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_ COCl 2. MsCI; KCN, 84% CuBr, Me,S o  NaBH,, 87%
o+ | o) X
~
cloc 3. KOH, 93% , /¥—O THF, -20 °C OH 2. dichloromaleimide
A B 4. p-TsOH, 93% g 88% E(I)Dh73a OE/JEAD
c D R

hv (400 W Hg lamp)

o) N —
63%
—
cl cl
g O - cl ]
1. Zn, AcOH, 95%
2. LiAI(Ot-Bu)sH, 99% (TMS),NLi, Mel (TMS),NLi, BHT
3. PhOCSCI, 67% THF, —78 °C THF, —78 °C

O 4.BusSnH, 94% 95% 70%

RhHCO(PPh),, Ph,SiH,

THF
69%

(x)-neostenine

Scheme 15. Booker—Milburn 512 & % (£)-% 4 2T = DEEHK
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AE IR OFFECER L, Coife 277 F C il fi @S TES 2 5
DB —FIEET LR R EENTH L, BIRLAV VT IV T 4 —REm, ATET TV
raA ROEEEROARICEATH S, LrL, ARG THEAIND 1y BEEIEED
BREIZE TREZEL TV, £io, GREETO 13 LA T EOE AT, BT FEE255
TeOIZRMAL D TRBLHATH ST,
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Jipe — fihe

B HT AT =V

3.1 HifE - SR L OAEMET

()-AT =% 1967 FFIZ ERHIZE Y Ex 7 7EOEY Stemona tuberosa
DO LY HEES N AT EF T LI R ThHC MENIZIZRA AT = b
FRED MR ZH D, 111 12 (i 3 D FTONRE RO 3 i e 5, BIE
ETIZ, AT = OEYEMEITRE S TR0,

(—=)-stenine

3.2 WED LA R

AT =V DEFRAFZEIIE AN THOITE Y . 1990 4EIZ Hart 5237 & IR TOPIDO AN % H
HELTWD, 72, 1995 12 Wipf O B3 EHEHERTOFI O AR E K L, BIEETIZTI &
B3 I N—TY . REARK: 4 I N— TR LA AN EE STV

321 AT =D T IR TOEA R

1990 4=, Hart & (X431 Diels-Alder /<) & Eschenmoser—Claisen #5072 #E )& & L7, (2)- A
TV DEGRERE L TWD (AF—2416) 1, A % ELAICHF(E FIEAT 5 & | 431 Diels—
Alder FUEHEIT L, 3 AT LAEHAT B2 5277, BRERAHIZEY C L L, ok

67% H™| H

= | EtzAICI
. O 1
CHCl;, 85 °C
O a
H

T 1. TBSCI, Et;N
B —
—_— N N
HO™ T & bome 2 MeC(OMe),NMe,
HO 2Ve xylene, heat

93% (2 steps)

I2

THF/H,0
75%

E (x)-stenine

Scheme 16. Hart 512 X 5 ()-A7 = DEERK
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% TBS {kd1%. Eschenmoser—Claisen 5z /H L D & L7z, D # 3 UETUHT H LI —F
F7 NAEDBEITL, E &2, TORBMTIEARET, @)-AT =002/ EENK LTz,

2002 4, Padwa &% 7 7 D43 7N Diels-Alder SSZ 8 GS & LTz (2)- AT = DEE R E #H
ELTWD (AF—u17) ™, -5 7 X LA L VFHE LT B 2 DMTSF TLELT 5 & RN TY
E ka7 7B L (C—F), BHBOBEZLY 75 G 2525, G ®4r1N Diels-Alder
FOGIFTERRNME H 252, %< N-O i & DR, AFNFAED 12-27 MLV AT =1Z
KIS D ZBRIEEFE I DR 8T% TR LN, TDHR, # LREZETEH)-AT = OREME E
% L7z,

CO,Me ®'\é"e O B CO,Me
o MeS T Me 4 Me K’
aMs DMTSF S (SMe
N . OAc O @/S v 0 —_—
MeCN, —40 °C
MeS ’ Me
e N So AcO N So
A MeS
B L C
COZMG COzMe COZMe COZMe
Me
é)-) H MeS K’ MeS HK’ MeS K’ I.M.D.A.
® \'/_@ I O - O - 7 O -
AcO AcO _ —AcOH _
AcO CN O H N O N O N O
D E F G

M802C\ MeOZC\ MeOQC\

©o :
MeS LA O
MeS';
Ao =l o
N GN® 87%  MeS'"
H |

Scheme 17. Padwa 512 L % (#)-A2A T = DEEHK

[

(x)-stenine
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3.2.1 AT =2 DRFLE R

1995 4F, Wipf 513 L-F 1 o Dbl < (L EIZRIRA) 72 aza-Michael SOS 2T E L72(H)-

AT = DEAKREBRELTVD (RF—2118) ¥, L-F 12 U iFEK A % PhI(OAC), THLEE$
HELLEAREICIY BRET, BEIZT 7 FoAEDBEITLC 72D, COAX ) ) ATHA
L7 AT VD D DX D IRNAREED R /N SVEBIRRE 2 #- H L 72 aza-Michael 5J&RI2 Xk 0

T “BRMALEY E 21572, TOR L BREAEHRICL Y ()-AT = DR AER LT,

/©/V_NHCbZ Phi(OAc)z, NaHCO mNHCbZ
o .
HO CO2 HO

MeOH, 21 to 40 °C

07 (OH
A O g
NHCbz Q
— MeOH o]
Do | o | WK | ——
o BnO OH
N 60 %
o H  co,Me
c D
OH
mCOZMe it
O N
H tbz E

(—)-stenine

Scheme 18. Wipf 52 L 5 ()-AT = DAL
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1996 £, A B 1357 F-NAF Diels-Alder SIS 28NS & LTZ(9)-AT = ODREERHKZ #HE LT
W5 (AF—2419) B ALBDOH v T T ERTAM LT C O Diels-Alder KiiE, D ® K
O IMREBBIREZRH L THEIT L AT = O CERENICHYE T2 6 BBRZ2 AT 5 E %5 2 72, Curtius
B A ST TR CHEEL-F DY Y LT ) —Lo—7 Uk, < Rubottom BA{KIZ L0 G & L
2o G OERLBIACA U BT H T L, Vo Ry McTa—R7 27 bAbzEMA L,
SBRMEPRAR L L L, FOBEAERRESH AR TO-2T = OB A ER LT,

OMPM
cl S__S
J & |
. S.__S - F | Me,AICI (1.3 equiv.) PhH S/j
N © CH,Cly, =20 °C OYN b s
MPMO OTHP N\fo 0. +0 )
B MPMO o) Al MeAlCl,
A C pn L Me Me D _
o)
1. TMSCI, Nal
, H MeCN, 50 °C
“H 2. m-CPBA
hexane/CH,Cl,
—15°Ctort

~
I H
HSIOG NG |2, NaHCO3
OH
THF/HZ0, rt ~T~N-CO,Me 50%
I H
U _omPm (3 steps)

H | (—)-stenine

Scheme 19. A BLIZ L B ()-AT = DAL K
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—F &Y Overman/Claisen $2A7 0 BH %

FHH AR R L OVBERE

BHFZEE TIE, BB AR EDODANFRESG /NA T~ AN cx I VT =ikl v 7~ ba
' — AL A AL A O T AE TS R IR D IR 72 A F A BEDBIFEIZ I fLA TV D, A A
<~ AHKOT VU N-12-UA =L LICKH LY 7~ bu B —ilafi 2 A5 & Fiiz i a o’k L FH
BRZ 7 UNVT v a— G2 AT % 2 VT 2, AT 212k L, BIEIZ 2ROV 7~ br
B —HAAL 2 i 9 AU, ERVERALIR 3 R 6D, AEIL N AT ALV EGIZERTE D
TA =1 DD AFERGIIGT KW —ZITEHEOC AR B AT E D, L, — K
BN A A= AR T 2 O KIREE D IXHULIZHREE T H v | BREIIRE (1-4) - Bifk# (5—2)
(S D TREREOHRMBEE TH -7z, ARETIE, REROFRZREH LA —/L 1 O#fEH)
Overman/Claisen #£{iz DFAFEIZ DWW TR 5,

NAFTR (- BRE

LEZE
A FNA AT ANSES A TTRE

Ho, oA OH
COH REROBRERE LA ERR A
HO o HOZC a ] D= o L VMETFR L
OH OH

. FFHEE (BLIRRY)

D-ribose L-tartaric acid
l l . R3
OH YT kRnE— R < hnE— o)\x
R BRfL 1 Oél\ X Brfi 2 ;
\l)\/\RZ R1 \)\ , R\/\l)\Rz
OH Y YR O Y
1 OH 1: 3
FIRMRE s
l (PG = fREEH) MﬁﬁT
R3
OH U< FRE—
R! BRI O)\X
ZSR2 . \)\
R2
Opg \cl)/\
4 PG 5

Scheme 20. 7 U )L-12-2 A4 — /L D) 7~ b v B —HEL & Z D RFH

TUI-12-UA =L 1 6D 2 #ifgy 7~ b —isir e LT, 1 BFEHIC Overman #izf7
(657—9). 2 EtPEHIZ Claisen $5(7 (9—10) ZHWA Z LIZ Lz (AF—2421), UVA4—1
XV 2oy 7~ hu B—HEA &2 B ZERKT 5 72 012iE, 1 BREH @ Overman #7235 T
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TIUNATNA—)LERET VAT NI —VOXFULNEE L 2D, £ 2T, FERISZEFM L7z
AV 7 2 KA Overman 5. 2 #H# L7-, 1 % CCI;CN., DBU THLFL4 5 &, BRiRA/L R 7 I K
6 NEHIND, 6 ZMEATHE, BABRICED 7 IUAMAIT— T EHRET YA IT—F 8134
L5, 8IFMBRIZLY 6IZRED DK L, 7 1% Overman B5Z 3T L CT U AT La—/L 9 & 5.
2B LBz, Thbb, FHLOSIZ X 0 REROF M Z BT 2 DOKEEFEN X B ATEE
L%, IBIZ, LD 9Tk LY Ay MET Claisen #4074 i 37 AuE, EEAAL I 10 7345
BN EBZRT, Flo, 2 OO E HIC 6 BIREBINEBL BT 5720, mWOILARRMEN
HirrcE 5,

CCl, CCly
OH O/gNH Overman 0~ NH
1 R! R!
R\l)\/\Rz ﬁ)\/\RZ Bl 1 NRZ
OH 1 OH 7 OH 9
CCI3;CN Claisen J 85 2
DBU
CCl,
HoN , OH
Cl;C 1 (0] R /\R2 0~ "NH
= 1
RT A R? O._NH RA R?2
O
6 CCl; 8 EtO,C~ 10

Scheme 21. 38R Overman/Claisen $&{ir
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WO 7T U 12-UA— Lo

HiE ) Overman/Claisen B I VNS 77 U b-1,2-0 A4 — )V &2 RS U 72, KERFE O ST A3 syn
K, anti (KD 2 8, A L7 ¢ L ORTRMEN E, Z, ZE#HO IFHE, At 6 EO A —LE A
R L7,

2.1 7 U L-syn-¥ A — L DL

FFTUHDOIT, Z-7 UV b-syn-UA—/L 15a # G LTz (AF—L4 22), LEATERY A TV 0 BE
O 3 TRETENZT )L =—/L 11 & Swern (AL ZHEA L 7 ¢ AMEIZ XD Z- R fafn= 27 /1 12a
& L7z, DIBALEGIZE D 7V AT /va—)b 13a & L, EUTKEBEE UL 14a ~&
BNz, 80%MENA CHLERL CTT ¥ — N EFREL, LI Z-7 U b-syn-T A —/L 15a AR L T2,

OH 3 steps . (COCl),, DMSO
Et3N, CH,Cl,, -78 °C
MeO,C
eV \l)\COQMe R MPMO N\/OH

. (PhO),P(O)CH,CO,Et
OH NaH THF, 78 °C
dimethyl L-tartrate 84% (2 steps)
OH BnBr, NaH
UOZEt DIBAL, toluene U DMF
_
MPMO™ ™ ~78°C, 62% MPMO™ Y\ 0°C to rt, 94%
o 0
12a (E:Z=1:7) 13a
o OBn on OB
J\/l/ 80% AcOH
— =
MPMO™ N\ 35°C, 88% MPMO
0) OH
14a 15a

Scheme 22. Z-7 U JL-syn-2" A —/L 158 DE K
WIZ, E-7 U b=syn-TA—/L 15b AR LT (A¥F—2423), 11 @ Swemn F{LCTAHET =T VT

bt R Wittig sOS&#H L, E-Rfgfim= 271 12b & L7z, £D%, 15a L [AEEO TFEIZT E-
7 U Jb-syn-2 A —/L 15b 437,
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1. (COCl),, DMSO
Et;N, CH,Cly, —78 °C

o
. O/%J\/OH
o
11

2. PhaPy_CO,Et
toluene, 100 °C

o)
MPMO J\/\cozEt
o)

98% (2 steps) 12b (E:Z=5:1)
o) BnBr, NaH
DIBAL, toluene DMF
— OoH —_ PMF
78 °C, 80% MPMO™ Y S 0°C tort, 65%
0
13b
o 80% AcOH OH
o AC!
OBn
B
MPMO™ Y L omn X 83% MPMO/\l)\/\/
0 OH
14b 15b

Scheme 23. E-7 Y JL-syn-3 4 — /L 15b DA K
T, =BT U b-syn-2 A —/L 16c G L7 (AF—24 24), 11 @ Swern fi2{b. o, %t

SRS % Wittig sRABEA TN L, AEEfim 27 v 12¢ & L7z,
7 U b-syn-v A —/L 15¢ & 157,

o)
MPMO%J\/OH
o
11

Z D%, 15a & [RFED TR T =&

1. (COCl),, DMSO
Et3N, CHoCl,, 78 °C

2.

- +
BrPhsP” “CO,Me
EtsN, CH,Cl,, 0 °C

91% (2 steps)

L
MPMO/\r CO,Me
o)

12¢ (E:Z=14:1)

0 BnBr, NaH
DIBAL, toluene Jv/l\/ DMF
—_ OH _
-78°C, 82% MPMO/\( 0°Ctort, 80%
o]
13c
o OH
J\/J’\/ 50% Acon /\I/l\)\/OBn
OBn TP —
MPMO™ rtto 40 °C, 82% MPMO
o) OH
14c 15¢

Scheme 24. —@&#i7 VU L-syn-v 4 —/L 15¢c DAL
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2.2 7 U L-anti- ¥ A — LDl

WL, Z-7 U b-anti- A —/L 16d &R L72 (AF—L425), D-UR—AZHIFERE LT
BEFNID 2 TRRCHHE L7277 7 h—/L 16 12k} L, CH,Cl, I& I R =833 12 C Wittig SR 232 & |
Z BRIRPNCAEIFI = 2 7)1 17d MG DTz, 17d OKEEIEZBRVESIE T MPM G L7=, ==

TIORILTHE U AKBEEE XU, T2 —LVZRELTHED Z-7 Y L-anti-U4—/b

15d ~& &N,

2 steps
P o_><p PhsP?” “CO,Et ijozEt
E H O/\I/ =

CH20|2, rt
(0]

HO,  OH
- o) 94% (E/Z = 1:3.3)
D-ribose 16 17d
I
DIBAL, Et,0 OH
MPMO™ “CCl, ?\/‘fozEt -78°C 0\/1/
CSA, CH,Cly, t MPMO™ (N 66% (2 steps)  MPMO” X\
o o]
19d
OBn

-
-
Q
mQ
T

OBn
80% AcOH
=

BnBr, NaH
DMF Q\I
X _—
MPMO™ Y\ 35°C, 90%  MPMO
o) OH
15d

0°Ctort, 92%

Scheme 25. Z-7 VU JL-anti- ¥ A — /L 15d DA%

FWNT, E-7 Y b-anti-A—/L 15e 8 L7z (AF—LA 26), 77 b— v 16 [ZMEGAE T
Wittig sz WD & E-Afaflm A7 L 17e MBS L TR LTz, Dk, 16d & [RkED 2

2LV E-7 VU b-anti-2 A4 —/L 15e ~FHiE L 7=
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NH
\ PhsP? “CO,Et

MPMO™ "CCl,
e PhCO,H, benzene

CSA, CH,Cl,
& 80 °C CO,Et rt, 7%
0" "OH g5y, (E12=1.3:1)
16 17e
o BnBr, NaH
DIBAL, toluene C DMF
- A~ OH
—78°C, 84% MPMO™ Y\ 0°C tort, 96%
o)
18e 19e
OH
o 80% AcOH : o8
N oBn ——— 7 S
o~ B— MPMO/\l/\/
OH
15e

Scheme 26. E-7 Y /L-anti-3 4 — /L 15e DA

W, Z@EHT U v-anti-2 A —)L 16f Z AR L7 (A¥%—24 27), 16 ([ZxFd 2 Wittig SOG I
E-ZRAY IS

1B

1ITL, 17f #2527, D%, 4 TEERCEBBRA LV 7 4 2/ 5 &FHBT Y
JL-anti-¥ A —/L 16f #4587~

YAt -

MPMO™ >CCl,
PhsP” CO,Me % CSA, CH,Cl,
CH2C|2,rt

84% (E/Z = 12:1)

rt, 85%
17f

DIBAL, toluene

BnBr, NaH
DMF, 0 °C to RT
—78 °C 76% (2 steps)
H
80% AcOH cz)
MPMO OBn
35 °C, 93%

OH

15¢
Scheme 27. —@&¥#i7 U jL-anti-2 4 — L 15f DA%
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=Hi AL b7 X R Overman B&{if

31 BIRANL T I ROAER

7 UN-1,2-0 AL X0 | Overman 507 % 1 [BNZHIEET 512X, BIRA L b7 2 ROBERW 72
BRNRAIKR E70D (AF—1428), T Y-12-4—/L% CCIL,CN, DBU T 2 L\ 1
DOKBENFIE L 2O a-b FrX oA I T —RELD EBEXLND, TNENDA T
— MZBWT, a TRLEZELKBED S FRNELPESLTHITERIRA LV F T I RAGELN D,
—H. b TRLENY ZraT & b= E DS FRIBISHESLETIVUE, BEAA 7 — R
b5,

. b -
QCC%
ClsC
Y ST HN--O
/\RZ ______—r R\rJ\/\RZ
OJ_NH T, 0
OH CCl; cyclic orthoamide
. CCI;CN
R\I)\/\Rz --------- > or
DBU
allylic 1,2-diol P
HNZ 0 - b HN™ "0
R} A R2 RN R1\|)\/\R2
a SFRRIE
OH OYNH
NCCCl, CCly
L ] bisimidate

Scheme 28. BRikA /L b7 I FOEIRAIER (FEFEMGR)

AR LT Z-7 U b-syn-PF—/L 15a (Xt LE A A 25—k EBRRAL R T S ROMEY 431) %
BEtL7e (RF—2029), ZORR, MV DREDOFEERNPFHCEE R Z L2307z, 0°CITT
A=V D CHCLEIRIZ, 1.3 % 8D CCI,CN Z M 2 7% fillfi 5> DBU THLEES % & IU=E 96%
TERANV T R 22landGoni, —J5, VA —/%-20 °C (T 2.2 % &0 DBU, EFEIED
CCI,CN THELS 2 &, B AL I7— | 22a DR 83% T H ALz,
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BT

-
0°C CCI3CN DBU
; (10 mol %) cyclic orthoamide

(1.3 equiv)
OH OBn 96%
MPMO =
OH 15a
in CH20|2 CC|3
HNZ O OBn
MPMO =
T N T O.__NH
DBU -20°C CCI;CN
(2.2 equiv) (20 equiv) CCl;  22a
bisimidate

83%

Scheme 29. Bk AL b7 2 RORBIREIAERL (BRFHRE )

S T2 OVA— VZEA L (% 1), E-syn-YA4—/L 15b, —({&H#i-syn-3 74—/ 15¢
IXE TR 89%, 91% TEUIRA /L h 7 2 R 21b, 21c 5% 7=, —J7 anti-¥ A4 — /L CILR L
ERIRAIN N T R REEDITIE, flEED ZnCl, DRMNMHETH > 72, Anti-2 4 —/L 15d-f %
ZnCl, f#f£ . CCI,CN, DBU TS % & xhGT 28KA /L R 7 2 F21d, 2le, 2if T %
+U83%, 84%, 81% TH-Z Tz,

Z T, VA ADNAREFC KD FISHEDENZONTEZ D (A% —2A530), ERYOLR
RANVEITI RO 5 BRIEEICERTD L. syn-UA— VHKROBRIRA L 7 2 RIZEHEIEN
trans OBEFRIZ, anti- A — VRO AL N T I RIZEHILD cis OBIfR & 7> TV D Z &M
DD, Tihbb, SRREEORE 2 cis (k& 5 2 % anti- VA4 — L Tl FNBRE T LIZ <
W2, syn-T A — LT HR 10%FREEIR AL BT 2 ROREMMEFLZEE X TWb, ZnCl,
DR HONTIE, D Lewis F&EIZ LY DBU OHEIEMEZFTD, B AL 25— N OFEIEZ ]
LT3 EZEZTND,

2%, ZnCly 124V | Brensted B8 & L CHEBRDIRINZ A TZ08, IR E N2 72 WA LT
. EAA X7 — FORVETIMZ bRinoT,

HoN OBn ClsC NH, ClsC NH
Cl,C-\ -0 P 3>< 2 CI3C
o O O oBn O O oBn —
MPMO = — \_U \ / — MPMO
o] 21a MPMO— — MPMO— I —
trans-cyclic orthoamide cis-cyclic orthoamide

Scheme 30. 5 BERERINA /L b T 2 RAISE D SR 3
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Table 1. Bk A/L b7 2 ROEHL

2 CCI5CN HoN )
oH R additive, CH,Cly; ClhC-O0 R
! 1
MPMO R DBU (10 mol%) MPMO R
OH  15a-f oY 21a-f
entry additive substrate product yield
OBn H2N OB
OH Cl5C j)\/l/ n
- 0,
! MPMO = MPMO = 96%
OH 15a o) 21a
H,N
oH oB Cl;C\-0
2 - MPMO AR o _~_0OBn 8%
OH 15b L 21b
H,N
oH Cl;C\-0
3 - MPMO OBn MPMO J\)\/OBn 91%
OH 15¢ L e
0B
ZnCl OH "
nCly z
(10 mol%) MPMO = 83%
OH 15d
OH
ZnCI2 R OBn
(10mol%)  MPMO 7N A OB 84%
OH 15e e
OH
o ok : oBn /\/J'\/
(10 mol%) MPMO OBn 81%
OH 15f 1§
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3.2 A/~ 7 2 R4 Overman #{i7.

FPHADIC, BRIRAL BT X R&#H L7z Overman #5067 (AL k7 2 RA! Overman #5(7) @
FATEI RPN T 5D (AF—231), A/ b7 2 R Overman B5A7IZ-DOW T, ZALE T2 DDFH X
DA STV D, Danishefsky 513, BRIRA/V T I R23 &L, A/ b7 I ROBHER, i
< Overman #5f7iC ko T, EHEZ—2HAL L) & Lz (23524525 », UL, EEL, 65
ALV BN FE Do Tood, BT T Lo T b LT D, —FH, Was b7 BERO
BHRAL BT X RICBWCHEELICI LT % (26-27-28) 2, UUED X HIc, ML 25
BAb 4 L. WSS SOR 2 AT S E D00t L 70 5,

S. Danishefsky et al.
J. Am. Chem. Soc. 1989, 111, 4829. &l\

Cl3C NH NH
% tBuPh Clac— ~ on
O o — @ - o) _ > HN\fo
o 0,
Q 180 °C <=/—0H 80% cei,
26 27 28

D. M. Vyas et al. J.Org. Chem. 1984, 49, 2037.

Scheme 31. 4 /L b7 3 KA Overman $&{7. D 4174

ZOET, BRANRT I OB RT 5%, WL ZET S L0 HET
o5, FOfRR L LT, lE 130 °C Aift% THEIT9 % Overman #5047 K 0 & WO EOGIREE 2 IV T
BENL OEHE 2RI T2 (A% — L4 32), FEEOFERICOVWTIERNRS, BkA/L F7 2 K 2la 2 #H%E
H1180 °C T1 HIIENT 5 &, D2I@mWEBREN T 7 7 MY TOVELESE & HREERWTALER IR
REZ R U CHRAZANEST L. UNER 17% CHRAI{A 30a # 5- 27 (= hU—1), LL, @R TE
K O SO X DALAE MO RR R BTz, & 2T, RO EE B LAY O 53R % 3
DI &G Uz, @% Overman S5 L CHWO N ARIET Y U L EH LI 2 A, v ART
ANTYE LT MR E e o fe (=0 b U —2) 2, —05, WA RS ELF 2T —v—T
Mz DL, S SRR ELe (= b Y —3), bIT, filllii&Eo BHT ZiRML
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A INE56% L B VIR CH M AN E LR (= Y —4) &,

2 ° B CCl
Gl o omn e tbe e
3 J\/I/ o HN (@)
=
MPMO ! MPMO =
21a OH 29a
CCl, OBn
PN H
(@) l;lH CCl3
MPMO/\l/\/\/OBn MPMO /g /’
OH 30a HO O ~N
HH
entry additive product SM
1 none 17% 0%
2 K,CO3 (0.8 equiv.) 8% 54%
3 MS4A (500 wt%) 48% 28%
4 BHT (5 mol%) 56% 27%

Scheme 32. AL k7 2 N Overman #5A7 D FR

RS EA DALV T ¢ A L (£ 2), E-A V7 > 21b 13ULR 67% CTxbitd 2 i
PR 30b 2527, — 5, anti A — L X VFFE L Z- A Vv 7 02 21d, E-A VT 1 v 21e 13 %
NENHRNR 30b, 30a #5272, D-IlARE, L-UAR—AHEKOE AL IT— 20U, =
NODEMAEDTF U FAT—RNERTE D, TROL, A7 1 ORI ENE L KFRIED IR
BT X0 . R O SR F N 2R ET D, F72. syn- anti-> A4 — /L) 5Tz ZE A
L7 v 21e, 21f K0 | RINERTIE S 5 N SRR BRI FE 2 AT D404k 30c, 30d 3G T
T, FEHZOWTIEO NS TR, @A LT 4 R ZERS LT v EATD
FEOF MBI K550 L < TLC kTR & BT RO X 3 AIFLEE 278 o 7o RE AL TG
kTS,
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Table 2. 4V b7 2 KA Overman #5(7

HoN ) CCl3
Cl;C 1;\ BHT, t-BuPh 07 "NH
1 e 2
MPMO™ Y R 180 °C, 1d MPMOMI?
O in a sealed tube OH
21a—f 30a—-d
entry substrate product yield
ccl
HoN OBn Py 3
ClaC-\-0 07 NH
1 MPMO = /\l/\/E\/OBn 56%
MPMO
0 21a OH 30a
HoN CCl,
ClaC\-0 O)\NH
2 L _~_oBn 67%
MPMO N MPMO/\l/\)\/OBn
% 21b OH 30b
HoN j\C'S
3 o i}vos o A 34%
n o ()
: B
MPMO MPMO/\(\)\/O n
o 21c OH 30¢
cal
HoN OBn Py 3
ClsC O«/( 07 “NH
4 2 63%
MPMO = MPM o/\l/\)\/OB” °
0 21d OH 30b
HoN CCl,
5 PR 0B O WH 72%
NN n B OB (]
MPMO™ Y MPMO™ S 08
o 21e OH 30a
HoN j\c'?'
6 ok g)vos o W 27%
n Z (]
OB
MPMO MPMOW n
0 21f OH 30d

15 5N 30a—d DL AR T (XF—24 33), 30a DKEEHEZ A 25— Mb, %
< Overman BENZIZ LW, BA7 X R 3la #1372, 3la % Cs,CO3 f71E . DMSO I+ Chnghd
L&, AVTTHR—FERALTY LT 32a &5 27, 32a ® NOESY EEBRIZ XV | ik’ T
BUTNRMEF TH D Z & 2l Lz, #5748 30b—d b FEIEERD/L— F T L7 32b-d ITE X | 37
s 2R LT,
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CCly

ccel
3 1. CCI;CN, DBU 07 > NH
07 “NH CH,Cly, —20 °C, 87% S o
i oBn MPMO™ > T
MPMO/\l/\/\/ 2. Na,COs, t-BuPh 0w NH
OH 30a  160°C,26% Y 31a
CCly
o
) MPMO H=y_OBn
CSZCO3 HN NH _ O
\ / p— H
DMF, 100 °C oB HNl/“\NH
— —OBn H
48Y% A
° MPMO 32a 32a (500 MHz, CDCls)
CCly
ccel
3 1. CCI,CN, DBU 0% > NH
CH,Cly, —20 °C, 84%
(0] NH 2Ll ° MPMO/\/ OBn
MPMO™ S OBn 5 Na,COs, t-BuPh on NH
OH 30b 160 °C, 90% 31b
CCly
o}
)L MPMO H“|1_|
Cs,CO0; HN™ "NH — _\=&o Jv/osn
DMF, 100 °C _/: oBn T HNlli/\LNH
37% MPMO
32b 32b (500 MHz, CDClj)
CCly
ccl
3 1. CCI;CN, DBU 07 > NH
NH CH,Cl,, —20°C,87% "
O\){/OBn — = MPMO™ oBn
MpMo/\l/\ 2. Na,COj3, t-BuPh O NH
OH 30c 160 °C, 89% 31c
CCly
o
) MPMO H N
Cs,C0; HN™ "NH — 0 OBn
31% MPMO
32¢ 32¢ (500 MHz, CDCls)
CCly
ccl
8 1. CCIsCN, DBU 07 NH
CH,Cly, —20 °C, 87% :
MPMO/\l/\ 2. Na,COs, t-BuPh O- NH
OH 30d 160°C, 89% 31d
CCly
o
MPMO H=<y_OBn
Cs,CO3 HN NH - fo) "
p— e
DMF, 100 °C \_L o8 HN'T \w
— —OBn H
31% wemo—
° © 32d 32d (500 MHz, CDCly)

Scheme 33. F /L k7 2 R Overman 85474 30a—d O SR FORE
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HUUET  EHEAY Overman/Claisen &7

ZA v~ 7 X A Overman #5A712 KV | Exfr e 1 EICHIC& 7o, I, ECT U AT L
a2 —/UZ%F9 % Claisen #5007 2 it L7 (3% 3), Overman 507 DU >R » MEASAIHEZR Claisen
R & LC, BV CROR DN EEST T % Eschenmoser—Claisen 3t 7-, L2>L, %ie 33a 1343
SN=bO0, FREOIKETH- (= U —1), KICEMSEME FMBCE# CHEITT 5
Johnson-Claisen #5f\ # M L7z, BEL LT, 2-=hmr 7=/ —/b, TrbF U@ vy @z
ARL7CE ZA END URAIER TI% CEEENIIR 34a 2 52 72 (=2 b U —2-4), & 5ITHMF
RS 7oA R, E8 ) Ui L bR BHT 20 Lo & &, IR 77% & e h BRUVFER
wHZ DBl

Table 3. Claisen #&(\7. D e

CCl3 CCl3
0O~ "NH reagent, acid O l;lH
: ~ OBn
MPMO/\l/\/\/OB” t-BuPh, 140 °C MPMO/\/j/\/
OH 30a R
33a (R = CO,NMe,), 34a (R = CO,Et)

entry reagent acid yield
1 MeC(OMe),NMe, - 33a: 44%
2 MeC(OEt); 2-nitrophenol 34a: 69%
3 MeC(OEt)3 EtCO,H 34a: 53%
4 MeC(OEt)3 t-BuCO,H 34a: 71%
5 MeC(OEt)s t-BuCO,H, BHT (10 mol %) 34a: 77%

