of saturated aqueous NH4CI (25 mL), the whole was extracted
with EtOAc (3 x 100 mL). The combined organic layers were washed with brine, dried over Na>SOs,
and concentrated in vacuo to give 2-37 as pale yellow solids (8.31 g), which was used directly in the
next step without further purification. An analytical sample was obtained by recrystallization from
hexane—EtOAc (2:1) as white blocks of mp 75-76 °C.
'H NMR (400 MHz, CDCls): 6.77 (s, 1H), 5.95 (s, 2H), 4.76 (d, J = 6.5 Hz, 2H), 4.05 (s, 3H), 2.12 (t,
J =6.5Hz, 1H). The 'H NMR was identical to that reported.®

6-Bromo-4-methoxy-5-(methoxymethyl)benzo[d][1,3]dioxole (2-10)

0] Br
<O:©/\/0Me

OMe

To a stirred solution of 2-37 (313 mg, 1.20 mmol) in THF (5 mL) was added 60% NaH in mineral oil
(144 mg, 3.6 mmol) at room temperature. After 1 h, to the solution was added Mel (0.2 mL, 4 mmol)
and then the mixture was heated under reflux. After 3.5 h, H,O (5 mL) was added and the whole was
extracted with EtOAc (3 x 10 mL). The combined organic layers were washed with brine and dried
over Na>SOa. The solution was evaporated in vacuo and purified by silica gel column chromatography
(hexane/EtOACc 9:1) to afford 2-10 (268 mg, 0.979 mmol, 70%) as yellow oil.

'H NMR (400 MHz, CDCls): 6 6.19 (s, 1H), 5.84 (s, 2H), 4.68 (s, 2H), 3.96 (s, 3H), 3.42 (s, 3H). *C
NMR (101 MHz, CDCls): 6 149.7 (C), 143.2 (C), 136.5 (C), 122.9 (C), 117.4 (C), 107.5 (CH), 101.6
(CHy), 68.2 (CH2), 60.3 (CH3), 58.1 (CH3).

6-Bromo-4-methoxy-5-(trityloxymethyl)benzo[d][1,3]dioxole (2-14)

e} Br
<o:©/\/OTr

OMe

To a stirred solution of 2-37 (261 mg, 1.00 mmol) in pyridine (8.0 mL) was added TrCI (558 mg, 2.00
mmol) at 100 °C. After 7 h, water (10 mL) was added and the whole was extracted with EtOAc (3 x
20 mL). The combined organic layers were washed with brine and dried over Na>SO4. Concentration
and recrystallization from EtOH-CHCIs (4:1) gave 2-14 (322 mg, 0.642 mmol, 64%) as off-white

needles of mp 173-174 °C.
64



IH NMR (400 MHz, CDCls): 8 7.56 (m, 6H), 7.30 (m, 6H), 7.24 (m, 3H), 6.77 (s, 1H), 5.95 (s, 2H),
4.19 (s, 2H), 3.90 (s, 3H). The 'H NMR was identical to that reported.®

1-(Trimethylsiloxy)cyclohexene (2-43)
OTMS

To a stirred solution of TMSCI (15 mL, 0.12 mol) and distilled EtsN (33 mL, 0.24 mol) in dry DMF
(40 mL) was added cyclohexanone (10 mL, 0.10 mol). The mixture was heated under reflux at

155 °C for 22 h. During the reaction some pale yellow soilds were formed (presumably triethylamine
hydrochloride). After cooling to 25 °C, the mixture was diluted with pentane (200 mL); washed with
a cold saturated aqueous solution of NaHCOs (3 x 100 mL), cold 2 M HCl ag (50 mL), and a cold
saturated aqueous solution of NaHCO3 (100 mL); dried over Na,SOa; and concentrated under
pressure. Distillation of the remainder (70 °C/25 mmHg) afforded 2-43 (13.66 g, 80.22 mmol, 80%)
as a colourless oil.

IH NMR (400 MHz, CDCls):  4.86 (t, J = 4.0 Hz, 1H), 1.95-2.05 (m, 4H), 1.65 (m, 2H), 1.50 (m,
2H), 0.18 (s, 9H). The *H NMR was identical to that reported.”

2-Chlorocyclohexan-1-one (2-44)

Ay

o

A 300 mL flask was charged with 2-43 (1.70 g, 10.0 mmol) in THF (100 mL). The solution was
cooled to 0 °C and NCS (1.40 g, 10.5 mmol) was added in small portions over 6 min. Then, the
mixture was poured into a 1:1 mixture of saturated aqueous solution of NaHCO3z and brine (50 mL)
and the whole was extracted with hexane (3 x 50 mL). The combined organic layers were dried over
Na>S0s, filtered, and concentrated under reduced pressure. Purification of the resulting crude
product by distillation (100 °C/8 mmHg) afforded 2-44 (0.86 g, 6.5 mmol, 65%) as a colourless oil.
'H NMR (400 MHz, CDCls): § 4.38 (m, 1H), 2.80 (m, 1H), 2.45-2.30 (m, 2H), 1.97-2.14 (m, 2H),
1.97-1.80 (m, 2H), 1.73 (m, 1H). The *H NMR was identical to that reported.”

2-Chlorocyclohexan-1-one Oxime (2-7)

Ay

NOH
To a solution of hydroxylamine hydrochloride (417 mg, 6.01 mmol) and sodium acetate (492 mg, 6.00
mmol) in water (2 mL), was added 2-44 (531 mg, 4.00 mmol), and the mixture was stirred vigorously
for 40 min. The mixture was extracted with CH2Cl2 (3 x 10 mL), and the combined organic layers were
washed with brine, dried over Na>2SO4and concentrated under reduced pressure. The resulting residue
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was purified by silica gel column chromatography (hexane/EtOAc 9:1) to give 2-7 (253 mg, 1.72 mmol,
43%) a white soild of mp 81-82 °C.

'H NMR (400 MHz, CDCl3): 8 7.17 (s, 1H), 4.69 (t, J = 3.0 Hz, 1H), 3.11 (m, 1H), 2.34-2.08 (m, 2H),
2.08-1.82 (m, 3H), 1.65 (m, 1H), 1.40 (m, 1H). The *H NMR was identical to that reported.”

2-(Benzo[d][1,3]dioxol-5-yl)cyclohexan-1-one Oxime (3-4)

O
<O NOH

A 20 mL flask was charged with 5-bromobenzo[1,3]dioxole (0.100 mL, 0.800 mmol) in THF (3.0 mL).
The solution was cooled to —78 °C, a 1.47 M hexane solution of BuL.i (0.6 mL, 0.8 mmol) was added
dropwise over 2 min, and then the mixture was stirred for 30 min to give a solution of the organolithium
reagent. Another 20 mL flask was charged with CuCN powder (36 mg, 0.40 mmol) and THF (1.0 mL).
To the mixture cooled at 0 °C, was slowly added the solution of the organolithium reagent. The mixture
was stirred at this temperature for 20 min and then cooled to —78 °C. A solution of 2-7 (30 mg, 0.20
mmol) in THF (0.5 mL) was added slowly to this mixture. The mixture was stirred for 1 h at -78 °C
and 1 h at 0 °C, and then brought to room temperature. The reaction was quenched by the addition of
saturated aqueous NH4Cl (5 mL) and the whole was extracted with EtOAc (3 x 10 mL). The combined
organic layers were washed with brine, dried over Na>2SO4 and concentrated under reduced pressure.
The resulting residue was purified by silica gel column chromatography (hexane/EtOAc 9:1) to give
3-4 (40 mg, 0.17 mmol, 86%) a pale yellow soild.

mp 151-152 °C.

IH NMR (400 MHz, CDCls): 6 6.75 (d, J = 8.0 Hz, 1H), 6.71 (s, 1H), 6.65 (d, J = 8.0 Hz, 1H), 5.91
(s, 2H), 3.40 (dd, J = 9.0, 5.5 Hz, 1H), 2.97 (dt, J = 14.0, 4.0 Hz, 1H), 2.15 (m, 1H), 2.04-1.90 (m,
2H), 1.90-1.70 (m, 2H), 1.70-1.50 (m, 2H).

13C NMR (101 MHz, CDCls): 8 162.3 (C), 147.6 (C), 146.1 (C), 134.4 (C), 121.1 (CH), 108.8 (CH),
108.1 (CH), 100.9 (CHy), 47.8 (CH), 33.4 (CHy), 25.7 (CH>), 24.7 (CH), 23.9 (CH>).

LRMS (ESI) (m/7): 232 [M — H]".

HRMS (ESI) (m/7) : [M — H]" calcd for C1aH1sNO4,232.0974; found, 232.0967.

IR (KBr): 3250, 2940, 2866, 1667, 1504, 1488, 1471, 1440, 1237, 1213, 1040, 725.

2-(7-Methoxybenzo[d][1,3]dioxol-5-yl)cyclohexan-1-one Oxime (3-6d)

<O NOH
OMe

A 20 mL flask was charged with 2-9 (185 mg, 0.800 mmol) and THF (3.0 mL). The resulting solution
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was cooled to —78 °C and a 1.47 M hexane solution of BuLi (0.600 mL, 0.800 mmol) was added
dropwise over 2 min and then the mixture was stirred for 30 min to give a solution of the organolithium
reagent. Another 20 mL flask was charged with CuCN powder (36 mg, 0.40 mmol) and THF (1.0 mL).
To the mixture cooled at 0 °C, was slowly added the solution of the organolithium reagent. The mixture
was stirred at this temperature for 20 min and then cooled to —78 °C. A solution of 2-7 (30 mg, 0.20
mmol) in THF (0.5 mL) was added slowly to this mixture. The mixture was stirred for 1 h at —78 °C
and 1 h at 0 °C, and then brought to room temperature. The reaction was quenched with saturated
aqueous NH4ClI (5 mL) and the whole was extracted with EtOAc (3 x 10 mL). The combined organic
layers were washed with brine, dried over Na>SO4 and concentrated under reduced pressure. The
resulting residue was purified by silica gel column chromatography (hexane/EtOAc 9:1) to give 3-6d
(40 mg, 0.15 mmol, 76%) a white soild.

mp 153-154 °C.

'H NMR (400 MHz, CDCls): 8 6.43 (s, 1H), 6.38 (s, 1H), 5.99 (s, 2H), 3.86 (s, 3H), 3.37 (dd, J = 9.0,
5.5 Hz, 1H), 3.00 (dt, J = 14.0, 4.0 Hz, 1H), 2.10 (m, 1H), 2.04-1.90 (m, 2H), 1.90-1.70 (m, 2H),
1.70-1.50 (m, 2H).

13C NMR (101 MHz, CDCls): 6 162.2 (C), 148.8 (C), 143.4 (C), 135.2 (C), 133.8 (C), 107.9 (CH),
102.4 (CH), 101.3 (CHz), 56.6 (CHs3), 48.1 (CH), 33.5 (CHy), 25.7 (CH>), 24.8 (CHz), 24.0 (CH>).
LRMS (ESI) (m/7): 262 [M—-H];

HRMS (ESI) (m/z): [M—H]" calcd for C14H15sNO4, 262.1079; found, 262.1089.

IR (KBr): 3210, 2941, 2879, 2784, 1634, 1509, 1450, 1430, 1238, 1044.

1,6-Bis-O-(triphenylmethyl)-D-mannitol (2-45)

OH
HO,, ~.__OTr
HO’@OTr

OH
To a solution of D-mannitol (5.46 g, 30.0 mmol) in pyridine (60 mL) was added trityl chloride (18.4
g, 66.0 mmol), and the mixture was heated under reflux for 1.5 h. The volatiles were removed under
reduced pressure, and the residue was partitioned between DCM and saturated NaHCOs. The aqueous
phase was extracted with DCM until no product remained in the aqueous layer (TLC), and the
combined organic extracts were washed with a further portion of saturated NaHCO3 before drying
(Na2S04) and concentrating under reduced pressure. The residue was purified by silica gel column
chromatography (hexane/EtOAc 1:1) to give 2-45 (16.8 g, 25.2 mmol, 84%).
!H NMR (500 MHz, CDCl3): 6 7.38-7.14 (m, 30H), 3.87 (t, J = 6.5 Hz, 2H), 3.74 (t, J = 6.5 Hz, 2H),
3.43 (d, J = 5.0 Hz, 2H), 3.29-3.20 (m, 6H). The *H NMR was identical to that reported.®)

2,3,4,5-Tetra-O-benzyl-1,6-bis-O-(triphenylmethyl)-D-mannitol (2-46)
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OBn
To a solution of 2-45 (1.06 g, 1.50 mmol) in THF (9.0 mL) under Ar was added benzyl bromide (0.600
mL, 7.00 mmol). A 60% oil dispersion of NaH (288 mg, 7.20 mmol) was added gradually, and the
mixture was stirred for 6 h and then heated under reflux overnight before careful quenching with
MeOH. The solvent was removed under reduced pressure, and the residue was partitioned between
H>O and DCM. The organic phase was washed with a further portion of H.O before being dried
(Na2S0s) and concentrated under reduced pressure. 2-46 (942 mg, 0.916 mmol, 61%) was purified by
silica gel column chromatography (hexane/EtOAc 9:1).
'H NMR (400 MHz, CDCls): 6 7.50-7.42 (m, 12 H), 7.38 (d, J = 8.0 Hz, 4H), 7.32 (q, J =8.0, 24.0
Hz, 4H), 7.20-7.10 (m, 26H), 6.93 (d, J = 8.0 Hz, 4H), 4.74 (d, J = 12.0 Hz, 2H), 4.40 (q, J =8.0,
32.0 Hz, 4 H), 4.35 (d, J = 12.0 Hz, 2H), 4.25 (d, J = 8.0 Hz, 2H), 3.90-3.80 (m, 2H), 3.65 (d, J = 8.0
Hz, 2H), 3.28 (dd, J = 4.0, 8.0 Hz, 2H). The *H NMR was identical to that reported.®)

2,3,4,5-Tetra-O-benzyl-D-mannitol (2-47)

(:)Bn
BnO,, _~__OH
Bnoli;/\OH

OBn
To a solution of 2-46 (942 mg, 0.916 mmol) in a 2:1 mixture of MeOH/ CH2Cl, (15 mL) was added
TFA (1.00 mL), and the mixture was stirred overnight. The mixture was neutralized using saturated
aqueous NaHCOs solution, and after ensuring no acid remained, the organic phase was collected, and
the aqueous phase was extracted twice with DCM. The combined organic extracts were washed with
a further portion of saturated NaHCO3 before being dried (Na2SO4) and concentrated under reduced
pressure. The residue was purified by silica gel column chromatography (EtOAc/hexane 2:3) affording
2-47 (375 mg, 0.692 mmol, 77%).
IH NMR (400 MHz, CDCls): & 7.36-7.26 (m, 20H), 4.76 (d, J = 12.0 Hz, 2H), 4.64 (d, J = 12.0 Hz,
2H), 4.56 (d, J = 12.0 Hz, 2H), 4.41 (d, J = 12.0 Hz, 2H), 3.95-3.87 (m, 2H), 3.70-3.65 (q, J = 4.0,
12.0 Hz, 2H). The *H NMR was identical to that reported.”

2,3,4,5-Tetra-O-benzyl-D-manno-hexodialdose (1-19)
OBn
BnO,,, e
Bnoli;;o
OBn
To a solution of distilled DMSO (0.19 mL, 2.7 mmol) in distilled CH2Cl> (6.00 mL) at —78 °C under

Ar was added a solution of distilled (COCI), (0.230 mL, 2.70 mmol) in distilled CH2Cl> (2.80 mL)
68



slowly via syringe. The solution was stirred for 10 min before a solution of 2-47 (567 mg, 1.04 mmol)
in dry CH2Cl (5.50 mL) was added slowly via syringe, and the mixture was stirred for a further 1 h.
Distilled EtsN (1.40 mL, 10.0 mmol) was added, and the mixture was stirred at —78 °C for 15 min
before being allowed to warm up to room temperature (ca. 1.5 h). The solvent was removed under
reduced pressure, and the residue was suspended in a 1:1 mixture of hexane and EtOAc (20 mL) and
then filtered. The filtrate was concentrated under reduced pressure affording the crude 1-19(566 mg,
1.00 mmol) that were used without further purification.

'H NMR (400 MHz, CDCls): 6 9.70 (s, 2H), 7.40-7.26 (m, 16H), 7.24-7.18 (m, 4H), 4.65 (d, J = 12.0
Hz, 2H), 4.60 (d, J = 12.0 Hz, 2H), 4.50 (d, J = 12.0 Hz, 2H), 4.42 (d, J = 12.0 Hz, 2H), 4.04 (s, 2H).
The 'H NMR was identical to that reported.*®

D-allo-3-Inosose (1-20)
OBn
BnO .0OBn

HO" "/0Bn
O
The crude 1-19 (566 mg, 1.00 mmol) was evaporated after the addition of toluene (2 mL) to remove

EtOAc, and the residue was dissolved in toluene (3 mL). To a suspension of the triazolium salt (24 mg,
0.05 mmol) in toluene (5.5 mL), a 1% v/v solution of EtsN in toluene (0.70 mL, 0.050 mmol) was
added, and after 30 min, the above solution of 1-19 was added. After 45 min, the mixture was
concentrated in vacuo, and the residue was purified by silica gel column chromatography
(toluene/EtOAC 40/1 to 20/1) to give 1-20 (262 mg, 0.487 mmol, 49%) as a yellow oil.

IH NMR (400 MHz, CDCla): & 7.40-7.26 (m, 16H), 7.16-7.10 (m, 4H), 4.86 (d, J = 12.0 Hz, 1H),
4.85 (d, J = 12.0 Hz, 1H), 4.74 (d, J = 12.0 Hz, 1H), 4.67 (d, J = 12.0 Hz, 1H), 4.61-4.58 (m, 2H),
4.57 (d, J =12.0 Hz, 1H), 4.48 (d, J = 12.0 Hz, 1H), 4.44 (d, J = 12.0 Hz, 1H), 4.40 (d, J = 12.0 Hz,
1H), 3.94 (t, J = 3.0 Hz, 1H), 3.78-3.75 (m, 2H), 3.52 (d, J = 3 Hz, 1H). The 'H NMR was identical
to that reported.'?

(1S,3R,4R,5S,6R)-2-Acetoxyimino-3,4,5,6-tetrakisbenzyloxy-cyclohexyl acetate (2-21)

OBn
BnO WOBn
AcO" "'OBn
NOAc

To a solution of 1-12 (884 mg, 1.64 mmol) in pyridine (15 mL), was added NH,OH-HCI (568 mg,

8.20 mmol), and the solution was stirred at rt for 1.5 h. The solution was diluted with EtOAc (20 mL),

washed with H,O (20 mL x 3) and brine, dried over Na>SO4, and concentrated under vacuum to give

crude oxime as a pale brown oil; yield: 710 mg. The above oil was dissolved in CH2Cl> (6.00 mL),

and pyridine (1.00 mL, 12.8 mmol), DMAP (10 mg, 0.26 mmol), and Ac20 (1.30 mL, 12.8 mmol)

were added to the stirred solution cooled in an ice-water bath. The mixture was stirred for 2 h, and the
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reaction was quenched by the addition of H20 (10 mL). The whole was extracted with CHClI3 (3 x 20
mL), and the combined organic layers were washed with brine (60 mL), dried over Na,SO4, and
concentrated in vacuo, and the residue was purified by silica gel column chromatography
(EtOAc/hexane 1:4) to give 2-21 (511 mg, 0.801 mmol, 49%) as a yellow oil.

'H NMR (400 MHz, CDCl3): 6 7.40-7.25 (m, 40H), 6.04 (dd, J = 1.5, 4.0 Hz, 1H), 5.58 (dd, J = 1.5,
4.0 Hz, 1H), 5.08 (dd, J = 1.5, 3.5 Hz, 1H), 4.87 (d, J = 12.0 Hz, 1H), 4.78 (d, J = 12.0 Hz, 2H), 4.74
(dd, J=4.5,12.0 Hz, 2H), 4.66 (dd, J = 5.0, 12.5 Hz, 2H), 4.64 (d, J = 12.0 Hz, 2H), 4.63 (d, J = 12.0
Hz, 2H), 4.60 (d, J = 12.0 Hz, 2H), 4.57 (dd, J = 4.0, 12.0 Hz, 2H), 4.22 (d, J = 12.0 Hz, 1H), 4.31(d,
J =12.0 Hz, 1H), 4.28 (dd, J = 3.0, 10.0 Hz, 1H), 4.26 (dd, J = 3.0, 10.0 Hz, 1H), 4.06 (dd, J = 4.0,
10.0 Hz, 1 H), 3.97 (m, 2H), 3.95 (dd, J = 3.5, 10.0 Hz, 1H), 2.15 (s, 3H), 2.01 (s, 3H), 1.96 (s, 3H),
1.84 (s, 3H).

13C NMR (101 MHz, CDCls): 6 169.5 (C), 169.4 (C), 167.8 (C x 2), 157.9 (C), 157.4 (C), 138.6 (C),
138.5 (C), 138.4 (C), 138.2 (C), 137.7 (C), 137.5 (C x 2), 137.3 (C), 128.3 (CH), 128.2 (CH), 127.8
(CH),127.7 (CH x 2), 127.6 (CH), 78.0 (CH), 77.9 (CH), 75.9 (CH), 75.7 (CH), 75.6 (CH), 73.8 (CH>),
73.6 (CHy), 73.4 (CH>), 73.0 (CHy), 72.6 (CH>), 72.5 (CH>), 71.1 (CH), 71.0 (CH>), 69.2 (CH), 20.8
(CHa), 20.7 (CH3), 20.5 (CH3), 19.4 (CHa).

LRMS (ESI) m/z 660 (M + Na).

HRMS (ESI) (m/z): [M+Na]" calcd for C3sH3zsNOgNa, 660.2573; found, 660.2562.

IR (neat): 3542, 3087, 3063, 3030, 2870, 1779, 1752, 1637.