B fb L7z Claisen Bz 2 4L b7 2 KB Overman #5( & DU VR » MG~ E B L7 (3
4), BWRAIV RT IR 21a ZfilfiE O BHT 477E FINEVT 2 &0 AL B 7 3 B Overman #5(773
EITL. T UAT A a—LaEL, 22T Ry MZTA/L MEE N U =F 0 B8 R,
BHT #1795 & Johnson-Claisen (72317 L, %fIs9 D AN 34a D3NSR 45% CHL— 37 (AR5
PEfRE LTHELNZ, —F, ERICONTH TRy FRISAINER 54% T, & LR IRA IS T
L7z, Anti-2 A —/LHROD 21d, 21e & Z 4T h 54%, 55% 0D UL R TGN SOGAHETT L7,
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Table 4. 7 > 78 > b Overman/Claisen &7

CCly
HoN 5 BHT (5 mol%), t-BuPh
Cl;C 0 R 180 °C in a sealed tube; O~ 'NH
1 R?
'V'P'V'O/\( RY MeC(OEt), -BuCO,H MPMO™ > R
o BHT (10 mol%), 140 °C
21a-d EtO,C~ 34a,b
entry substrate product yield
Cl3C(O=C)HN
CI3C . oBn
1 MPMO™ > 45%
MPMO
EtO,C
34a
HoN Cl;C(0O=C)HN
ClsC o AN OBn
2 B MPMO 54%
MPMO J\/\/O n /j)\/ o
o} 21b EtO,C 34b
Cl3C(O=C)HN
C|30 OBn
3 MPMO™ > 54%
MPMO
EtO,C 34b
HoN Cl;C(0O=C)HN
ClsC\-0 Py = oBn
4 - B MPMO 55%
MPMO™ Y N -OBN o
(0] 21e EtO,C 34a

3B 4172 Overman/Claisen BA(ZIRD L2 DTz (A F— 24 34), 7K 3da & MRS
TS 5 L. T 7 & 2 35a w UL 64% TH-2 72, 35a @ NOESY FEBRIZ LV | AT T4]
LIZSiRb T D 2 L 2R LT, 34b ICOWT b [AEEDEAETT 7 # 4 35 ~ L x| S7iK
b5 % PE Lz,

CC|3 O
A MPMO H‘y OBn
0~ "NH 5M KOH aq, +-BuOH CENH ﬂ
~_OB
MPMO/\/j/\/ " 70t0110°C, 64% T o
— —OBn
EtO,C wemo—
34a 35a 35a (500MHz, CDCI3)
ccl
A MPMO
07 NH 5M KOH aq, +-BuOH NH ‘\ZEL
OBn
MPMO/V/j)\/ 70to 110 °C, 81%
EtOC 34b wewo—/ 35b (500MHz, CDCls)

Scheme 34. #H#5¢H) Overman/Claisen #5714 34a, 34b O LFEDOYE
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BHE FEOELD

B — ROl LR T U -12-U A — )V DAERL E AV BT X R Overman 8507 0 FEVE — ik
P, 725 ONZ T AR > B Overman/Claisen B ~DEBIZ DWW TR _7z, LiEAFEY A F /L, D-
UR—2%HFERE L, KBREOSIELT:, AL 7 1 OBMBEEDORR D 6 FEHO A —/L
15af ZFHHL L 7=, 15a—f % CCICN, fil#itE D ZnCl,, DBU THLEEY 5 & BAF/INEE TRk AV
K7 2R 2laf ICBRIICE R T X 7o, 5 b7z 21af % t-BuPh EMEH | il &> BHT 177 F
180 °C {TI#AT 5 &, ANV EFT I FOBRICEKVALD T UAA I7— b 29%-f &fkH LT
Overman S 34T L, 5T 5 30a—f 22— DS RE MR L LTHE 272, W T, A b7 2
R Overman $502 TAE L 57 VL7 /v a— L Zkf L, BIEEIC Claisen 507 i & ik A7z, Z D
fER. 2lae 22D U VAR BT, 3t d % Overman/Claisen 50714 34a, b A3 HL— TR FAE(R &
LCHELNZ, ZOXIIT, HHEERT U -12-UA4— st L, R#EROE LTI
DRRDEEFERTE, 2, BB IF— VOISR E A LT ¢ o DO RATRIEDM IS
bt « T DA F- DR IS TERRNARERYE TEATRE TH D, S HIT, ABUSIT
PO G OBRIRA L R 7 2 R, TRy M CTHEMEREN AN B ATRETH D . £
Bowf LI RFREFFOT VA rA RER~OIEABHIFTE 5,

* Orthoamide-type Overman rearrangement

OH R? CCI5CN H,N
cat. ZnCly, CH,Cly; ClC\-0 R?
MPMO R!
MPMO
OH 150t cat. DBU /\(
81-96%
21a—f
BHT (5 mol%)
t-BuPh, 180 °C
CCl, cals
07 "NH HN" O R2
R2
MPMOM1 1,2-disubstituted olefins: MPMO R
OH 56-72% on
30a-f trisubstituted olefins: 29a-f
27-34%

* One pot Overman/Claisen rearrangement

CCly
HoN , BHT (5 mol%), t-BuPh
ClC\-O0 R 180 °C in a sealed tube; O~ 'NH
R2
MPMO™ Y R MeC(OEt)s, t-BuCO,H MPMO™ > R
o) BHT (10 mol%), 140 °C
21ace Et0,C” 34a,b
45-55%

Scheme 35. 7 U jL-1,2-2 4 — /L@ Overman/Claisen 57
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BE (D)-ATET I ROEERK

e Overman/Claisen #4713 2 D Diif L7 fRF-EHR, RFE-IRBEMEEHT HARKRAL
R TE . TANRA RORAARRAGRIEL 25, % 2T, ARIEEEERRE L Li-O)-
2T ET 2N (36) DAMFHM AL L (A% —2L436), LIEAEEY AF L (37) &2 HIFEFEE L
T T U 12-V AL 38 ~EFFE Lotk AL 7 X ML (38—39) L, jifY Overman/Claisen
HAAL (39—40) IZK Y AT ET X FICKIST 2 E%EHE 28 A AL (9a- 900 #MET 2,
W T, MAREIRINZR S — RT 7 hoAbe |, D FRMEICE D T 7 7 DO AR T, BRI
MR 41 L35, 20k, CEROEL AT NLVEOEALZR T, ()-A7ET I K (36) &K
TLHFBETH D,

OH OH
A_COMe ~"777 7" > NN~ OBN
MeO,C~ >~ 2V . > EtO,C7 TN -
OH OH
. 38
dimethyl L-tartrate (37)
lactamization cCl,

HN (@)
Overman/Claisen : OBn
___________________ - Etozc/\/ga\:g/\/\/

EtO\n/ iodolactonization
(0]

40

(—)-stemoamide (36)

Scheme 36. (1)- AT &7 2 ROAKEHE
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Sfe — A

BE T U N-12-UF— VDA

DI, BERISICAWD T YU -1,2-0 A=/ 38 A LTZ (A% —2437), LIEAIEY ATV
BN & IR L, 3 TRIC TCHREEA D 7 /L 21— L 42%4~ L3N 7= ) 42 0 Swern B&{t., Wittig
FOGIZE D=/ — =)0 43 & Uiz, 43 D TBS HAEFRE, KBHRIMCLY 44 2457, 44 D
KEEILZBRL, E U777 & RIZE =)L Grignard iR3E 232 &, 7V AT/ a—)L 45 %
5.z 7=, 45 @ Johnson—Claisen #&{\Z TR K <HEAT L, XHET DT AT /L 46 21572, 46 & 80%
MR CRBRL CT & — L& frEL, L7 U -12-4—/1 38 &Rk LT,

* 1. DMSO, (COCl),, Et3N
OH 3 steps o% 2 =3
z z CH20|2, —-78°Ctort
M =
Meozc/\:/COZ € o TBSO\/\:/\O PN

THF,40°Ctort
93%, E/IZ = 1/1.2 (2 steps)

*Kibayashi, C. et al.

dimethyl L-tartrate (37) JOC 1987 52 3337

Q%
TBSO_ AL~ OBn

0 43

1. DMSO, (COCI),, Et;N

1. TBAF, THF o
rt, 92% %

HO._~/ _~__0OBn
2. Hy, PA/C, THF
rt, 97%

Qe

44

MeC(OEt),

CH,Cl,, =78 °C to rt 2-nitrophenol

/YZ\Z/LVOBn

HO LO 45

2.7 MgBr, CH,Cl,, —78 °C toluene, 140 °C, 87%

83% (2 steps)

OH
?% o 80% AcOH aq H OBn
R O Bn _ > 0 e VG N
EO,C7 N ( 60°c,93%  —0C :
46 0o 38 OH

Scheme 37. 7 U )L-1,2- A4 —/1 38 DHRL
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Jipe — fihe

o =Hn  HEHERY Overman/Claisen 507

Bon=T U b-1,2-2 4 — /1 38 12%F L i85 Overman/Claisen 807 %5 H L 72 (A % — 4 38),
38 % CCI,CN, DBU, ZnCl, TAUHT 5 &, @R TERRA/L P T I R 39 ICEHTE T2, 39 &
fibiiE B D BHT 177E T, B H 160 °C 12T 5 & BRRA /L R 7 X ROBAER % #% T Overman 45
PENEIT L, 7Y AT a3 —) V4T AR LT, ZZ2I2T ARy MZT, AV MR R Y =F 1,
fg & LT BHT Z#NL 140 °C TMENS 2 & b hin ™ DHANLAR 40 D3NSR 47%H — LARFMEIR T

/o, 2oL, BIRALVET IR MU VERY MCTATET R RIHFETLHIEE
# 2 A L ORI LT,

OH
- B
EtOzC/\/\/\:/\/O n
OH CCI,CN
38 92% | DBU, ZnCl,
CH,Cly, 0 °C
CCl, NH,
HNZ Y0 BHT (5 mol%) 0—/-CCl3
E B \/\/\/OBH
Et0,C" > N O8N | £BuPh, 160 °C E10,67 N (
47 OH in a sealed tube 39 0]
ccl
CCly MeC(OEt), °
N X0 BHT (1.5 equiv) HN™ ~O
: - . > OB
0.0~ OBN 140 °C Et0,C7 > NN
2 z z
48 OH 47% Et0,C”~ 40

Scheme 38. &%) Overman/Claisen Hizf\7
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W (O-ATET I ROLAR

BONTENIK 40 N Dy-F 7 b by-F 7 X LEBE LT (A3 —LA439), 40 ZKEE{LNNY &
LCHAKRGIES D& PHNR U A9 2527, Z O, HEIZ LIOH X° NaOH # W\ 5 & |
MU a7t b7 I REOIKGHRHES L. DEEMET Lz, o4tz 4912l —F
77 hALERF LIS, £, PRSI L D BV EICZER N T VAT 7 N UBMERT D
& ZiH MeCN Bl A2 W TG S 72 & 2 A 10 i 1 VAR g L 0 BB EAT L7 Liey-7 2
k2 50 MNER 53% CH—D KRR E L TH LT, 2Ok, (EREMEARTHS 51 HIEE
18%, H— IRBEMEARL LTELT (= FU—1), UL, BERWV2M IR CEEORIIG
T HER I N -T2, WIS, HERKE E 725 THRH0 ZIAEE L=, 1,8-7 7 Frrk b
IZMeCN Z W L & LA~ DT T AT LA~ —OHNFREDOIETER L7z (= F Y —2),
IR ELRWDIE, 727 b BECLBRCEIAET 2 3 VbKBRIC R 2B DOSRD T2 &
ZZ., NaHCO3 ZIRM L7z & 2 A, IR 5% i b BWFERE 5272 (= b U —3),

CCl, CCly
HN™ ~0 Ba(OH), HN™ ~O o
N -1} N e - B—
EtO,C - MeOH/H,0 HO,C Y
/: 0°Ctort G
EtO,C HO,C
2 40 83% 2 49
(0]
o OBn J\
JU - ClilC” °NH |
ClC™ "NH I, additive oBn
- HO,C 2
HO,C™ 2 solvent, 0 °C H
2 H OH 10 ¢}
10
(0] (0]
50 51
(desired) (undesired)
nt dditiv Ivent yields
entry a e solve 50 51
1 - MeCN 53% 18%
2 - THF/H,O 50% 13%
3 NaHCO3; THF/H,O 75% 16%

Scheme 39. 3 — KF 7 ~AbOE

33— K77 M ALDIERT R DNTALERIMEIZOWTERET S (AF—2440), £7T. iR
RYEZONWTER D, PHNRUEE 49 13, 7V NVOTHOR b DIRODSIIRBLEN L E T 5 &
HHShD, $2bb, AV 7 ¢ & BICRE L& & BRITRE MUKV ETF5 2L
LR AR - DNRRMERE LTHERADRMR LRI EEZ DN D, KRIT, MLEZERME
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WZOWTHERIT 5, U HIVR % 1/NaHCO; CULEI 5 &, S — R=U AL A HZ4ETU T, &
ATV U— M DREHEPETT 5, Bley-7 7 b 50 BEO, EFE7\6-7 7 F5101%
ZE i 5-exo-tet B 6-endo-tet MOBALERM TH Y . HIHEOHTNAFTHL LEZHNLD,
DRI, RIS TIHEETy-7 7 b 50 BEAEFM E Rolc B2 bND, £, §-77 b 51
WAETTZDIX, B FNOERFRAOIFLFEFAN T — F=0 LA A IZENL L, 6-endo-tet Y
DEALD LI F G L2 DP 7 LHEI L TV 5,

l,, NaHCOj

B —

THF/H,0, 0 °C

e, OBn

07 NH O” hH
= ~ OBn
HO,C = Yo HO,C E-
= e
0 o)
50 51
(5-exo-tet) (6-endo-tet)

Scheme 40. 33— K7 7 b ALD AR & ONTAL E SR

ft\ T, 3— K777 h2 50 % EDCI, DMAP TMLELT % LD IR FvEE M) 7aua Tk
N7 2 RIEEOSTHMAE. N Zaa 7 BT IVEOBREN—RIZETL, v -7 7 X 541 %5
Zlz (A¥—2141), HfFT 52 00D NVHRFVEORBULERE LT, B&BAAS 3 TRTA
TET I RICHISETDy-F 7 b, y-F 7 X LERETE T, B, ERY ORI ZIT 2 O
JRC NOESY FEBRIC L W kE LTz,
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EDCI, DMAP

DMF, rt

]
(@]
L
el
T
T 7Q%ij)
/o
o
g

NOESY
(500 MHz, acetone-dg)

Scheme 41.y -7 7 % L OREGE L SLIRMELF DY IE

WIZ, ATET I ROLERZME L (AX—2442), Hoiiz 2 BYEFEIK 41 % DBU T
B2 & I LR ZENRBBE L, U4 L7 0 U Z2KBIRIML 54 L Lz, VLT, Xy
NI Z KB TERE L. Appel SGS TRFEER S5 ~ &8 -, g TBAIfF(E T, KFE{LT
FU D ATREES 2 &0 FRBRIEPEIT L, EREBRAMHER TE o, RBILEERRPI A T
FEAVL, O-ATET I FEE)DEE A ER LT,

BnO,
o
DBU, THF NH,, Ha, Rh/AL,O4
[WH
0°Ctort EtOH, rt
) 0
73% 99%
53 Y
BnO Br,
0 1. Hy, Pd/C, EtOH Q
NH t, 99% NH,, NaH, TBAI
[WH : H
& o) 2. CBr,, PPh, o o) DMF, 0 °C
CH,Cl, 73%
54 o) 0°Ctort, 92% S5 o
LIHMDS, Mel
THF, 78 °C

52%

(—)-stemoamide (36)

Scheme 42. (1)-A T E7 2 ROEARK
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WHE B EOFE LD

UTICHE _Ea L,

OH 1. Me,C(OMe),, CSA o 1. DMSO, (COCl),, Et;N
B CO.Me 2. NaBHy, 78% (2 steps) H CH,Cl,, =78 °C to rt
Me0,c~ > C02 - TBSO_~SL A~ —
OH 3. TBSCI, NaH, 95% (5 2. CIPhsP” ~OBn, t-BuOK
_ THF, —40 °C to rt
dimethyl L-tartrate (37) 42 93% (2 steps), E/Z = 1/1.2
o 1. TBAF, THF o 1. DMSO, (COCl),, Et;N
E rt, 92% E CH,Cl,, -78 °C to rt
TBSO A~ OB ———————=  HO_~{_~_OBn
: 2. H,, Pd/C, THF : 2.7 MgBr, CH,Cl,, 78 °C
o 43 rt, 97% 60 44 g=n M2t
83% (2 steps)
1. MeC(OEt)s
o 2-nitrophenol OH CCIzCN
: 140 °C, 87% : oB DBU, ZnCl,
/YV\/OB” Et0,C7 > N BN
e éo 2. 80% AcOH agq. B CH,Cl,, 0 °C
45 60 °C, 93% 38 929%
CCl,
NH, BHT (5 mol%)
O~/-CCls t-BuPh, 160 °C; HN™ S0
so~~_0Bn ————————> 2
EtOZC/\/\ n

Ba(OH),
—_—_—
A OBn
: MeC(OEt); EtO,C : NN MeOH/H,0
39 0 BHT (1.5 equiv) I~ 0 0°Ctort
140 °C, 47% 2 83%
ji OBn
ClaC” "NH | I, Na,COs5 EDCI, DMAP
D —_—
HO,C H OH THF/H,0, 0 °C DMF, rt
759 809
49 o] & *

1. DBU, THF, rt

1. Hyp, Pd/C, EtOH
73%

rt, 99%
2. H,, Rh/AIL,O5 2. CBry, PPh3
THF, rt, 99% CH,Cl,

0°Ctort, 92%

NaH, TBAI LIHMDS, Mel

DMF, 0 °C THF, -78 °C

73% 52%
(—)-stemoamide (36)
Scheme 43. (1)-AT €7 I FOEH
B B CIE, 55— CBA%E L7y Overman/Claisen $5(7 288Kk & LT, ()-A7TET IR

DREKEZEMR LT, LHEABRY ATFALL0FELZRIKAL FT I RIS
% i

Overman/Claisen #zA7

AL, ATETI RO 9 Il H e 2 EHR 2@ AFTLEEAN LT, BAARDINAKSy
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RCHELTESHNRUEED, 2 5O B NVRF I NEOXBULAERRE LT, BEAENS 3 TR TX
TET I RIS T By-77 b, y-F 7 F LEEKRTE T2, &ZIC, 7 BEROE L iK%
AR A FNILDOBEAER T, O-ATET 2 ROEEMREEHR LT,
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(+H)-RAAT =2 (B7) 1L, THETIZ 2 DOREHBINHE SN TVDR, WTinh 7&K
DELTH Y | SHEERORERENT/, 2T, AR LEEHERO S b5 [ AtEE R~
N 5T ORI E R DARFAERMUITIY MA T,

o)
Mo L N? o, ome jlsN o

OH
HO O- OH 1 cor

D-ribose derivative (58) 59 60 |
vy
CCl3
0 '}‘HH Overman/Claisen CI3C O

------------------ - 4
b opeeneeeemeee PO ey o T 5 ?1/3
L oP"
L MeO,C
3 " e
vy

0}

MeO
o A T T AN e R
A O
N
H H
B
63 (+)-neostenine (57)
Scheme 44. (+)- 3 A4 A7 = > DA AT
ARWFTENT IS 2 B BRERIE O RFIL, (+)-F A AT =2 (57) ITHFET D 4 Hig A A L%

Overman/Claisen #i(\. % G TERILEW D 3 MDY 7~ b E—{LIC LV ERT LR TH D,
—RENZBRIRAE AW D SARHIEN L, 73 F OSARBEIZ K E <URFFL. LIZULIZEE RSB
HH25, T I T, AW TIISLAELEE DB O D I WERIL B D[3,3]2 7~ kv B —#i{iL &
MW ARFHRGIZ LV SR e 2 i L. € OREZMET 2 IEAREIEZ VW5 Z Lz L, #
AATHEZR D-VU AR — RFHER (58) LV AR LT VAT L a—591Zx L AEEDOY 7~ ba
iz & L C Claisen #5(7 & L, 9+ 10 iz 2 @it A IRFE A EAT D, fiL O CTERIRA L b
7 2 K 61 ® Overman/Claisen #5712 L V) 9a« 1 fLICKIIGT D & 455 28 A Tl & — 2R I TR
T 5, 15 DAVIZHENLK 62 DERIF & B0 I 2[0S FNBRILICE Y ABREZAKRT 5,
ZO%, BMTRICTHFELLT VT E K632 L, Sml, Z HWZBRILRISICE Y —282 C+ D
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BRAAEET D, RIS, 77 NUHFET, 77 2 ABIZEITCIZED . (#)-RAFAT=2(B7) ©
EHEREERT HEHETH D,
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WO Z-7 U LT A a— L DA

#HIZ, Claisen 8 IZ WS Z-7 UV LT v a— Va2 Sk Lz, HEFEETH S D-VR— 25
K58 AR T 7 h—/L 65 ~ LB LTZ (R¥F— L 45), 65 (2% 5 Grignard S i Ee
2V LT V3 —)L 66 H H—NREMRE L TH R T,

Y4 NaBH, Y4 OMPM .
o © MeOH, 0 °C; o o BrMg——=+), %0 " ovem
WOVOH HCl aq. O«« THF, -78t0 0 °C HO B
HO™ ™o NalOy, rt o~ “OH 96% O- OH
95% 65 (single diastereomer) 66

D-ribose derivative (58)
Scheme 45. 7’ /L)L T )L a— )L DAY

ZIZT, FasOLX AT v a—)LT )b a—)L 66 ONAMMEFEORTE BT (AF— L 46),
TIXR L DOERTICEY 67 & Uiz, ZZCTET AT OF Y UfRICED . TAT B R 68 k%
HL T2 b= 69 3 HiTz, 69 IZBERLEH TH VY "HNMR 23— L7=72%, Grignard /<
JETHETATA CTo AR EEDSLIREFIE R Th D L IRGE LTz,

%O 4 H,, Pd/BaSO, %O
Ho/\l/g\i/HOMPM quinoline " H L OMPM
MeOH, rt NOY T M

OB OH B

0-) OH
o 1
66 93% (single) 67
O._,.OH
0, o
MeOH, —78 °C; z .
N
Me;S SR AD A — 9 on
0-) OH 4'0 78%
68 69

known compound

Scheme 46. 7' 11 /L)L T )L 20— )L DILAR L DI TE

fEVN T, Grignard SUSDSEAREIPEIZ OWTE 25 (RAF¥—A547), AREUGIEF L— M
L0 ESIRRIRICHEIT L2 e B2 DD, L L, R a-F L— 2 VBT AT, AR
WO LS L72 D, T 7 b—/b 65 12T 2 SR OZRMEIZ DU T Singh &13y-5F L
—La VETFAEEB LTSS, 7 BB L— MRS U, #RE TR S SR A
FTHE, ELC D73 — L OISREFEIER &2 0 BERFER L AET 5,
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>< OMPM
Q"o BrMg——=+");
O% THF, -78to 0 °C
o~ "OH
65
o 4
i % I~ TomMPM
O5 OH . ?6%
(single diastereomer)

Grignard St T H 7z A — /b 66 O — ko KER LRIV 72 PR

%o 4
MOMOMOMPM
OB OH

LTI a—)L Tl L FHE LT,

%O " MOMCI
= 2,6-lutidine
H = OMPM
HO B CH,Cly, rt
O H
© 39% (76% brsm)
66
H,
cat. Pd/BaSQ,4 o
cat. quinoline H
THF, rt MOMO )
O- OH

66
Scheme 47. Grignard SChts O N7 AARERIRUME

ot

— OMPM
4
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80%
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Hf Claisen (712 L 5 AT L OE A

3.1 Ireland—Claisen #z/{i7

9+ 10 (2D 2 HGEAF H L2 HIE 35 72, Ireland—Claisen #5772 (A ¥—149), 7V
VTV —)LTL DKEEIEE T 2 AL LT U VT 2T )V 72 %1572, 72 %78 °C {2 T LIN(TMS),,
TMSCI T L CE-> U VT o7 X—/L 73 & L=, 65°CIZHIRT 5 & Claisen /773
7L, MIST D ANVAR W T4 IR 2% TH Oz, L, CL0 MEOSAERMEIL 2:1 12 &
EEofe, o143 ) — L Efia L, ZFNLZRATIVLT5 & LT,

H3C(CH,),CO,H %0

o)
- EDCI, DMAP —__ OMPM
MOMO/W:(VYOMPM MOMO ) )
4 CH,Cly, 1t o- O
05 OH 2Ll \n/\/
71 96% 72 o)
%Q 9 H
LiN(TMS),, TMSCI : = 4
LINTMS),, TMSCI MOMOWPMPM MOMo/\G\/ OMPM
_7a 65 °C o] !
THF, -78 °C oJ o i~ COM
73 TMSO 42% 74 H
(dr at C10 = 2:1)
EtOH o H
EDCI, DMAP H 4
MOMO/\l/B\/ OMPM
O 1
CH,Cl,, rt COLEt
68% 75 H

Scheme 49. Z-7 VY )L 7 )L =2— L 71 @ Ireland—Claisen &7

Z ZC. lreland—Claisen H&(7 2MENEIRME & 72 > T2 BEHIZ DWW THE 2 5, lreland 1%, “ UL
T ) — N T— T LA R A ORI RIC ONWT ORI ERE LTS (£ 5) B BV UL
T TR VMBS T D THF W CIEIGE 56% (dr = 3:1) SRV RMEThH L, —T7, Z-v
YNNI T 7 Z— VMBS 2 MRV IR 2 N U 72 24 CUE IR 70% (dr =1:10)., U328 60% (dr
=2:>98) & BAFRBRIRNME CERALIA D SE o TWD (= FY—23), ULk Xk oIz, Z-v UV vrT
YT TR A RN L TR T X 2 —, E- U AT T T X — L OBRIRPEIT I
OREEICRE HkFT 5, P2, AEEEAICHWZ Z-7 VL= AT )L 72 1%, ESEIRE7RT Y
N T T eE— N OPFMBRELRILE TCholo LB X TND,
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Table 5. Ireland 512 X 2 IA0 R O faEt

TBSO.__O., TBSO.__O,,
(@ JO
r r

78
Z-silyl ketene acetal

cg) i-ProNLi, solvent, =78 °C;

TBSCI in hexane,

\© —78 °C to reflux;
I ”
E-silyl ketene acetal

76
entry solvent yield
1 THF 56% (79:80 = 3:1)
2 THF/23% HMPA 70% (79:80 = 1:10) Q
HO
60% (79:80 = 2:>98) H |(
79

THF/45% DMPU

2B, IR 74 OSMMERE, OT AT VA~ —E SR I— T 7 b E L, NOESY

FERIC X W RIE LTz,

© H
2 4 |2, NaHCO3
oMPM — = @ 0 5 MOMO

MOMO
05 THF/H,0, 0 °C
R oOH 85% 81
1]

74

NOESY (500 MHz, CgDg)

Scheme 50. Ireland—Claisen B\ {4 74 O SIAR{LFDOHE
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3.2 Johnson—Claisen H5{i7.

Wiz, Z-7 UV V7 b3 —/b 7112 Johnson-Claisen #5{iz Z i@ H L7z (AF— A 51), 71 %, AV
RESER b U =F b, 2-= br 7 = ) —/UAHE R, BT 140 °C IS 2 LEAALANELT L, KIS
T HTAT VTS DBIULE 90%, 7 AT LA~ —h 1.7:1 T H 47z, Johnson-Claisen #4037 i H
&V, 2 TRROMENE . RIEZRIERSEITRE LT,

HaC(CH,),C(OE)s °o

2-nitrophenol % = 4
— OMPM ——» MOMO OMPM
MOMOm“ toluene, 140 °C /\CI)/B\/ 1
O~ OH H CO,Et

90%
71 (dr at C10 =1.7:1) 75

o

Scheme 51. Z-7 Y /L 7 /L =2— L 71 @ Johnson—Claisen #{i7

BN T, ARIGDOSABRIECONWTELET D (AF—A52), T VAT L a—LiRfiliifs
TEFAV MR b U =T )L EINET 2 & ROV AT 2 2 /O 77 o 7 2 — /L A% R
U CHAENESTS % & Daub 512 & W i S TWAY, REISTHZICAE LD 2 SORFHD
95, QAL HREFRI O KEEIED S22 H NS A LT ¢ v ORTRMEIC L b 2RICHE T
7= —77. 10 MEDOSARGAITESLERT O 7 T o 7 8 4 — L OB T D, T Tk
H—VIN ERE 72 BDIBRIRKE B TIX, =TI LEE, ROV X UEEGERL, = by AL
EDORNCRE R A= a KBEPELD, —H, 70782 =D ZKOEBIREE A TlL, =
FNUERT XX MLz 5D D0, BRI LD L3-UT F v VNS, ZOEBIRE
ADPDESE U TERMLAEIT LT L B2 T D, el IRINT 2 OEWIC X 5 SRR E~DF
BNZOWT, I Do TR WS FEERFE IR K0 BRVERE D /N S Wl D 5 A3 LB SR b F DA
NAEZ %< 52 DA 2R Z LRG> TW5D, LLED X 912 Johnson-Claisen H&A7. oD 12
KV 2 TREROENE & KIBZRNERSENFEH TE T,
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H3C(CH,),C(OEt)3
m-cresol

OMPM
toluene, 140 °C ‘

QX;
OMPM  ~——— MOMO—/&>;</
H

57%
EtO

o k
(e mQ
o
T
5
|

MOMO

MOMO 5
o}
CO,Et

e
1

major
(6]

(desired)
% "\ H
OMPM MOMO—' O
33% =<
E
EtO j ﬁ

- “CO,Et
H 2

5{

MOMO
O

minor
Scheme 52. Johnson—Claisen B&{i7. 0> Y744

BN IRMEERN T AR E L TE LN, 2EOY T AT LA~ —%RE
HBOTRTHOBEIREECTH -7, LB LS. MPM

ZDEoIZ
MOEFFRITHED D Z L& LI2D,
HITRDO ROV EERW L&, BEECE 22 &R gnoTz,
WIZ, NV NREEROFEE R Z R T (AF—2A4 53), 77 h—Zxtd % Grignard it
g 2 7 RSV FLT v a—)L 82 &5z 72, 82 D—HLRIRHIRE, i<

TX R THEST L,
W2V Z-7 U VT I a— L 84 ~ L E N

53T
>< OBn o 4
o o Bng%é/M %5 4 OBn MOMCI, 2,6-lutidine
UM THF, -78to0°c MO 03 ! CH,Cly,
H
o~ "OH 99% 51%
65 82 (62%, brsm)
o . H,, P_d/BI_aSO4 o
= uinoline =
i OBn d A=, OBn
MOMO 4
THF, rt oB o4
95% 84

MOMO
05 OH
83
Scheme 53. Z-7 U L7 /L2 —)L 84 DE Rk

%t L. Johnson—Claisen #&\. Z 5t L7 (£ 6), 84 &4 /L b
1ITL AT )L 85 N

B Z-7T VLT L a—)L 84
Bl B Y = F UAFLE T, 704 VEREZ IR UNES 2 & | LS s ) i
Wk 7 ) —NWIZEETDHE, VT AT L

#88% (dr=111atCl0)TH LNz (= hU—1),
FUEZFHIHEE LR, m-Z by — a2 Hno e &

F~—tnm kL (= b U —2)
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INH92% (dr=2.0:1atCl0) & ik b BV Rz 5272 (=2 F U —3),

Table 6. Johnson—Claisen $&A7 D #iEt

H3C(CH2)2C(OEt); o
C:) acid /\l/:\/ H
~ — OBn MOMO OBn
MOMO B 4 toluene, 140 °C OB :
O- OH H CO,Et
84 85
entry acid yield drat C10
1 o propionic 88% 1.1
\)J\OH acid o
85% 1.8:1

2 ©\ phenol
OH
3 /@\ m-cresol 92% 2.0:1
OH
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HUUED  EREAY Overman/Claisen $&7

Johnson-Claisen #a(\Z{A&72 &, BRRA /L R T X REApk L7z (X% —.L4 54), Johnson—Claisen #z
NARD 2 RO YT AT LA~ —I30BINEECh o727, BEWDO E EhEA~ED T, BAK
85 DT AT VEiEIL L, A UT/KEEEZ MOM ZECRFEL 87 & L7z, #ev T, 80%[EEEE T &
HZ—NERELTT U N-12-UA—188%1%72.,88% MY 7 mr 7k k= KV L filjf&o DBU,
ZnCl, TR L CTERARA/L R 7 I K 89 ICAEH L=, Z DBk T Johnson-Claisen #5(7 kD7
AT LA~—90 & B CE T,

o) o] MOMCI

% H 4 LiAIH % - H 4 i-ProNEt
MOMO/\l/S\/ OBn ¢ Momo/\(s\/ OBn 2
o) o THF, 0 °C o) OH CH,Cl,, rt
85 H 2 93% 86 H 99%
' =) ez

CCI;CN

(0] OH H cat. DBU
- Ty 80% AcOH agq. A 4 cat. ZnCl,
MOMO™ X OBn MOMO/\l/\/ 0Bn
5 o CH,Cl,, 0 °C
(@) OMOM 45 °C OH OMOM 2Ll2,
87 H 93% 88 L
-
H,N

C|3C ClsC\-0

H 4
MOMO 5 oBn MOMO/\G\/
OMOM OMOM
89: 56% 90: 27%

Scheme 54. Bk A /L 7 X ROEEK

Ty

BT ERA IV T 2R 89 1Tkt L, ey Overman/Claisen #4037 A8 F L 72 (A % — A 55),

89 % MSAA f#{E T, EFEh 180 °CIZMET % & | BRIkA /L b7 I ROBHER % #% T Overman #5f7
DEITL, T IUNAT NV a— 92 SRR LT, £2ICU ARy MIT, A0 MEER Y A F 0,
2-= b7 = )= VERIMUMENT 5 &, 53 DGR 93 23U S4%H — AR RMER T 5
Nize ZOXHz, BIRANVET IR 8 BT VRy MITRAAT = UITHRIGT D EHEFR 2
HFEARF RO A ETE I,

7, AIE TIEAL BT 2 RB Overman 0L OEIIIC MSAA & V5 0735, BHT 2k~
BB, DEEEBICRWERE G 272,
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HoN CCl,
ClsC-\-0
= 4

: H
MOMO/\l/B\/ OBn MSAA

o

: H
OMOM

4
t-BuPh, 180 °C MOMO/\I/\/ OBn
1 OH OMOM
89 91 H

CCl3
07 “NH MeC(OMe)s 07 NH
S H, 2-nitrophenol SH, 4
AN -———
ST L Sl o
MeO,C H H
93: 54% 92

Scheme 55. @A) Overman/Claisen Bizf7.