(1S,2R,3S,4R,5R)-2,3,4,5-Tetrakisbenzyloxy-6-hydroxyiminocyclohexyl acetate (2-22)
OBn
BnO ~0OBn

AcO" "/OBn

NOH
To an ice-cold solution of 2-21 (511 mg, 0.800 mmol) in MeOH (40 mL) was added dropwise, over
20 min, a 0.2 M solution of MeNHz in MeOH (4 mL, 0.8 mmol). The mixture was immediately
concentrated in vacuo, and the residue was purified by silica gel column chromatography
(EtOAc/hexane 1:3) to give 2-22 (386 mg, 0.648 mmol, 81% vyield) as a yellow oil.
[a]p?® 71.73 (c 1.00, CHCI5)
1H NMR (400 MHz, CDCl3): & 7.40-7.27 (m, 40H), 6.27 (dd, J = 1.5, 4.0 Hz, 1H), 5.44 (dd, J = 1.5,
4.0 Hz, 1H), 5.28 (dd, J = 1.5, 4.0 Hz, 1H), 4.83 (t, J = 11.5 Hz, 2 H), 4.76 (d, J = 4.0 Hz, 1H), 4.73
(d, J=4.0 Hz, 1H), 4.70 (d, J = 4.0 Hz, 2H), 4.66 (d, J = 4.0 Hz, 2H), 4.63 (d, J = 12.0 Hz, 2H), 4.62
(d, J =12.0 Hz, 2H), 4.58 (d, J = 12.0 Hz, 2H), 4.55 (d, J = 12.0 Hz, 2H), 4.36 (dd, J = 6.5, 12.5 Hz,
2H), 4.30 (dd, J = 1.5, 4.0 Hz, 1H), 4.27 (t, J = 3.0 Hz, 1H), 4.01 (dd, J = 4.0, 10.0 Hz, 1H), 3,95 (t, J
= 4.0 Hz, 1H), 3.90 (t, J = 3.5 Hz, 1H) 1.91 (s, 3H x 2).
13C NMR (125 MHz, CDCls): § 170.0 (C x 2), 151.0 (C x 2), 150.4 (C x 2), 138.7 (C x 2), 138.6 (C X
2), 138.1 (C), 137.8 (C), 137.6 (C x 2), 128.3 (C x 4), 128.2 (C x 2), 128.1 (C), 128.0 (C), 127.9 (C),

127.8(C), 127.6 (C), 127.5 (C x 3), 127.4 (C), 77.9 (CH), 76.0 (CH), 75.5 (CH), 75.3 (CH), 75.0 (CH),
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73.6 (CH2), 72.5 (CH2), 72.4 (CH2), 71.5 (CH), 71.0 (CHz), 69.8 (CHz), 67.4 (CH), 21.0 (CH3), 20.8
(CHy).

LRMS (ESI) m/z 618 (M + Na).

HRMS (ESI) (m/z): [M+Na]* calcd for CasHa7NO7Na, 618.2468; found, 618.2480.

IR (neat): 3324, 3063, 3030, 2872, 1740, 1496, 1454, 1371, 1227, 1113.

(2S,3R,4R,5R,6R)-2-(Benzo[d][1,3]dioxol-5-yI)-3,4,5,6-tetrakisbenzyloxy-cyclohexan-1-one
oxime (2-23)

n

OB
BnO OBn
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o NOH

A 20 mL flask was charged with 5-bromobenzo[1,3]dioxole (0.25 mL, 2.0 mmol) and THF (10.0 mL).
The resulting solution was cooled to —78 °C and a 1.43 M hexane solution of BuLi (1.40 mL, 2.00
mmol) was added dropwise over 2 min and then the mixture was stirred for 30 min to give a solution
of the organolithium reagent. Another 20 mL flask was charged with CUCN powder (100 mg, 1.00
mmol) and THF (4.0 mL). To the mixture cooled at 0 °C, the solution of the organolithium reagent
was added via a cannula over 10 min. The mixture was stirred at this temperature for 20 min and then
cooled to —78 °C. A solution of 2-22 (276 mg, 0.462 mmol) in THF (2.0 mL) was added to this mixture
via a cannula over 3 min. The mixture was stirred for 1 h at —78 °C and 1 h at 0 °C, and then brought
to rt. The reaction was quenched with saturated aqueous NH4Cl (10 mL) and the whole was extracted
with EtOAc (3 x 20 mL). The combined organic layers were washed with brine, dried over Na;SO4
and concentrated under reduced pressure. The resulting residue was purified by silica gel column
chromatography (hexane/EtOAc 9:1) to give 2-23 (48 mg, 0.073 mmol, 16% yield) as a yellow oil.
[o]p*® —23.52 (c 0.50, CHCls3)

1H NMR (400 MHz, CDCla): & 7.60 (s, 1H), 7.40-7.28 (m, 15H), 7.22—-7.18 (m, 3H), 7.08-7.02 (m,
2H), 6.66 (s, 1H), 6.55 (d, J = 8.0 Hz, 1H), 6.40 (d, J = 8.0 Hz, 1H), 5.84 (s, 1H), 5.78 (s, 1H), 5.28 (d,
J=4.0 Hz, 1H), 4.85 (d, J = 12.0 Hz, 1H), 4.71 (d, J = 12.0 Hz, 1H), 4.65 (d, J = 12.0 Hz, 1H), 4.64
(s, 2H), 4.58 (d, J=12.0 Hz, 1H), 4.31 (dd, J = 2.5, 9.0 Hz, 1H), 4.24 (t, J = 5.5 Hz, 1H), 4.19 (s, 2H),
4.00 (dd, J=4.0, 9.0 Hz, 1H), 3.88 (d, J = 4 Hz, 1H).

13C NMR (100 MHz, CDCls): § 156.1 (C), 147.6 (C), 146.0 (C), 138.9 (C), 138.7 (C), 138.2 (C), 137.9
(C), 131.8 (C), 128.4 (CH x 2), 128.3 (CH x 2), 128.1 (CH x 2), 128.0 (CH), 127.9 (CH x 2), 127.8
(CH), 127.7 (CH x 2), 127.6 (CH x 2), 127.4 (CH), 127.2 (CH), 119.5 (CH), 107.9 (CH), 107.7 (CH),
100.8 (CH>), 78.0 (CH), 77.1 (CH), 75.8 (CH), 73,5 (CH>), 72.2 (CH2 x 2), 71.1 (CH>), 68.4 (CH),
47.6 (CH).

LRMS (ESI) m/z 680 (M + Na).

HRMS (ESI) (m/7): [M+Na]* calcd for C41H3sNO7Na, 680.2624; found, 680.2595.

IR (neat): 3326, 3064, 3030, 2893, 1503, 1489, 1455, 1216, 1101, 1040.
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(2R,3R,4R,5R,6S)-2,3,4,5-Tetrakis(benzyloxy)-6-(7-methoxybenzo[d][1,3]dioxol-5-
yl)cyclohexan-1-one oxime (2-24)

OBn
BnO OBn
<O W "OBn
o NOH
OMe

A 20 mL flask was charged with 6-bromo-4-methoxybenzo[d][1,3]dioxole (2-9) (185 mg, 0.801 mmol)
and THF (3.0 mL). The resulting solution was cooled to —78 °C and a 1.43 M hexane solution of BuL.i
(0.60 mL, 0.80 mmol) was added dropwise over 1 min and then the mixture was stirred for 30 min to
give a solution of the organolithium reagent. Another 20 mL flask was charged with CUCN powder
(36 mg, 0.40 mmol) and THF (1.0 mL). To the mixture cooled at O °C, was added the solution of the
organolithium reagent via a cannula over 5 min. The mixture was stirred at this temperature for 20 min
and then cooled to —78 °C. A solution of 2-22 (125 mg, 0.210 mmol) in THF (0.5 mL) was added to
this mixture via a cannula over 2 min. The mixture was stirred for 1 hat —78 °C and 1 h at 0 °C, and
then brought to rt. The reaction was quenched with saturated aqueous NH4Cl (10 mL) and the whole
was extracted with EtOAc (3 x 20 mL). The combined organic layers were washed with brine, dried
over Na,SO4 and concentrated under reduced pressure. The resulting residue was purified by silica gel
column chromatography (hexane/EtOAc 9:1) to give 2-24 (30 mg, 0.044 mmol, 22% yield) as a yellow
oil.

[a]p?* —18.31 (c 1.00, CHCly)

1H NMR (400 MHz, CDCla): & 8.53 (s, 1H), 7.37-7.25 (m, 15H), 7.23-7.20 (m, 3H), 7.13-7.11 (m,
2H), 6.37 (s, 1H), 6.31 (s, 1H), 5.84 (dd, J = 1.5, 5.5 Hz, 2H), 5.31 (d, J = 3.5 Hz, 1H), 4.83 (d, J =
12.0 Hz, 1H), 4.70 (d, J = 12.0 Hz, 1H), 4.64 (d, J = 12.0 Hz, 1H), 4.63 (s, 2H), 4.57 (d, J = 12.0 Hz,
1H), 4.30 (dd, J = 2.5, 9.0 Hz, 1H), 4.27 (s, 2H) , 4.25 (t, J = 3.5 Hz, 1H), 4.00 (dd, J = 3.5, 8.5 Hz,
1H), 3.90 (d, J = 4 Hz, 1H), 3.53 (s, 3H).

13C NMR (100 MHz, CDCls): 5 156.0 (C), 148.8 (C), 143.2 (C), 138.8 (C), 138.6 (C), 138.2 (C), 137.8
(C), 133.8 (C), 132.8 (C),128.4 (CH), 128.3 (CH), 128.2 (CH x 2), 128.0 (CH), 127.9 (CH x 2), 127.8
(CH), 127.7 (CH x 2), 127.6 (CH x 3), 127.5 (CH), 127.4 (CH), 107.1 (CH), 101.5 (CH), 101.3 (CH>),
77.9 (CH), 77.4 (CH), 76.7 (CH), 73.3 (CH>), 72.4 (CH2 x 2), 71.6 (CH>), 68.6 (CH), 58.2 (CH), 56.5
(CHa).

LRMS (ESI) m/z 710 (M + Na).

HRMS (ESI) (m/7): [M+Na]" calcd for C42H41NOgNa, 710.2730; found, 710.2700. IR (neat): 3333,
3063, 3030, 2927, 1718,1633, 1496, 1453, 1206, 1090, 1040.

methyl((1R,2R,3R,4R,5R,65)-2,3,4,5-tetrakis(benzyloxy)-6-(7-methoxybenzo[d][1,3]dioxol-5-

yl)cyclohexyl) carbamate (2-26)
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45%, 2 steps

A 20 mL flask was charged with 2-24 (135 mg, 0.196 mmol) EtOH (3.0 mL).and NiCl,-6H20 (132
mg, 0.392 mmol). To the mixture cooled in an ice-water bath, NaBH4 (106 mg, 2.85 mmol) was
portion-wise added, and the cooling bath was removed. After 1.5 h, the mixture was cooled in an ice—
water bath, NaBH4 (106 mg, 2.85 mmol) was portion-wise added again. The mixture was stirred at rt
for 2 h and diluted with EtOAc (20 mL). After addition of H>O (20 mL), the whole was filtered through
celite pad, which was successively washed with EtOAc (20 mL x3). The combined organic layers were
washed with H20 and brine, dried over Na2SOa, and concentrated under reduced pressure to give crude
amine 2-25 as a pale purple oil (140 mg).

A solution of the above oil and pyridine (0.05 mL, 0.062 mmol) in CH2Cl, (2.5 mL) was added via
cannular to a stirred solution of methyl chloroformate (0.05 mL, 0.64 mmol) in CH2Cl> (2.5 mL) at
0 °C. The resulting solution was stirred at 0 °C for 90 min, saturated aqueous NaHCO3 (20 mL) was
added, and the organic phase was washed with saturated aqueous NH4Cl, dried over Na>SO4 and
concentrated under reduced pressure. The resulting residue was purified by silica gel column
chromatography (hexane/EtOAc 4:1) to give 2-26 (65 mg, 0.088 mmol, 45%) as a pale yellow oil.