PLED X oIz, i

) Overman/Claisen ¥V 2 & e 3 ED T 7~ ha B —8E7 12k vV . KW
R ST RS ARG 8 G N ol NI o S PR By A T[] VN o ) A =
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B (H)-F AT = ORFEAR

3HDL 7~ b E E—IGIC kD RAMICKIET 5 E %5 4 WA L2 3 2 Sk
E AR TE T, FAAF = DRARICIHNT T, 3 SOBHLEIGIC & % B OB T
0 $LAT,

(+)-neostenine (57)

Scheme 56. %4 AT = 2ERIZMIT 72 3 DOEA{V s

51 XA AT =1 ABREOREE

EPTHDICABOARICHETF LT (A FX— L4 57) 501K 93 D A F L 25 L Z KSR L
NVRE 94 L LTz, 94 % EDClI, DMAP THLERS 5L, MU zmnar7 k& 7 I REEDHT
NHEADHEIT L, XA AT =0 D ABRICKHET 5y-7 7 % Aa 925 95 ULE 80% T H iz

(= hU =1, LU, KEMHEEFART—NAT v FICEOVNEMETT D2 03 ghotc (v
NU—2, 325 mg, ILHE 61%), iEflRBREIT0 0> TWRWAS, TLC IZ X 2 GBS HIE M
T AT TERPIERT Db DD, ZDHRDOEICEFEOHRENME T 5 Z &N gnol, 71
0 X T & AW TIRA IR KRDE G RATEN R OUEIL R oot (2 F Y —3),
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SH, o4 LiOH
AN
MOMO 8“8/'%'\/' THF/H,0, rt
MeO,C H 82%
93
o 'EIHH . see table
MOMO™ > OBn
OMOM
HO,C
94 H
entry conditions scale yield
1 9.8 mg 80%
EDCI, DMAP, DMF, 45 °C
2 32.5mg 61%

CICO,Et, Et3N, THF, 0 °C
DMAP, 60 °C

Scheme 57. A BREMEEE DO RGT

RN ERSRWERIZ, NV ZaaT7t b7 2 REORBEDERS ICHD EELZ, 22T
R e LT, B 0METEZB BTN yun T b7 I N8 & A VI T R— b 96 (T4
L. KOMIMZKE BURERIZ Z D 7 I & TR ICEIT T M L7 (R 7). 5
f7{K 93 % Cs,CO3 fE7E T, %7K DMSO H1 90 °C IZHENT 5 & A V27 F— b DA & BRI 7
BN AF IV AT IVOMKGIREN—ZIZHET L, 97a A U7, T4 180 °CIZHIRT 5 &
STNEAEDRHEIT L, Bley-7 7 ¥ A 95 2527 (2 hU—1, 2), Lo L, RFEHTHLAS
— AT TICEVIEEME T Lz, £, AF VT AT IVRIKGFRIZ L0 VR ik 97a 1272
L2, BALICERSGEDRVE Lo o], £ T, HKEHTA YT x— e Lk, EiRC
THEEKCTURTNEZAT A ZREFLEEFET IV 24E 03N EELT (MY —
34), MEAKGAET90°C ITIEL ., =ILE THA L T D EEKICKIGIREZTH T 5 &, Bk
BERHETT LT 2 ) = A7)V 9Th WA Uz, 97b D4y +INER LI, Fafn7e|iRSM: T CHEfT L, 95
EICRELS 52T, o, AEHTIEA T —N % EFCh @m0 iEBIEZ R LT,
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Table7. 1 Vv 7 % — FE#H L7z AR OERK

CCly o
AN
0~ "NH N
SH, see table o~ :H, 4
MOMO™ > OBn MOMO OBn -
MeO,C OMOM RO,C oven
93 2 H 96a (R = H)
96b (R = Me)
NH
A Ay
MOMO OBn
OMOM
RO,C 1
97a (R = H)
97b (R =Me)
entry conditions scale yield

1 Cs,C0;5 (2.5 eq), H,0 (50 eq) 6.3mg 76%
5 DMSO, 90 to 180 °C 40.0 mg 63%
3 Cs,CO; (2.5 eq), DMSO, 90 °C 6.1 mg 84%
4 then NaHCO; aq., rt 126 mg 90%
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5.2 XA AT =1 B BRI DOIEL

AR B TE 2O T W T BEREOMEL HIF L. R PVEOREZ M L7z (£ 8),
y-7 7 % 1 95 % MeCN/H0 35k, CAN TIULEET 2 L BN GRT DDA Th 7= (= b
—1), &IZ, DDQ Z W5 & I 76% CTHLp T /L 21—/ 98 3G H L, 13%DFEIA EIN S 7
7z (=2 FU—2), DDQ ZMW\ 54T, RFEOHFE, KM EEZ Th, 2Ll Lo
FIIORNoTz, WIT, —78°CITT BirchiEx A2 @M T2 &, XU UNEOLBDBRESINT
98 AN 9%, XL NI Z 14 DT VL —F LEME & R S U7 99 23R 85% TE 5
e (=2 hU—3), 14 fiz®d MOM =—T7 /VENIL, DAL 7 ¢ o OELRIBIA TR DD
72, 99 WHL—ERM & L TR HILD R ATRE L, IREMFIORME, 63°C & Lick & 99
DIHEIR % TH- 272, 728, -50 °C TIX 98 1IN Vb DD, D EOHEERIFAY O LK
%M NMR I CHER L TV 5,

Table 8. X UL BREOKE

14
MOMO/\[ MOMO/\’ \’

H H H
MOMO MOMO MOMO

conditions
(0] (0] (0]
N N N
H7 HH_oBn HT HH o HT HH oy
95 98 929
entry conditions result
1 CAN, MeCN/H,0, rt decomp.
2 DDQ, CH,CIo/HL0, rt 98: 76%, 95: 13%
3 Li, +-BuOH, THF/NH3, —78 °C 98: 9%, 99: 85%
4 Li, -BuOH, THF/NH3, —63 °C 99: 90%

ol 99 K0, BERIHHMEZMRFI L (A% —2A458), 99 % Appel K & W BF#EA 100
~LEZ) 100 & DMF B sii iz Tl o TBAI fF4E F NaH TRLEE4 % L 5N E1L
DHEAT L, XA AT =00 BEBRICKHIGT 5 7 BREKEEZ S0 BRIELEW 101 AR TE 72,

\! H CBr,, PPh, \[ H \]
MOMO imidazole ~ MOMO NaH, cat. TBAI MOMO o
—— [——
N CH,Cl,, 1t N DMF, rt
HT HH 272 HT HH
OH 76% Br 77%
99 100 101

Scheme 58. SRR AZ#EH L 7= B BRSO
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WICIRm L& B L, Bl E A > 77— MCARE L7z (AF—2459, 99-102—101), D
fas, Ak, BbE BICERMICKISDET T2 2 L 2R L7, F72, Jealko Appel Kt

VEIETA N T 2= VIR AT 4 A XY ROGBERNEE T > 7= DXt L, ARG TIERE
LRSI o DTV TEEEZ B LA VL ERILDO U VR v Mea kA7 (99—101),
T b3 —)b 99 Z DMF I T A L b L, BUEIOTE I A fERE L 72 1% (2 TBAL, NaH TR %
EHTe 101 T ARy MRUSIZT, IR 8T% THRR TE 72,

R
MOMO MsCI, Et;N MOMO
(0]
N CH,Cl,, rt N
' HH oy Lant OMs
99 quant.
NaH
quant. | cat. TBAI
DMF, rt

MsCI, EtzN MOMO
cat. TBAI, NaH
0,
87% 101

Scheme 59. # 37— M Z#¢H L7- B BROMEEE
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53 Sml,BR{kiZ L5 C - D EBRODOHEE

BHERSR DGR T, Smly DA A — RRRES T NE LS~ DS AFIS, 2
IZ5 % <SG STV B, Smly & AW BUGIE, — %R 722 FE TR EE R h B BR OREES0,
WINPT L 2 BOSHECEIRME DI FTRE TH D . AE UL FIZHB W TIEFIZAHTH D,

FRZOTNBRILIZEBWT, 7AT e RERAFMANR=NVEGT LG AVUL, y-7 7 %
LaEte TBRWEEENERTE 5, LTS, 2 202G A~DISHHZR~7,

AL HIFO-ATET I FOEARKICENT, SMLBLEZHRF LTS (£ 9) ™%, 2Rk %,
MeOH DA ZRM L7 & &, FREEDILE, drat C8 = 1:0.9 Tixd 5 NELeERLIK 104 245 TV
% (mr hU—1), 728, HMPA ZIRINT 2 L HEEOA L7 0 VOKMBEIZ L 5T, 9 H
FRVNLEOBRLRDO A E H 2= (= b U =2, 3),

Table 9. Sml, AL OF (K% 5)

P
H
(0]
R2 Sml, (5 equiv) H
R1/1\v{\/>§0 additive 104 (desired) 105
N
H o
N
5 H
H

_H THF, 0 c
o

103E (R' = CO,Me, R? = H)

103Z (R' = H, R? = CO,Et)

entry substrate additive result
1 102E MeCOH (5 equiv) 104: 32%, 105: 28%
2 102E HMPA (20 equiv), MeOH (5 equiv) 106: 55%, 107: <5%
3 1022 HMPA (20 equiv), EtOH (5 equiv) 106: 39%, 107: 11%

FHBIET LR R -B OEARICBWT, Sml, & W= FNERkickY DBREy-7 7
B AERERELTND (AF—2560) B3, 7/4a—/1108 LV EWEZT LT E R 109 %, MeOH 77
TEF Sml, THLEET 5 & BT 2 DOBRMPEGL S 4172 110 & 2 TRRIGE 82% TH 2 72, BRILK
METER 7R SARIRPIMECTHE T L, e 110 OANE—OMREMEARE L TE LT,

-62 -



H TEMPO 0 H 4
(ONS -0 -
Embciji:;;]:/tl\ _ Phl(OAG), Embc/“:;\;]:”tl\ Sml,, MeOH §1;;Z:;;I:”tl\
HO
< L0 “OMe CH20|2 THF, rt H £ 10" “OMe

Me 82% (2 steps)
108 109 110

Scheme 60. Sml, & VN7 BB RS o] ()

Vb X 512, BOSOSLARZERMEIZIE OHE IR E AKFET D05, WI5 O SO SM 2 7F
AT IUT SMLBAKIC K D XA AT = D% COBERH A 2RISR TE 2 L HiIfF LT,

Sml, BAL D FEARRICINT T, AV 7 4 VEOHR Z s Lz (A% —2L461), T/LTE KR
BB IO R RS SN2, VAR y MITYR Rr¥iqb, 4 — VB, Wittig
Ot &M Lz, 101 K0 ALY A—%E, 20°C TT/LT b RIZE#R L, 2212, VR
v MZT2AFN-2-7T7 2 AU REFRML 0°CIZHIR LTz, 2-2AFN-2-7 7 L I4:FE D NMO
ZIEE L, Wittig SOS THI7ZICAEL DAL 7 4 DOV E Rax i b2 <HTHRMLEZ, 20
912 T, 101 b 1 TRIC T, Y REfM—m 27 L 111 AR 75% TE 57, S5h7- 111
® NOESY EBRIZ X v | IO R ORF & B L 7=,

cat. 0sO, COzMe

NMO, CH,Cl,, rt
Pb(OAc),, —20 °C;

2-methyl-2-butene
Phz;P=CMeCO,Me
0°C, 75%

101
NOESY (CDCls, 500 MHz)

Scheme 61. FEAFIT 2T /L 111 DERK & SR L FDORE
111 ZHEEeCHEL LT, MOM HEA2ELS 112 L L, AU AkBEoBkicky 75 R

63 |2, Zrd, TATE REIIILETHY, YU DTNTT AL LE-OH%K D 10 i1
YR B SN d 5T,
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112

cat. TPAP
NMO, MS4A

_—_—

CH,Cl,, rt
89%

Scheme 62. 7/ 7t K 63 DERL

C-DEHOWELZAL., BONZT /AT K631k L Sml, & A 7=25FNERALE G & 1
L7z (F10), 63 % THF IFHEH-78 °C 127C Sml, THREET 2 & | HECMITERILEE A EIT L,
N 67%, dr=1:6.8atCl13 TERILAZ G272 (=2 FU—1), fFOAIZAERDD 1147 - 12 D
SR EFIIFERICHE TE 72 b DD, A FAEITEE R WNRELE O 113 MBS L TE LT, K
SR A AR 2 iRt L7 R, IR TROG L7ea. HOAERY 64 WEBIRIICERTE 5 Z &
Syinole (2 hU—2,3), EHIZ, HEEEE LTHMPA o & % I3 87%, dratCl3=
501 L bRWHREZE X (= M) —4), FEHIZ2SLRFE B IC DWW TIIBIED & 2 A%
o TR, LoaL, JFEE 63 ORZEREL 73 Nt E (MM2¥135, ~ 27 vEe7 1) T
THELEZEZA, BITRT LI REEL L > TWD 2 ENSNY . TRAMER L TBRILDSEST
TIURERM D L 9 7o xiikiiE %2 525, TNAT B REZATABMDOKEZIXZFZFEANTNDD
T, ZHUDRERBO 11 - 12 fLDofFKFIZXHE L TWD, ZD X, ARIGIZEY C- D B2
BN 3EfEAF L ZE —BITHETE T,
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Table 10. Sml, B2Vt D Faat

Sm|2

solvent, temperature

entry solvent temperature yield drat C13
1 THF -78 °C 67% 1:6.8
2 THF —40 °C 81% 1.9:1
3 THF rt 75% 4.6:1
4 THF/HMPA = 24:1 rt 87% 5.0:1

B, HoNT 2 FEOBRIIA 64 - 113 ONA LSRIE. NOESY EBRiC L W ikEL T\ 5,

64 113
NOESY (CDCls, 500 MHz) NOESY (CDCls, 500 MHz)

Scheme 63. Sml, BR VAR DSTARALZE DR E
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54 (+)-XF AT = DOARFEERK

IFAT = U BRERRICHT Ttk OFEIL, KV REFEOEY-F 7 NUTFET, -7 7 ¥
LR RB I TH D, ETHDIC, AT =V OEFRICBWTHEBOREDH D, 74T IR
AR LB TR MA TS (X — L 64) TR0 18C om, B {L T H A7~ 64 % Lawesson iR
TUEET 5 L, 47 I R 114 Z L 40% TH 2 7=, 114 ZiE% 0O W-2 Raney Ni TALEET 5 & |
RN O )R A AT =GN ELNT, LL, FA47 X MM, Bt s bITRIGETH >
Tele®, WEBROEFEARY MT =X OWUEIZNETH 7=,

s S
MeO—@—;{ jP'—©—0Me
s S
Lawesson's reagent W-2 Raney Ni
CH,Cl, rt EtOH, rt

40% trace

(+)-neostenine (57)

Scheme 64. 547 X RERH LT 7 X L DiEIT

WIEBEBALELZ W= T 7 2 ABIReE T E LT, D OE LT\ e oo A4
AV (ZF—2065) ¥ Ao sbERIL, Booker—Milburn & DR A 2T = BB R D F
TRICHEAENTNS ), 64 2 fitfii > RhH(CO)(PPhs), fF7E . THF AL 5= 1R T Ph,SiH,
TRET 5 & | (H)- A AT = (BT) UL 26% T Dz, RIS T crude NMR (27T 11 {7
DE—7 DY EHRELTEY, 727 brOBILOBAICLVIRIGRIZZR 572 EB 2 T0n5,

cat. RhH(CO)(PPhs);
Ph,SiH,

THF, rt
26%

(+)-neostenine (57)

Scheme 65. Rh g1k % W= F 7 % A DIETT

FEV T, Vaska $ffAE W72 T 7 & NEIRAY I8t 237~ 72, Vaska $51& 4 Fl\\ 72 B RE AL #a
ELT, KELIET I REFRE Leoh I vABERE LTS (AF—266) ¥, 73 K115
% 2 HED(MeHSi),0, filfied Vaska $5(A CULELT 5 &, NO-TEX—/L 116, £ I =T LA
117 2R LT ST 5 < 118 3R 82%, mFIE L ST X 2 119 28<1% T
Bz,
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IrCI(CO)(PPhs), (0.01 mol%) [ H

Ph/\n/NEtz (Me,HSI),0 (2 equiv)
o}

NEt, | — o
Ph
toluene, 25 °C

115 116 H OSi

. NEt NEt
PR NER g NER

H o
Ph)\7NEt2

117 118: 82% 119: <1%

Scheme 66. 7K & 512 L % Vaska Az W -=F 3 ARk

=T X RESRD NO-7 2 Z — /L TIE EHFFOM LA LY BRI I =T L4 F
ZELD, —HN-AFFT7 2 FHEDONO-7T X —L7ebiE, A XU EOFEHIC LY il
HIHR LSABDTI 72 572D NO-T B ¥ — VIS ZEIAFAETE D LB 2 UFRETIIN-2 b %
27 2 RICKET B Vaska S5 2 V72 BRESRINAY 72 38 e ASREZ A INBOG 2 BRI LT D (A%
— 267 ¥, HFNICL Y RETHOREVEFEHEZ AT ABIFT S N-A hF 7 3 K120 %,
Vaska ${A&, (Me,HSi),0 TRLEET % & N,O-7 & ¥ — 1 121 5.2 7=, 121 OFFFEIEL NMR EBR(Z
FVMERE LTS, AU 121 IS8 L, KFEREZANFIE T BFOEL, THLET L L, A I =T A
A A 122 2R U OREAMTINDBSET L, M9 5 A b3 7 22128 2R 7% TH A 72, L
EDO X, ARUSERAWIUEE W REFHEOEmWT AT V22 EBROTIZ, 7 I FEER
BN SRS ATRE T H B,

N/ \/
o IrCI(CO)(PPh3), (5 mol%) .Si.__Si.
PR (Me,HSi),0 (1.1 equiv) H™ 0" Oy
merthe Y C.H )<N
OMe toluene, rt, 30 min n-C7h4s |
CO,Me One
BF3'OEt2
CO,Et ’
H (TMSO)(EtO)C=CH, P
roms Y UL rCrbig” SN
OMe 97% e
123 COMe 122 CO,Me

Scheme 67. ‘B REALEIR A 72 1= ST SREZ AT NP

Z 2T, BREASEINA B ST SR IR DRIFICIHB W T, £ U7 NO-7 & ¥ — /L A i fl &
D(Me,HSI),0 74 T, BE CTHRIETIIETH e KU RBMIINT 2552, Gl LIZT 7 ¥ 264~
EIEHA L (A% —2A68), 64 & =iEIZT(Me,SiH),0, Vaska & {A CHLEL L N,O-7 & ¥ —/1 125
LB, VR y MCTTRA ZIRINT &0 A S =0 LA A2 126 Zfkh L CEITAET L
(-1 A AT =2 (57) DR T8% TEHMTE 1=,
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cat. IrCI(CO)(PPhs),
(Me,HSi),0

CH,Cly, rt

78%

(+)-neostenine (57) 126
Scheme 68. Vaska $i{Ak % AV 72 7 2 L D& IE

B LT2(#)-2F AT = (BT DERFEA R ST — 3 G STV AHE 25 & Ln—8%
T L. W& D 57 DRFLAERKEER LT,
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HEHE WO
UTICE=EEE LD,

>< NaBH, >< 1, Bng%(-/iBn %

o) MeOH,0°C; 0~ "0 THF, —78 to 0 °C, 99%

"0
mQ

- _ = z 3 — OBn
WO\/OH HCl aq. OW 2. MOMCI, 2,6-lutidine, 51% Pom“
HO™ g NalOy, rt o~ “OH 3. H,, Pd/BaSO,, quinoline, 95% O~ OH
D-ribose derivative (58) 95% 65 72 (P = MOM)
HsC(CH),C(OEYs \¥<: 1. LiAIH,, THF, 93% OH
m-cresol B 2. MOMCI, i-ProNEt, 99% Po/\l/\/ OBn
toluene, 140 °C 3.80% AcOH aq., 93% OH oP
: COzEt a
92% 85 a:f = 2:1\/ 88 a:p = 2:1\/
HoN CCly
CCI,CN ClsC- 0 MS4A (50 wt%) 07 NH
DBU, ZnCl, t-BuPh, 180 °C; H
. Bn /\/
CH,Cly, 0 °C B Op MeC(OMe)s PO 82”
83% 2-nitrophenol, 180 °C MeO,C )
(drat C10 = 2:1) 54% 93
Cs,CO POA{ H \’ H MsCl, Et;N
S 3 sCl, Et3
DMSO, 90 °C; PO Li, t-BuOH PO DMF, rt;
A (e} (0]
NaHCO; aq., rt N THF/NH3, —63 °C N NaH, cat. TBAI
HT HH g, HT HH oy
90% 90% 87%
95 99
o} 0
0s0,, NMO
CH,Cly, rt; MeO 1. THF/6M HClag.  MeO
Pb(OAC),, —20 °C; PO i , 87% o LY
2-methyl-2-butene O 2 TPAP, NMO o
PhsP=CMeCO,Me wT N N MS4A e N
0°C, 75% CH,Cly, 1t, 89%
111 63
IrCI(CO)(PPhs)
(Me,HSi),0
Sml, CHoCly, 1t; 18 steps
B — B — e o i
THF/HMPA CF4CO,H, rt total 2.5% yield
n 78%
87%
(drat C13 = 5:1) (+)-neostenine (57)

Scheme 69. (+)- 1A AT = DL
HEETIL, H—ECR% L7 EEAY Overman/Claisen A DA HMEZ T~~~ < . AR b4

Kine LTH-FA AT O8aMEEMR L, D-V A — 2FEEE HREEE L.
Overman/Claisen Ba{\/ 2 & i 3 [BD L V'~ b a B —BR(7 I L 0 . RIS T 55285 4 Hif
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AFPOLEEALL, A-BERZAKE. SmLBLKISIC LV ED 3HEiAF e C- DERE
—HIERE L, (D) A AT = E2RAM LT, 2O X 91T, HfEH Overman/Claisen #i(71%,

HEZLDEFEMERI DO EGRRICOEHATEETH V. TOmWERMERH LM ELoT,
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AFEClX. 7 U L-1,2-2F — L DR Overman/Claisen $&( OB LT-, & 512,
BB LG ERIH L CU VAR Yy M TEER 2 EEAFTHLEEEL, O-ATET7 I FBX
VHF)-A A AT = O/ E ER LTz,

TR Overman/Claisen #5070 BH3E

A, VAR—ALDEWR LT U A-12-UA— Tkt U, £ - BARTE AR L7\ Etleny
IREENLSOS DBAFEIC I MHA TS, A= KO FFEE LR A L b7 X ROFEROS 2RI L,
Overman #&(7% 1 [EIZHIHICE 7=, A U777 VL7 L 2—1iZxt L Johnson-Claisen #x{v7. % it
ToE BIRANVET I R B TRy N CHfGEARA AN E— R L L TR L,

i CCly | CClg
OH O/gNH Overman O\i
1 R! R!
OH L OH | OH
CCI,CN Claisen l
DBU
r 7 ccl
OH 3
Cl ?:ZN o) R! PN
3 " 0”7 "NH
1 1
RTJ\/\RZ - O. _NH RA R2
o T
L CCly 1 EtO,C

()-ATET I FOEEHK

A% L 7 Overman/Claisen 5. 288 & LT, ()-ATET I ROBREMAEEMR LT,

dimethyl L-tartrate lactamization

CCls
l l NH, HN™ S0
0—/-CCly Overman/Claisen : OBn
E10,C” X 08BN Et0,C7 Y AT
2 - z
o) EtO\n/ jodolactonization
(e}

(—)-stemoamide

FEAFEY AFL L EN-BIRA/L R 7 2 RICU >R > b Overman/Claisen #5067 25 L, &%
FE2HEAF T OERE L, B ONTFEBARONKRSTELT-2 OO IVRF IV HAE T —
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K77 R ALTRBHE L, i 77 ¥ 2MEIZ L0 2 BRIEEKEHBE LT, T Dk, 7 BBROBE,
AFNLIEOBEANEZRT()-ATET I FEe2AmM LT,

(+)-2F AT = DEERK

I, Overman/Claisen #ifL 2§ & LT, K0 EMERIBIED(H)- 2 A AT = DEEM A E
LTz, D-UAR—AFEERL Y AR LT, Z-7 U L7 v 22—/11Z Johnson-Claisen #(7 Z i L 2
EE R LA EA LT, TR THE WAL F 7 I Fo> Overman/Claisen BA(71C L 0 &%
H2EGAF PO EREE LI ABEROAGKRARTHFE LT LT E RO SmLELEISIZ LD |
C:DERZARLWNI 3EFAF L —HITHE L., KREICT 7 FET, 77 % L3RR

BITICK V()R A AT =0 2R2E/ LT,

o
>< Johnson—Claisen %5 H
o Yo , %
2 3 — OB
m}@\/ Pom n —_— PO/\(l)S\/ 19 OBn
OH
HO O~ OH iy CO2Et

O
D-ribose derivative

mQ

Overman/Claisen

(+)-neostenine
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A. Experimental Procedures

General Details.

Reactions were performed in oven-dried glassware fitted with rubber septa under an argon atmosphere.
Toluene, DMSO and t-BuPh were distilled from CaH,. DMF was distilled from CaSO,. HMPA was
distilled from CaO. MeOH was distilled from CaSO,. All distilled solvents, CH,Cl,, EtOH were dried
over activated 3A molecular sieves. THF (dehydrated, stabilizer free) was purchased from KANTO
CHEMICAL CO., INC. Commercial reagents were used without further purification. Thin-layer
chromatography was performed on Merck 60 F254 precoated silica gel plates, which were visualized by
exposure to UV (254 nm) or stained by submersion in ethanolic ninhydrin or ethanolic phosphomolybdic
acid solution followed by heating on a hot plate. Flash column chromatography was performed on silica
gel (Silica Gel 60 N; 63-210 or 40-50 mesh, KANTO CHEMICAL CO., INC.). Preparative thin-layer
chromatography was performed on Merck 60 F254 0.5 mm precoated silica gel plates. '"H NMR spectra
were recorded at 500 MHz with JEOL ECA-500 spectrometers. “*C NMR spectra were recorded at 125
MHz with JEOL ECA-500 spectrometers. Chemical shifts are reported in ppm with reference to solvent
signals ['"H NMR: CDCl; (7.26), C¢Dg (7.16), CD;0D (3.31); **C NMR: CDCl; (77.16), C¢Ds (128.06),
CD3;0D (49.00)]. Signal patterns are indicated as br, broad peak; s, singlet; d, doublet; t, triplet; g, quartet;
m, multiplet. Infrared spectra were recorded using a BRUKER ALPHA FT-IR spectrometer. Mass spectra
(ESI-TOF) were measured with a Waters, LCT Premier XE. Melting points were measured with a

Mitamura-Riken microhot stage. Optical rotations were measured with a JASCO P-2100 polarimeter.
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Chapter 1: Development of sequential Overman/Claisen rearrangement

Z-Enoate 12a (E:Z =1:7)

. (COCI),, DMSO
J\/ Et3N CH,Cl,, -78 °C UOZEt
OH
MPMO™ Y (PhO),P(O)CH,COLEt  MPMO™ Y\

NaH THF, -78 °C o)
84% (2 steps) 12a (E:Z=1:7)

Oxalyl chloride (26 mL, 290 mmol) was added dropwise to a solution of DMSO (26 mL, 370 mmol) and

CH,CI; (300 mL) at —78 °C. The resulting solution was maintained for 30 min at —78 °C. A solution of
alcohol 11™ (33.7 g, 119 mmol) and CH,Cl, (50 mL) was then added dropwise via cannula at —78 °C.
After the solution was maintained for 45 min at —78 °C, EtzN (55 mL, 390 mmol) was added dropwise to
the solution. The resulting mixture was stirred for 15 min at —78 °C, and allowed to warm to room
temperature, quenched with H,O (800 mL), and extracted with CH,Cl, (200 mL) and EtOAc (500 mL).
The combined organic extracts were washed with brine (800 mL), dried over Na,SOy,, and concentrated to
give the corresponding aldehyde as a yellow oil, which was immediately used in the next reaction without
further purification.

A flask was charged with the crude aldehyde and THF (200 mL), and cooled to —78 °C. Meanwhile,
sodium hydride (5.0 g, 130 mmol, washed with hexane three times) was added to a solution of ethyl
diphenylphosphonoacetate™ (38.1 g, 119 mmol) and THF (150 mL) at 0 °C. The solution was stirred for
15 min at 0 °C, and cooled to —78 °C. The resulting solution was directly poured into the solution of the
aldehyde through a funnel at —78 °C. The solution was stirred for 20 min at —78 °C, quenched with H,O
(500 mL), and extracted with EtOAc (2x 400 mL). The combined organic extracts were washed with brine
(500 mL), dried over Na,SO,4 and concentrated. The residue was purified by silica gel column
chromatography (EtOAc/hexane 1:4 to 1:2) to give 35.0 g of Z-enoate 12a (84% for 2 steps, two isomers,
E:Z = 1:7). For analytical samples, the isomers were purified by HPLC (PEGASIL Silica 120-5, 250x20
mm, UV 254 nm, EtOAc/hexane 1:5, 10 mL/min, Z-enoate 12a: Tg = 14.0 min, E-enoate 12b: Tg = 14.5
min) to afford pure Z-enoate 12a and E-enoate 12b. Z-Enoate 12a: colorless oil; [a]*®, +57.6 (c 0.84,
CHCly); IR (film) 2980, 2940, 2870, 1720, 1710, 1610, 1510, 1250 cm™; *H NMR (500 MHz, CDCl,) &
7.26 (d, J = 8.6 Hz, 2H), 6.85 (d, J = 8.6 Hz, 2H), 6.17 (dd, J = 11.7, 8.3 Hz, 1H), 5.92 (dd, J = 11.7, 1.1
Hz, 1H), 5.37 (ddd, J = 8.3, 8.3, 1.1 Hz, 1H), 4.56 (d, J = 11.7 Hz, 1H), 4.47 (d, J = 11.7 Hz, 1H), 4.14 (q,
J=7.2Hz, 2H), 3.95 (ddd, J = 8.3, 6.9, 3.2 Hz, 1H), 3.79 (s, 3H), 3.66 (dd, J = 10.6, 3.2 Hz, 1H), 3.62 (dd,
J =10.6, 6.9 Hz, 1H), 1.44 (s, 6H), 1.25 (t, J = 7.2 Hz, 3H); *C NMR (125 MHz, CDCl,) & 165.5 (C),
159.3 (C), 145.6 (CH), 130.3 (C), 129.5 (CH), 123.1 (CH), 113.8 (CH), 110.4 (C), 80.6 (CH), 73.8 (CH),
73.3 (CH,), 70.4 (CH,), 60.6 (CH,), 55.4 (CHj), 27.3 (CHs), 27.2 (CHs), 14.3 (CH3); LRMS (EI) m/z 350
(M*, 5.1%), 292 (16), 274 (11), 263 (13), 229 (5), 170 (18), 156 (21), 141 (44), 121 (100); HRMS (EI),

M Carpita, A.; Braconi, S.; Rossi, R. Tetrahedron: Asymmetry 2005, 16, 2501—2508.
2 Ando, K. Tetrahedron Lett. 1995, 36, 4105—4108.
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calcd for C19H,606 M* 350.1729, found 350.1745.

Z-Allylic alcohol 13a
OH

O  CO,Et o
N
12a (OE:z=1 :7) :)Sa

Diisobutylalminium hydride (0.95 M in hexane, 300 mL, 290 mmol) was added dropwise to a solution of
Z-enoate 12a (35.0 g, 99.9 mmol, two isomers, E:Z=1:7) and toluene (200 mL) at —78 °C. The solution
was maintained for 1 h, quenched with 1M aqueous HCI (500 mL), allowed to warm to room temperature,
and extracted with EtOAc (2x 500 mL). The combined organic extracts were washed with saturated
agueous NaHCO; (500 mL) and brine (500 mL), dried over Na,SO,, and concentrated. The residue was
purified by silica gel column chromatography (EtOAc/toluene 1:4) to give 19.2 g of Z-allylic alcohol 13a
(62%) and 6.40 g of E-allylic alcohol 13b (21%). Z-Allylic alcohol 13a: colorless oil; [a]*®, +0.2 (c 0.78,
CHCly); IR (film) 3440, 2990, 2940, 2860, 1605, 1510 cm™*; *H NMR (500 MHz, CDCls) & 7.25 (d, J =
8.6 Hz, 2H), 6.88 (d, J = 8.6 Hz, 2H), 5.87 (dtd, J = 11.2, 6.9, 1.1 Hz, 1H), 5.56 (ddt, J = 11.2, 8.3, 1.1 Hz,
1H), 4.70 (ddd, J = 8.3, 8.3, 1.1 Hz, 1H), 4.52 (d, J = 11.7 Hz, 1H), 4.49 (d, J = 11.7 Hz, 1H), 4.16-4.14
(m, 2H), 3.86 (dt, J = 8.3, 4.9 Hz, 1H), 3.80 (s, 3H), 3.59 (d, J = 4.9 Hz, 2H), 2.05 (brs, 1H), 1.43 (s, 3H),
1.42 (s, 3H); °C NMR (125 MHz, CDCls5) & 159.5 (C), 133.8 (CH), 129.7 (C), 129.7 (CH), 129.3 (CH),
114.0 (CH), 109.6 (C), 79.7 (CH), 74.5 (CH), 73.5 (CH,), 69.3 (CH,), 58.6 (CH,), 55.4 (CHj3), 27.2 (CH3),
27.1 (CHs); LRMS (EI) m/z 308 (M", 0.6%), 293 (3), 250 (9), 232 (6), 204 (6), 173 (10), 137 (74),
121(100), 99 (17); HRMS (EI), calcd for C;7H,,05 M* 308.1624, found 308. 1618. E-Allylic alcohol 13b:
colorless oil; [0]*°5 —12.9 (c 0.69, CHCI5); IR (film) 3443, 2990, 2934, 2865, 1613, 1514, 1371, 1247,
1088, 1032 cm™; *H NMR (500 MHz, CDCls) & 7.26 (d, J = 8.6 Hz, 2H), 6.88 (d, J = 8.6 Hz, 2H), 5.92
(dtd, J = 15.5, 5.2, 0.6 Hz, 1H), 5.72 (ddt, J = 15.5, 7.5, 1.7 Hz, 1H), 4.52 (s, 2H), 4.24 (ddd, J = 7.5, 7.5,
0.6 Hz, 1H), 4.16-4.14 (m, 2H), 3.90 (ddd, J = 7.5, 5.4, 3.7 Hz, 1H), 3.80 (s, 3H), 3.57 (dd, J = 10.6, 3.7
Hz, 1H), 3.54 (dd, J = 10.6, 5.4 Hz, 1H), 1.45 (brs, 1H), 1.433 (s, 3H), 1.432 (s, 3H); *C NMR (125 MHz,
CDCl3) § 159.4 (C), 134.2 (CH), 130.2 (C), 129.5 (CH), 128.0 (CH), 113.9 (CH), 109.5 (C), 80.2 (CH),
78.7 (CH), 73.4 (CH,), 69.2 (CH,), 62.9 (CH,), 55.4 (CH3), 27.1 (CHj3), 27.1 (CHs); LRMS (EI) m/z 308
(M*, 0.2%), 293 (4), 250 (8), 232 (6), 204 (6), 186 (10), 173 (10), 137 (75), 121(100); HRMS (EI), calcd
for C17H,40s M* 308.1624, found 308. 1633.

Z-Benzyl alcohol 14a

OH BnBr, NaH OBn

I i
MPMO™ Y\ 0°Ctort, 94%  MPMO™ Y\

o o
13a 14a
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A solution of Z-allylic alcohol 13a (922 mg, 2.99 mmol) and DMF (5 mL) was added to a mixture of NaH
(340 mg, 9.0 mmol, washed with hexane three times) and DMF (8 mL) at 0 °C. The resulting mixture was
stirred for 30 min at 0 °C. Benzyl bromide (530 pL, 4.5 mmol) was then added to this mixture at 0 °C.
The mixture was allowed to warm to room temperature, and stirred for 2.5 h at this temperature, quenched
with saturated aqueous NH,4CI (20 mL), and extracted with EtOAc (3x 20 mL). The combined organic
extracts were washed with water (3x 20 mL) and brine (3x 20 mL), dried over Na,SO,, and concentrated.
The residue was purified by silica gel column chromatography (EtOAc/hexane 1:7) to give 1.12 g of
Z-benzyl alcohol 14a (94%): colorless oil; [a]*'p —0.4 (c 1.30, CHCIy); IR (film) 2990, 2860, 1610, 1510,
1460, 1370, 1250, 1080 cm™*; *H NMR (500 MHz, CDCl5) & 7.35-7.27 (m, 5H), 7.22 (d, J = 8.6 Hz, 2H),
6.85 (d, J = 8.6 Hz, 2H), 5.84 (dddd, J = 11.2, 6.9, 6.0, 0.9 Hz, 1H), 5.59 (dddd, J = 11.2, 8.6, 1.4, 1.4 Hz,
1H), 4.57 (ddd, J = 8.6, 8.6, 0.9 Hz, 1H), 4.48 (d, J = 11.7 Hz, 1H), 4.47 (s, 2H), 4.44 (d, J = 11.7 Hz, 1H),
4.11 (ddd, J = 12.9, 6.9, 1.4 Hz, 1H), 4.03 (ddd, J = 12.9, 6.0, 1.4 Hz, 1H), 3.86 (ddd, J = 8.6, 5.4, 3.4 Hz,
1H), 3.79 (s, 3H), 3.54 (dd, J = 10.6, 3.4 Hz, 1H), 3.48 (dd, J = 10.6, 5.4 Hz, 1H), 1.43 (s, 3H), 1.42 (s,
3H); *C NMR (125 MHz, CDCls) § 159.3 (C), 138.1 (C), 131.9 (CH), 130.1 (C), 129.7 (CH), 129.4 (CH),
128.5 (CH), 128.0 (CH), 127.9 (CH), 113.9 (CH), 109.6 (C), 80.3 (CH), 73.9 (CH), 73.4 (CH,), 72.4
(CH,), 69.0 (CH,), 65.8 (CH,), 55.4 (CH3), 27.2 (CH3), 27.1 (CH3); LRMS (EI) m/z 398 (M, 0.3%), 383
(1), 261 (1), 249 (4), 232 (43), 211 (4), 188 (9), 137 (39), 121 (100), 91 (91); HRMS (EI), calcd for
C24H3005 M™ 398.2093, found 398.2107.

Z-Allylic syn-diol 15a

OBn OBn
U 80% AcOH OH
—_—
MPMO™ Y\ 35°C, 88%  MPMO Z
o) OH
14a 15a

Z-Benzyl alcohol 14a (1.05 g, 2.93 mmol) was dissolved in AcOH/H,O (4:1, 10 mL) at room temperature.
This solution was warmed to 35 °C, and stirred for 10 h at 35 °C. The solution was cooled to room
temperature, and concentrated. The residue was purified by silica gel column chromatography
(EtOAc/hexane 1:1 to 3:1) to give 837 mg of Z-allylic syn-diol 15a (88%): colorless oil; [a]*p +5.6 (c
1.16, CHCIy); IR (film) 3450, 3360, 2900, 1520, 1240, 1130, 1040 cm ™’ 'H NMR (500 MHz, CDCly) &
7.36-7.27 (m, 5H), 7.22 (d, J = 8.6 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 5.81 (dddd, J = 11.2, 6.6, 6.0, 0.9
Hz, 1H), 5.76 (dddd, J = 11.2, 8.4, 1.4, 1.4 Hz, 1H), 452 (d, J = 11.7 Hz, 1H), 4.48 (d, J = 11.7 Hz, 1H),
4.45 (d, J = 11.7 Hz, 1H), 4.43 (d, J = 11.7 Hz, 1H), 4.42—-4.39 (m, 1H), 4.14 (ddd, J = 12.4, 6.6, 1.4 Hz,
1H), 4.06 (ddd, J = 12.4, 6.0, 1.4 Hz, 1H), 3.80 (s, 3H), 3.66—3.63 (m, 1H), 3.54 (dd, J = 9.7, 3.7 Hz, 1H),
3.44 (dd, J = 9.7, 5.7 Hz, 1H), 2.87 (brs, 1H), 2.75 (brs, 1H); *C NMR (125 MHz, CDCl3) & 159.5 (C),
138.0 (C), 131.8 (CH), 130.4 (CH), 129.8 (C), 129.6 (CH), 128.6 (CH), 128.0 (CH), 127.9 (CH), 114.0
(CH), 73.4 (CH,), 73.3 (CH), 72.7 (CH,), 71.1 (CH,), 68.9 (CH), 66.1 (CH5), 55.4 (CH5); LRMS (EI) m/z
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358 (M", 0.1%), 250 (2), 232 (10), 149 (3), 137 (33), 121 (100), 91 (95); HRMS (EI), calcd for Cy;H205
M* 358.1780, found 358.1786.

E-Enoate 12b (E:Z =5:1)

o 1. (COCI),, DMSO o
i EtsN, CH,Clp, —78 °C P
OH N
MPMO™ Y 2. PhyPo_ COEt MPMO ! COEt

o toluene, 100 °C
1" 98% (2 steps) 12b (£:Z=5:1)

Oxalyl chloride (1.9 mL, 22 mmol) was added dropwise to a solution of DMSO (2.1 mL, 30 mmol) and
CH,CI, (40 mL) at —78 °C. The resulting solution was maintained for 30 min at —78 °C. A solution of
alcohol 11 (2.09 g, 7.40 mmol) and CH,CI; (19 mL) was then added dropwise via cannula at —78 °C. After
the solution was maintained for 45 min at —78 °C, Etz;N (8.3 mL, 59 mmol) was added dropwise to the
solution. The resulting mixture was stirred for 15 min at —78 °C, allowed to warm to room temperature,
quenched with H,O (80 mL), and extracted with CH,Cl, (40 mL) and EtOAc (80 mL). The combined
organic extracts were washed with brine (80 mL), dried over Na,SO,4, and concentrated to give the
corresponding aldehyde as a yellow oil, which was immediately used in the next reaction without further
purification.

A solution of the crude aldehyde and toluene (10 mL) was added to a solution of
(Ethoxycarbonylmethylene)triphenylphosphorane (3.87 g, 11.1 mmol) and toluene (30 mL) at 100 °C.
This solution was maintained for 30 min at 100 °C, cooled to room temperature, and concentrated. The
residue was purified by silica gel column chromatography (EtOAc/hexane 1:2 to 1:1) to give 2.54 g of
E-enoate 12b% (98% for 2 steps, two isomers, E:Z = 5:1). For analytical samples, the isomers were
purified by HPLC (PEGASIL Silica 120-5, 250x20 mm, UV 254 nm, EtOAc/hexane 1:5, 10 mL/min,
Z-enoate 12a: Tg = 14.0 min, E-enoate 12b: Tr = 14.5 min) to afford pure E-enoate 12b and Z-enoate 12a.
E-Enoate 12b: colorless oil; [0]*°p —28.7 (¢ 1.22, CHCI,); IR (film) 2986, 1721, 1613, 1514, 1249, 1174
cm ™' 'H NMR (500 MHz, CDCl3) 8 7.25 (d, J = 8.6 Hz, 2H), 6.88 (d, J = 8.6 Hz, 2H), 6.88 (dd, J = 15.5,
5.4 Hz, 1H), 6.08 (dd, J = 15.5, 1.4 Hz, 1H), 4.53 (d, J = 12.0 Hz, 1H), 4.51 (d, J = 12.0 Hz, 1H), 4.40
(ddd, J = 8.6, 5.4, 1.4 Hz, 1H), 4.20 (q, J = 7.2 Hz, 2H), 3.94 (ddd, J = 8.6, 4.6, 4.6 Hz, 1H), 3.81 (s, 3H),
3.60 (dd, J = 10.6, 4.6 Hz, 1H), 3.58 (dd, J = 10.6, 4.6 Hz, 1H), 1.45 (s, 3H), 1.43 (s, 3H), 1.29 (t, J = 7.2
Hz, 3H); *C NMR (125 MHz, CDCl;) & 166.1 (C), 159.5 (C), 144.2 (CH), 129.9 (C), 129.5 (CH), 122.7
(CH), 114.0 (CH), 110.3 (C), 79.7 (CH) ,77.6 (CH), 73.4 (CH,), 69.1 (CH,), 60.7 (CH,), 55.4 (CH5), 27.1
(CH3), 26.8 (CHs), 14.3 (CH3); LRMS (EI) m/z 350 (M*, 1.8%), 263 (13), 245 (8), 170 (14), 156 (21), 137
(71), 121 (100), 112 (40); HRMS (EI), calcd for C1oH»60s M* 350.1729, found 350.1725.

B Somfai, P.; Marchand, P.; Torsell, S.; Lindstrom, U. M. Tetrahedron 2003, 59, 1293-1299.
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E-Allylic alcohol 13b

(0] o

MPMO/\l/\xJ\/\COZEt %’ MPMO/;RJ\//\/ o

12bCZE:Z:5:1) 13b
Diisobutylalminium hydride (1.01 M in toluene, 5.4 mL, 5.5 mmol) was added dropwise to a solution of
E-enoate 12b (740 mg, 2.11 mmol, two isomers, E:Z = 5:1) and toluene (20 mL) at —78 °C. The solution
was maintained for 1 h, quenched with 1M aqueous HCI (10 mL), allowed to warm to room temperature,
and extracted with EtOAc (2x 30 mL). The combined organic extracts were washed with saturated
aqueous NaHCO3 (10 mL) and brine (10 mL), dried over Na,SO,4, and concentrated. The residue was
purified by silica gel column chromatography (EtOAc/toluene 1:4 to 1:2) to give 523 mg of E-allylic
alcohol 13b™! (80%) and 41.4 mg of Z-allylic alcohol 13a (6%).

E-Benzyl alcohol 14b

o
13b

o BnBDr'\,/IﬁaH o
MPMOAXJ\//\/OH T 0Cton 65% MPMOA\EJ\//\/OBn
o14b
A solution of E-allylic alcohol 13b (1.03 g, 3.34 mmol) and DMF (5 mL) was added to a mixture of NaH
(250 mg, 6.7 mmol, washed with hexane three times) and DMF (10 mL) at 0 °C. The resulting mixture
was stirred for 30 min at 0 °C, and then benzyl bromide (600 pL, 5.0 mmol) was added to the mixture at
0 °C. The mixture was stirred for 2 h at 0 °C, allowed to warm to room temperature, and stirred for 1 h at
room temperature. The reaction mixture was then quenched with saturated aqueous NH,CI (20 mL), and
extracted with EtOAc (2x 20 mL). The combined organic extracts were washed with brine (3x 20 mL),
dried over Na,SQ,4, and concentrated. The residue was purified by silica gel column chromatography
(EtOAc/hexane 1:7) to give 701 mg of E-benzyl alcohol 14b (65%): colorless oil; [a]*°p —16.1 (c 0.37,
CHCIy); IR (film) 2987, 2935, 2860, 1515, 1369, 1240, 1090, 1030 cm™; *H NMR (500 MHz, CDCl,) &
7.37-7.28 (m, 5H), 7.26 (d, J = 8.6 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 5.89 (dtd, J = 15.5, 5.4, 0.9 Hz, 1H),
5.75 (ddt, J = 15.5, 7.5, 1.4 Hz, 1H), 4.53 (s, 2H), 4.50 (s, 2H), 4.25 (ddd, J = 7.5, 7.5, 0.9 Hz, 1H), 4.03
(dd, J = 5.4, 1.4 Hz, 2H), 3.91 (ddd, J = 7.5, 5.7, 3.4 Hz, 1H), 3.79 (s, 3H), 3.59 (dd, J = 10.6, 3.4 Hz, 1H),
3.54 (dd, J = 10.6, 5.7 Hz, 1H), 1.44 (s, 6H); "*C NMR (125 MHz, CDCls) & 159.3 (C), 138.2 (C), 131.5
(CH), 130.2 (C), 129.5 (CH), 129.5 (CH), 128.5 (CH), 127.83 (CH), 127.77 (CH), 113.9 (CH), 109.5 (C),
80.2 (CH), 78.7 (CH), 73.3 (CH,), 72.4 (CH,), 69.8 (CH,), 69.2 (CH,), 55.4 (CH3), 27.1 (CHs), 27.1
(CH3); LRMS (E1) m/z 398 (M*, 3.1%), 383 (5), 340 (3), 277 (4), 249 (6), 232 (82), 188 (16), 137 (81),
121(100); HRMS (EI), calcd for Cy4H3005s M* 398.2093, found 398.2093.
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E-Allylic syn-diol 15b

0 o OH
T oe 80% ACOH W\/osn
n _——
MPMO™ Y\ t, 83% MPMO
o

OH
15b

E-Benzyl alcohol 14b (646 mg, 1.62 mmol) was dissolved in AcOH/H,O (4:1, 6.5 mL) at room
temperature. This solution was maintained for 8 h at room temperature, and then concentrated. The residue
was purified by silica gel column chromatography (EtOAc/hexane 1:1 to 2:1) to give 520 mg of E-allylic
syn-diol 15b (90%): colorless crystals, mp 41-43 °C; [a]®p —17.4 (c 0.90, CHCI,); IR (film) 3417, 2909,
2861, 1612, 1513, 1240, 1099, 1032 cm™; *H NMR (500 MHz, CDCls) & 7.36-7.27 (m, 5H), 7.24 (d, J =
8.6 Hz, 2H), 6.88 (d, J = 8.6 Hz, 2H), 5.90 (dtd, J = 15.8, 5.6, 1.0 Hz, 1H), 5.76 (dd, J = 15.8, 6.3 Hz, 1H),
4.51 (s, 2H), 4.50 (d, J = 11.3 Hz, 1H), 4.45 (d, J = 11.3 Hz, 1H), 4.20-4.17 (m, 1H), 4.03 (d, J = 5.6 Hz,
2H), 3.79 (s, 3H), 3.69-3.65 (m, 1H), 3.59 (dd, J = 9.8, 3.5 Hz, 1H), 3.51 (dd, J = 9.8, 5.7 Hz, 1H), 2.73
(brs, 2H); °C NMR (125 MHz, CDCl5) § 159.5 (C), 138.3 (C), 131.6 (CH), 129.8 (C), 129.7 (CH), 129.6
(CH), 128.5 (CH), 127.9 (CH), 127.8 (CH), 114.0 (CH), 73.4 (CH,), 73.0 (CH), 72.9 (CH), 72.4 (CH,),
71.3 (CH,), 70.1 (CH,), 55.4 (CH3); LRMS (EI) m/z 358 (M", 1.7%), 331 (2), 267 (8), 250 (14), 232 (7),
181 (6), 149 (10), 138 (67), 121 (100), 109 (20); HRMS (EI), calcd for CH,60s M* 358.1780, found
358.1780.

E-Trisubstituted enoate 12c (E:Z=14:1)

1. (COCl),, DMSO o
EtN, CH,Cly, ~78 °C Me
J\/OH J\}\
MPMO™ Y 2 J\ MPMO CO,Me
o

BrPh3P CO,Me
EtsN, CH,Cl,, 0 °C 12c (E:Z=14:1)
91% (2 steps)

Oxalyl chloride (2.5 mL, 28 mmol) was added dropwise to a solution of DMSO (4.0 mL, 57 mmol) and
CH,CI, (16 mL) at —78 °C. The resulting solution was maintained for 30 min at —78 °C. A solution of
alcohol 11 (2.00 g, 7.08 mmol) and CH,CI, (20 mL) was then added dropwise via cannula at —78 °C. After
the solution was maintained for 45 min at —78 °C, Et;N (9.9 mL, 71 mmol) was added dropwise to the
solution. The resulting mixture was stirred for 15 min at —78 °C, allowed to warm to room temperature,
guenched with H,O (100 mL), and extracted with CH,Cl, (50 mL) and EtOAc (100 mL). The combined
organic extracts were washed with brine (200 mL), dried over Na,SO,4, and concentrated to give the
corresponding aldehyde as a yellow oil, which was immediately used in the next reaction without further
purification.

Triethylamine (3.0 mL, 21 mmol) was added to a solution of carbomethoxy ethyl triphenyl
phosphonium bromide (5.15 g, 12.0 mmol) and CH,Cl, (40 mL) at room temperature. This solution was

maintained at room temperature for 20 min. A solution of the crude aldehyde and CH,CI, (12 mL) was
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then added to the solution. The solution was stirred for 2 h at room temperature, quenched with saturated
aqueous NH4CI (50 mL), and extracted with CH,Cl, (50 mL) and EtOAc (100 mL). The combined organic
extracts were washed with brine (200 mL), dried over Na,SQ,4, and concentrated. The residue was purified
by silica gel column chromatography (EtOAc/hexane 1:10 to 1:8) to give 2.26 g of E-trisubstituted enoate
12c (E:Z = 14:1) (91%). For analytical samples, the isomers were purified by HPLC (PEGASIL Silica
120-5, 250x20 mm, UV 254 nm, EtOAc/hexane 1.7, 10 mL/min, Z-trisubstituted enoate 12g: Tr = 32.0
min, E-trisubstituted enoate 12c: Tgr = 33.0 min) to afford pure E-trisubstituted enoate 12c and
Z-trisubstituted enoate 12g. E-Trisubstituted enoate 12c: colorless oil; [a]®p —41.1 (c 0.96, CHCI,); IR
(film) 2988, 2936, 1719, 1613, 1514, 1249, 1034 cm™; *H NMR (500 MHz, CDCls) § 7.24 (d, J = 8.6 Hz,
2H), 6.87 (d, J = 8.6 Hz, 2H), 6.65 (dg, J = 8.4, 1.4 Hz, 1H), 4.68 (dd, J = 8.4, 8.4 Hz, 1H), 4.53 (d, J =
11.7 Hz, 1H), 4.48 (d, J = 11.7 Hz, 1H), 3.95 (ddd, J = 8.4, 4.9, 3.5 Hz, 1H), 3.80 (s, 3H), 3.75 (s, 3H),
3.58 (dd, J = 10.6, 3.5 Hz, 1H), 3.52 (dd, J = 10.6, 4.9 Hz, 1H), 1.85 (d, J = 1.4 Hz, 3H), 1.45 (s, 3H), 1.45
(s, 3H); *C NMR (125 MHz, CDCI3) & 168.0 (C), 159.4 (C), 137.4 (CH), 132.0 (C), 130.0 (C), 129.5
(CH), 113.9 (CH), 110.2 (C), 80.1 (CH), 74.4 (CH), 73.5 (CH,), 68.7 (CH,), 55.4 (CH3), 52.2 (CHa),
27.12 (CHs), 27.09 (CHs), 13.2 (CH3); HRMS (FAB) m/z calcd for CygHy,06 (M+H)" 351.1808, found
351.1814. Z-Trisubstituted enoate 12g: colorless oil; [0]*p +22.6 (¢ 0.14, CHCI,); IR (film) 2931, 2852,
1717, 1515, 1369, 1248, 1032 cm™; *H NMR (500 MHz, CDCl3) & 7.26 (d, J = 8.6 Hz, 2H), 6.86 (d, J =
8.6 Hz, 2H), 5.88 (dq, J = 8.6, 1.4 Hz, 1H), 5.05 (dd, J = 8.6, 8.6 Hz, 1H), 4.56 (d, J = 11.7 Hz, 1H), 4.49
(d, J=11.7 Hz, 1H), 3.93 (ddd, J = 8.6, 6.9, 2.9 Hz, 1H), 3.80 (s, 3H), 3.70 (s, 3H), 3.66 (dd, J = 10.6, 2.9
Hz, 1H), 3.60 (dd, J = 10.6, 6.9 Hz, 1H), 1.95 (d, J = 1.4 Hz, 3H), 1.44 (s, 3H), 1.43 (s, 3H); *C NMR
(125 MHz, CDCls) § 167.6 (C), 159.3 (C), 138.5 (CH), 132.0 (C), 130.4 (C), 129.5 (CH), 113.8 (CH),
110.0 (C), 80.6 (CH), 74.6 (CH), 73.3 (CH,), 70.2 (CH,), 55.4 (CHj), 51.8 (CHj), 27.29 (CH3), 27.27
(CHs), 20.8 (CH3); HRMS (FAB) m/z calcd for CioH,706 (M+H)* 351.1808, found 351.1797.

E-Trisubstituted allylic alcohol 13c

j’\)"\e DIBAL, toluene j’\/"{'i/
MPMO™ Y COMe  _zg-c gov  MPMOT Y

o)
12¢ (E:Z=14:1) 13c

Diisobutylalminium hydride (0.99 M in toluene, 14 mL, 14 mmol) was added dropwise to a solution of
E-trisubstituted enoate 12c (2.00 g, 5.71 mmol, two isomers, E:Z=14:1) and toluene (26 mL) at —78 °C.
The solution was maintained for 30 min at —78 °C, quenched with 1M aqueous HCI (40 mL), and
extracted with EtOAc (2x 50 mL). The combined organic extracts were washed with saturated aqueous
NaHCOs; (2x 50 mL) and brine (2x 50 mL), dried over Na,SO,, and then concentrated. The residue was
purified by silica gel column chromatography to give 1.52 g of E-trisubstituted allylic alcohol 13c (82%)

and Z-trisubstituted allylic alcohol 13g (6%). E-trisubstituted allylic alcohol 13c: colorless oil; [0]*°p —4.8
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(c 1.32, CHCIy); IR (film) 3451, 2985, 2936, 2868, 2361, 1613, 1514, 1240, 1032 cm™; *H NMR (500
MHz, CDCl3) & 7.25 (d, J = 8.6 Hz, 2H), 6.88 (d, J = 8.6 Hz, 2H), 5.33 (dd, J = 8.6, 1.4 Hz, 1H), 4.70 (dd,
J=8.6, 8.6 Hz, 1H), 4.52 (d, J = 11.7 Hz, 1H), 4.48 (d, J = 11.7 Hz, 1H), 4.16 (dd, J = 12.3, 3.4 Hz, 1H),
3.98 (dd, J = 12.3, 5.8 Hz, 1H), 3.83 (ddd, J = 8.6, 4.9, 4.9 Hz, 1H), 3.80 (s, 3H), 3.62 (dd, J = 10.6, 4.9
Hz, 1H), 3.59 (dd, J = 10.6, 4.9 Hz, 1H), 2.13 (brs, 1H), 1.84 (d, J = 1.4 Hz, 3H), 1.43 (s, 3H), 1.41 (s,
3H); °C NMR (125 MHz, CDCl3) § 159.5 (C), 142.2 (C), 129.73 (CH), 129.66 (C), 124.8 (CH), 114.0
(CH), 109.2 (C), 80.0 (CH), 75.0 (CH), 73.6 (CH,), 69.5 (CH,), 62.1 (CH,), 55.4 (CH3), 27.3 (CH3), 27.1
(CHs), 22.3 (CHs); LRMS (EI) m/z 322 (M", 1.1%), 307 (4), 264 (25), 246 (9), 218 (14), 200 (23), 187
(16), 143 (35), 137 (100), 121 (100), 110 (36); HRMS (EI), calcd for CigHa0s M* 322.1780, found
322.1779. Z-Trisubstituted allylic alcohol 13g: colorless oil; [a]*s —5.1 (c 1.03, CHCIy); IR (film) 3446,
2986, 2935, 2867, 1587, 1514, 1240, 1033 cm™*; *H NMR (500 MHz, CDCl3) & 7.24 (d, J = 8.3 Hz, 2H),
6.87 (d, J = 8.3 Hz, 2H), 5.33 (d, J = 8.7 Hz, 1H), 4.69 (dd, J = 8.7, 8.7 Hz, 1H), 452 (d, J = 11.7 Hz, 1H),
4.48 (d, J = 11.7 Hz, 1H), 4.16 (d, J = 12.3 Hz, 1H), 3.98 (d, J = 12.3 Hz, 1H), 3.83 (ddd, J = 8.7, 4.9, 4.9
Hz, 1H), 3.80 (s, 3H), 3.61 (dd, J = 10.6, 4.9 Hz, 1H), 3.59 (dd, J = 10.6, 4.9 Hz, 1H), 2.16 (brs, 1H), 1.84
(s, 3H), 1.42 (s, 3H), 1.41 (s, 3H); °C NMR (125 MHz, CDCl3) § 159.5 (C), 142.2 (C), 129.7 (CH), 129.6
(C), 124.7 (CH), 113.9 (CH), 109.2 (C), 79.5 (CH), 75.0 (CH), 73.5 (CH,), 69.5 (CH,), 62.1 (CH,), 55.4
(CHg), 27.2 (CHs), 27.1 (CHs), 22.3 (CHs); HRMS (FAB) m/z calcd for CigH,;05 (M+H)" 323.1858,
found 323.1854.