'H NMR (400 MHz, CDCls):  7.37-7.25 (m, 16H), 7.22-7.12 (m, 2H), 7.10-7.02 (m, 2H), 6.42 (d,
J=4.0 Hz, 1H), 5..92 (s, 2H), 4.78 (d, J = 12.0 Hz, 1H), 4.68 (d, J = 12.0 Hz, 1H), 4.61 (d, J = 12.0
Hz, 1H), 4.52 (d, J = 12..0 Hz, 1H), 4.45 (dd, J = 3.5, 6.6 Hz, 1H), 4.44 (d, J = 12.0 Hz, 1H), 4.38 (d,
J=12.0 Hz, 1H), 4.31 (d, J = 12.0 Hz, 1H), 4.25 (d, J = 12.0 Hz, 1H), 3.96 (dd, J = 2.5, 12.0 Hz, 1H),
3.92(d,d,J=3.5Hz,1H),3.82(d, J=2.5Hz, 1H x 2), 3.51 (s, 3H), 3.31 (dd, J = 3.5, 12.0 Hz, 1H).
13C NMR (125 MHz, CDCls): 5 157.2 (C), 148.4 (C), 143.2 (C), 138.5 (C), 138.2 (C), 137.9 (C), 137.9
(C), 133.9 (C), 133.6 (C),128.6 (CH), 128.5 (CH), 128.4 (CH x 2), 128.3 (CH), 128.3 (CH x 2), 128.2
(CH), 128.1 (CH x 2), 128.1 (CH), 128.0 (CH), 127.9 (CH), 127.8 (CH x2), 127.7 (CH), 127.6 (CH),
127.5 (CH),, 127.4 (CH), 108.5 (CH), 103.0 (CH), 101.1 (CH>), 79.1 (CH), 74.7 (CH), 74.4 (CH), 74.1
(CHy), 73.9 (CH), 73.0 (CH2), 71.9 (CH), 70.7 (CHz), 56.4 (CH3), 53.3 (CH), 51.9 (CHs), 46.0 (CH) .
LRMS (ESI) m/z 754(M + Na).

HRMS (ESI) (m/z): [M+Na]" calcd for CasHasNOgNa, 754.2992; found, 754.2988.

IR (neat): 3413, 3087, 3063, 3029, 3004, 2876, 1729, 1635, 1513, 1453, 1360, 1320, 1232, 1045, 911,
734, 699.

(1R,2R,3R,4R,4aR,11bS)-1,2,3,4-tetrakis(benzyloxy)-7-methoxy-1,2,3,4,4a,11b-hexahydro-
[1,3]dioxolo[4,5-]]phenanthridine (2-28)
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To a solution of amine 2-25 (106 mg, 0.15 mmol) in AcCOH:TFA (2.4 mL, 3:1) at room temperature
was added hexamethylenetetramine (112 mg, 0.75 mmol) and the resulting mixture was heated to
90 °C and stired for 5 h until complete conversion. The reaction mixture was concentrated under
reduced pressure and dissolved in MeOH (10 mL) and NaHCO3 (4.8 g) was carefully added. The
mixture was then loaded onto Celite pad which was successively washed with EtOAc (20 mL x3). The
combined organic layers were washed with saturated aqueous NaHCO3 (20 mL) and brine (20 mL),
dried over Na>SOg, and concentrated under reduced pressure to give crude imine which was purified
by silica gel column chromatography (hexane/EtOAc 1:2) to give 2-28 (67 mg, 0.088 mmol, 65%) as
a yellow oil.

[0]o?® 36.08 (c 1.01, CHCIs).

'H NMR (400 MHz, CDCls): 6 8.64 (s, 1H), 7.37-7.10 (m, 18H), 7.00 (s, 2H), 6.51 (s, 1H), 5.93 (d,
J=8.0 Hz, 2H), 4.96 (d, J = 12.0 Hz, 1H), 4.70 (t, J = 12.0 Hz, 1H), 4.61 (d, J = 12.0 Hz, 2H), 4.54
(t, J = 12..0 Hz, 1H), 4.40 (d, J = 12.0 Hz, 1H), 4.04 (s, 3H), 4.04 (d, J = 12.0 Hz, 2H), 3.94 (d, J =
12.0 Hz, 2H), 3.89 (d, J = 8.0 Hz, 1H), 3.70 (s, 1H), 3.62 (d, J = 10.5 Hz, 1H) , 2.96 (dd, J = 4.5, 10.5
Hz, 1H).

13C NMR (125 MHz, CDCl3): § 153.1 (CH), 150.5 (C), 141.2 (C), 139.5 (C), 138.7 (C), 138.6 (C),
138.2 (C), 134.9 (C), 133.5 (C),128.6 (CH), 128.4 (CH), 128.3 (CH), 128.2 (CH), 128.1 (CH x 2),
128.1 (CH), 128.0 (CH), 127.9 (CH), 127.8 (CH x2), 127.7 (CH), 127.6 (CH), 127.3 (CH),, 127.2
(CH), 114.3 (C), 105.5 (CH), 101.1 (CHy), 76.3 (CH), 75.4 (CH), 75.3 (CH), 74.3 (CH), 73.1 (CH>),
73.0 (CH), 72.2 (CH2), 71.0 (CH), 60.0 (CH3),57,4 (CH), 36.7 (CH).

LRMS (ESI) m/z 706 (M + Na).

HRMS (ESI) (m/z): [M+H]" calcd for C43H41NNaO-, 684.2961; found, 684.2949.

IR (neat): 3086, 3062, 3029, 2869, 1730, 1689, 1631, 1597, 1496, 1479, 1454, 1376, 1304, 1235, 1096,
1045, 1028, 910, 874, 734, 698.

(1R,2R,3R,4R,4aR,11bS)-1,2,3,4-tetrakis(benzyloxy)-7-methoxy-1,3,4,4a,5,11b-hexahydro-
[1,3]dioxolo[4,5-j]phenanthridin-6(2H)-one (2-27)

OBn
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To a solution of imine 2-28 (79 mg, 0.11 mmol) in THF (1.1 mL) were added 2-methyl-2-butene
(0.64 mL, 5.5 mmol), water (1.1 mL), NaH2PO4+2H>0 (246 g, 2.20 mmol), and NaClO2 (330 mg, 2.20
mmol) at 0 °C. The mixture was warmed to roomteperature slowly in an ice—water bath. Then,
saturated aqueous Na,SO3 (5 mL) was added, and the whole was extracted with EtOAc (10 mL x 3).
The combined organic layers were washed with brine, dried over Na,SO4, and concentrated in vacuo.
The residue was purified by column chromatography (EtOAc/hexane 1:1) to afford the title compound
2-27 (58 mg, 74%) as pale yellow oil. [a]p?® 117.67 (c 1.02, CHCl5).

'H NMR (400 MHz, CDCls): § 7.40-7.20 (m, 16H), 7.18 (dt, J = 8.0 Hz, 2 Hz, 4H), 7.07 (dd, J = 7.0
Hz, 6 Hz, 2H), 6.58 (s, 1H), 6.34 (s, 1H),6.00 (s, 2H), 4.67 (d, J = 12.0 Hz, 1H), 4.58 (d, J = 12.0 Hz,
1H), 4.54 (d, J = 12.0 Hz, 1H), 4.40 (d, J = 12..0 Hz, 2H), 4.38 (d, J = 12.0 Hz, 1H), 4.17 (m, 1H),
4.07 (d, J=12.0 Hz, 2H), 4.06 (s, 3H), 3.93 (dd, J = 10.5 Hz, 2 Hz, 1H), 3.85 (m, 2H), 3.68 (t, 3Hz, 1
H), 3.05 (dd, J = 10.5 Hz, 3 H, 1H).

13C NMR (125 MHz, CDCls): & . 163.0 (C), 150.7 (C), 144.5 (C), 138.3 (C), 138.2 (C), 138.0 (C),
137.7 (C), 137.6 (C), 136.8 (C),128.4 (CH x2), 128.2 (CH), 128.0 (CH), 127.8 (CH x 2), 127.7 (CH
x2), 127.5 (CH), 115.8 (C), 105.3 (CH), 101.5 (CH>), 77.2 (CH), 76.9 (CH), 75.4 (CH), 75.0 (CH),
73.4 (CH2x2), 72.9 (CH>), 72.9 (CH), 70.6 (CH>), 60.9 (CH3),50.4 (CH), 40.5 (CH).

LRMS (ESI) m/z 722 (M + Na).

HRMS (ESI) (m/z): [M+Na]" calcd for CasH41NNaOs, 722.2730; found, 722.2701.

IR (neat): 3411, 3086, 3062, 3029, 2926, 2850, 1659, 1608, 1475, 1454, 1496, 1475, 1454, 1396, 1350,
1267, 1216, 1094, 1053, 1026, 888, 738, 698.

(1R,2R,3R,4R,4aR,11bS)-5-benzoyl-7-methoxy-6-0x0-1,2,3,4,4a,5,6,11b-octahydro-
[1,3]dioxolo[4,5-]]phenanthridine-1,2,3,4-tetrayl tetrabenzoate (2-30)
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An ethyl acetate (10 mL) solution of 2-27 (147 mg, 0.210 mmol) at room temperature was treated
with 20 % Pd(OH)./C (630 mg, 0.840 mmol) and then stirred under a balloon containing H for 9 h.
At this point the reaction mixture was filtered, rinsed with MeOH and the filtrate was concentrated in
vacuo to afford 2-29 (73 mg) as a white solid.

The above solid was dissolved in pyridine (1.5 mL), DMAP (6.0 mg, 0.15 mmol), and BzCl (0.40
mL, 3.4 mmol) were added to the stirred solution cooled in an ice-water bath. The mixture was
stirred at room temperature for 2 h, and the reaction was quenched by the addition of H2O (10 mL).
The whole was extracted with EtOAc (3 x 20 mL), and the combined organic layers were washed
with brine (60 mL), dried over Na>SO4, and concentrated in vacuo, and the residue was purified by
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silica gel column chromatography (EtOAc/hexane 1:2) to give 2-30 (92 mg, 0.11 mmol, 50%) as a
white solid of mp 115-117°C.

[0]p?2 —35.25 (c 1.00, CHCl5).

'H NMR (500 MHz, CDCls): 6 8.14 (d, J =7 Hz, 2H), 7.89 (d, J = 7 Hz, 2H), 7.70 (d, J = 7 Hz, 2H),
7.66 (t, J = 7 Hz, 2H), 7.62~7.44 (m, 7TH), 7.44~7.28 (m, 9H), 7.19 (t, J =8 Hz, 2 H), 6.78 (t, J = 3
Hz, 1H), 6.40 (t, J = 3 Hz, 1H), 6.32 (t, J = 3 Hz, 1H), 6.15 (s, 1H), 6.08 (s, 1H), 5.97 (dd, J = 3 Hz,
1H), 5.56 (dd, J = 3 Hz, 1H), 4.02 (dd, J = 3 Hz, 1H), 3.43 (s, 3H).

13C NMR (125 MHz, CDCls): § 173 (C), 166 (C), 165 (C),.165 (C), 165 (C), 162 (C), 153 (C), 145
(C), 137 (C), 136 (C), 134 (CH), 133 (CH), 133 (C), 133 (CH), 131 (CH), 130 (CH), 130 (CH), 130
(CH), 130 (CH), 129 (CH), 128 (CH), 128 (CH), 128 (CH), 128 (CH), 128 (CH), 102 (CH>), 99
(CH), 71 (CH), 69 (CH), 69 (CH), 68 (CH), 60 (CHa), 51 (CH), 40 (CH).

LRMS (ESI) m/z 882 (M + Na).

HRMS (ESI) (m/z): [M+Na]" calcd for CsoHaz7NNaO13, 882.2163; found, 882.2177.

IR (KBr): 1730, 1616, 1451, 1263, 1176, 1097, 1068, 1030, 880, 799, 712.

(1R,2R,3R,4R,4aR,11bS)-1,2,3,4-tetrakis(benzyloxy)-7-hydroxy-1,3,4,4a,5,11b-hexahydro-
[1,3]dioxolo[4,5-j]phenanthridin-6(2H)-one (2-33)
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Nal (10 mg 0.070 mmol) and TMSCI (4 v/iv% in CH3CN, 0.25 mL, 0.090 mmol) were added to a
stirred solution of 2-27 (50 mg, 0.070 mmol) in CH3CN (5 mL). The reaction mixture was stirred for
1 hat 60 °C and quenched by the addition of H2O at 0 °C. This was diluted with EtOAc, washed with
brine, dried over Na>SOg, filtered and concentrated in vacuo. The residue was purified by silica gel
column chromatography (hexane/EtOAc 3:1) to give 2-33 (28 mg, 0.040 mmol, 57%) as a yellow oil.
[0]p?? —3.95 (c 0.94, CHCl5).

'H NMR (400 MHz, CDCls): 8 12.43 (s, 1H), 7.40~7.20 (m, 14H), 7.18 (m, 4H), 7.03 (m, 2H), 6.43
(s, 1H), 6.33 (s, 1H), 6.04 (s,1H), 6.00 (s, 1H), 4.69 (d, J = 12 Hz, 1H), 4.51 (t, J = 12 Hz, 2H), 4.41
(t, J = 12 Hz, 2H), 4.44 (s, 1H), 4.40 (d, J = 10 Hz, 2H), 4.20 (t, J = 3 Hz, 1H), 4.63 (s, 2H), 3.88 (t, J
=3 Hz, 1H), 3.86 (t, J = 3Hz, 1H), 3.82 (t, J = 3Hz, 1H), 3.70 (t, J = 3Hz, 1H), 3.10 (dd, J = 3Hz, 10
Hz, 1H).

13C NMR (100 MHz, CDCls): 6 168 (C), 151 (C),.146 (C), 138 (C), 138 (C), 137 (C), 137 (C), 135
(C), 133 (C), 128 (CHx10), 127 (CHx10), 107 (C), 102 (CH), 102 (CH), 76 (CH), 75 (CH), 75 (CH),
74 (CHy2), 73 (CH>), 73 (CH), 73 (CH2), 71 (CH), 51 (CH), 39 (CH).

LRMS (ESI) m/z 708 (M + Na).
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HRMS (ESI) (m/z): [M+Na]* calcd for CazHasNNaOg, 708.2573; found, 708.2555.
IR (neat): 3650, 3420, 3216, 1064, 3032, 2896, 1732, 1678, 1601, 1491, 1460, 1229, 1125, 1015, 838,
743, 696.

(1R,2R,3R,4R,4aR,11bS)-1,2,3,4,7-pentahydroxy-1,3,4,4a,5,11b-hexahydro-[1,3]dioxolo[4,5-
j]phenanthridin-6(2H)-one (2-31)
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An ethyl acetate (5 mL) solution of 2-33 (25 mg, 0.035 mmol) at room temperature was treated with
20 % Pd(OH)./C (100 mg, 0.140 mmol) and then stirred under a balloon containing H for 9 h. At this
point the reaction mixture was filtered, rinsed with MeOH and the filtrate was concentrated in vacuo
to afford 2-31 (9.3 mg, 0.029 mmol, 82%) as a white solid.

[0]p?2 56.76 (C 0.55, MeOH).

'H NMR (400 MHz, DMSO-ds): 6 12.94 (s, 1H), 7.32 (s, 1H), 6.41 (s, 1H), 6.03 (s, 1H), 6.01 (s, 1H),
5.10 (s, 1H), 5.00 (s, 1H), 4.94 (s, 1H), 3.85 (m, 3H), 3.72 (m, 2H), 2.89 (d, J = 8 Hz, 1H).

IH NMR (500 MHz, CDsOD): & 6.44 (s, 1H), 5.99 (s, 1H), 5.98 (s, 1H), 4.09 (t, ] = 3 Hz, 1H), 4.03
(t, J =3 Hz, 1H), 3.99 (t, J = 3 Hz, 1H), 3.94 (t, J = 3 Hz, 1H), 3.93 (m, 1H), 3.00 (dd, J = 3Hz, 8 Hz,
1H).

13C NMR (125 MHz, DMSO-ds): 8 169 (C), 151 (C), 145 (C), 137 (C), 132 (C), 107 (C), 102 (CH>),
102 (CH), 73 (CH), 73 (CH), 67 (CH), 67 (CH), 54 (CH), 40 (CH).

LRMS (ESI) m/z 324 (M —H).

HRMS (ESI) (m/z): [M—H]" calcd for C14H14NOg, 324.0719; found,.324.0718.

IR (KBr): 2907, 1719, 1677, 1470, 1355, 1278, 1218, 1084, 1030, 880, 843, 815, 778.

Syntheses of Aryl oxime

X Br BulLi2eq L CuTcileq
i i
R'I_I P R1_ P —_—
dry THF dry THF
-78 °C 0°C
_R2
cl 1no
i R
N out NOH
R 2 1l =
| _
= dry THF RS Non
-78°Cto0°C

To a solution of 2-bromoanisole (0.10 mL, 0.80 mmol) in dry THF (3 mL) was added a 1.60 M hexane
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solution of BuLi (0.50 mL, 0.80 mmol) dropwise at —78 °C, and the mixture was stirred for 30 min to
give a solution of the organolithium reagent. Then the mixture organolithium reagent was added to a
suspension of CuTc (97 mg, 0.40 mmol) in dry THF (1 mL) at 0 °C via cannulation, and this mixture
was stirred at 0 °C for 20 min to give a suspension of the diaryl cuprate. After that, the mixture was
cooled to —78 °C and added a solution of oxime 2-7 (30 mg, 0.20 mmol) in dry THF (0.5 mL+0.25 mL
wash) via cannulation. Then the mixture was warmed to 0 °C and stirred for 1 h. The reaction was
quenched with saturated aqueous NH4CI (5 mL) and the whole was extracted with EtOAc (3 x 10 mL).
The combined organic layers were washed with brine, dried over Na>SO4 and concentrated under
reduced pressure. The resulting residue was purified by silica gel column chromatography
(hexane/EtOAC 9:1 to 6:1 to 3:1) to give 3-6a as a white solid.

2-(2-methoxyphenyl)cyclohexan-1-one oxime (3-6a)
HON

OMe

Isolated yield: 84%.

mp 186-187 °C.

'H NMR (400 MHz, CDCls): 8 7.22 (d, J = 8 Hz, 1H), 6.82 (d, J = 8 Hz, 1H), 6.78 (s, 1H), 6.76 (dd,
J=2Hz, 8 Hz, 1H), 3.79 (s, 3H), 3.46 (dd, J = 5 Hz, 9 Hz, 1H), 2.94 (dt, J = 5 Hz, 9 Hz, 1H), 2.14-
2.26 (m, 1H), 1.95-2.10 (m, 2H), 1.72-1.90 (m, 2H), 1.52-1.68 (m, 2H).

13C NMR (101 MHz, CDCls): § 162.2 (C), 159.5 (C), 142.3 (C), 129.2 (C), 120.6 (C), 114.2 (C),
111.75 (C), 55.3 (CHs3), 47.9 (CH), 33.0 (CHz2), 25.7 (CH>), 24.5 (CHz), 23.8 (CH>).

LRMS (ESI) (m/z): 220 [M+H]".

HRMS (ESI) (m/z): [M+H]" calcd for C13H1sNO>, 220.1338; found, 220.1340.

IR (KBr): 3267, 3064, 2998, 2938, 2845, 1714, 1671, 1598, 1492, 1461, 1324, 1240, 1132, 1047, 1031,
973, 930, 900, 756.

2-(3-methoxyphenyl)cyclohexan-1-one oxime (3-6b)
HON

OMe

The same procedure as 3-6a using 3-bromoanisole in place of 2-bromoanisole gave 3-6b as a pale
yellow solid. Isolated yield: 71%.

mp 119-120°C.

'H NMR (400 MHz, CDCls): § 7.21 (d, J = 8 Hz, 2H), 6.96 (d, J = 8 Hz, 1H), 6.88 (d, J = 8 Hz, 1H),
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3.87 (dd, J = 12 Hz, 1H), 3.80 (s, 3H), 3.40 (dd, J = 4 Hz, 12 Hz, 1H), 1.87-1.97 (m, 5H), 1.50-1.70
(m, 2H).
13C NMR (101 MHz, CDCls): § 162.1 (C), 156.7 (C), 129.4 (C), 128.5 (C), 127.6 (C), 120.4 (C), 110.6
(C), 55.5 (CHs), 41.4 (CH), 33.0 (CH2), 25.9 (CHz2), 25.8 (CHy), 24.8 (CH>).
LRMS (ESI) (m/7): 220 [M+H]".
HRMS (ESI) (m/z): [M+H]" calcd for C13H1sNO2, 220.1338; found, 220.1351.

IR (KBr): 3201, 2931, 2833, 1662, 1609, 1583, 1488, 1446, 1262, 1051, 966, 926, 771, 745, 700.
2-(4-methoxyphenyl)cyclohexan-1-one oxime (3-6c)

NOH
MeO

The same procedure as 3-6a using 4-bromoanisole in place of 2-bromoanisole gave 3-6¢ as a pale
yellow solid.

Isolated yield: 73%. mp 165-166 °C.

'H NMR (400 MHz, CDCls3): & 7.15 (d, J = 8 Hz, 2H), 6.86 (d, J = 8 Hz, 2H), 3.79 (s, 3H), 3.45 (t, J
=7 Hz, 1H), 3.01 (t, J = 7 Hz, 1H), 2.12-2.22 (m, 1H), 1.98-2.06 (m, 2H), 1.80-1.88 (m, 2H), 1.56—
1.64 (m, 2H).

13C NMR (101 MHz, CDCls): § 162.8 (C), 158.1 (C), 132.7 (C), 129.1 (Cx2), 113.7 (Cx2), 55.2 (CHa),
47.2 (CH), 33.4 (CHy), 25.8 (CH>), 24.7 (CHy), 23.9 (CH2>).

LRMS (ESI) (m/z): 220 [M+H]".

HRMS (ESI) (m/z): [M+H]" calcd for C13H1sNO>, 220.1338; found, 220.1328.

IR (KBr): 3193, 2939, 2835, 1667, 1611, 1514, 1461, 1441, 1248, 1037, 970, 924, 841, 809, 778, 754.

2-(2-(((triisopropylsilyl)oxy)methyl)phenyl)cyclohexan-1-one oxime (3-6e)
HON

OTIPS

Analogous procedure as 3-6a gave 3-6e as a white solid. Isolated yield: 64%.

mp 122-123 °C.

'H NMR (400 MHz, CDCls): & 7.40 (d, J = 8 Hz, 1H), 7.20-7.25 (m, 3H), 4.81 (d, J = 12 Hz,1H), 4.62
(d, J =12 Hz, 1H), 3.76 (dd, J = 4 Hz, 12 Hz, 1H), 3.40 (d, J = 13 Hz, 1H), 2.65 (d, J = 8 Hz, 1H),
1.94 (d, J =12 Hz, 2H), 1.75 (t, J = 13 Hz, 1H), 1.48-1.66 (m, 3H), 1.07 (d, J = 3 Hz, 18H), 1.05 (d, J
=3 Hz, 3H).

13C NMR (101 MHz, CDCl3): 6 162.0 (C), 145.8 (C), 138.7 (C), 127.7 (CH), 127.6 (CH), 127.1 (CH),
126.5 (CH), 63.9 (CH2), 44.0 (CH), 33.7(CH>), 26.1 (CH2), 25.8 (CH>), 24.8 (CH>), 18.1 (CHs x6),
12.0 (CH x3).
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LRMS (ESI) (m/z): 388 [M+Na]".

HRMS (ESI) (m/z): [M+Na]* calcd for C2sHs7NO,SiNa, 398.2491; found, 398.2491.

IR (KBr): 3278, 3179, 3089, 2946, 2866, 2716, 1461, 1360, 1252, 1079, 1038, 1013. 993, 881, 747,
672, 638.