E-Trisubstituted benzyl alcohol 14c

JO\)‘Ai/ BnBDr'\’/IEaH Jo\)ﬂi/
OH —m—F—— OBn
MPMO™ Y 0°Ctort,80%  MPMO™ Y
(¢] (¢]

13c 14c

A solution of E-trisubstituted allylic alcohol 13c (1.52 g, 4.71 mmol) and DMF (5 mL) was added to a
mixture of NaH (540 mg, 14 mmol, washed with hexane three times) and DMF (8 mL) at 0 °C. The
resulting mixture was stirred for 30 min at 0 °C. Benzyl bromide (730 pL, 6.1 mmol) was then added to
this mixture at 0 °C. The mixture was stirred for 30 min at 0 °C, allowed to warm to room temperature,
and stirred for 2 h at room temperature. The reaction mixture was quenched with saturated aqueous NH,CI
(20 mL), and extracted with EtOAc (3x 20 mL). The combined organic extracts were washed with water
(3x 20 mL), brine (3x 20 mL), dried over Na,SO,, and concentrated. The residue was purified by silica gel
column chromatography (EtOAc/hexane 1:8) to give 1.55 g of E-trisubstituted benzyl alcohol 14¢ (80%):
colorless oil; [a]®p —18.1 (c 0.63, CHCLy); IR (film) 2986, 2859, 1613, 1514, 1369, 1248, 1074, 1031
cm ™t 'H NMR (500 MHz, CDCl3) & 7.36-7.28 (m, 5H), 7.25 (d, J = 8.6 Hz, 2H), 6.85 (d, J = 8.6 Hz, 2H),
5.49 (dg, J = 8.9, 1.2 Hz, 1H), 4.63 (dd, J = 8.9, 8.9 Hz, 1H), 4.53 (d, J = 11.7 Hz, 1H), 4.50 (d, J = 11.7
Hz, 1H), 4.45 (s, 2H), 3.92 (s, 2H), 3.88 (ddd, J = 8.9, 5.4, 3.4 Hz, 1H), 3.78 (s, 3H), 3.57 (dd, J = 10.6,
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3.4 Hz, 1H), 3.52 (dd, J = 10.6, 5.4 Hz, 1H), 1.71 (d, J = 1.2 Hz, 3H), 1.45 (s, 3H), 1.44 (s, 3H); *C NMR
(125 MHz, CDCl3) & 159.3 (C), 139.2 (C), 138.4 (C), 130.2 (C), 129.5 (CH), 128.5 (CH), 127.84 (CH),
127.75 (CH), 123.7 (CH), 113.9 (CH), 109.3 (C), 80.5 (CH), 75.2 (CH,), 74.3 (CH), 73.4 (CH,), 72.0
(CH,), 69.1 (CH,), 55.4 (CHs), 27.3 (CHs), 27.1 (CHs), 14.5 (CH3); LRMS (El) m/z 412 (M", 11.7%), 397
(5), 354 (12), 305 (16), 246 (57), 215 (32), 200 (17), 149 (22), 137 (90), 121 (100), 111 (65); HRMS (EI),
calcd for CpsH3,05 M™ 412.2250, found 412.2253.

E-Trisubstituted allylic syn-diol 15¢c

OH Me
| B0%AGOH
oB
MPMOM MPMOW\/ n

rt to 40 °C, 82°/
OH

15¢

E-Trisubstituted benzyl alcohol 14c¢ (1.50 g, 4.03 mmol) was dissolved in AcOH/H,0 (4:1, 30 mL) at
room temperature. After this solution was maintained for 19.5 h at room temperature, the solution was
heated to 40 °C, and stirred for 3 h at this temperature. The solution was cooled to room temperature, and
concentrated. The residue was purified by silica gel column chromatography (EtOAc/hexane 1:2 to 3:1) to
give 1.12 g of E-trisubstituted allylic syn-diol 15¢ (82%): colorless oil; [a]®p —17.3 (c 0.70, CHCIy); IR
(film) 3425, 2913, 2858, 1612, 1514, 1248, 1099, 1031 cm ™ 'H NMR (500 MHz, CDCls) 6 7.36-7.28 (m,
5H), 7.24 (d, J = 8.9 Hz, 2H), 6.87 (d, J = 8.9 Hz, 2H), 5.52 (dqg, J = 8.9, 1.4 Hz, 1H), 4.48 (d, J = 11.5 Hz,
1H), 4.45 (s, 2H), 4.45 (d, J = 11.5 Hz, 1H), 4.46-4.42 (m, 1H), 3.93 (d, J = 12.6 Hz, 1H), 3.90 (d, J =
12.6 Hz, 1H), 3.79 (s, 3H), 3.64 (dddd, J = 7.7, 5.7, 5.7, 3.4 Hz, 1H), 3.56 (dd, J = 9.7, 3.4 Hz, 1H), 3.46
(dd, J=9.7, 5.7 Hz, 1H), 2.67-2.65 (m, 1H), 2.53—2.52 (m, 1H), 1.73 (d, J = 1.4 Hz, 3H); **C NMR (125
MHz, CDCl3) § 159.5 (C), 138.4 (C), 137.8 (C), 129.8 (C), 129.6 (CH), 128.5 (CH), 127.84 (CH), 127.76
(CH), 125.7 (CH), 114.0 (CH), 75.4 (CH,), 73.7 (CH), 73.5 (CH,), 72.1 (CH,), 71.1 (CH,), 69.1 (CH),
55.4 (CH3), 14.7 (CH3); HRMS (FAB) m/z calcd for CpH,s0s (M+H)* 373.2015, found 373.2016.

Z-Enoate 17d

0.><Q PhsP” CO,E O  COEt
= N . - z
[\ CH,Cly, 1t HO/W

0" TOH 949, (E:z=1:33) ©

16 17d

(Ethoxycarbonylmethylene)triphenylphosphorane (5.77 g, 16.5 mmol) was added to a solution of lactol 16
(1.77 g, 11.0 mmol) and CH,CI, (55 mL) at room temperature. The solution was maintained for 2.5 d at
room temperature, and concentrated. The residue was purified by silica gel column chromatography
(EtOAc/hexane 1:4 to 1:2) to give 1.84 g of Z-enoate 17d (72%) and 564 mg of E-enoate 17e (22%).
Z-enoate 17d: colorless oil; [a]*®; —149.5 (¢ 0.92, CHCL); IR (film) 3491, 2985, 2936, 1715, 1381, 1194,
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1053 cm™; *H NMR (500 MHz, CDCls) § 6.38 (dd, J = 11.7, 7.2 Hz, 1H), 5.93 (dd, J = 11.7, 1.7 Hz, 1H),
5.59 (ddd, J = 7.5, 7.2, 1.7 Hz, 1H), 4.57 (ddd, J = 7.5, 4.9, 3.7 Hz, 1H), 4.18 (q, J = 7.2 Hz, 2H), 3.61 (dd,
J =117, 3.7 Hz, 1H), 3.46 (dd, J = 11.7, 4.9 Hz, 1H), 2.02 (brs, 1H), 1.53 (s, 3H), 1.40 (s, 3H), 1.29 (t, J
= 7.2 Hz, 3H); *C NMR (125 MHz, CDCl5) & 166.2 (C), 147.4 (CH), 121.2 (CH), 109.0 (C), 78.9 (CH),
75.0 (CH), 61.6 (CH,), 60.8 (CH,), 27.5 (CHs), 24.8 (CHj3), 14.3 (CHs); HRMS (ESI), calced for
C1iH1g0sNa* (M+Na)" 253.1052, found 253.1059.

Z-Allylic alcohol 19d

NH
DIBAL, Et,0 OH
?\/COZEt MPMOACCI3 O  COEt _78°C o
e :
HO™ Y\ CSA, CH,Clp, it MPMO & 66% (2 steps)  MPMO "
0 o 0
17d 18d 19d

Camphorsulfonic acid (91.8 mg, 395 umol) was added to a solution of Z-enoate 17d (913 mg, 3.95 mmol),
4-methoxybenzyl 2,2,2-trichloroacetimidate (3.54 g, 11.8 mmol) and CH,CI, (40 mL) at room temperature.
The solution was maintained for 2 d at room temperature, quenched with EtsN (110 uL), and concentrated.
The residue was purified by silica gel column chromatography (EtOAc/hexane 1:10 to 1:3) to give 1.30 g
of Z-methoxybenzyl ether, containing impurities derived from the reagent. For analytical sample, the
mixture of 18d was purified by HPLC (PEGASIL Silica 120-5 250x20 mm, UV 254 nm, EtOAc/hexane
1.6, 10 mL/min, Z-methoxybenzyl ether 18d: Tr= 21.1 min) to afford pure Z-methoxybenzyl ether 18d:
colorless oil; [a]*°p —146.2 (c 0.44, CHCI); IR (film) 2986, 2935, 2904, 1716, 1514, 1248, 1221, 1193,
1076, 1037, 821 cm™; *H NMR (500 MHz, CDCl5) & 7.23 (d, J = 8.6 Hz, 2H), 6.86 (d, J = 8.6 Hz, 2H),
6.26 (dd, J = 11.7, 7.5 Hz, 1H), 5.84 (dd, J = 11.7, 1.7 Hz, 1H), 5.65 (ddd, J = 7.5, 7.5, 1.7 Hz, 1H), 4.62
(ddd, J = 7.5, 6.6, 3.4 Hz, 1H), 4.47 (d, J = 11.7 Hz, 1H), 4.44 (d, J = 11.7 Hz, 1H), 4.14 (g, J = 7.2 Hz,
2H), 3.80 (s, 3H), 3.42 (dd, J = 10.3, 3.4 Hz, 1H), 3.31 (dd, J = 10.3, 6.6 Hz, 1H), 1.52 (s, 3H), 1.39 (s,
3H), 1.27 (t, J = 7.2 Hz, 3H); *C NMR (125 MHz, CDCl5) & 165.7 (C), 159.3 (C), 146.4 (CH), 130.3 (C),
129.4 (CH), 121.4 (CH), 113.8 (CH), 109.4 (C), 77.6 (CH), 74.3 (CH), 73.1 (CH,), 69.1 (CH,), 60.6 (CH,),
55.4 (CH3), 27.7 (CHs), 25.2 (CHj), 14.3 (CHs); HRMS (ESI), calced for CioHpOsNa™ (M+Na)*
373.1627, found 373.1624.

Diisobutylalminium hydride (1.03 M in hexane, 11 mL, 11 mmol) was added dropwise to a solution
of above Z-methoxybenzyl ether and Et,O (38 mL) at —78 °C. The solution was maintained for 1 h,
quenched with saturated aqueous Rochelle salt (50 mL), allowed to warm to room temperature, stirred for
1 h, and extracted with EtOAc (3x 50 mL). The combined organic extracts were washed with brine (50
mL), dried over Na,SO,4, and concentrated. The residue was purified by silica gel column chromatography
(EtOAc/hexane 1:5 to 1:2) to give 801 mg of Z-allylic alcohol 19d (66% for 2 steps): yellow oil; [a]*'p —
19.3 (c 1.03, CHCLy); IR (film) 3418, 2987, 2935, 2867, 1612, 1514, 1248, 1079, 1034 cm™*; *H NMR
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(500 MHz, CDCls) & 7.23 (d, J = 8.6 Hz, 2H), 6.86 (d, J = 8.6 Hz, 2H), 5.83 (dtd, J = 11.2, 6.6, 1.2 Hz,
1H), 5.54 (ddt, J = 11.2, 8.6, 1.4 Hz, 1H), 5.05 (ddd, J = 8.6, 6.6, 1.2 Hz, 1H), 4.47 (d, J = 11.5 Hz, 1H),
4.44 (d, J = 11.5 Hz, 1H), 4.34 (ddd, J = 6.9, 6.6, 5.7 Hz, 1H), 4.12 (dd, J = 6.6, 1.4 Hz, 2H), 3.79 (s, 3H),
3.47 (dd, J= 9.7, 5.7 Hz, 1H), 3.43 (dd, J = 9.7, 6.9 Hz, 1H), 2.39 (brs, 1H), 1.46 (s, 3H), 1.36 (s, 3H); **C
NMR (125 MHz, CDCls) § 159.5 (C), 132.6 (CH), 129.7 (CH), 129.5 (C), 128.2 (CH), 113.9 (CH), 108.9
(C), 76.7 (CH), 73.5 (CH), 73.3 (CH,), 68.7 (CHy), 58.6 (CH,), 55.3 (CH3), 27.9 (CHs), 25.3 (CHs);
HRMS (ESI), calced for C17H,,0sNa” (M+Na)" 331.1521, found 331.1525.

Z-Benzyl ether 20d

OBn

BnBr, NaH
J oo 2 I
MPMO™ Y T 0°Ctort 92% MPmo” Y\

o
20d

Sodium hydride (63% in oil, 170 mg, 4.5 mmol) was added to a solution of Z-allylic alcohol 19d (693 mg,
2.25 mmol) and DMF (15 mL) at 0 °C. The resulting mixture was stirred for 30 min at 0 °C. Benzyl
bromide (540 uL, 4.5 mmol) was then added to this mixture at 0 °C. The mixture was allowed to warm to
room temperature, and stirred for 4 h at this temperature, quenched with saturated aqueous NH,CI (16
mL), and extracted with Et,O (5x 30 mL). The combined organic extracts were washed with water (30
mL) and brine (30 mL), dried over Na,SO,, and concentrated. The residue was purified by silica gel
column chromatography (EtOAc/hexane 1:15 to 1:8) to give 822 mg of Z-benzyl ether 20d (92%):
colorless oil; [o]®5 —35.2 (¢ 1.17, CHCI,); IR (film) 2988, 2934, 2860, 1612, 1514, 1248, 1077 cm™*; *H
NMR (500 MHz, CDCls3) & 7.36-7.27 (m, 5H), 7.24 (d, J = 8.6 Hz, 2H), 6.85 (d, J = 8.6 Hz, 2H), 5.80
(dddd, J=11.2, 6.9, 5.7, 1.2 Hz, 1H), 5.59 (dddd, J = 11.2, 8.9, 1.7, 1.4 Hz, 1H), 4.89 (ddd, J = 8.9, 6.6,
1.2 Hz, 1H), 4.49 (d, J = 12.0 Hz, 1H), 4.49 (d, J = 11.7 Hz, 1H), 4.45 (d, J = 12.0 Hz, 1H), 4.42 (d, J =
11.7 Hz, 1H), 4.31 (ddd, J = 6.6, 6.6, 5.2 Hz, 1H), 4.10 (ddd, J = 12.6, 6.9, 1.4 Hz, 1H), 4.12 (ddd, J =
12.6, 5.7, 1.7 Hz, 1H), 3.79 (s, 3H), 3.43 (dd, J = 10.0, 6.6 Hz, 1H), 3.41 (dd, J = 10.0, 5.2 Hz, 1H), 1.48
(s, 3H), 1.35 (s, 3H); *C NMR (125 MHz, CDCl3)  159.3 (C), 138.1 (C), 130.7 (CH), 130.1 (C), 129.6
(CH), 128.6 (CH), 128.5 (CH), 127.93 (CH), 127.87 (CH), 113.8 (CH), 109.1 (C), 77.2 (CH), 73.3 (CH),
73.2 (CHy), 72.4 (CH,), 69.1 (CH,), 65.7 (CH,), 55.4 (CH3), 28.0 (CHj3), 25.5 (CH3); HRMS (ESI), calced
for CosH300sNa* (M+Na)* 421.1991, found 421.1996.

Z-Allylic anti-diol 15d

OBn OBn
er 80% AcOH OH
: :
MPMO™ Y\ 35°C,90%  MPMO 7
) OH
20d 15d

Z-Benzyl ether 20d (748 mg, 1.88 mmol) was dissolved in AcOH/H,0 (4:1, 7.5 mL) at room temperature.
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This solution was warmed to 40 °C, and stirred for 14 h at 40 °C. The solution was cooled to room
temperature, and concentrated. The residue was purified by silica gel column chromatography
(EtOAc/hexane 1:3 to 1:1) to give 609 mg of Z-allylic anti-diol 15d (90%): colorless oil; [a]*; 9.1 (c
1.43, CHCIy); IR (film) 3396, 2911, 2862, 1612, 1514, 1248, 1089, 1033 cm*; *H NMR (500 MHz,
CDCly) 6 7.37-7.27 (m, 5H), 7.24 (d, J = 8.6 Hz, 2H), 6.88 (d, J = 8.6 Hz, 2H), 5.83 (dddd, J = 11.2, 6.6,
6.0, 0.9 Hz, 1H), 5.63-5.69 (m, 1H), 4.53 (d, J = 11.7 Hz, 1H), 4.49 (d, J = 11.7 Hz, 1H), 4.49-4.47 (m,
1H), 4.48 (d, J = 12.3 Hz, 1H), 4.45 (d, J = 12.3 Hz, 1H), 4.12 (ddd, J = 12.3, 6.6, 0.9 Hz, 1H), 4.05 (ddd,
J=123,6.0, 1.2 Hz, 1H), 3.79 (s, 3H), 3.75-3.70 (m, 1H), 3.61 (dd, J = 9.7, 6.0 Hz, 1H), 3.55 (dd, J =
9.7, 4.0 Hz, 1H), 2.78 (brs, 2H); *C NMR (125 MHz, CDCls) & 159.5 (C), 137.8 (C), 132.2 (CH), 129.9
(CH), 129.8 (C), 129.6 (CH), 128.6 (CH), 128.03 (CH), 127.98 (CH), 114.0 (CH), 73.5 (CH,), 72.8 (CH,),
72.3 (CH), 71.1 (CH,), 69.9 (CH), 66.0 (CH,), 55.4 (CHj); HRMS (ESI), calced for CpHps0sNa"
(M+Na)* 381.1678, found 381.1678.

E-Enoate 17¢

>< PhsP?” CO,E
[ofNe} PhCO,H, benzene O
@M 80 °C HO/\K/\/\COQEt
OH O
17e

o) 85% (£:2=1.3:1)
16

(Ethoxycarbonylmethylene)triphenylphosphorane (12.5 g, 36.0 mmol) was added to a solution of lactol 16
(3.85 g, 24.0 mmol), benzoic acid (176 mg, 1.44 mmol) and benzene (240 mL) at room temperature. The
solution was heated to 80 °C, stirred for 3.5 h at 80 °C. The solution was cooled to room temperature, and
concentrated. The residue was purified by silica gel column chromatography (EtOAc/hexane 1:4 to 1:3) to
give 2.67 g of E-enoate 17e (48%) and 2.02 g of Z-enoate 17d (37%). E-enoate 17e: colorless oil; [o]*'p —
28.9 (c 1.07 , CHCIy); IR (film) 3485, 2987, 2938, 1721, 1372, 1260, 1164, 1047 cm’; *H NMR (500
MHz, CDCl,) 6 6.88 (dd, J = 15.8, 5.7 Hz, 1H), 6.13 (dd, J = 15.8, 1.7 Hz, 1H), 4.80 (ddd, J = 6.9, 5.7,
1.7 Hz, 1H), 4.37 (ddd, J = 6.9, 6.3, 5.4 Hz, 1H), 4.20 (q, J = 7.2 Hz, 2H), 3.61-3.53 (m, 2H), 1.83 (brs,
1H), 1.53 (s, 3H), 1.40 (s, 3H), 1.29 (t, J = 7.2 Hz, 3H); **C NMR (125 MHz, CDCl,) & 166.0 (C), 142.1
(CH), 123.3 (CH), 109.7 (C), 78.4 (CH), 76.1 (CH), 62.0 (CH,), 60.8 (CH,), 27.8 (CH3), 25.4 (CHs), 14.4
(CH3); HRMS (ESI), calced for C1;H150sNa’ (M+Na)* 253.1052, found 253.1051.

E-Methoxybenzyl ether 18e
NH
MF’Mo)kCCl3

° CSA, CH,Cl ©
_ =
HO X\ cosEt . 77% MPMO™ X CO,Et
) o)
17e 18e
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Camphorsulfonic acid (258 mg, 1.11 mmol) was added to a solution of E-enoate 17e (2.57 g, 11.1 mmol),
4-methoxybenzyl 2,2,2-trichloroacetimidate (9.96 g, 33.3 mmol) and CH,CI, (110 mL) at room
temperature. The solution was maintained for 1.5 d at room temperature, quenched with Et;N (310 L),
and concentrated. The residue was purified by silica gel column chromatography (EtOAc/hexane 1:10 to
1:3) to give 3.01 g of E-methoxybenzyl ether 18e (77%): yellow oil; [a]®p +31.0 (c 0.79, CHCI,); IR
(film) 2986, 1719, 1514, 1260, 1176, 1094, 1035 cm™; *H NMR (500 MHz, CDCl;) & 7.25 (d, J = 8.6 Hz,
2H), 6.91 (dd, J = 15.5, 5.4 Hz, 1H), 6.87 (d, J = 8.6 Hz, 2H), 6.12 (dd, J = 15.5, 1.7 Hz, 1H), 4.78 (ddd, J
= 6.6, 5.4, 1.7 Hz, 1H), 4.43 (ddd, J = 6.6, 6.0, 6.0 Hz, 1H), 4.39 (d, J = 11.2 Hz, 1H), 4.21 (q, J = 7.2 Hz,
2H), 3.80 (s, 3H), 3.45 (dd, J = 9.5, 6.0 Hz, 1H), 3.35 (dd, J = 9.5, 6.6 Hz, 1H), 1.50 (s, 3H), 1.38 (s, 3H),
1.29 (t, J = 7.2 Hz, 3H); *C NMR (125 MHz, CDCls) & 166.1 (C), 159.4 (C), 142.9 (CH), 129.9 (C),
129.7 (CH), 122.7 (CH), 113.9 (CH), 109.6 (C), 76.8 (CH), 76.4 (CH), 73.3 (CH,), 68.8 (CH,), 60.6 (CH,),
55.4 (CH3), 27.8 (CHs), 25.3 (CH3), 14.4 (CH3); LRMS (El) m/z 350 (M, 8.2%), 220 (13), 137 (39), 121
(100), 112 (24), 84 (26); HRMS (EI), calcd for C19H,60s M* 350.1729, found 350.1738.

E-Allylic alcohol 19e
° DIBAL, toluene o
MPMO™ Y O co,Et 78°C.8a%  MPMOT Y S
)
18e

Diisobutylalminium hydride (1.00 M in toluene, 17 mL, 17 mmol) was added dropwise to a solution of E-
methoxybenzyl ether 18e (1.93 g, 5.49 mmol) and toluene (55 mL) at —78 °C. The solution was
maintained for 1 h, quenched with saturated aqueous Rochelle salt (50 mL), allowed to warm to room
temperature, stirred for 1 h, and extracted with EtOAc (3x 50 mL). The combined organic extracts were
washed with brine (50 mL), dried over Na,SO,, and concentrated. The residue was purified by silica gel
column chromatography (EtOAc/toluene 1:3 to 1:1) to give 1.46 g of E-allylic alcohol 19e (84%): yellow
oil; [a]**p +9.6 (c 0.95, CHCIy); IR (film) 3453, 2987, 2867, 1613, 1514, 1248, 1080, 1033 cm™; 'H NMR
(500 MHz, CDCly) 6 7.25 (d, J = 8.6 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 5.94 (dtd, J = 15.5, 5.2, 0.9 Hz,
1H), 5.73 (ddt, J = 15.5, 7.7, 1.7 Hz, 1H), 4.64 (ddd, J = 7.7, 6.6, 0.9 Hz, 1H), 4.52 (d, J = 11.7 Hz, 1H),
4.41 (d, J =11.7 Hz, 1H), 4.35 (ddd, J = 6.6, 6.3, 5.7 Hz, 1H), 4.14 (dd, J = 5.2, 1.7 Hz, 2H), 3.80 (s, 3H),
3.44 (dd, J = 9.7, 6.3 Hz, 1H), 3.42 (dd, J = 9.7, 5.7 Hz, 1H), 1.48 (s, 3H), 1.37 (s, 3H); *C NMR (125
MHz, CDCls) 8 159.4 (C), 133.6 (CH), 130.1 (C), 129.6 (CH), 126.3 (CH), 113.9 (CH), 108.9 (C), 77.7
(CH), 77.0 (CH), 73.2 (CH,), 69.1 (CH,), 62.9 (CH,), 55.4 (CH5), 28.0 (CH3), 25.4 (CH3); LRMS (EI) m/z
308 (M, 1.3%), 153 (35), 136 (49), 121 (100), 89 (46) 77 (87), 59 (95); HRMS (EI), calcd for C;7H2405
M™ 308.1624, found 308.1615.
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E-Benzyl ether 20e

3 B
L SR S
19e OZOe

Sodium hydride (63% in oil, 550 mg, 15 mmol) was added to a solution of E-allylic alcohol 19e (1.49 g,
4.83 mmol) and DMF (32 mL) at 0 °C. The resulting mixture was stirred for 30 min at 0 °C. Benzyl
bromide (1.7 mL, 15 mmol) was then added to this mixture at 0 °C. The mixture was allowed to warm to
room temperature, and stirred for 2 h at this temperature, quenched with saturated aqueous NH,CI (35
mL), and extracted with Et,O (3x 40 mL). The combined organic extracts were washed with water (35
mL) and brine (35 mL), dried over Na,SO,4, and concentrated. The residue was purified by silica gel
column chromatography (EtOAc/hexane 1:10 to 1:6) to give 1.84 g of E-benzyl ether 20e (96%): yellow
oil; [o]*5 +7.4 (¢ 1.23, CHCL); IR (film) 2986, 2862, 1613, 1513, 1248, 1085, 1033 cm™; 'H NMR (500
MHz, CDCls) & 7.36-7.26 (m, 5H), 7.24 (d, J = 8.6 Hz, 2H), 6.84 (d, J = 8.6 Hz, 2H), 5.90 (dtd, J = 15.5,
5.4, 0.9 Hz, 1H), 5.72 (ddt, J = 15.5, 7.5, 1.4 Hz, 1H), 4.65 (ddd, J = 7.5, 6.6, 0.9 Hz, 1H), 4.50 (d, J =
11.5 Hz, 1H), 4.49 (s, 2H), 4.42 (d, J = 11.5 Hz, 1H), 4.36 (d, J = 6.6, 6.3, 5.4 Hz, 1H), 4.03 (dd, J = 5.4,
1.4 Hz, 2H), 3.78 (s, 3H), 3.4 (dd, J = 10.0, 6.3 Hz, 1H), 3.42 (dd, J = 10.0, 5.4 Hz, 1H), 1.49 (s, 3H),
1.38 (s, 3H): *C NMR (125 MHz, CDCls) & 159.3 (C), 138.3 (C), 130.8 (CH), 130.1 (C), 129.5 (CH),
128.5 (CH), 127.89 (CH), 127.80 (CH), 127.76 (CH), 113.9 (CH), 109.0 (C), 77.7 (CH), 77.1 (CH), 73.2
(CH,), 72.2 (CH,), 69.9 (CH,), 69.2 (CH,), 55.4 (CH3), 28.0 (CHs), 25.5 (CH3); LRMS (EI) m/z 398 (M",
0.6%), 232 (11), 137 (29), 121 (100), 91 (96); HRMS (EI), calcd for CpsHg0s M* 398.2093, found
398.2094.

E-Allylic anti-diol 15e

OH
° 80% AcOH : oBn
S % OBn MPM e
MPMO/\l/ g 35 °C, 93% O/\l/\/
0 OH
20e 15e

E-Benzyl ether 20e (2.49 g, 6.25 mmol) was dissolved in AcOH/H,0 (4:1, 13 mL) at room temperature.
This solution was warmed to 35 °C, and stirred for 1.5 d at 35 °C. The solution was cooled to room
temperature, and concentrated. The residue was purified by silica gel column chromatography
(EtOAc/hexane 1:2 to 1:1) to give 2.08 g of E-allylic anti-diol 15e (93%): yellow oil; [a]*p —3.3 (c 0.99,
CHCIy); IR (film) 3417, 2862, 1612, 1513, 1248, 1098 cm; 'H NMR (500 MHz, CDCly) & 7.37-7.27 (m,
5H), 7.24 (d, J = 8.6 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 5.90 (dtd, J = 15.5, 5.4, 1.2 Hz, 1H), 5.78 (ddt, J =
15.5, 6.0, 1.4 Hz, 1H), 4.51 (s, 2H), 4.48 (d, J = 11.5 Hz, 1H), 4.45 (d, J = 11.5 Hz, 1H), 4.30-4.26 (m,
1H), 4.04 (ddd, J = 5.4, 1.4, 1.4 Hz, 2H), 3.81-3.76 (m, 1H), 3.79 (s, 3H), 3.60 (dd, J = 9.7, 5.7 Hz, 1H),
3.57 (dd, J = 9.7, 4.0 Hz, 1H), 2.66 (brs, 1H), 2.55 (brs, 1H); *C NMR (125 MHz, CDCl5) & 159.5 (C),
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138.3 (C), 131.1 (CH), 129.8 (C), 129.6 (CH), 129.3 (CH), 128.5 (CH), 127.9 (CH), 127.8 (CH), 114.0
(CH), 73.7 (CH), 73.5 (CH,), 72.5 (CH), 72.4 (CH,), 70.9 (CH,), 70.1 (CHy), 55.4 (CHs); LRMS (EI) m/z
358 (M", 0.4%), 121 (29), 88 (28), 73 (45), 70 (86), 61 (100), 58 (44); HRMS (EI), calcd for Cp;Hc0s M

358.1780, found 358.1768.