2-(2-(((trithyl)oxy)methyl)phenyl)cyclohexan-1-one oxime (3-6f)
HON

OTr

Analogous procedure as 3-6a gave 3-6f as a white soild. Isolated yield: 65%.

mp 212-213 °C.

'H NMR (400 MHz, CDCls): 8 6.43 (s, 1H), 6.38 (s, 1H), 5.99 (s, 2H), 3.86 (s, 3H), 3.37 (dd, J = 9.0,
5.5 Hz, 1H), 3.00 (dt, J = 14.0, 4.0 Hz, 1H), 2.10 (m, 1H), 2.04-1.90 (m, 2H), 1.90-1.70 (m, 2H),
1.70-1.50 (m, 2H).

13C NMR (101 MHz, CDCls): 6 162.2 (C), 148.8 (C), 143.4 (C), 135.2 (C), 133.8 (C), 107.9 (CH),
102.4 (CH), 101.3 (CHz), 56.6 (CHs3), 48.1 (CH), 33.5 (CHy), 25.7 (CH>), 24.8 (CHz), 24.0 (CH>).
LRMS (ESI) (m/z): 262 [M-H]".

HRMS (ESI) (m/z): [M—H] calcd for C14H16NO4, 262.1079; found, 262.1089.

IR (KBr): 3276, 3057, 3029, 2934, 2864, 1961, 1823, 1736, 1491, 1446, 1379, 1316, 1217, 1057, 983,
929, 901, 769, 747, 705.

2-(2-(((Benzyl)oxy)methyl)phenyl)cyclohexan-1-one oxime (3-6g)
HON

OBn

Analogous procedure as 3-6a gave 3-6g as a white soild. Isolated yield: 66%.

mp 149-150 °C.

'H NMR (400 MHz, CDCls): § 7.28-7.38 (m, 8H), 7.22 (dt, J = 7.0, 2.5 Hz, 1H), 6.80-6.90 (br, 1H),
455 (t, J = 12.0 Hz, 2H), 4.47 (d, J = 12.0 Hz, 1H), 4.42 (d, J = 12.0 Hz, 1H), 3.72 (dd, J = 12.0, 4.5
Hz, 1H), 3.38 (d, J = 14.0 Hz, 1H), 2.00-2.10 (m, 1H), 1.90-1.98 (m, 3H), 1.67 (dt, J = 14.0, 4.5 Hz,
1H), 1.55-1.45 (m, 2H).

13C NMR (101 MHz, CDCls): 8 162.4 (C), 140.1 (C), 138.3 (C), 135.2 (C), 129.7 (CH), 128.4 (CH),
128.2 (CH), 128.1 (CH), 127.9 (CH), 127.6 (CH), 126.5 (CH), 72.1 (CH), 70.6 (CH2), 44.2 (CH),
33.8 (CHy), 26.0 (CH2), 25.7 (CH>), 24.7 (CHy).

LRMS (ESI) (m/z): 348 [M+K]".

HRMS (ESI) (m/z): [M+K]" calcd for C20H23NO2K | 348.1366; found, 348.1378.
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IR (KBr): 3223, 3062, 3036, 2925, 2867, 1493, 1450, 1410, 1360, 1102, 1071, 1022, 978, 934, 903,
745, 696.

2-(2-(((methyl)oxy)methyl)phenyl)cyclohexan-1-one oxime (3-6h)
HON

OMe

Analogous procedure as 3-6a gave 3-6h as a white soild. Isolated yield: 67%.

mp 139-140 °C.

'H NMR (400 MHz, CDCls): 6 7.28-7.33 (m, 3H), 7.24 (d, J = 4.0 Hz, 1H), 4.52 (d, J = 12.0 Hz, 1H),
4.32 (d, J=12.0 Hz, 1H), 3.76 (dd, J = 12.0, 4.0 Hz, 1H), 3.46 (dt, J = 14.0, 3.5 Hz, 1H), 3.34 (s, 3H),
1.88-2.10 (m, 1H), 1.90-2.04 (m, 3H), 1.85 (dt, J = 14.0, 4.0 Hz, 1H), 1.65(dt, J = 12.0, 4.0 Hz, 1H),
1.50-1.60 (m, 1H).

13C NMR (101 MHz, CDCls): 8 162.3 (C), 139.8 (C), 135.2 (C), 135.7 (C), 129.31 (CH), 128.0 (CH),
127.9 (CH), 73.1 (CH), 58.0 (CH3), 44.3 (CH), 33.8 (CH>), 26.0 (CH2), 25.8 (CH>), 24.8 (CH>).
LRMS (ESI) (m/7): 272 [M+K]".

HRMS (ESI) (m/z): [M+K]" calcd for C14H10NO2K 272.1053; found, 272.1047.

IR (KBr): 3414, 3256, 2927, 2867, 2827, 1667, 1488, 1443, 1360, 1216, 1183, 1080, 975, 931, 903,
788.

2-(benzo[d][1,3]dioxol-5-yl)-4-methylcyclohexan-1-one oxime (3-6k)

o)
<o NOH
Analogous procedure as 3-6a gave 3-6k as a white soild. Isolated yield: 46%.
mp 101-102 °C.
'H NMR (400 MHz, CDCls): § 6.70-6.80 (m, 3H), 5.96 (s, 2H), 3.67 (t, J =4 Hz, 1H), 3.09 (dt, J =
14.0, 4.0 Hz, 1H), 2.32 (dt, J = 14.0, 4.0 Hz, 1H), 1.82-2.00 (m, 2H), 1.74-1.82 (m, 1H), 1.50-1.60
(m, 1H), 1.26 (t, J =7 Hz, 1H), 0.97 (d, J = 6.0, 3H).
13C NMR (101 MHz, CDCls): 8 162.2 (C), 147.8 (C), 145.9 (C), 134.5 (C), 120.4 (CH), 108.2 (CH),
108.0 (CH), 100.9 (CHy), 43.6 (CH), 38.7 (CH2), 33.6 (CH>), 27.1 (CH), 21.3 (CH3), 21.3 (CH>).
LRMS (ESI) (m/z): 270 [M+Na]".
HRMS (ESI) (m/z): [M+H]" calcd for C14H18NO3, 248.1287; found, 248.1286.
IR (KBr): 3252, 3119, 3072, 2954, 2925, 2886, 2778, 1846, 1713, 1667, 1503, 1450, 1369, 1246, 1229,
1040, 935, 772, 680.
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2-(benzo[d][1,3]dioxol-5-yl)-4-methylcyclohexan-1-one oxime (3-6l)

0
<o NOH

Analogous procedure as 3-6a gave 3-61 as a white soild. Isolated yield: 56%.

mp 144-145 °C.

'H NMR (400 MHz, CDCls): § 6.72-6.78 (m, 3H), 5.93 (s, 2H), 3.56 (t, J =4 Hz, 1H), 2.93(q, J = 9.5,
1H), 2.35 (dt, J = 14.0, 5.0 Hz, 1H), 1.65-1.70 (m, 1H), 1.32-1.46 (m, 1H), 0.96 (d, J =5 Hz, 3H).
13C NMR (125 MHz, CDCls): § 162.1 (C), 147.9 (C), 146.0 (C), 134.3 (C), 120.6 (C), 108.3 (CH),
108.2 (CH), 101.0 (CHy), 44.4 (CH), 32.3 (CH), 30.4 (CH>), 30.2 (CH>), 29.5 (CH>), 21.5 (CHa).
LRMS (ESI) (m/z): 270 [M+Na]".

HRMS (ESI) (m/z): [M+Na]" calcd for C14H17NO3Na, 270.1106; found, 270.1095.

IR (KBr): 3269, 3078, 2952, 2888, 2789, 1863, 1736, 1658, 1634, 1502, 1438, 1248, 1041, 938, 871,
813, 771.

2-(benzo[d][1,3]dioxol-5-yl)-3-methylcyclohexan-1-one oxime (3-6m)

O
<O NOH

Analogous procedure as 3-6a gave 3-6f as a white soild. Isolated yield: 40%.

mp 131-132 °C.

'H NMR (400 MHz, CDCls): 6 6.75 (d, J = 8.0 Hz, 1H), 6.65 (s, 1H), 5.59 (d, J = 8.0 Hz, 1H), 5.93
(d, J = 2.5 Hz, 2H), 3.34 (d, J = 15.0 Hz, 1H), 2.88 (d, J = 11 Hz, 1H), 1.94-1.91 (m, 3H), 1.77 (dt, J

= 13.0, 4.0 Hz, 1H), 1.60-1.50 (m, 4H), 1.32 (dt, J = 13.0, 4.0 Hz, 1H), 0.77 (d, J = 6.0 Hz, 3H).

13C NMR (101 MHz, CDCls): § 162.4 (C), 147.5 (C), 146.1 (C), 133.2 (C), 122.3 (C), 109.2 (CH),
108.0 (CH), 100.8 (CH2), 56.1 (CH), 38.5 (CH), 34.3 (CH2), 24.3 (CH,), 24.2 (CHa), 20.7 (CHa).
LRMS (ESI) (m/z): 270 [M+Na]*.

HRMS (ESI) (m/z): [M+H]" calcd for C14H1sNO3, 248.1287; found, 248.1283.

IR (KBr): 3262, 3115, 2927, 2890, 2845, 2775, 1864, 1703, 1667, 1489, 1442, 1241, 939, 810, 772.

Procedure of lactam formation 1)
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N
12
—R? reduction +R? 1) [\Ij/.[_/\[l\j R
AN condition A/B AN LN~/ TFA/ACOH
R'g > Ry = RY NH
Z NOH  A: NiCl,*6H,0, NaBH, = NH> 2) NaClO,, NaH,PO, Z
B: MoO3, NaBH4 2-methyl-2-butene o)
THF/H,0
Procedure A

A 20 mL flask was charged with oxime (0.196 mmol) EtOH (3.0 mL).and NiCl>-6H20 (132 mg,
0.392 mmol). To the mixture cooled in an ice—water bath, NaBH4 (106 mg, 2.85 mmol) was portion-
wise added, and the cooling bath was removed. After 1.5 h, the mixture was cooled in an ice—water
bath, NaBH4 (106 mg, 2.85 mmol) was portion-wise added again. The mixture was stirred at rt for 2 h
and diluted with EtOAc (20 mL). After addition of H2O (20 mL), the whole was filtered through celite
pad, which was successively washed with EtOAc (20 mL x3). The combined organic layers were
washed with H20 and brine, dried over Na2SOa, and concentrated under reduced pressure to give crude
amine. Cis- and trans- amine were separated by silica gel column chromatography (hexane/EtOAc 3:1
to EtOAc only to EtOAC/EtOH 1:2).

To a solution of amine 2-25 (106 mg, 0.15 mmol) in AcCOH:TFA (2.4 mL, 3:1) at room temperature
was added hexamethylenetetramine (112 mg, 0.75 mmol) and the resulting mixture was heated to
90 °C and stired for 5 h until complete conversion. The reaction mixture was concentrated under
reduced pressure and dissolved in MeOH (10 mL) and NaHCOs (4.8 g) was carefully added. The
mixture was then loaded onto Celite pad which was successively washed with EtOAc (20 mL x3). The
combined organic layers were washed with saturated aqueous NaHCO3 (20 mL) and brine (20 mL),
dried over Na>SOg4, and concentrated under reduced pressure to give crude imine which was purified
by silica gel column chromatography (hexane/EtOAc 1:2) to give the corresponding imine.