E-Trisubstituted enoate 17f

Q><Q PhsP COzMe /\/\ :\/C\OZMe

PN - >

Q CH,Cly, rt HO CO,Me HO Me
OH

9] 84% (E:Z=12:1)
16 17h

(1-methoxycarbonylethylidene)triphenylphosphorane (14.1 g, 40.6 mmol) was added to a solution of
lactol 16 (5.00 g, 31.2 mmol) and CH,Cl, (60 mL) at room temperature. The solution was maintained for
2 d at room temperature, and concentrated. The residue was purified by silica gel column chromatography
(EtOAc/hexane 1:3) to give 5.55 g of E-trisubstituted enoate 17f (77%) and 475 mg of Z-trisubstituted
enoate 17h (7%). E-trisubstituted enoate 17f: colorless oil; [a]®p —27.3 (¢ 1.50, CHCI5); IR (film) 3491,
2990, 2953, 2938, 1717, 1250, 1045 cm™; *H NMR (500 MHz, CDCl,) & 6.71 (dq, J = 8.3, 1.4 Hz, 1H),
4.99 (dd, J = 8.3, 7.2 Hz, 1H), 4.34 (ddd, J = 7.2, 6.6, 4.3 Hz, 1H), 3.74 (s, 3H), 3.54 (dd, J = 11.5, 6.6
Hz,1H), 3.51 (dd, J = 11.5, 4.3 Hz,1H), 1.99 (brs, 1H), 1.88 (d, J = 1.4 Hz, 3H), 1.52 (s, 3H), 1.39 (s, 3H);
BC NMR (125 MHz, CDCl3) & 167.7 (C), 136.4 (CH), 130.9 (C), 109.5 (C), 78.6 (CH), 74.0 (CH), 62.0
(CH_), 52.2 (CHs), 27.9 (CHs), 25.3 (CH3), 13.3 (CH3); HRMS (ESI), calced for CyH1g0sNa”™ (M+Na)*
253.1052, found 253.1052. Z-Trisubstituted enoate 17h: colorless oil; [a]*'p —87.2 (c 1.11, CHCLy); IR
(film) 3493, 2989, 2933, 1716, 1380, 1228, 1127, 1045 cm™; *H NMR (500 MHz, CDCl5) & 6.08 (dg, J =
7.5, 1.4 Hz, 1H), 5.35 (ddg, J = 7.5, 6.9, 1.2 Hz, 1H), 4.50 (ddd, J = 6.9, 5.7, 4.0 Hz, 1H), 3.74 (s, 3H),
3.57 (dd, J = 11.5, 4.0 Hz,1H), 3.47 (dd, J = 11.5, 5.7 Hz,1H), 1.95 (dd, J = 1.4, 1.2 Hz, 3H), 1.51 (s, 3H),
1.38 (s, 3H); °C NMR (125 MHz, CDCl5) & 167.8 (C), 140.8 (CH), 129.6 (C), 108.8 (C), 79.0 (CH), 75.4
(CH), 61.9 (CH,), 52.0 (CH3), 27.6 (CH3), 24.9 (CH3), 20.0 (CH3); HRMS (ESI), calced for C1;HigOsNa*
(M+Na)* 253.1052, found 253.1051.

NOESY experiment for 17f NOE experiment for 17h

CO,Me

HO‘\EAe Me
H<
o%o
Me

17f (500 MHz, CDCl3) 17h (500 MHz, CDCl,)
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E-Trisubstituted methoxybenzyl ether 18f

NH
MPMO™ “CCl,
?\)"f CSA, CH,Cl, ?\)"\e
R —
HO™ Y COMe . 85% MPMO™ Y CO,Me
0 0o
17¢ 18f

Camphorsulfonic acid (197 mg, 850 umol) was added to a solution of E-trisubstituted enoate 17f (1.96 g,
8.51 mmol), 4-methoxybenzyl 2,2,2-trichloroacetimidate (4.80 g, 17.0 mmol) and CH,Cl, (85 mL) at
room temperature. The solution was maintained for 2 d at room temperature, quenched with saturated
agueous NaHCO; (50 mL), and extracted with CHCI; (3x 50 mL). The combined organic extracts were
washed with water (50 mL) and brine (50 mL), dried over Na,SO,, and concentrated. The residue was
purified by silica gel column chromatography (EtOAc/hexane 1:19) to give 2.54 g of E-trisubstituted
methoxybenzyl ether 18f (85%): colorless oil; [a]**p —0.87 (c 1.48, CHCIy); IR (film) 2989, 2937, 1718,
1514, 1248 cm™; *H NMR (500 MHz, CDCl5) § 7.21 (d, J = 8.6 Hz, 2H), 6.85 (d, J = 8.6 Hz, 2H), 6.67
(dg, J = 8.9, 1.4 Hz, 1H), 4.95 (dd, J = 8.9, 6.6 Hz, 1H), 4.46 (d, J = 11.7 Hz, 1H), 4.42 (ddd, J = 6.6, 6.3,
5.4 Hz, 1H), 4.39 (d, J = 11.7 Hz, 1H), 3.79 (s, 3H), 3.75 (s, 3H), 3.46 (dd, J = 9.7, 6.3 Hz, 1H), 3.37 (dd,
J=19.7,54Hz, 1H), 1.86 (d, J = 1.4 Hz, 3H), 1.50 (s, 3H), 1.39 (s, 3H); *C NMR (125 MHz, CDCl3) &
167.9 (C), 159.4 (C), 136.5 (CH), 130.8 (C), 130.0 (C), 129.5 (CH), 113.9 (CH), 109.5 (C), 77.2 (CH),
74.1 (CH), 73.3 (CH,), 68.8 (CH,), 55.4 (CH3), 52.1 (CH3), 28.0 (CH3), 25.5 (CHs), 13.2 (CH3); HRMS
(ESI), calced for C1oH,60¢Na” (M+Na)* 373.1627, found 373.1625.

E-Trisubstituted benzyl ether 20f

o M o M BnBr, NaH o Me
2 e DIBAL, toluene 2 e DMF, 0 °C to rt =

~ _— ~ OH _— ~ OBn
MPMOWCOZMe _78°C MPMO/W/ 80% @ steps)  MPMO™ Y S

(6] O (6]
18f 19f 20f

Diisobutylalminium hydride (1.02 M in toluene, 13 mL, 13 mmol) was added dropwise to a solution of the
E-trisubstituted p-methoxybenzyl ether 18f (2.04 g, 5.38 mmol) and toluene (54 mL) at —78 °C. The
solution was maintained for 1 h, quenched with saturated aqueous Rochelle salt (70 mL), allowed to warm
to room temperature, stirred for 1 h, and extracted with EtOAc (3x 100 mL). The combined organic
extracts were washed with brine (100 mL), dried over Na,SQO,, and concentrated. The residue was filtered
through a pad of silica gel to give E-trisubstituted allylic alcohol, which was used in the next step without
further purification. For analytical sample, the mixture of 19f was purified by silica gel column
chromatography (EtOAc/hexane 1:3 to 1:1) to afford pure Z-allylic alcohol 19f: yellow oil; [a]®p —19.6 (c
1.13, CHCI,); IR (film) 3446, 2933, 1613, 1514, 1248, 1077, 1038 cm™; *H NMR (500 MHz, CDCls) &
7.24 (d, J = 8.6 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 5.47 (dqg, J = 9.2, 1.4 Hz, 1H), 4.94 (dd, J = 9.2, 6.6 Hz,
1H), 4.50 (d, J = 11.7 Hz, 1H), 4.42 (d, J = 11.7 Hz, 1H), 4.34 (ddd, J = 6.6, 6.6, 5.2 Hz, 1H), 3.99 (s, 2H),
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3.80 (s, 3H), 3.45 (dd, J = 10.0, 6.6 Hz, 1H), 3.41 (dd, J = 10.0, 5.2 Hz, 1H), 1.69 (d, J = 1.4 Hz, 3H), 1.48
(s, 3H), 1.38 (s, 3H); **C NMR (125 MHz, CDCl5) § 159.4 (C), 140.7 (C), 130.2 (C), 129.5 (CH), 120.0
(CH), 113.9 (CH), 108.7 (C), 77.1 (CH), 73.7 (CH), 73.2 (CH,), 69.3 (CH,), 68.0 (CH,), 55.4 (CHs), 28.1
(CH3), 25.6 (CH3), 14.1 (CHs); HRMS (ESI), calced for CigH,s0sNa” (M+Na)® 345.1678, found
345.1676.

Sodium hydride (63% in oil, 530 mg, 14 mmol) was added to a solution of above E-trisubstituted
allylic alcohol and DMF (31 mL) at 0 °C. The resulting mixture was stirred for 30 min at 0 °C. Benzyl
bromide (1.7 mL, 14 mmol) was then added to this mixture at 0 °C. The mixture was allowed to warm to
room temperature, and stirred for 2 h at this temperature, quenched with saturated aqueous NH,CI (10
mL), and extracted with Et,O (2x 350 mL). The combined organic extracts were washed with water (100
mL) and brine (100 mL), dried over Na,SO,, and concentrated. The residue was purified by silica gel
column chromatography (EtOAc/hexane 1:10) to give 1.83 g of E-trisubstituted benzyl ether 20f (76% for
2 steps): yellow oil; [a]®p —10.8 (c 1.37, CHCIy); IR (film) 2983, 2936, 2863, 1513, 1247, 1216, 1056,
1033 cm™; *H NMR (500 MHz, CDCl3) § 7.35-7.27 (m, 5H), 7.23 (d, J = 8.6 Hz, 2H), 6.83 (d, J = 8.6 Hz,
2H), 5.51 (dgdd, J = 9.2, 1.4, 1.2, 1.2 Hz, 1H), 4.96 (dd, J = 9.2, 6.6 Hz, 1H), 4.50 (d, J = 11.7 Hz, 1H),
4.45 (d, J = 12.0 Hz, 1H), 4.43 (d, J = 11.7 Hz, 1H), 4.42 (d, J = 12.0 Hz, 1H), 4.36 (ddd, J = 6.9, 6.6, 4.9
Hz, 1H), 3.93 (dd, J = 12.6, 1.2 Hz, 1H), 3.90 (dd, J = 12.6, 1.2 Hz, 1H), 3.77 (s, 3H), 3.46 (dd, J = 10.0,
6.9 Hz, 1H), 3.42 (dd, J = 10.0, 4.9 Hz, 1H), 1.72 (d, J = 1.4 Hz, 3H), 1.49 (s, 3H), 1.39 (s, 3H); *C NMR
(125 MHz, CDCl5) & 159.3 (C), 138.4 (C), 137.9 (C), 130.2 (C), 129.5 (CH), 128.5 (CH), 127.8 (CH),
127.7 (CH), 122.5 (CH), 113.9 (CH), 108.8 (C), 77.1 (CH), 75.3 (CH,), 73.8 (CH), 73.2 (CH,), 71.8 (CH,),
69.4 (CH,), 55.4 (CHs), 28.2 (CHs), 25.6 (CH3), 14.4 (CHs); HRMS (ESI), calced for CysHsOsNa'
(M+Na)" 435.2147, found 435.2143.

E- Trisubstituted Allylic anti-diol 15f

OH M
?\)"i/ 80% AcOH MOB”
- oBn ——— >
MPMO
MPMO™ Y 35°C, 96%

o) OH
20f 15f

E-Trisubstituted benzyl ether 20f (1.80 g, 4.21 mmol) was dissolved in AcOH/H,0 (4:1, 17 mL) at room
temperature. This solution was warmed to 35 °C, and stirred for 15 h at 35 °C. The solution was cooled to
room temperature, and concentrated. The residue was purified by silica gel column chromatography
(EtOAc/hexane 1:2 to 1:1) to give 1.51 g of E-trisubstituted allylic anti-diol 15f (93%): colorless oil;
[0]®p —8.4 (c 1.44, CHCIy); IR (film) 3421, 2912, 2859, 1612, 1513, 1248, 1071, 1029 cm *; *H NMR
(500 MHz, CDCl3) & 7.35-7.27 (m, 5H), 7.24 (d, J = 8.6 Hz, 2H), 6.86 (d, J = 8.6 Hz, 2H), 5.51 (dq, J =
8.9, 1.2 Hz, 1H), 4.52 (dd, J = 8.9, 4.6 Hz, 1H), 4.49 (d, J = 11.5 Hz, 1H), 4.47 (d, J = 12.0 Hz, 1H), 4.45
(d, J = 11.5 Hz, 1H), 4.45 (d, J = 12.0 Hz, 1H), 3.91 (s, 2H), 3.79 (s, 3H), 3.81-3.76 (m, 1H), 3.61 (dd, J =
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9.7, 6.3 Hz, 1H), 3.57 (dd, J = 9.7, 4.0 Hz, 1H), 2.75 (brs, 1H), 2.52 (brs, 1H), 1.73 (d, J = 1.2 Hz, 3H);
3C NMR (125 MHz, CDCls) § 159.5 (C), 138.3 (C), 137.4 (C), 129.8 (C), 129.6 (CH), 128.5 (CH),
127.84 (CH), 127.76 (CH), 125.5 (CH), 114.0 (CH), 75.4 (CH,), 73.5 (CH,), 72.5 (CH), 72.1 (CH,), 71.1
(CH,), 70.0 (CH), 55.4 (CH3), 14.6 (CHs); HRMS (ESI), calced for CpH,s0sNa* (M+Na)* 395.1834,
found 395.1836.

[Method A: Synthesis of cyclic orthoamides from syn-diols]

Cyclic orthoamide 21a

OBn CCI3CN (1.3 equiv) Cl;C

OH  CHChoC HaN- J\V/J/
MPMO = MPMO

then DBU (0.1 equiv)
OH 96%
15a

1,8-Diazabicyclo[5.4.0]undec-7-ene (2.2 pL, 15 pmol) was added dropwise to a solution of Z-allylic
syn-diol 15a (52.3 mg, 146 pmol), CCI;CN (19 pL, 190 pumol) and CH,Cl, (2.9 mL) at 0 °C. The
solution was maintained for 4 h at 0 °C, allowed to warm to room temperature, and concentrated. The
residue was purified by silica gel column chromatography (EtOAc/hexane 1:9 to 1:3) to give cyclic
orthoamide 21a (70.3 mg, 96%, two diastereomers, dr = 1:1). For analytical samples, two diastereomers
were separated by HPLC (PEGASIL Silica 120-5, 250x20 mm, UV 254 nm, EtOAc/hexane 1:2, 10
mL/min, less polar diastereomer: Tr = 15.0 min, polar diastereomer: Tg = 24.0 min). 21a (less
polardiastereomer): yellow oil; [a]*'p —17.6 (c 0.93, CHCI,); IR (film) 3420, 3340, 2940, 2860, 1610,
1520, 1460, 1250, 1080 cm™; *H NMR (500 MHz, CDCls) § 7.37-7.26 (m, 5H), 7.25-7.21 (m, 2H), 6.88—
6.84 (m, 2H), 5.90 (dddd, J = 11.2, 6.9, 6.0, 0.9 Hz, 1H), 5.71 (dddd, J = 11.2, 8.6, 1.7, 1.7 Hz, 1H), 5.17
(ddd, J = 8.6, 8.6, 0.9 Hz, 1H), 4.51 (d, J = 11.8 Hz, 1H), 4.48 (d, J = 11.8 Hz, 1H), 4.44 (d, J = 11.8 Hz,
1H), 4.43 (d, J = 11.8 Hz, 1H), 4.21 (ddd, J = 8.6, 4.0, 3.5 Hz, 1H), 4.13 (ddd, J = 12.9, 6.9, 1.7 Hz, 1H),
4.03 (ddd, J = 12.9, 5.7, 1.7 Hz, 1H), 3.79 (s, 3H), 3.67 (dd, J = 11.2, 3.5 Hz, 1H), 3.52 (dd, J = 11.2, 4.0
Hz, 1H), 2.33 (brs, 2H); *C NMR (125 MHz, CDCl;) § 159.3 (C), 137.9 (C), 133.0 (CH), 129.6 (C),
129.4 (CH), 128.4 (CH), 127.8 (CH), 127.8 (CH), 127.0 (CH), 115.5 (C), 113.8 (CH), 103.2 (C), 83.7
(CH), 755 (CH), 73.3 (CH,), 72.5 (CH,), 67.8 (CH,), 65.8 (CH,), 55.2 (CH3); HRMS (FAB) calcd for
CasH27CL¥ ' CINOs (M+H)" 504.0925, found 504.0926. 21a (polar diastereomer): yellow oil; [a]*’p —6.1
(c 0.91, CHCL); IR (film) 3420, 3340, 2940, 2860, 1610, 1520, 1460, 1250, 1080 cm™; *H NMR (500
MHz, CDCls) § 7.35-7.26 (m, 5H), 7.24-7.20 (m, 2H), 6.87-6.83 (m, 2H), 5.89 (dddd, J = 11.2, 6.6, 5.8,
0.9 Hz, 1H), 5.68 (dddd, J = 11.2, 8.9, 1.7, 1.5 Hz, 1H), 4.97 (ddd, J = 8.9, 8.9, 0.9 Hz, 1H), 4.50 (d, J =
11.8 Hz, 1H), 4.47 (d, J = 11.8 Hz, 1H), 4.46 (d, J = 11.8 Hz, 1H), 4.43 (d, J = 11.8 Hz, 1H), 4.32 (ddd, J
=8.9, 5.5, 4.0 Hz, 1H), 4.09 (ddd, J = 12.9, 6.6, 1.5 Hz, 1H), 4.02 (ddd, J = 12.9, 5.8, 1.7 Hz, 1H), 3.79 (s,
3H), 3.63 (dd, J = 11.2, 5.5 Hz, 1H), 3.60 (dd, J = 11.2, 4.0 Hz, 1H), 2.32 (brs, 2H); **C NMR (125 MHz,
CDCl;) & 159.2 (C), 137.8 (C), 132.8 (CH), 129.8 (C), 129.3 (CH), 128.43 (CH), 128.37 (CH), 127.9
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(CH), 127.8 (CH), 115.1 (C), 113.8 (CH), 103.4 (C), 82.1 (CH), 78.0 (CH), 73.1 (CH,), 72.4 (CH,), 67.5
(CH,), 65.6 (CH,), 55.2 (CH3); HRMS (FAB) calcd for CysH,7CL*'CINOs (M+H)" 504.0925, found
504.0930.

Cyclic orthoamide 21b

OH CCI3CN (1.3 equiv) Cl;C
Al)\/ o8 CHyCly, 0 °C HoN—_-O
e —— OBn
MPMO then DBU (0.1 equiv) MPMO/\(J\/\/
OH !
89%
15b 21b

Following method A, E-allylic syn-diol 15b (53.3 mg, 149 umol) was converted to cyclic orthoamide 21b
(67.2 mg, 89%, two diastereomers, dr = 1:1): yellow oil; [o]*p —18.2 (c 0.84, CHCLy); IR (film) 3414,
3338, 2859, 1612, 1514, 1248, 1100, 819 cm™; *H NMR (500 MHz, CDCls) & 7.37-7.28 (m, 5H), 7.27 (d,
J=8.6 Hz, 1H), 7.26 (d, J = 8.6 Hz, 1H), 6.87 (d, J = 8.6 Hz, 1H), 6.86 (d, J = 8.6 Hz, 1H), 5.95 (dtd, J =
15.5, 5.2, 0.6 Hz, 1/2H), 5.93 (dtd, J = 15.5, 5.2, 0.6 Hz, 1/2H), 5.83 (ddt, J = 15.5, 7.7, 1.4 Hz, 1/2H),
5.82 (ddt, J = 15.5, 7.7, 1.4 Hz, 1/2H), 4.81 (dd, J = 8.6, 7.7, 0.6 Hz, 1/2H), 4.61 (dd, J = 9.2, 7.7, 0.6 Hz,
1/2H), 458 (d, J = 12.0 Hz, 1/2H), 4.56 (d, J = 12.0 Hz, 1/2H), 4.53 (d, J = 12.0 Hz, 1/2H), 4.51 (s, 1H),
4.51 (s, 1H), 4.49 (d, J = 12.0 Hz, 1/2H), 4.37 (ddd, J = 9.2, 5.7, 3.4 Hz, 1/2H), 4.25 (ddd, J = 8.6, 4.3, 3.4
Hz, 1/2H), 4.04 (dd, J = 5.2, 1.4 Hz, 1H), 4.03 (dd, J = 5.2, 1.4 Hz, 1H), 3.79 (s, 3/2H), 3.79 (s, 3/2H),
3.71 (dd, J = 11.2, 5.7 Hz, 1/2H), 3.70 (dd, J = 11.2, 3.4 Hz, 1/2H), 3.65 (dd, J = 11.2, 3.4 Hz, 1/2H), 3.58
(dd, J = 11.2, 4.3 Hz, 1/2H), 2.62 (brs, 2H); **C NMR (125 MHz, CDCls) & 159.5 (C), 159.4 (C), 138.10
(C), 138.06 (C), 133.3 (CH), 133.3 (CH), 129.9 (C), 129.8 (C), 129.54 (CH), 129.47 (CH), 128.6 (CH),
128.6 (CH), 127.91 (CH), 127.88 (CH), 127.86 (CH), 127.86 (CH), 127.8 (CH), 126.7 (CH), 115.5 (C),
115.1 (C), 114.0 (CH), 113.9 (CH), 103.5 (C), 103.4 (C), 83.8 (CH), 82.9 (CH), 82.2 (CH), 80.3 (CH),
73.35 (CH,), 73.28 (CH,), 72.62 (CH,), 72.59 (CH,), 69.62 (CH,), 69.55 (CH,), 68.0 (CH,), 67.8 (CH,),
55.4 (CHs), 55.4 (CHs); HRMS (FAB) calcd for CosH,7Cl,> CINOs (M+H)* 504.0925, found 504.0929.

Cyclic orthoamide 21c

OH Me CCI3CN (1.3 equiv) Cl;C

oB CH,Cl,, 0 °C HoN (0] Me
n _°° -
MPMO OBn
then DBU (0.1 equiv MPMO
L (0.1 equiv) “g
91%
15¢ 21c

Following method A, E-trisubstituted allylic syn-diol 15c¢ (58.5 mg, 157 umol) was converted to cyclic
orthoamide 21c (73.4 mg, 91%, two diastereomers, dr = 1:1): colorless oil; [a]*» —26.3 (¢ 1.36, CHCls);
IR (film) 3415, 3337, 2915, 2857, 1612, 1514, 1248, 1094, 823 cm™; "H NMR (500 MHz, CDCls) & 7.38—
7.27 (m, 5H), 7.26 (d, J = 8.6 Hz, 1H), 7.25 (d, J = 8.6 Hz, 1H), 6.87 (d, J = 8.6 Hz, 1H), 6.86 (d, J = 8.6
Hz, 1H), 5.61 (dq, J = 9.2, 1.4 Hz, 1/2H), 5.60 (dq, J = 9.2, 1.4 Hz, 1/2H), 5.21 (dd, J = 9.2, 8.9 Hz, 1/2H),
5.00 (dd, J = 9.2, 8.9 Hz, 1/2H), 4.59 (d, J = 11.7 Hz, 1/2H), 4.56 (d, J = 12.0 Hz, 1/2H), 4.53 (d, J = 11.7
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Hz, 1/2H), 4.48 (d, J = 12.0 Hz, 1/2H), 4.48 (d, J = 12.3 Hz, 1/2H), 4.47 (d, J = 12.0 Hz, 1/2H), 4.46 (d, J
= 12.3 Hz, 1/2H), 4.45 (d, J = 12.0 Hz, 1/2H), 4.35 (ddd, J = 8.9, 5.7, 3.4 Hz, 1/2H), 4.22 (ddd, J = 8.9,
4.0, 3.2 Hz, 1/2H), 3.92 (s, 2H), 3.79 (s, 3/2H), 3.79 (s, 3/2H), 3.70 (dd, J = 11.2, 5.7 Hz, 1/2H), 3.70 (dd,
J=11.2,3.2 Hz, 1/2H), 3.65 (dd, J = 11.2, 3.4 Hz, 1/2H), 3.55 (dd, J = 11.2, 4.0 Hz, 1/2H), 2.63 (brs, 2H),
1.71(d, J = 1.4 Hz, 3/2H), 1.70 (d, J = 1.4 Hz, 3/2H); *C NMR (125 MHz, CDCl3) & 159.5 (C), 159.4 (C),
140.68 (C), 140.66 (C), 138.21 (C), 138.17 (C), 130.0 (C), 129.8 (C), 129.6 (CH), 129.4 (CH), 128.5 (CH),
128.5 (CH), 127.9 (CH), 127.84 (CH), 127.82 (CH), 127.81 (CH), 122.1 (CH), 121.2 (CH), 115.3 (C),
115.0 (C), 114.0 (CH), 113.9 (CH), 103.7 (C), 103.5 (C), 84.0 (CH), 82.4 (CH), 78.8 (CH), 76.1 (CH),
74.9 (CH,), 74.8 (CHy), 73.4 (CHy), 73.3 (CHy), 72.2 (CH,), 72.2 (CHy), 67.9 (CH,), 67.7 (CH,), 55.4
(CH3), 55.4 (CHs), 14.6 (CH3), 14.5 (CHs); HRMS (ESI) calcd for CasHzsClsNOsNa (M+Na)* 538.0931,
found 538.0938.

[Method B: Synthesis of cyclic orthoamides from anti-diols]
Cyclic orthoamide 21d

CCI3CN (1.3 equiv)
OBn ZnCl, (0.2 equiv) Cl;C OBn

OH CH,Cly, 0 °C HoN U
MPMO Z then DBU (0.4 equiv) MPMO =
o}
21d

OH 83%

15d

1,8-Diazabicyclo[5.4.0Jundec-7-ene (8.9 pL, 59 umol) was added dropwise to a solution of Z-allylic
anti-diol 15d (106 mg, 296 umol), CCI;CN (39 pL, 390 pumol), ZnCl, (8.1 mg, 59.2 pumol) and CH,Cl,
(3.0 mL) at 0 °C. The solution was maintained at 0 °C for 4 d, allowed to warm to room temperature, and
concentrated. The residue was purified by silica gel column chromatography (EtOAc/hexane 1:7) to give
cyclic orthoamide 21d (124 mg, 83%): colorless oil; [0]®, —33.1 (¢ 1.28, CHCI5); IR (film) 3417, 3338,
2933, 2861, 1612, 1514, 1248, 1097, 823 cm™; *H NMR (500 MHz, CDCl3) & 7.37-7.27 (m, 5H), 7.23 (d,
J =8.6 Hz, 2H), 6.85 (d, J = 8.6 Hz, 2H), 5.85 (dddd, J = 11.5, 6.6, 5.4, 1.2 Hz, 1H), 5.69 (dddd, J = 11.5,
89,17, 1.4 Hz, 1H), 5.39 (ddd, J =8.9, 7.7, 1.2 Hz, 1H), 4.72 (ddd, J = 7.7, 7.2, 4.9 Hz, 1H), 4.49 (d, J =
11.7 Hz, 1H), 4.47 (d, J = 11.7 Hz, 1H), 4.46 (d, J = 11.7 Hz, 1H), 4.44 (d, J = 11.7 Hz, 1H), 4.11 (ddd, J
=13.2,6.6, 1.4 Hz, 1H), 4.06 (ddd, J = 13.2, 5.4, 1.7 Hz, 1H), 3.79 (s, 3H), 3.58 (dd, J = 10.3, 7.2 Hz, 1H),
3.49 (dd, J = 10.3, 4.9 Hz, 1H), 2.52 (brs, 2H); *C NMR (125 MHz, CDCls) & 159.4 (C), 138.0 (C), 132.0
(CH), 130.0 (C), 129.5 (CH), 128.6 (CH), 127.9 (CH), 127.9 (CH), 126.2 (CH), 114.3 (C), 113.9 (CH),
102.6 (C), 79.5 (CH), 75.6 (CH), 73.1 (CH,), 72.7 (CH,), 68.2 (CH,), 66.0 (CH,), 55.4 (CH3);

HRMS (ESI), calced for C,3H26ClsNOsNa*™ (M+Na)* 524.0774, found 524.0776.
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Cyclic orthoamide 21e

CCI;CN (1.3 equiv)

OH ZnCl; (0.2 equiv) Cl;C

: o8 CH,Cly, 0 °C H,N-\ -0
NP ——————— = OBn
MPMOX\/ then DBU (0.4 equiv) ~ MPMO™ Y O
84% o
15e 21e

Following method B, E-allylic anti-diol 15e (504 mg, 1.41 mmol) was converted to cyclic orthoamide 21e
(612 mg, 84%): yellow oil; [a]*5 —3.9 (c 0.19, CHCIy); IR (film) 3413, 3336, 2924, 2855, 1513, 1248,
1100, 817 cm™; *H NMR (500 MHz, CDCls) & 7.36-7.27 (m, 5H), 7.23 (d, J = 8.6 Hz, 2H), 6.83 (d, J =
8.6 Hz, 2H), 6.00 (dtd, J = 15.5, 5.2, 0.6 Hz, 1H), 5.82 (ddt, J = 15.5, 7.7, 1.4 Hz, 1H), 5.10 (ddd, J = 7.7,
7.4,0.6 Hz, 1H), 4.75 (ddd, J = 7.4, 6.9, 5.7 Hz, 1H), 4.50 (s, 2H), 4.48 (d, J = 11.8 Hz, 1H), 4.44 (d, J =
11.8 Hz, 1H), 4.05 (dd, J = 5.2, 1.4 Hz, 2H), 3.78 (s, 3H), 3.59 (dd, J = 10.0, 6.9 Hz, 1H), 3.50 (dd, J =
10.0, 5.7 Hz, 1H), 2.53 (s, 2H); *C NMR (125 MHz, CDCl3) & 159.4 (C), 138.2 (C), 132.4 (CH), 130.0
(C), 129.5 (CH), 128.6 (CH), 127.8 (CH), 127.8 (CH), 125.2 (CH), 114.1 (C), 113.9 (CH), 102.6 (C), 79.8
(CH), 79.2 (CH), 73.2 (CH,), 72.5 (CH,), 69.7 (CH,), 68.2 (CH,), 55.4 (CHs); HRMS (FAB) calcd for
Ca3H26C1NOsNa (M+Na)* 524.0775, found 524.0785.

Cyclic orthoamide 21f

CCI3CN (1.3 equiv)
ZnCl; (0.2 equiv) Cl;C

OH Me o5 CHCly, 0 °C HNe\-O  Me
n z
MPMO —_— 0Bn
then DBU (0.4 equiv MPMO
s (04 equiv) “g
81%

15f 21f

Following method B, E-trisubstituted allylic syn-diol 15f (97.2 mg, 261 umol) was converted to cyclic
orthoamide 21f (110 mg, 81%): colorless oil; [a]*p —13.3 (¢ 1.19, CHCIy); IR (film) 3418, 3339, 2916,
2858, 1612, 1514, 1248, 1098, 823 cm™; ‘*H NMR (500 MHz, CDCl3) 6 7.36-7.27 (m, 5H), 7.22 (d, J =
8.6 Hz, 2H), 6.83 (d, J = 8.6 Hz, 2H), 5.62 (dqdd, J = 9.2, 1.2, 0.9, 0.9 Hz, 1H), 5.43 (dd, J = 9.2, 7.5 Hz,
1H), 4.77 (ddd, J = 7.5, 7.5, 5.2 Hz, 1H), 4.48 (d, J = 11.5 Hz, 1H), 4.46 (d, J = 12.0 Hz, 1H), 4.44 (d, J =
11.5 Hz, 1H), 4.43 (d, J = 12.0 Hz, 1H), 3.93 (dd, J = 13.2, 0.9 Hz, 1H), 3.90 (dd, J = 13.2, 0.9 Hz, 1H),
3.78 (s, 3H), 3.62 (dd, J = 10.3, 7.5 Hz, 1H), 3.48 (dd, J = 10.3, 5.2 Hz, 1H), 2.54 (brs, 2H), 1.72 (d, J =
1.2 Hz, 3H); ®*C NMR (125 MHz, CDCl5) § 159.4 (C), 139.5 (C), 138.3 (C), 130.1 (C), 129.5 (CH), 128.5
(CH), 127.8 (CH), 127.8 (CH), 120.1 (CH), 114.2 (C), 113.9 (CH), 102.7 (C), 79.4 (CH), 76.0 (CH), 74.9
(CH,), 73.2 (CH,), 72.1 (CH,), 68.4 (CH,), 554 (CHj), 14.6 (CHs); HRMS (ESI), calced for
C24H2%CIsNOs" (M+H)" 516.1111, found 516.1109.
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Bisimidate 22a

CCly
OBn DBU (2.2 equiv) HNZ N0 OBn
OH CH,Cly, —20 °C
MPMO =
MPMO ~ then CCI;CN (20 equiv)
OH HN._O
82%
15a CClj 22a

Trichloroacetonitrile (190 L, 1.9 mmol) was added quickly to a vigorously stirring solution of Z-allylic
syn-diol 15a (33.2 mg, 92.6 umol), DBU (30 pL, 200 pmol) and CH,CI, (500 uL) at —20 °C. The solution
was maintained at —20 °C for 1 h, allowed to warm to room temperature, and concentrated. The residue
was purified by silica gel column chromatography (EtOAc/hexane 1:10 with 5.0 vol% Et;N) to give
bisimidate 22a (49.2 mg, 82%): colorless oil; [a]*s —0.5 (c 0.93, CHCLy); IR (film) 3342, 2857, 1664,
1512, 1297, 1249, 1073, 795, 646 cm™; *H NMR (500 MHz, CDCls) & 8.41 (s, 1H), 8.35 (s, 1H), 7.35—
7.26 (m, 5H), 7.23-7.18 (m, 2H), 6.85-6.82 (m, 2H), 6.04 (dd, J = 9.5, 6.6 Hz, 1H), 5.97-5.92 (m, 1H),
5.56 (dddd, J = 11.2, 9.5, 2.0, 1.7 Hz, 1H), 5.47 (ddd, J = 6.6, 4.6, 4.1 Hz, 1H), 4.50 (d, J = 11.8 Hz, 1H),
4.47 (d, J = 11.8 Hz, 1H), 4.45 (s, 2H), 4.39 (ddd, J = 13.2, 6.9, 1.7 Hz, 1H), 4.25 (ddd, J = 13.2, 5.2, 2.0
Hz, 1H), 3.79 (s, 3H), 3.75 (dd, J = 10.9, 4.1 Hz, 1H), 3.68 (dd, J = 10.9, 4.6 Hz, 1H); **C NMR (125
MHz, CDCl3) & 162.3 (C), 161.3 (C), 159.4 (C), 138.3 (C), 135.0 (CH), 123.0 (C), 129.4 (CH), 1285
(CH), 127.9 (CH), 127.7 (CH), 124.2 (CH), 113.9 (CH), 91.45 (C), 91.45 (C), 77.9 (CH), 73.6 (CH), 73.3
(CH,), 72.7 (CH,), 67.1 (CH,), 66.9 (CH,), 55.4 (CH3); HRMS (FAB) calcd for CsH»7ClsN,Os (M+H)*
645.0051, found 645.0031.