To a solution of imine (0.11 mmol) in THF (1.1 mL) were added 2-methyl-2-butene (0.64 mL, 5.5
mmol), water (1.1 mL), NaH2PO4+2H>0 (246 g, 2.20 mmol), and NaClO. (330 mg, 2.20 mmol) at
0 °C. The mixture was warmed to roomteperature slowly in an ice—water bath. Then, saturated aqueous
Na.SO3 (5 mL) was added, and the whole was extracted with EtOAc (10 mL x 3). The combined
organic layers were washed with brine, dried over NaSOs, and concentrated in vacuo. The residue
was purified by column chromatography (EtOAc/hexane 1:1) to afford the title compound.

Procedure B

A 20 mL flask was charged with oxime (0.06 mmol) MeOH (1.0 mL).and MoOs (13 mg, 0.09 mmol).
To the mixture cooled in an ice—water bath, NaBHa4 (11 mg, 0.30 mmol) was portion-wise added. After
stirring at this temperature for 1 h, MoOz (13 mg, 0.09 mmol) and NaBH4 (11 mg, 0.30 mmol) was
portion-wise added again. The mixture was stirred at rt for 2 h and diluted with EtOAc (5 mL). After
addition of H.O (5 mL), the whole was filtered through celite pad, which was successively washed
with EtOAc (10 mL x3). The combined organic layers were washed with H>O and brine, dried over
Na>S0s, and concentrated under reduced pressure to give crude amine. Cis- and trans- amine were
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separated by silica gel column chromatography (hexane/EtOAc 3:1 to EtOAc only to EtOAC/EtOH
1:2).

To a solution of amine (0.15 mmol) in AcOH:TFA (2.4 mL, 3:1) at room temperature was added
hexamethylenetetramine (112 mg, 0.75 mmol) and the resulting mixture was heated to 90 °C and stired
for 5 h until complete conversion. The reaction mixture was concentrated under reduced pressure and
dissolved in MeOH (10 mL) and NaHCO3 (4.8 g) was carefully added. The mixture was then loaded
onto Celite pad which was successively washed with EtOAc (20 mL x3). The combined organic layers
were washed with saturated aqueous NaHCO3 (20 mL) and brine (20 mL), dried over Na>SOa, and
concentrated under reduced pressure to give crude imine which was purified by silica gel column
chromatography (hexane/EtOAc 1:2) to give corresponding imine.

To a solution of imine (0.11 mmol) in THF (1.1 mL) were added 2-methyl-2-butene (0.64 mL, 5.5
mmol), water (1.1 mL), NaH2PO4+2H>0 (246 g, 2.20 mmol), and NaClO, (330 mg, 2.20 mmol) at
0 °C. The mixture was warmed to roomteperature slowly in an ice—water bath. Then, saturated aqueous
Na.SO3 (5 mL) was added, and the whole was extracted with EtOAc (10 mL x 3). The combined
organic layers were washed with brine, dried over NaSOs, and concentrated in vacuo. The residue
was purified by column chromatography (EtOAc/hexane 1:1) to afford the title compound.

Cis-1,3,4,4a,5,11b-hexahydro-[1,3]dioxolo[4,5-]]phenanthridin-6(2H)-one (cis-3-8a)

Decomposes above 250 °C.

'H NMR (400 MHz, CDCls): 8 7.52 (s, 1H), 6.64 (s, 1H), 5.99 (dd, J = 4.0, 1.5 Hz, 2H), 5.37 (br, 1H),
3.88 (dd, J = 7.0, 4.0 Hz, 1H), 2.65-5.75 (m, 1H), 1.70-1.80 (m, 2H), 1.50-1.65 (m, 4H), 1.40-1.30
(m, 1H).

13C NMR (101 MHz, CDCls): 8 168.2 (C), 151.0 (C), 146.8 (C), 121.6 (C), 108.0 (CH), 106.7 (CH),
101.5 (CHy), 50.1 (CHs), 40.3 (CH), 30.2 (CHy), 29.2 (CH>), 24.5 (CH), 19.8 (CH)>).

LRMS (ESI) (m/7): 268 [M+Na]".

HRMS (ESI) (m/z): [M+Na]" calcd for C14H1sNOsNa, 268.0947; found, 268.0958.

IR (KBr): 3173, 3054, 2936, 2857, 1668, 1493, 1458, 1412, 1388, 1359, 1322, 1262, 1241, 1037, 934,
807, 741.

Trans-1,3,4,4a,5,11b-hexahydro-[1,3]dioxolo[4,5-]]phenanthridin-6(2H)-one (trans-3-8a)
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mp 191-192 °C.

H NMR (400 MHz, CDCls): § 7.54 (s, 1H), 6.76 (s, 1H), 6.01 (s, 2H), 5.57 (s, 2H), 3.22 (dt, J = 11.0,
4.0 Hz, 1H), 2.62 (dt, J = 11.0, 4 Hz, 1H), 2.34 (d, J = 12.0 Hz, 1H), 1.83-1.98 (m, 3H), 1.25-1.55 (m,
4H).

13C NMR (101 MHz, CDCls): § 165.6 (C), 151.2 (C), 146.5 (C), 138.2 (C), 123.3 (C), 108.2 (CH),
103.9 (CH), 101.5 (CH2), 55.8 (CH3), 42.0 (CH), 32.2 (CH), 27.1 (CHy), 25.4 (CH2), 24.1 (CH).
LRMS (ESI) (m/z): 268 [M+Na]".

HRMS (ESI) (m/z): [M+Na]* calcd for C1sH1sNOsNa, 268.0947; found, 268.0950.

IR (KBr): 3278, 3052, 2935, 2860, 1668, 1503, 1460, 1389, 1361, 1255, 1033, 930, 771.

Cis-7-methoxy-1,3,4,4a,5,11b-hexahydro-[1,3]dioxolo[4,5-j]phenanthridin-6(2H)-one (cis-3-8b)

OMe O

mp 189-190 °C.

!H NMR (400 MHz, CDCla): § 6.39 (s, 1H), 5.97 (d, J = 12.0 Hz, 2H), 5.34 (br, 1H), 4.05 (s, 3H),
3.79 (dd, J = 6.5, 3.0 Hz, 1H), 2.56-2.63 (m, 1H), 1.70-1.82 (m, 2H), 1.52-1.68 (m, 4H), 1.24-1.40
(m, 2H).

13C NMR (101 MHz, CDCls): 5 164.6 (C), 151.5 (C), 144.9 (C), 141.8 (C), 137.1 (C), 114.5(C), 101.9
(CH), 101.4 (CH>), 60.8 (CHs3), 49.1 (CH), 41.9 (CH), 29.7 (CH), 28.6 (CH2), 24.6 (CH2), 19.6 (CH>).
LRMS (ESI) (m/7): 298 [M+Na]".

HRMS (ESI) (m/7): [M+H]" calcd for C1sH18NO4, 276.1236; found, 276.1222.

IR (KBr): 3549, 3480, 3411, 3050, 2941, 2898, 2878, 2842, 1670, 1474, 1388, 1357, 1322, 1217, 1061,
1040, 941, 807, 775.

Trans-7-methoxy-1,3,4,4a,5,11b-hexahydro-[1,3]dioxolo[4,5-j]phenanthridin-6(2H)-one (trans-
3-8b)
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mp 204-205 °C.

H NMR (400 MHz, CDCl3): 6 6.50 (s, 1H), 5.98 (d, J = 12.0 Hz, 2H), 5.62 (br, 1H), 4.06 (s, 3H), 3.10
(dt, J = 12.0, 4.0 Hz, 1H), 2.50 (dt, J = 12.0, 4.0 Hz, 1H), 2.28 (d, J = 12.0 Hz, 1H), 1.87-1.97 (m,
2H), 1.81-1.87 (m, 1H), 1.36-1.46 (m, 2H), 1.22-1.34 (m, 2H).

13C NMR (101 MHz, CDCls): § 163.9 (C), 151.7 (C), 148.6 (C), 139.9 (C), 136.8 (C), 105.8 (C), 101.4
(CH>), 99.0 (CH), 60.8 (CH3), 54.7 (CH), 43.0 (CH), 31.8 (CH?2), 27.4 (CH>), 25.3 (CH>), 24.0 (CHy).
LRMS (ESI) (m/z): 298 [M+Na]".

HRMS (ESI) (m/z): [M+H]" calcd for C15H1sNO4, 276.1236; found, 276.1235.

IR (KBr): 3182, 3060, 2926, 2855, 1729, 1663, 1509, 1475, 1363, 1325, 1278, 1217, 1136, 1088, 1035,
927, 797, 769, 727, 630.
Cis-2-methyl-1,3,4,4a,5,11b-hexahydro-[1,3]dioxolo[4,5-jJphenanthridin-6(2H)-one (cis-3-8c)

mp 237-238 °C.

IH NMR (400 MHz, CDCls): 8 7.54 (s, 1H), 6.71 (s, 1H), 6.00 (s, 2H), 5.76 (b, 1H, 3.60 (q, J = 4.0
Hz,1H), 2.12 (d, J =12.0 Hz,1H), 1.65-1.83 (m, 3H), 1.34-1.44 (ddd, J = 14.0, 4.0 Hz, 1H), 1.26 (t, J
= 6.5 Hz, 1H), 1.06-1.18 (m, 1H), 1.00 (d, J = 6.5 Hz, 3H).

13C NMR (101 MHz, CDCls): 3 165.4 (C), 151.3 (C), 146.5 (C), 137.3 (C), 122.5 (C), 108.3 (CH),
106.0 (CH), 101.5 (CH5), 51.8 (CH), 36.1 (CH), 35.1 (CH2), 29.7 (CH2), 27.6 (CH), 26.1 (CH), 20.1
(CHs3).

LRMS (ESI) (m/7): 282 [M+Na]".

HRMS (ESI) (m/z): [M+Na]"* calcd for C1sHizNOsNa, 282.1106; found, 282.1093.

IR (KBr): 3182, 3057, 2901, 2870, 2784, 1667, 1503, 1458, 1388, 1245, 1039, 934, 900, 860, 797,
773, 686.

Trans-2-methyl-1,3,4,4a,5,11b-hexahydro-[1,3]dioxolo[4,5-]]phenanthridin-6(2H)-one (trans-3-
8c)

mp 237-238 °C.
H NMR (400 MHz, CDCls): § 7.54 (s, 1H), 6.76 (s, 1H), 6.01 (s, 2H), 5.57 (s, 2H), 3.22 (dt, J = 11.0,
4.0 Hz, 1H), 2.62 (dt, J = 11.0, 4 Hz, 1H), 2.34 (d, J = 12.0 Hz, 1H), 1.83-1.98 (m, 3H), 1.25-1.55 (m,

86



4H).

13C NMR (101 MHz, CDCls): § 165.6 (C), 151.2 (C), 146.5 (C), 138.2 (C), 123.3 (C), 108.2 (CH),
103.9 (CH), 101.5 (CH>), 55.8 (CHs), 42.0 (CH), 32.2 (CH>), 27.1 (CH,), 25.4 (CH2), 24.1 (CH>).
LRMS (ESI) (m/7): 282 [M+Na]".

HRMS (ESI) (m/z): [M+Na]* calcd for C1sH17NOsNa, 282.1106; found, 282.1110.

IR (KBr): 3554, 3480, 3414, 3181, 3146, 3055, 2944, 2870, 1671, 1502, 1471, 1455, 1382, 1252, 1037,
934, 887, 815,773, 638.

9-methoxy-1,3,4,4a,5,10b-hexahydrophenanthridin-6(2H)-one (3-8d)

MeO

H
NH

o

Mixture of cis-3-8d/trans-3-8d = 1:1.