[Method C: The orthoamide-type Overman rearrangement]

Allylic amino alcohol 30a

ClLC CCl3
HZNW BHT, tBuPh O}\NH
MPMO 180 °C WOBn
in a sealed tube MPMO/\é/H\

56% 30a

A sealed tube was charged with cyclic orthoamide 2la (204 mg, 406 pmol), 2,6-di-tert-
butylhydroxytoluene (4.8 mg, 21.8 umol) and t-BuPh (15 mL). The solution was then purged with a flow
of argon for 20 min, and heated to 180 °C for 27 h. After cooling to room temperature, the resulting
mixture was directly purified by silica gel column chromatography (EtOAc/hexane 1:3 to 1:2) to give
allylic amino alcohol 30a (114 mg, 56%), along with recovery of 21a (27%). 30a: yellow oil; [a]*'p —0.68
(c 0.91, CHCIy); IR (film) 3420, 2960, 1720, 1510, 1360, 1250, 1100, 820 cm™; '"H NMR (500 MHz,
CDCly) § 7.36-7.28 (m, 5H), 7.27-7.23 (m, 2H), 7.09 (d, J = 8.0 Hz, 1H), 6.90-6.86 (m, 2H), 5.87 (ddd, J
=155, 6.0, 1.4 Hz, 1H), 5.73 (ddd, J = 15.5, 5.4, 1.4 Hz, 1H), 4.58 (m, 1H), 4.54 (s, 2H), 4.49 (s, 2H),
4.36 (m, 1H), 3.80 (s, 3H), 3.63 (dd, J = 9.8, 4.0 Hz, 1H), 3.58 (dd, J = 9.8, 4.0 Hz, 1H), 3.49 (dd, J = 9.5,
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3.2 Hz, 1H), 3.31 (dd, J = 9.5, 8.0 Hz, 1H), 2.49 (brs, 1H); **C NMR (125 MHz, CDCl;) & 161.3 (C),
159.5 (C), 137.5 (C), 131.8 (CH), 129.9 (C), 129.6 (CH), 128.7 (CH), 128.1 (CH), 127.92 (CH), 127.89
(CH), 114.0 (CH), 92.8 (C),73.7 (CH,), 73.4 (CH,), 73.2 (CH,), 70.9 (CH,), 70.6 (CH), 55.4 (CH;), 52.6
(CH); HRMS (FAB) calcd for Co3H,C1,¥CINOs (M+H)* 504.0925, found 504.0923.

Allylic amino alcohol 30b

cCly
H,N\ -0 BHT, t-BuPh o

MPMO™ Y dn e 180 °C MPMOA(%)VOB“

in a sealed tube
© OH
15b 67% 30b

Following method C, cyclic orthoamide 15b (205 mg, 407 pumol) was converted to allylic amino alcohol
30b (138 mg, 67%): yellow oil; [o]*p —0.44 (c 1.11, CHCIy); IR (film) 3416, 3335, 2906, 2862, 1712,
1513, 1248, 1101, 821 cm™; *H NMR (500 MHz, CDCly) § 7.37-7.28 (m, 5H), 7.25 (d, J = 8.6 Hz, 2H),
7.10 (d, J = 8.0 Hz, 1H), 6.88 (d, J = 8.6 Hz, 2H), 5.87 (ddd, J = 15.8, 6.3, 1.4 Hz, 1H), 5.73 (ddd, J =
15.8, 5.4, 1.1 Hz, 1H), 4.61-4.55 (m, 1H), 4.56 (d, J = 12.3 Hz, 1H), 4.53 (d, J = 12.3 Hz, 1H), 4.50 (d, J
= 11.7 Hz, 1H), 4.48 (d, J = 11.7 Hz, 1H), 4.38-4.33 (m, 1H), 3.81 (s, 3H), 3.63 (dd, J = 9.8, 4.0 Hz, 1H),
3.58 (dd, J = 9.8, 4.0 Hz, 1H), 3.50 (dd, J = 9.7, 3.4 Hz, 1H), 3.31 (dd, J = 9.7, 8.0 Hz, 1H), 2.52 (brs,
1H); °C NMR (125 MHz, CDCl5) § 161.3 (C), 159.5 (C), 137.5 (C), 131.8 (CH), 129.9 (C), 129.6 (CH),
128.7 (CH), 128.1 (CH), 127.91 (CH), 127.88 (CH), 114.0 (CH), 92.8 (C), 73.7 (CH,), 73.4 (CH,), 73.2
(CH,), 70.8 (CH5), 70.6 (CH), 55.4 (CH3), 52.5 (CH); HRMS (FAB) calcd for C3H26ClsNOsNa (M+Na)*
524.0775, found 524.0759.

Allylic amino alcohol 30c

e CCly
H.N-\L-O Me BHT, +-BuPh 07 NH
OB - «Me
MPMO™ Y I Ao 180 °C /\I/\)‘VOBn
) MPMO
o) in a sealed tube OH
15¢ 34% 30c

Following method C, cyclic orthoamide 15c¢ (28.9 mg, 55.9 umol) was converted to allylic amino alcohol
30c (10.0 mg, 34%): colorless oil; [a]*'p —3.3 (c 1.05, CHCI); IR (film) 3398, 2906, 2862, 1722, 1613,
1513, 1248, 1099, 821 cm™; *H NMR (500 MHz, CDCl3) & 7.37-7.28 (m, 5H), 7.25 (d, J = 8.6 Hz, 2H),
7.20 (s, 1H), 6.88 (d, J = 8.6 Hz, 2H), 5.90 (dd, J = 16.0, 1.4 Hz, 1H), 5.64 (dd, J = 16.0, 5.7 Hz, 1H), 4.58
(d, J = 12.6 Hz, 1H), 4.55 (d, J = 12.6 Hz, 1H), 4.50 (d, J = 12.0 Hz, 1H), 4.47 (d, J = 12.0 Hz, 1H), 4.35
(dddd, J = 8.0, 5.7, 3.4, 1.4 Hz, 1H), 3.80 (s, 3H), 3.51 (d, J = 9.2 Hz, 1H), 3.50 (dd, J = 9.7, 3.4 Hz, 1H),
3.43 (d, J = 9.2 Hz, 1H), 3.33 (dd, J = 9.7, 8.0 Hz, 1H), 2.53 (brs, 1H), 1.53 (s, 3H); *C NMR (125 MHz,
CDCls) & 160.5 (C), 159.5 (C), 137.6 (C), 132.3 (CH), 130.1 (C), 129.6 (CH), 129.4 (CH), 128.7 (CH),

-99 -



128.1 (CH), 127.8 (CH), 114.0 (CH), 93.3 (C), 75.1 (CHy), 73.9 (CH,), 73.5 (CH,), 73.2 (CH,), 70.8 (CH),
58.0 (C), 55.4 (CHs3), 21.3 (CHs); HRMS (ESI), calced for CysH,sCIsNOsNa™ (M+Na)* 538.0931, found
538.0933.

Allylic amino alcohol 30b

cic Cls
Hsz BHT t-BuPh O}\NH
MPMO' 180 °C \)\/OBn
MPM
in a sealed tube O/\l/\

OH
63% 30b

Following method C, cyclic orthoamide 15d (28.7 mg, 57.1 umol) was converted to allylic amino alcohol

30b (18.1 mg, 63%).

Allylic amino alcohol 30a

cie CCly
HN-\ -0 BHT, t-BuPh 07 NH
~ OB - = H
MPMO/\r O8N 180 °C o -0Bn
) MPMO
o) in a sealed tube OH
15¢ 2% 30a

Following method C, cyclic orthoamide 15e (200 mg, 399 umol) was converted to allylic amino alcohol

30a (144 mg, 72%).

Allylic amino alcohol 30d

Cl,C

HN-O Me BHT, +-BuPh 0P NH

-_— :_Me

MPMO™ Y A oen 180 °C MPMO/\l/WOB”
0

in a sealed tube
OH

15f 27% 30d

Following method C, cyclic orthoamide 15f (28.8 mg, 55.7 umol) was converted to allylic amino alcohol
30d (7.7 mg, 27%): colorless oil; [a]*’p —1.0 (c 0.84, CHCIy); IR (film) 3398, 2907, 2862, 1722, 1613,
1513, 1248, 1099, 821 cm™; 'H NMR (500 MHz, CDCls) & 7.37-7.28 (m, 5H), 7.25 (d, J = 8.6 Hz, 2H),
7.22 (s, 1H), 6.88 (d, J = 8.6 Hz, 2H), 5.90 (dd, J = 16.0, 1.4 Hz, 1H), 5.64 (dd, J = 16.0, 6.0 Hz, 1H), 4.58
(d, J = 12.3 Hz, 1H), 4.55 (d, J = 12.3 Hz, 1H), 4.49 (s, 2H), 4.35 (dddd, J = 8.3, 6.0, 3.4, 1.4 Hz, 1H),
3.81 (s, 3H), 3.51 (dd, J = 9.5, 3.4 Hz, 1H), 3.51 (d, J = 9.2 Hz, 1H), 3.43 (d, J = 9.2 Hz, 1H), 3.34 (dd, J
= 9.5, 8.3 Hz, 1H), 2.53 (brs, 1H), 1.53 (s, 3H); *C NMR (125 MHz, CDCls) § 160.5 (C), 159.5 (C),
137.6 (C), 132.6 (CH), 130.0 (C), 129.6 (CH), 129.4 (CH), 128.7 (CH), 128.1 (CH), 127.8 (CH), 114.0
(CH), 93.3 (C), 75.2 (CH,), 73.9 (CH,), 73.5 (CH,), 73.2 (CH,), 71.0 (CH), 58.0 (C), 55.4 (CHj), 21.1
(CH53); HRMS (ESI), calced for Cp4H2ClsNOsNa* (M+Na)* 538.0931, found 538.0939.
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[Method D: Overman rearrangement]

Bisamide 31a
CCly CCly
CCly
07 NH 0”7 NH
7 NH DBU, CCI,CN B Na,CO3, t-BuPh :
2 _ > > ~08n 7 N OBn
o 0Bn CH,Cly, —20 °C MPMO 160 °C MPMO
MPMO ,Clp, —
/\Cl)/H\ % NH in a sealed tube 0 NH
87%
30a ° CCl;  127a 26% CCl3  31a

Trichloroacetonitrile (16 pL, 160 umol) was added quickly to a vigorously stirring solution of allylic
amino alcohol 30a (4.1 mg, 8.15 umol), DBU (3.9 uL, 26 pmol) and CH,CI, (500 uL) at —20 °C. The
solution was maintained for 1 h at —20 °C, allowed to warm to room temperature, and concentrated. The
residue was purified by silica gel column chromatography (EtOAc/hexane 1:3 to 1:1 with 5.0 vol% Et;N)
to give imidate 127a (4.6 mg, 87%): colorless oil; []?°5 —4.0 (c 0.86, CHCI,); IR (film) 3418, 3340, 2933,
2863, 1716, 1663, 1513, 1248, 1083, 820, 795 cm™; *H NMR (500 MHz, CDCls) & 8.38 (s, 1H), 7.36—
7.27 (m, 5H), 7.24 (d, J = 8.6 Hz, 2H), 7.09 (d, J = 8.1 Hz, 1H), 6.86 (d, J = 8.6 Hz, 2H), 5.96 (ddd, J =
15.8, 5.8, 1.2 Hz, 1H), 5.81 (ddd, J = 15.8, 5.7, 1.5 Hz, 1H), 5.65 (dddd, J = 6.6, 5.7, 3.7, 1.2 Hz, 1H),
4.62 (ddddd, J = 8.1, 5.8, 4.0, 3.7, 1.5 Hz, 1H), 4.56 (d, J = 12.0 Hz, 1H), 4.54 (d, J = 11.8 Hz, 1H), 4.52
(d, J = 12.0 Hz, 1H), 4.51 (d, J = 11.8 Hz, 1H), 3.80 (s, 3H), 3.68 (dd, J = 10.9, 6.6 Hz, 1H), 3.63 (dd, J =
10.9, 3.7 Hz, 1H), 3.62 (dd, J = 9.7, 3.7 Hz, 1H), 3.58 (dd, J = 9.7, 4.0 Hz, 1H); *C NMR (125 MHz,
CDCls) & 161.8 (C), 161.4 (C), 159.4 (C), 137.5 (C), 130.1 (C), 129.9 (CH), 129.4 (CH), 128.7 (CH),
128.1 (CH), 127.8 (CH), 127.6 (CH), 113.9 (CH), 92.7 (C), 91.6 (C), 77.1 (CH), 73.4 (CH,), 73.1 (CH,),
70.74 (CH,), 70.69 (CH,), 55.4 (CH3), 52.3 (CH); HRMS (ESI), calced for CpsHzsClgN,0sNa* (M+Na)*
666.9871, found 666.9873.

A sealed tube was charged with bisimidate 127a (4.6 mg, 4.48 umol), Na,CO3 (0.2 mg, 1.79 pmol)
and t-BuPh (0.6 mL), and the solution was purged for 5 min with a flow of argon. The solution was heated
to 160 °C for 30 min. After cooling to room temperature, the resulting mixture was directly purified by
silica gel column chromatography (EtOAc/hexane 1:9 to 1:2) to give bisamide 3la (1.2 mg, 26%):
colorless crystals; mp 81.0-83.0 °C; [a]*'p +4.4 (c 0.66, CHCIs); IR (film) 3418, 3333, 2927, 2856, 1718,
1514, 1249, 821 cm}; *H NMR (500 MHz, CDCl5) & 8.01 (d, J = 8.6 Hz, 1H) , 7.38-7.25 (m, 6H), 7.25 (d,
J =8.6 Hz, 2H), 6.89 (d, J = 8.6 Hz, 2H), 5.83 (dtd, J = 15.5, 4.9, 1.4 Hz, 1H), 5.69 (ddt, J = 15.5,5.2, 1.4
Hz, 1H), 4.86-4.81 (m, 1H), 4.54 (d, J = 11.2 Hz, 1H), 4.51 (d, J = 11.2 Hz, 1H), 4.44 (s, 2H), 4.20-4.15
(m, 1H), 4.00 (ddd, J = 4.9, 1.4, 1.4 Hz, 2H), 3.96 (dd, J = 10.0, 2.3 Hz, 1H), 3.81 (s, 3H), 3.66 (dd, J =
10.0, 3.2 Hz, 1H); °*C NMR (125 MHz, CDCl5) § 162.0 (C), 161.8 (C), 159.4 (C), 136.3 (C), 130.8 (CH),
130.1 (C), 129.5 (CH), 128.9 (CH), 128.8 (CH), 128.6 (CH), 126.0 (CH), 114.0 (CH), 92.6 (C), 92.3 (C),
74.5 (CH,), 72.3 (CH,), 69.2 (CH,), 68.8 (CH,), 55.4 (CH3), 54.8 (CH), 52.4 (CH); HRMS (FAB) calcd
for C5H,7Cls> Cl N,Os (M+H)" 647.0022, found 647.0053.
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Bisamide 31b

CCl, CCl,
CCl,
07 "NH 07 NH
DBU, CCI,CN Na,COs, t-BuPh
07 'NH P s s 0B s , oB
OBn CH,Cl,, —20 °C MPMO \)v " 160 °C MPMO™ )
MPMO/\J)/H\ e o NH in a sealed tube 0 NH
84Y%

30b ° CCly 127 90% CCls  31p

Following method D, allylic amino alcohol 30b (5.0 mg, 9.94 umol) was converted to imidate 127b (5.4
mg, 84%): colorless oil; [o]*°» —13.0 (c 0.74, CHCL); IR (film) 3418, 3339, 2934, 2863, 1716, 1663, 1513,
1248, 1081, 820, 796 cm™; *H NMR (500 MHz, CDCl3) & 8.37 (s, 1H), 7.36-7.26 (m, 5H), 7.24 (d, J =
8.6 Hz, 2H), 7.08 (d, J = 8.3 Hz, 1H), 6.86 (d, J = 8.6 Hz, 2H), 5.97 (ddd, J = 15.8, 6.0, 1.2 Hz, 1H), 5.83
(ddd, J = 15.8, 5.7, 1.5 Hz, 1H), 5.65 (dddd, J = 6.6, 5.7, 4.3, 1.2 Hz, 1H), 4.61 (ddddd, J = 8.3, 6.0, 4.0,
4.0, 1.5 Hz, 1H), 4.55 (d, J = 12.0 Hz, 1H), 4.54 (d, J = 11.7 Hz, 1H), 4.52 (d, J = 12.0 Hz, 1H), 4.51 (d, J
= 11.7 Hz, 1H), 3.80 (s, 3H), 3.67 (dd, J = 10.9, 6.6 Hz, 1H), 3.64 (dd, J = 10.9, 4.3 Hz, 1H), 3.64 (dd, J =
9.7, 4.0 Hz, 1H), 3.58 (dd, J = 9.7, 4.0 Hz, 1H); *C NMR (125 MHz, CDCls) & 161.8 (C), 161.4 (C),
159.4 (C), 137.5 (C), 130.1 (C), 129.9 (CH), 129.4 (CH), 128.7 (CH), 128.1 (CH), 127.8 (CH), 127.7
(CH), 113.9 (CH), 92.7 (C), 91.6 (C), 77.2 (CH), 73.4 (CH,), 73.1 (CH,), 70.73 (CH,), 70.67 (CH,), 55.4
(CHs), 52.4 (CH); HRMS (ESI), calced for CosH,ClsN,OsNa* (M+Na)* 666.9871, found 666.9870.

Following the method D, imidate 127b (2.9 mg, 4.48 pmol) was converted to bisamide 31b (2.6 mg,
90%): colorless crystals; mp 40.0-41.0 °C; [a]*'p +20.2 (c 0.53, CHCIy); IR (film) 3325, 2931, 2856,
1691, 1514, 1249, 820 cm™; *H NMR (500 MHz, CDCls) & 7.38 (d, J = 8.0 Hz, 1H), 7.37 (d, J = 8.6 Hz,
1H), 7.37-7.29 (m, 5H), 7.24 (d, J = 8.6 Hz, 2H), 6.88 (d, J = 8.6 Hz, 2H), 5.88 (ddd, J = 15.5, 4.9, 4.9 Hz,
1H), 5.60 (dddd, J = 15.5, 7.7, 1.4, 1.4 Hz, 1H), 4.75 (ddd, J = 10.0, 8.0, 7.7 Hz, 1H), 4.57 (d, J = 12.0 Hz,
1H), 4.52 (d, J = 12.0 Hz, 1H), 4.42 (s, 2H), 4.11 (dddd, J = 10.0, 8.6, 4.0, 2.3 Hz, 1H), 3.97 (ddd, J =
13.8, 4.9, 1.4 Hz, 1H), 3.93 (ddd, J = 13.8, 4.9, 1.4 Hz, 1H), 3.81 (s, 3H), 3.68 (dd, J = 9.7, 2.3 Hz, 1H),
3.55 (dd, J = 9.7, 4.0 Hz, 1H); *C NMR (125 MHz, CDCl,) & 163.2 (C), 162.1 (C), 159.5 (C), 136.9 (C),
133.4 (CH), 130.1 (C), 129.5 (CH), 128.8 (CH), 128.5 (CH), 128.3 (CH), 125.7 (CH), 114.0 (CH), 92.4
(C), 92.2 (C), 73.8 (CH,), 72.3 (CH,), 69.0 (CH,), 67.3 (CH,), 55.43 (CH3), 55.37 (CH), 53.9 (CH);
HRMS (FAB) calcd for CpsH,7ClgN,0s (M+H)" 645.0051, found 645.0022.

Bisamide 31c
CCly CCly
CCly
07 NH 07 NH
DBU, CCI,CN Me Na,CO3, t-BuPh Me
O™ °"NH P OB e s OB
Moen CH,Clp, ~20 °C MPMO Ao 160 °C MPWMO™ "
MPMO 20, —
/\l/\ OYNH in a sealed tube OYNH
OH 87%
30c CClz  127¢ 89% CClz  31c

Following method D, allylic amino alcohol 30c (2.4 mg, 4.64 umol) was converted to imidate 127b (2.7
mg, 87%): colorless oil; [oc]ZOD —20.8 (¢ 0.75, CHCIy); IR (film) 3396, 3341, 2935, 2862, 1724, 1663, 1512,
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1248, 1086, 820, 796 cm™; *H NMR (500 MHz, CDCls) & 8.36 (s, 1H), 7.37-7.27 (m, 5H), 7.25 (d, J =
8.6 Hz, 2H), 7.19 (s, 1H), 6.86 (d, J = 8.6 Hz, 2H), 6.02 (dd, J = 15.8, 1.2 Hz, 1H), 5.73 (dd, J = 15.8, 6.0
Hz, 1H), 5.64 (dddd, J = 6.6, 6.0, 4.3, 1.2 Hz, 1H), 4.57 (d, J = 12.3 Hz, 1H), 4.54 (d, J = 12.3 Hz, 1H),
4.54 (d, J =11.8 Hz, 1H), 4.51 (d, J = 11.8 Hz, 1H), 3.80 (s, 3H), 3.68 (dd, J = 10.9, 6.6 Hz, 1H), 3.65 (dd,
J=10.9, 4.3 Hz, 1H), 3.50 (d, J = 9.2 Hz, 1H), 3.45 (d, J = 9.2 Hz, 1H), 1.53 (5, 3H); **C NMR (125 MHz,
CDCl;) 5 161.8 (C), 160.5 (C), 159.3 (C), 137.6 (C), 134.4 (CH), 130.2 (C), 129.3 (CH), 128.7 (CH),
128.1 (CH), 127.7 (CH), 125.2 (CH), 113.9 (CH), 93.2 (C), 91.7 (C), 77.4 (CH), 75.0 (CH,), 73.5 (CHy),
73.1 (CHy), 71.0 (CH,), 57.9 (C), 55.4 (CHs), 21.3 (CHs); HRMS (ESI), calced for CasH2sClsN,OsNa*
(M+Na)* 681.0027, found 681.0029.

Following the method D, imidate 127c (2.7 mg, 4.08 pumol) was converted to bisamide 31c (2.4 mg,
89%): colorless oil; [a]"p —1.4 (¢ 1.02, CHCIs); IR (film) 3321, 2936, 2855, 1713, 1612, 1513, 1248,
1098, 821 cm™; *H NMR (500 MHz, CDCl3) & 8.40 (d, J = 8.6 Hz, 1H), 7.36-7.28 (m, 5H), 7.23 (d, J =
8.6 Hz, 2H), 6.93 (s, 1H), 6.87 (d, J = 8.6 Hz, 2H), 5.90 (dtd, J = 15.5, 4.9, 1.2 Hz, 1H), 5.68 (ddt, J =
15.5, 7.5, 1.7 Hz, 1H), 4.74 (dddt, J = 8.6, 7.5, 1.2, 0.9 Hz, 1H), 4.56 (d, J = 11.7 Hz, 1H), 4.50 (d, J =
11.7 Hz, 1H), 4.43 (s, 2H), 3.99 (ddd, J = 4.9, 1.7, 0.9 Hz, 2H), 3.81 (s, 3H), 3.73 (d, J = 9.5 Hz, 1H), 3.59
(d, 3 = 9.5 Hz, 1H), 1.52 (s, 3H); **C NMR (125 MHz, CDCl;) & 162.4 (C), 161.9 (C), 159.4 (C), 137.2
(C), 133.1 (CH), 130.1 (C), 129.5 (CH), 128.7 (CH), 128.3 (CH), 128.2 (CH), 124.5 (CH), 114.0 (CH),
92.75 (C), 92.72 (C), 74.0 (CH,), 72.2 (CHy), 71.1 (CH,), 69.2 (CH,), 60.5 (C), 58.4 (CH), 55.4 (CH5),
20.8 (CH3); HRMS (ESI), calced for CsH2sClgN,OsNa™ (M+Na)* 681.0027, found 681.0035.

Bisamide 31d
CCly CClg
CClg
07 "NH 07 "NH
DBU, CCIzCN =M Na,COj, t-BuPh BAY!
o7 NH, o DBUCCKCN MPMOW%Bn | erPe PRI MPMO/\/\l/QeOBn
MPMO/MOB” CH,Cl,, —20 °C o NH 160 °C oL NH
in a sealed tube Y
OH 88%
30d CCl;  127d 69% CCl;  31d

Following method D, allylic amino alcohol 30d (2.0 mg, 3.87 umol) was converted to imidate 127d (2.3
mg, 88%): colorless oil; [a]*’5 5.4 (¢ 1.03, CHCLy); IR (film) 3397, 3342, 2935, 2863, 1724, 1662, 1512,
1248, 1080, 820, 795 cm™; *H NMR (500 MHz, CDCl5) & 8.36 (s, 1H), 7.37-7.28 (m, 5H), 7.25 (d, J =
8.6 Hz, 2H), 7.21 (s, 1H), 6.86 (d, J = 8.6 Hz, 2H), 6.02 (d, J = 15.8 Hz, 1H), 5.73 (dd, J = 15.8, 6.0 Hz,
1H), 5.65 (ddd, J = 6.9, 6.0, 4.0 Hz, 1H), 4.56 (s, 2H), 4.54 (d, J = 11.8 Hz, 1H), 4.51 (d, J = 11.8 Hz, 1H),
3.80 (s, 3H), 3.69 (dd, J = 10.9, 6.9 Hz, 1H), 3.65 (dd, J = 10.9, 4.0 Hz, 1H), 3.49 (d, J = 9.2 Hz, 1H), 3.43
(d, J = 9.2 Hz, 1H), 1.53 (s, 3H); **C NMR (125 MHz, CDCls) & 161.7 (C), 160.5 (C), 159.3 (C), 137.6
(C), 134.5 (CH), 130.2 (C), 129.3 (CH), 128.7 (CH), 128.1 (CH), 127.7 (CH), 125.3 (CH), 113.9 (CH),
93.2 (C), 91.7 (C), 77.5 (CH), 75.1 (CH,), 73.5 (CH,), 73.1 (CH,), 71.0 (CH,), 58.0 (C), 55.4 (CHs), 21.1
(CH3); HRMS (ESI), calced for CysH2sClgN,OsNa” (M+Na)* 681.0027, found 681.0026.
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Following the method D, imidate 127d (2.8 mg, 4.24 umol) was converted to bisamide 31d (1.5 mg,
54%): colorless oil; [a]"*s +7.4 (c 1.17, CHCIy); IR (film) 3360, 2934, 2859, 1724, 1612, 1513, 1248,
1077, 821 cm™; *H NMR (500 MHz, CDCl3) & 8.68 (d, J = 9.2 Hz, 1H), 7.38-7.29 (m, 6H), 7.24 (d, J =
8.6 Hz, 2H), 6.88 (d, J = 8.6 Hz, 2H), 5.87 (dddd, J = 15.5, 4.9, 4.9, 1.2 Hz, 1H), 5.65 (dddd, J = 15.5, 6.9,
1.7, 1.4 Hz, 1H), 4.69-4.64 (m, 1H), 4.57 (s, 2H), 4.42 (s, 2H), 4.02-3.94 (m, 2H), 3.81 (s, 3H), 3.68 (d, J
= 13.8 Hz, 1H), 3.66 (d, J = 13.8 Hz, 1H), 1.45 (s, 3H); ©°C NMR (125 MHz, CDCl;) & 161.83 (C), 161.80
(C), 159.4 (C), 136.4 (C), 132.6 (CH), 130.2 (C), 129.5 (CH), 128.9 (CH), 128.7 (CH), 128.4 (CH), 124.9
(CH), 114.0 (CH), 92.80 (C), 92.76 (C), 74.2 (CH,), 73.2 (CH,), 72.2 (CH,), 69.2 (CH,), 59.5 (C), 57.7
(CH), 55.4 (CH3), 19.2 (CH3); HRMS (ESI), calced for CpsHzsClsN,0sNa* (M+Na)* 681.0027, found
681.0046.