H NMR (400 MHz, CDCls): 6 8.04 (d, J = 8.0 Hz, 1H), 8.02 (d, J = 8.0 Hz, 1H), 6.86 (d, J = 2.5 Hz,
1H), 6.84 (d, J = 8.0 Hz, 1H), 6.78 (s, 1H), 6.69 (d, J = 2.5 Hz, 1H), 6.04 (br, 1H), 5.80 (br, 1H), 3.90
(9, J =3.5Hz, 1H), 3.86 (s, 3H), 3.85 (s, 3H), 3.27 (dt, J = 11.0, 4.0 Hz, 1H), 2.74 (m, 1H), 2.67 (dt,
J=11.0, 4 Hz, 1H), 2.38 (dd, J = 12.0, 3.0 Hz, 1H), 1.91-1.98 (m, 2H), 1.77-1.91 (m, 3H), 1.55-1.76
(m, 5H), 1.22-1.46 (m, 5H).

13C NMR (101 MHz, CDCls): 6 166.7 (C), 166.0 (C), 163.0 (C), 162.8 (C), 130.3 (C), 130.3 (C), 122.0
(CH), 120.5 (CH), 112.2 (CH), 111.9 (CH), 111.2 (CH), 109.6 (CH), 55.6 (CHz3), 55.4 (CHs3), 50.1
(CH), 42.2 (CH), 40.5 (CH), 32.3 (CH), 30.2 (CH2), 29.7 (CH>), 29.1 (CH>), 26.7 (CH2), 25.4 (CH>),
24.5 (CHy), 24.1 (CHy), 19.9 (CH>).

LRMS (ESI) (m/7): 254 [M+Na]".

HRMS (ESI) (m/z): [M+H]" calcd for C14H18NO2, 232.1338; found, 232.1334.

IR (KBr): 3182, 3063, 3002, 2931, 2853, 1659. 1604, 1539, 1496, 1463, 1442, 1392, 1355, 1322, 1269,
1255, 1172, 1151, 1098, 1033, 845, 807, 770.

Procedure of lactam formation 2)

JR2  reduction 1 g2 1) CICO,Et, K,COg 5R?
0 N condition A/C q X Benzene, reflux‘ - i A
RS > R > R
% NOH  A:NiCl,*6H,0, NaBH, \.~ NH, 2) PPA, 110 °C Z NH

C: PtO,, H,, AcOH o)

Procedure C
A 20 mL flask was charged with oxime (0.196 mmol) EtOH (3.0 mL).and NiCl2-6H20 (132 mg,
0.392 mmol). To the mixture cooled in an ice—water bath, NaBH4 (106 mg, 2.85 mmol) was portion-
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wise added, and the cooling bath was removed. After 1.5 h, the mixture was cooled in an ice—water
bath, NaBH4 (106 mg, 2.85 mmol) was portion-wise added again. The mixture was stirred at rt for 2 h
and diluted with EtOAc (20 mL). After addition of H2O (20 mL), the whole was filtered through celite
pad, which was successively washed with EtOAc (20 mL x3). The combined organic layers were
washed with H20 and brine, dried over Na2SOa, and concentrated under reduced pressure to give crude
amine. Cis- and trans- amine were separated by silica gel column chromatography (hexane/EtOAc 3:1
to EtOAcC only to EtOAC/EtOH 1:2).

To the above amine (0.055 mmol) in benzene (1.0 mL) was added anhydrous potassium carbonate
(12 mg, 0.082 mmol) and ethyl chloroformate (0.015 mL, 0.14 mmol) and the mixture was refluxed
for 1 h. Filtration and removal of benzene in vacuo gave a thick oil which solidified on addition hexane.
Recrystallization from hexane/EtOAc 4:1 gave the corresponding carbamate.

The above carbamate (0.043 mmol) and PPA (200 mg) were heated at 110 °C. After 1.5 h, the mixture
was treated with 5 mL water and filtered. The residue was purified by column chromatography
(EtOAc/hexane 1:1) to afford the title compound.

Procedure D

A 20 mL flask was charged with oxime (0.08 mmol) AcOH (1.0 mL).and PtO> (1.8 mg, 0.008 mmol)
at room temporature. The mixture was stirred under a balloon containing Hz for 6 h. At this point the
reaction mixture was filtered, rinsed with MeOH and the filtrate was concentrated in vacuo. Then the
obtained mixture was diluted with EtOAc (10 mL) and added 2 M NaOH aqueous solution until pH =
12. The whole was extracted with EtOAc (10 mL x 3). The combined organic layers were washed with
saturated aqueous NaHCO3 (20 mLx2), dried over Na2SOs, and concentrated in vacuo. The residue
was purified by column chromatography (hexane/EtOAc 3:1 to EtOAc only to EtOAC/EtOH 1:2) to
give the corresponding amine.

To the above amine (0.055 mmol) in benzene (1.0 mL) was added anhydrous potassium carbonate
(12 mg, 0.082 mmol) and ethyl chloroformate (0.015 mL, 0.14 mmol) and the mixture was refluxed
for 1 h. Filtration and removal of benzene in vacuo gave a thick oil which solidified on addition hexane.
Recrystallization from hexane/EtOAc 4:1 gave the corresponding carbamate.

The above carbamate (0.043 mmol) and PPA (200 mg) were heated at 110 °C. After 1.5 h, the mixture
was treated with 5 mL water and filtered. The residue was purified by column chromatography
(EtOAc/hexane 1:1) to afford the title compound.

(4aR,10bR)-8-methoxy-1,3,4,4a,5,10b-hexahydrophenanthridin-6(2H)-one (cis-3-8f)

MeO
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Procedure C gave cis-3-8f as a white soild. mp 177-178 °C.

H NMR (400 MHz, CDClz3): 6 7.60 (d, J = 2.5 Hz, 1H), 7.11 (d, J = 8.0 Hz, 1H), 7.03 (dd, J = 8.0 Hz,
2.5 Hz, 1H), 5.60 (br, 1H), 3.90 (d, J = 3.0 Hz, 1H), 3.85 (s, 3H), 2.70-2.80 (m, 1H), 1.50-1.80 (m,
5H), 1.30-1.45 (m, 1H), 1.25 (s, 2H).

13C NMR (125 MHz, CDCls): 6 166.7 (C), 158.6 (C), 140.4 (C), 128.6 (C), 128.0 (CH), 120.2 (CH),
111.1 (CH), 55.7 (CHa), 50.3 (CH), 39.4 (CH), 30.3 (CH>), 29.8 (CH>), 29.3 (CH>), 19.9 (CH>).
LRMS (ESI) (m/7): 254 [M+Na]".

HRMS (ESI) (m/z): [M+Na]" calcd for C14H17NO2Na, 254.1157; found, 232.1161.

IR (KBr): 3051, 2930, 2895, 1737, 1666, 1493, 1453, 1390, 1321, 1270, 1250, 1037, 804, 771.

(4aS,10bR)-8-methoxy-1,3,4,4a,5,10b-hexahydrophenanthridin-6(2H)-one (trans-3-8f)

MeO

Procedure C gave trans-3-8f as a white soild. mp 194-195 °C.

H NMR (400 MHz, CDCl3): 6 7.61 (d, J = 3.0 Hz, 1H), 7.19 (d, J = 8.0 Hz, 1H), 7.03 (dd, J = 8.0 Hz,
3.0 Hz, 1H), 5.91 (br, 1H), 3.85 (s, 3H), 3.24 (dt, J = 12.0, 4.0 Hz, 1H), 2.65 (dt, J = 12.0, 4.0 Hz, 1H),
2.341 (dd, J = 12.0, 3.0 Hz, 1H), 1.83-1.98 (m, 3H), 1.25-1.60 (m, 4H).

13C NMR (125 MHz, CDCls): 6 166.0 (C), 158.5 (C), 134.5 (C), 130.2 (C), 124.7 (CH), 119.6 (CH),
111.5 (CH), 56.0 (CHa), 41.6 (CH), 32.2 (CH), 29.9 (CH>), 27.0 (CHy), 25.5 (CH>), 24.3 (CH>).
LRMS (ESI) (m/7): 254 [M+Na]".

HRMS (ESI) (m/z): [M+H]" calcd for C14H18NO2, 232.1338; found, 232.1334.

IR (KBr): 3191, 3066, 2968, 2872, 2833, 1668. 1494, 1429, 1357, 1313, 1261, 1030, 877, 801, 774,
724, 673.

(4aS,10bR)-10-methoxy-1,3,4,4a,5,10b-hexahydrophenanthridin-6(2H)-one (trans-3-89)

Procedure D gave trans-3-8g as a white soild. mp 225-226 °C.

H NMR (500 MHz, CDCl3): 6 7.75 (d, J = 7.5 Hz, 1H), 7.28 (t, J = 7.5 Hz, 1H), 7.02 (d, J = 7.5 Hz,
1H), 3.79 (s, 3H), 3.32 (dg, J = 11.5, 3.5 Hz, 2H), 2.81 (dt, J = 11.5, 3.5 Hz, 1H), 1.83-1.98 (m, 3H),
1.20-1.50 (m, 4H).

13C NMR (125 MHz, CDCls): 8 166.3 (C), 158.0 (C), 131.2 (C), 130.2 (C), 127.6 (CH), 121.1 (CH),
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116.0 (CH), 55.8 (CH3), 43.1 (CH), 33.0 (CH), 29.8 (CH>), 28.1 (CHy), 26.5 (CH2), 24.4 (CH>).
LRMS (ESI) (m/z): 254 [M+Na]".

HRMS (ESI) (m/z): [M+K]" calcd for C14H17NO2K, 270.0896; found, 270.0901.

IR (KBr): 3182, 3073, 2928, 2857, 1674. 1573, 1494, 1462, 1405, 1256, 1050, 815, 755.
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EIE2

KT BED DI 72V 0 TR D RS, TR . AT ORI E 1A
AT T EWE LSRR E AR R 11— 21200 & OIEH D
BaRLET, IWHEEEDPWRITIVIFMIARICHPBITROND Z L IEH VB EFATLE,
JeE 1T B 2 B O M FEBRELN 720 Tl e < VBRI R BB e UL R v T
ENEIZETHRICID I EZH A THEELL, REBETCT, ROANEEZEZTLTEE 5
T2l L T TITESHLE L R ET,

%L DTHEE W& faflREE U CTHO 8B KRB E 3K AR IR (R
fk) FERERLERAT IO HALE L BIFET, REREAIXIZE AL EREANLE TR E B CTE
EVE L7, WO TENOBMITRELZ W EE SR T M EBY £ L,
BN LET

LB OREIER TN X-FAEERENT 21T > T F SV E L7 BRI A FE R (L A B)
BUTRAL 72 DIEH N2 LE T AL ORI 21T > TTF S W E L7 ZH & RPHEE
SRR R Bh 2, PR RS R ST JE TR YRR B B0 AL L BT E T,

HER T DT AR — M & LT 72 EWE U 7ol K2 BN SR B AR H IR P AL i 55 v
HAFER PR R < B2 L E T

AR ZIEE D120 | LT O TR 70 ERBECIIRIZ BT 5 2 J7 78 EHIIC
Do o THRY) TSR RS2 THE £ LB IHNEEE L EAMREE L, W
HFNEE 172 & NI & B2 UE T, LIS b A, UIREEREE L C & 7= fi
JRE L, FRERE L, FHESEL, 2 L THREOHERICLI VLB L BT ET,

AWFZEIE, TSR PRI PRI 7 e 727 5 (O F L7 ed=2 ), HA
Bt 2 O B AR FEBI A 72 & ONT i - REZEBRBOE WIS E @ O L v #ik &
NEHLOTHY, Z 2D VEHGZLET,

KBS, CRNETHOBERZEE LT COmM TR &0 KRIAENVE TRSF- T
72 E ST FRITL X 0 E#H = L ET,
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