[Method E: Stereochemical determination of the orthoamide-type Overman rearrangement]

Cyclic urea 32a

CCly
o)
07 NH
e _~_OBn CsCO;, DMF HNXNH
MPMO -
/YV 100 °C, 48% S
O+ _NH /= —oen
MPMO
ccl;  31a 32a

Cesium carbonate (64.9 mg, 199 umol) was added to a solution of bisamide 31a (43.0 mg, 66.4 umol) and
DMF (2.0 mL), and the mixture was heated to at 100 °C for 45 min. After cooling to room temperature,
the resulting mixture was quenched with saturated aqueous NaHCO; (10 mL), and extracted with EtOAc
(3x 30 mL). The combined organic extracts were washed with water (20 mL) and brine (30 mL), dried
over Na,SO, and concentrated. The residue was purified by silica gel column chromatography
(EtOAc/hexane 1:1 to 1:0) to give cyclic urea 32a (12.3 mg, 48%): yellow oil; [0]*° +9.1 (c 0.62,
CHCIy); IR (film) 3269, 2857, 1709, 1513, 1247, 1107 cm™; *H NMR (500 MHz, CDCls) § 7.36-7.27 (m,
5H), 7.24 (d, J = 8.6 Hz, 2H), 6.88 (d, J = 8.6 Hz, 2H), 5.84 (dt, J = 15.5, 5.4 Hz, 1H), 5.70 (ddt, J = 15.5,
7.5, 1.4 Hz, 1H), 4.86 (brs, 1H), 4.60 (brs, 1H), 4.51 (d, J = 11.8 Hz, 1H), 4.47 (d, J = 11.8 Hz, 1H), 4.43
(s, 2H), 4.37 (dd, J = 8.6, 7.5 Hz, 1H), 3.99 (ddd, J = 8.6, 8.6, 4.9 Hz, 1H), 3.97 (dd, J = 5.4, 1.4 Hz, 2H),
3.81 (s, 3H), 3.45 (dd, J = 9.2, 4.9 Hz, 1H), 3.42 (dd, J = 9.2, 8.6 Hz, 1H); *C NMR (125 MHz, CDCl,) &
162.6 (C), 159.4 (C), 137.7 (C), 131.2 (CH), 130.1 (C), 129.5 (CH), 128.7 (CH), 128.1 (CH), 127.8 (CH),
127.4 (CH), 114.0 (CH), 73.7 (CH,), 72.4 (CH,), 70.1 (CH,), 69.4 (CH,), 56.2 (CH), 55.6 (CH), 55.4
(CHs); LRMS (EI) m/z 382 (M, 0.4%), 246 (10), 121 (100), 91 (51), 77 (19), 72 (15); HRMS (EI), calcd
for CpH,sN,04 M* 382.1893, found 382.1892.
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NOESY experiment for 32a

MPMO H=_0OBn

e

HN7T ~NH
H

32a (500 MHz, CDCl5)

Cyclic urea 32b

CCly
o
07 NH
CsCO;, DMF HNXNH
MPMO/\/Al)\/OBn —
100 °C, 37% \_&
OYNH ’ Ve OBn
ccl;  31b MPMO 32b

Following method E, bisamide 31b (33.3 mg, 51.5 umol) was converted to cyclic urea 32b (7.3 mg, 54%):
yellow oil; [a]®’p —34.7 (c 0.37, CHCIy); IR (film) 3230, 2857, 1708, 1513, 1248, 1112 cm™; 'H NMR
(500 MHz, CDCly) & 7.37-7.28 (m, 5H), 7.25 (d, J = 8.6 Hz, 2H), 6.88 (d, J = 8.6 Hz, 2H), 5.80-5.72 (m,
2H), 4.94 (d, J = 11.8 Hz, 1H), 4.77 (d, J = 16.6 Hz, 1H), 4.53 (s, 2H), 4.44 (s, 2H), 3.97 (d, J = 3.7 Hz,
2H), 3.93-3.89 (m, 1H), 3.80 (s, 3H), 3.67-3.62 (M, 1H), 3.50 (dd, J = 9.2, 4.3 Hz, 1H), 3.45 (dd, J = 9.2,
7.8 Hz, 1H); *C NMR (125 MHz, CDCls) & 162.2 (C), 159.4 (C), 137.7 (C), 131.4 (CH), 130.1 (C), 130.0
(CH), 129.6 (CH), 128.7 (CH), 128.1 (CH), 127.9 (CH), 114.0 (CH), 73.6 (CH,), 72.4 (CH,), 71.9 (CH,),
69.4 (CH,), 58.5 (CH), 57.1 (CH), 55.4 (CH3); LRMS (El) m/z 382 (M*, 0.7%), 246 (16), 121 (100), 91
(45), 77 (17), 56 (18); HRMS (EI), calcd for Cp,H,6N,04 M* 382.1893, found 382.1878.

NOESY experiment for 32b
MPMO H‘\|1_|
OJF/OBn
HNl/“\NH

32b (500 MHz, CDCl3)

Cyclic urea 32c

CCly
o
07 NH
M. CsCOj;, DMF UN” SNH
MPMO™ o 100 °C, 31% >\ 'Me
OY NH e f; OBn
ccl; 31 MPMO 32¢

Following method E, bisamide 31c (67.2 mg, 102 umol) was converted to cyclic urea 32¢ (12.6 mg, 31%):
colorless crystals; mp 116-117 °C; [a]"p —43.4 (c 1.17, CHCIy); IR (film) 3222, 2932, 2855, 1707, 1613,
1514, 1249, 1104 cm™; *H NMR (500 MHz, CDCl,) § 7.37-7.27 (m, 5H), 7.25 (d, J = 8.6 Hz, 2H), 6.88
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(d, J = 8.6 Hz, 2H), 5.77 (dt, J = 15.5, 4.9 Hz, 1H), 5.71 (ddt, J = 15.5, 6.9, 0.9 Hz, 1H), 5.00 (brs, 1H),
4.88 (brs, 1H), 4.55 (s, 2H), 4.43 (s, 2H), 3.99 (d, J = 6.9 Hz, 1H), 3.99 (dd, J = 4.9, 0.9 Hz, 2H), 3.80 (s,
3H), 3.38 (s, 2H), 1.17 (s, 3H); *C NMR (125 MHz, CDCl;) & 161.9 (C), 159.4 (C), 138.0 (C), 130.7
(CH), 130.2 (C), 129.5 (CH), 129.0 (CH), 128.6 (CH), 127.9 (CH), 127.7 (CH), 114.0 (CH), 76.2 (CHy),
73.6 (CHy), 72.2 (CHy), 69.5 (CHy), 60.9 (C), 60.3 (CH), 55.4 (CH3), 20.2 (CH3); HRMS (ESI), calced for
Ca3HN,0," (M+H)" 397.2127, found 397.2126.

NOESY experiment for 32c

A\
MPMO H Me

i&OBn

T NH
H

32¢ (500 MHz, CDCly)

HN

Cyclic urea 32d

CCly

o

" Mye CsCO3, DMF HNkNH

O/\M/OBn

MPM — L
100 °C, 31% s Me
OYNH f —OBn

MPM
ccl, 31d © 32d

Following method E, bisamide 31d (94.6 mg, 143 pumol) was converted to cyclic urea 32d (17.8 mg,
31%): colorless oil; [o]*p +21.8 (¢ 1.04, CHCLy); IR (film) 3220, 2931, 2855, 1709, 1613, 1514, 1249,
1108 cm™; *H NMR (500 MHz, CDCl,)  7.35-7.26 (m, 5H), 7.23 (d, J = 8.6 Hz, 2H), 6.87 (d, J = 8.6 Hz,
2H), 5.84 (dtd, J = 15.5, 5.4, 0.9 Hz, 1H), 5.67 (ddt, J = 15.5, 7.5, 1.4 Hz, 1H), 4.94 (brs, 1H), 4.78 (brs,
1H), 4.51 (d, J = 11.7 Hz, 1H), 4.46 (d, J = 11.7 Hz, 1H), 4.42 (s, 2H), 3.99 (dd, J = 7.5, 0.9 Hz, 1H), 3.97
(dd, J = 5.4, 1.4 Hz, 2H), 3.80 (s, 3H), 3.43 (d, J = 8.9 Hz, 1H), 3.23 (d, J = 8.9 Hz, 1H), 1.36 (s, 3H); **C
NMR (125 MHz, CDCl;) & 162.2 (C), 159.4 (C), 138.0 (C), 131.1 (CH), 130.2 (C), 129.5 (CH), 128.5
(CH), 127.8 (CH) , 127.6 (CH), 127.2 (CH), 113.9 (CH), 73.6 (CH,), 73.4 (CH,), 72.2 (CH,), 69.4 (CH,),
63.7 (CH), 60.7 (C), 55.4 (CH3), 23.8 (CH3); HRMS (ESI), calced for CysHpgN,O," (M+H)* 397.2127,
found 397.2127.

NOESY experiment for 32d
MPMO H=y_OBn
3L
/\L Me
HN

NH
H

32d (500 MHz, CDCly)
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Dimethylamide 33a

cely CCly
07 NH MeC(OMe),NMe, 07 NH
= - = ~ OBn
08BN £BuPh, 140 °C MPMO™ >
MPMO _
in a sealed tube
OH Me,NOC

44%

30a 33a

A sealed tube was charged with allylic amino alcohol 30a (16.3 mg, 32.4 umol), MeC(OMe),NMe, (47.4
uL, 324 pmol) and t-BuPh (1.2 mL). The solution was heated to 170 °C, and stirred at 170 °C for 30 min.
After cooling to room temperature, the resulting mixture was directly purified by silica gel column
chromatography (EtOAc/hexane 1:2 to 1:1) to give dimethyl amide 33a (8.1 mg, 44%): colorless oil;
[a]?5 —2.5 (¢ 0.74, CHCIy); IR (film) 3256, 2934, 2859, 1710, 1635, 1513, 1248, 1108, 821 cm™; H
NMR (500 MHz, CDCls) § 7.87 (d, J = 8.3 Hz, 1H), 7.34-7.27 (m, 5H), 7.24 (d, J = 8.6 Hz, 2H), 6.87 (d,
J =8.6 Hz, 2H), 5.77 (dddd, J = 15.5, 8.0, 1.2, 1.2 Hz, 1H), 5.68 (ddd, J = 15.5, 5.8, 5.5 Hz, 1H), 4.51 (d,
J = 12.3 Hz, 1H), 4.49 (d, J = 12.3 Hz, 1H), 4.41 (d, J = 12.0 Hz, 1H), 4.39 (d, J = 12.0 Hz, 1H), 4.20
(dddd, J =8.3,5.2, 4.3, 4.3 Hz, 1H), 3.99-3.91 (m 2H), 3.80 (s, 3H), 3.66 (dd, J = 10.0, 4.3 Hz, 1H), 3.62
(dd, J = 10.0, 5.2 Hz, 1H), 3.11 (dddd, J = 8.6, 8.0, 5.2, 4.3 Hz, 1H), 2.88 (s, 3H), 2.87 (s, 3H), 2.64 (dd, J
=16.1. 8.6 Hz, 1H), 2.37 (dd, J = 16.1. 5.2 Hz, 1H); *C NMR (125 MHz, CDCl3) § 171.4 (C), 161.9 (C),
159.3 (C), 137.9 (C), 132.3 (CH), 130.4 (C), 129.5 (CH), 129.4 (CH), 128.5 (CH), 127.9 (CH), 127.8
(CH), 113.9 (CH), 93.0 (C), 73.4 (CH,), 72.0 (CH,), 70.2 (CH,), 69.2 (CH,), 55.4 (CH3), 53.5 (CH), 40.6
(CH), 37.4 (CH3), 35.7 (CHs), 35.3 (CH,); HRMS (ESI), calced for Co;H3,CIsN,Os' (M+H)™ 571.1533,
found 571.1534.

Ethyl ester 34a

cel
CCly MeC(OEt)s, pivalic acid °

07 NH BHT (10 mol%) 07 NH

B ~ OBn
MPMO/W\/OBn #BuPh, 140 °C MPMO™ >
in a sealed tube
OH 7% EtO,C
30a °

34a

A sealed tube was charged with allylic amino alcohol 30a (15.5 mg, 30.8 pumol), MeC(OEt); (90 uL, 490
pumol), pivalic acid (3.2 mg, 30.8 umol), BHT (0.7 mg, 3.08 umol) and t-BuPh (1.1 mL). The solution was
heated to 140 °C, and stirred at 140 °C for 1 h. After cooling to room temperature, the resulting mixture
was directly purified by silica gel column chromatography (EtOAc/hexane 1:8 to 1:4) to give ethyl ester
34a (17.6 mg, 77%): colorless oil; [a]*'p —8.7 (c 1.26, CHCI,); IR (film) 3419, 3341, 2936, 2860, 1715,
1613, 1513, 1248, 1110, 820 cm™; 'H NMR (500 MHz, CDCls) 6 7.36-7.27 (m, 5H), 7.22 (d, J = 8.6 Hz,
2H), 7.02 (d, J = 9.2 Hz, 1H), 6.87 (d, J = 8.6 Hz, 2H), 5.70 (ddd, J = 15.8, 5.7, 5.2 Hz, 1H), 5.63 (dddd, J
=15.8,8.3, 1.2, 0.9 Hz, 1H), 4.53 (s, 2H), 4.39 (d, J = 11.5 Hz, 1H), 4.36 (d, J = 11.5 Hz, 1H), 4.15 (dddd,
J=9.2,6.0,4.9,4.0 Hz, 1H), 4.11 (q, J = 7.2 Hz, 2H), 3.95 (ddd, J = 12.6, 5.2, 1.2 Hz, 1H), 3.91 (ddd, J =
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12.6, 5.7, 0.9 Hz, 1H), 3.80 (s, 3H), 3.61 (dd, J = 10.0, 4.0 Hz, 1H), 3.55 (dd, J = 10.0, 4.9 Hz, 1H), 3.05
(dddd, J = 8.3, 8.3, 6.0, 6.0 Hz, 1H), 2.53 (dd, J = 15.8, 6.0 Hz, 1H), 2.40 (dd, J = 15.8, 8.3 Hz, 1H), 1.22
(t, J = 7.2 Hz, 3H); *C NMR (125 MHz, CDCls) § 171.8 (C), 161.8 (C), 159.3 (C), 137.6 (C), 130.8 (CH),
130.6 (CH), 130.4 (C), 129.4 (CH), 128.7 (CH), 128.1 (CH), 127.9 (CH), 113.9 (CH), 92.9 (C), 73.4
(CH,), 71.8 (CH,), 69.9 (CH,), 68.9 (CH,), 60.8 (CH,), 55.4 (CHs), 53.3 (CH), 40.6 (CH), 36.7 (CHy),
14.4 (CH3); HRMS (ESI), calced for C,7H3,ClsNOgNa* (M+Na)*™ 594.1193, found 594.1196.

[Method F: The sequential Overman/Claisen rearrangement in one pot]

Ethyl ester 34a

CCly
Cl;C OBn BHT (5 mol%), t-BuPh
H,N U 180 °C in a sealed tube O~ "NH
~ OBn
MPMO = then MeC(OEt); MPMO™
o) pivalic acid (1 equiv)
BHT (10 mol%), 140 °C EtO,C
21a 45% 34a

A sealed tube was charged with cyclic orthoamide 21a (28.4 mg, 56.5 umol), BHT (0.6 mg, 2.83 umol)
and t-BuPh (2.1 mL). The solution was purged with a flow of argon for 5 min, and heated to 180 °C for 51
h. After cooling to room temperature, MeC(OEt); (82.9 UL, 452 pumol), pivalic acid (5.8 mg, 56.5 umol)
and BHT (1.2 mg, 5.65 umol) were added to the solution of the generated allylic amino alcohol. The
resulting solution was then heated to 140 °C for 30 min. After cooling to room temperature, the resulting
mixture was directly purified by silica gel column chromatography (EtOAc/hexane 1:3 to 1:2) to give

ethyl ester 34a (14.5 mg, 45%).

Ethyl ester 34b

CCly
Cl,C BHT (5 mol%), t-BuPh
HoN o 180 °C in a sealed tube O~ 'NH
oB
MPMO o then MeC(OEt), MPMO™ > n
[e) pivalic acid (1 equiv)
BHT (10 mol%), 140 °C EtO,C
21b 54% 34b

Following method F, cyclic orthoamide 21b (28.8 mg, 57.3 umol) was converted to ethyl ester 34b (17.6
mg, 54%): colorless oil; [a]p +12.7 (c 0.89, CHCI); IR (film) 3413, 3340, 2935, 2858, 1715, 1613,
1514, 1248, 1113, 821 cm™; *H NMR (500 MHz, CDCl,) § 7.35-7.26 (m, 6H), 7.23 (d, J = 8.6 Hz, 2H),
6.88 (d, J = 8.6 Hz, 2H), 5.69 (ddd, J = 15.5, 5.7, 5.4 Hz, 1H), 5.57 (dddd, J = 15.5, 9.2, 1.4, 1.2 Hz, 1H),
4.52 (d, J=12.0 Hz, 1H), 4.48 (d, J = 12.0 Hz, 1H), 4.39 (s, 2H), 4.11 (dq, J = 12.9, 7.2 Hz, 1H), 4.09 (dq,
J =129, 7.2 Hz, 1H), 3.99 (dddd, J = 9.2, 9.2, 3.7, 2.9 Hz, 1H), 3.94-3.87 (m, 2H), 3.81 (s, 3H), 3.63 (dd,
J=9.7,2.9 Hz, 1H), 3.49 (dd, J = 9.7, 3.7 Hz, 1H), 3.07 (dddd, J = 9.2, 9.2, 8.0, 5.4 Hz, 1H), 2.52 (dd, J =
15.8, 5.4 Hz, 1H), 2.41 (dd, J = 15.8, 8.0 Hz, 1H), 1.21 (t, J = 7.2 Hz, 3H); **C NMR (125 MHz, CDCls) &
172.4 (C), 161.9 (C), 159.4 (C), 137.6 (C), 131.3 (CH), 130.9 (CH), 130.4 (C), 129.4 (CH), 128.6 (CH),
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128.1 (CH), 127.9 (CH), 113.9 (CH), 92.8 (C), 73.5 (CH,), 71.8 (CHy), 69.8 (CHy), 68.8 (CH,), 60.8
(CH,), 55.4 (CHj), 54.0 (CH), 40.7 (CH), 36.9 (CH,), 14.3 (CHs); HRMS (ESI), calced for
C,7H3,CINOgNa* (M+Na)* 594.1193, found 594.1191.

Ethyl ester 34b

BHT (5 mol%), t-BuPh

ClsC
HoN O\)/ 180 °C in a sealed tube O~ 'NH
- 0Bn
MPMO = then MeC(OEt); MPMO/\/j)V

16) pivalic acid (1 equiv)
BHT (10 mol%), 140 °C EtO,C
21d 54% 34b

Following method F, cyclic orthoamide 21d (26.9 mg, 53.5 pmol) was converted to ethyl ester 34b (16.6
mg, 54%).

Ethyl ester 34a

CCl3
Cl3C BHT (5 mol%), t-BuPh
HoN o 180 °C in a sealed tube 07 "NH
~ 0B H
MPMO™ X\ "5 then MeC(OEN), MPMO™ OBn
0 pivalic acid (1 equiv)
BHT (10 mol%), 140 °C EtO,C
21e 55% 34a

Following method F, cyclic orthoamide 21e (27.9 mg, 55.5 pumol) was converted to ethyl ester 34a (17.5
mg, 55%).

[Method G: Stereochemical determination of the sequential Overman/Claisen rearrangement]

Lactam 35a
CCl, fo)
O)\NH 5M KOH aq, t-BuOH &/NH
MPMO/\/ 8 OBn 70to 110 °C, 64%
/j/\/ f ‘“—OBn
EtO,C 34a MPMO 35a

Agueous KOH (5M, 1.3 mL, 6.5 mmol) was added to a solution of unsaturated ester 34a (62.2 mg, 109
pumol) and t-BuOH (1.3 mL) at room temperature, and then heated to 70 °C. After stirring for 8 d at 70 °C,
this solution was heated to 110 °C, maintained for 21 d at 110 °C, cooled to room temperature, quenched
with 1M aqueous HCI (5.2 mL) and H,0 (5.2 mL), and extracted with EtOAc (2x 10 mL). The combined
organic extracts were washed with brine (5.0 mL), dried over Na,SO,, and concentrated. The residue was
purified by silica gel column chromatography (EtOAc) to give lactam 35a (9.2 mg, 64%): colorless oil;
[0]*b +47.2 (c 1.08, CHCIy); IR (film) 3221, 2934, 2859, 1696, 1513, 1248, 1109, 1073 cm™; *H NMR
(500 MHz, CDCls)  7.35-7.26 (m, 5H), 7.24 (d, J = 8.6 Hz, 2H), 6.87 (d, J = 8.6 Hz, 2H), 6.14 (brs, 1H),
5.71 (ddd, J = 15.5, 5.2, 4.0 Hz, 1H), 5.67 (dd, J = 15.5, 6.6 Hz, 1H), 4.49 (d, J = 12.0 Hz, 1H), 4.47 (d, J
= 12.0 Hz, 1H), 4.42 (s, 2H), 3.95-3.92 (m, 2H), 3.80 (ddd, J = 7.5, 7.5, 3.4 Hz, 1H), 3.80 (s, 3H), 3.46
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(dd, J = 9.5, 3.4 Hz, 1H), 3.39 (dd, J = 9.5, 7.5 Hz, 1H), 3.23 (dddd, J = 9.2, 8.9, 7.5, 6.6 Hz, 1H), 2.42
(dd, J = 16.6, 8.9 Hz, 1H), 2.33 (dd, J = 16.6, 9.2 Hz, 1H); ®C NMR (125 MHz, CDCl;) § 177.2 (C),
159.4 (C), 137.8 (C), 130.3 (C), 130.2 (CH), 129.9 (CH), 129.5 (CH), 128.6 (CH), 127.9 (CH), 127.8
(CH), 113.9 (CH), 73.6 (CHy), 72.1 (CHy), 70.9 (CH,), 69.9 (CH,), 57.0 (CH), 55.4 (CH3), 40.2 (CH),
36.1 (CH,); HRMS (ESI), calced for CosHzsNO,* (M+H)" 382.2018, found 382.2018.

NOESY experiment for 35a

MPMO H=<y_OBn
hatie
H
1 NH
H

35a (500MHz, CDCl5)

Lactam 35b
CCly o]
(0] NH 5M KOH aq, t-BuOH &Qi
MPMO™ > OBn 70to 110 °C, 81%
— OBn
EtO,C 24b MPMO 35b

Following method G, unsaturated ester 34b (51.8 mg, 90.4 umol) was converted to lactam 35b (28.0 mg,
81%): colorless oil; [a]**p —49.9 (c 1.04, CHCIy); IR (film) 3217, 2901, 2856, 1698, 1612, 1513, 1248,
1110 cm™; *H NMR (500 MHz, CDClg) & 7.37-7.27 (m, 5H), 7.25 (d, J = 8.6 Hz, 2H), 6.88 (d, J = 8.6 Hz,
2H), 6.05 (brs, 1H), 5.69 (dd, J = 15.5, 7.5 Hz, 1H), 5.63 (dt, J = 15.5, 5.2 Hz, 1H), 4.54 (d, J = 11.8 Hz,
1H), 4.49 (d, J = 11.8 Hz, 1H), 4.43 (s, 2H), 3.95 (d, J = 5.2 Hz, 2H), 3.80 (s, 3H), 3.62-3.56 (m, 2H),
3.35-3.29 (m, 1H), 2.70 (dddd, J = 8.9, 8.9, 7.5, 7.5 Hz, 1H), 2.51 (dd, J = 16.6, 8.9 Hz, 1H), 2.25 (dd, J =
16.9, 8.9 Hz, 1H); **C NMR (125 MHz, CDCl5) § 176.3 (C), 159.4 (C), 137.7 (C), 132.5 (CH), 130.2 (C),
129.5 (CH), 129.0 (CH), 128.6 (CH), 128.1 (CH), 127.8 (CH), 113.9 (CH), 73.6 (CH,), 72.6 (CH,), 72.2
(CH,), 69.9 (CH,), 59.3 (CH), 55.4 (CH3), 40.6 (CH), 36.9 (CH,); HRMS (ESI), calced for CpsHsNO,"
(M+H)" 382.2018, found 382.2018.

NOESY experiment for 35b

MPMO H‘?_'
_\:;Ou\ OBn
NH

|
H

35b (500MHz, CDCl,)
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Chapter 2: Total synthesis of (-)-stemoamide

S
TBSO : DMSO, Et;N H t-BuOK TBSO z

- % s~ TBSO. A - .
o -78°Ctort o —-30°Ctort n
42 128 43
93% (2 steps)
ElZ=112

(((4S,55)-5-(2-(Benzyloxy)vinyl)-2,2-dimethyl-1,3-dioxolan-4-yl)methoxy)(tert-butyl)dimethylsilane
(43)

Oxalyl chloride (6.3 mL, 72 mmol) was added dropwise to a solution of DMSO (7.7 mL, 110 mmol) and
CH,CI, (340 mL) at —78 °C. The solution was stirred for 30 min at —78 °C. A solution of alcohol 42
(9.99 g, 36.1 mmol) and CH,ClI, (18 mL) was then added dropwise via cannula at —78 °C. After stirring for
40 min at —78 °C, Et;N (20 mL, 150 mmol) was added dropwise to the solution. The resulting mixture was
stirred for 15 min at —78 °C, allowed to warm to room temperature, quenched with saturated aqueous
NaHCO; (90 mL) and H,O (90 mL), and extracted with hexane (2x 90 mL). The combined organic
extracts were washed with H,O (2x 30 mL) and brine (30 mL), dried over Na,SO,, and concentrated to
give the corresponding aldehyde 128", which was immediately used in the next reaction without further
purification.

Potassium  tert-butoxide (16.2 g, 144 mmol) was added to a mixture of
(benzyloxymethyl)triphenylphosphonium chloride (60.6 g, 144 mmol) and THF (340 mL) at —78 °C. The
resulting mixture was allowed to warm to —30 °C. After stirring for 1.5 h at —30 °, a solution of the crude
aldehyde 128 and THF (18 mL) was added dropwise to the ylide via cannula at —30 °C. This mixture was
stirred for 30 min at —30 °C, allowed to warm to room temperature, quenched with saturated aqueous
NaHCO3; (90 mL) and H,O (90 mL), and extracted with hexane (2x 90 mL). The combined organic
extracts were washed with brine (30 mL), dried over Na,SO,, and concentrated. The residue was purified
by silica gel column chromatography (hexane/EtOAc 75:1 to 10:1) to give 12.8 g of a mixture of two enol
ethers 43 (93% for 2 steps, E/Z = 1:1.2). For analytical samples, two isomers were separated by HPLC
(PEGASIL Silica 120-5, 25020 mm, UV 254 nm, hexane/EtOAc 9:1, 10 mL/min, E isomer: Tr = 8.7
min, Z isomer: Tg = 10.2 min). 43 (E isomer): a colorless oil; R; = 0.67 (hexane/EtOAc = 3:1); [o]*’p —
14.4 (c 1.05, CHCIy); IR (film): 2930, 2858, 1655, 1252, 1171, 1021, 838 cm*; 'H NMR (CDCl;, 500
MHz) & 7.39-7.30 (m, 5H), 6.65 (d, J = 12.6 Hz, 1H), 4.89 (dd, J = 12.6, 8.9 Hz, 1H), 4.80 (d, J = 11.5 Hz,
1H), 4.75 (d, J = 11.5 Hz, 1H), 4.30 (dd, J = 8.9, 8.9 Hz, 1H), 3.80-3.67 (m, 3H), 1.43 (s, 3H), 1.41 (s,
3H), 0.90 (s, 9H), 0.07 (s, 3H), 0.06 (s, 3H); *C NMR (CDCls, 125 MHz) § 151.1 (CH), 136.5 (C), 128.7
(CH), 128.3 (CH), 127.8 (CH), 108.5 (C), 101.6 (CH), 81.9 (CH), 76.7 (CH), 71.5 (CH,), 62.2 (CH,), 27.4
(CHg), 27.0 (CHj3), 26.0 (CH3), 18.5 (C), -5.2 (CH3), -5.3 (CH3); HRMS (ESI): calcd for C,;H340,SiNa:

! ida, H.; Yamazaki, N.; Kibayashi, C. J. Org. Chem. 1987, 52, 3337.
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401.2124; found: 401.2114. 43 (Z isomer): a colorless oil; R; = 0.64 (hexane/EtOAc = 3:1); [a]*®5 +1.5 (c
1.25, CHCI); IR (film): 2930, 2858, 1668, 1370, 1253, 1217, 1075, 837 cm*; *H NMR (CDCl,, 500
MHz) & 7.37-7.29 (m, 5H), 6.24 (dd, J = 6.3, 0.9 Hz, 1H), 4.91 (ddd, J = 8.9, 8.3, 0.9 Hz, 1H), 4.85 (d, J
= 12.6 Hz, 1H), 4.79 (d, J = 12.6 Hz, 1H), 4.49 (dd, J = 8.9, 6.3 Hz, 1H), 3.80-3.66 (m, 3H), 1.42 (s, 6H),
0.89 (s, 9H), 0.05 (s, 3H), 0.04 (s, 3H); *C NMR (CDCls, 125 MHz) & 149.0 (CH), 137.1 (C), 128.7 (CH),
128.2 (CH), 127.6 (CH), 108.8 (C), 104.4 (CH), 82.5 (CH), 74.4 (CH,), 71.4 (CH), 62.8 (CH,), 27.4
(CHs), 27.1 (CH3), 26.1 (CH3), 18.6 (C), —5.2 (CH3), —5.3 (CH3); HRMS (ESI): calcd for Cy;H340,SiNa:
401.2124; found: 401.2114.

H, (1 atm)
© 9% TBAF 5 9% Pd/C (5 Wt%) . 9%
B - HO_ - Ho_~/ _~_OBn
\/é\/\é THF, rt \/é\/\é THF, rt (:
o

O OBn 929% OBn 97% O
43 EIZ=1/1.2 129 44

((4S,55)-5-(2-(Benzyloxy)ethyl)-2,2-dimethyl-1,3-dioxolan-4-yl)methanol (44)

Tetrabutylammonium fluoride (1.0 M in THF, 44 mL, 44 mmol) was added to a solution of enol ethers 43
(E/Z =1:1.2,12.8 g, 33.7 mmol) and THF (340 mL) at 0 °C. This solution was allowed to warm to room
temperature, maintained for 1 h at room temperature, and quenched with saturated aqueous NH,CI (85
mL) and H,O (85 mL). The mixture was extracted with EtOAc (2x 85 mL). The combined organic
extracts were washed with brine (25 mL), dried over Na,SO4, and concentrated. The residue was purified
by silica gel column chromatography (hexane/EtOAc 1:1) to give 8.19 g of a mixture of two alcohols 129
(92%, E/Z = 1:1.2). For analytical samples, two isomers were separated by HPLC (PEGASIL Silica 120-5,
250%20 mm, UV 254 nm, hexane/EtOAc 2:3, 10 mL/min, 129 (Z isomer): Tg = 9.0 min, 129 (E isomer):
Tr = 10.5 min). 129 (E isomer): a colorless oil; R; = 0.56 (hexane/EtOAc = 1:1); [a]*'p —63.2 (c 0.99,
EtOAcC); IR (film): 3455, 2986, 2873, 1655, 1380, 1169, 1051 cm *; *H NMR (C¢Dg, 500 MHz) § 7.14—
7.03 (m, 5H), 6.42 (d, J = 12.6 Hz, 1H), 4.82 (dd, J = 12.6, 8.9 Hz, 1H), 4.37 (d, J = 12.0 Hz, 1H), 4.34 (d,
J =12.0 Hz, 1H), 4.30 (dd, J = 8.9, 8.9 Hz, 1H), 3.64-3.58 (m, 2H), 3.43-3.36 (m, 1H), 1.68 (s, 1H), 1.43
(s, 3H), 1.39 (s, 3H); *C NMR (C¢Ds, 125 MHz) & 151.1 (CH), 137.1 (C), 128.7 (CH), 128.4 (CH), 127.7
(CH), 108.5 (C), 102.3 (CH), 82.2 (CH), 76.3 (CH), 71.4 (CH,), 60.8 (CH,), 27.6 (CH3), 27.2 (CHy);
HRMS (ESI): calcd for Ci5H,004Na: 287.1259; found: 287.1265. 129 (Z isomer): a colorless oil; Rs =
0.62 (hexane/EtOAC = 1:1); [a]*5 —39.5 (c 1.11, EtOAC); IR (film): 3460, 2986, 2934, 2876, 1667, 1372,
1217, 1062 cm™; *H NMR (CgDg, 500 MHz) & 7.11-7.01 (m, 5H), 5.79-5.76 (m, 1H), 5.18 (dd, J = 8.3,
8.0 Hz, 1H), 4.53 (dd, J = 8.3, 6.3 Hz, 1H), 4.31-4.21 (m, 2H), 3.81-3.74 (m, 2H), 3.70-3.63 (m, 1H),
2.30-1.90 (m, 1H), 1.43 (s, 3H), 1.37 (s, 3H); *C NMR (C¢Ds, 125 MHz) § 148.1 (CH), 137.3 (C), 128.8
(CH), 128.4 (CH), 127.6 (CH), 108.9 (C), 105.4 (CH), 82.6 (CH), 74.1 (CH,), 72.2 (CH), 62.0 (CH,), 27.5
(CHsy), 27.2 (CH3); HRMS (ESI): calcd for C15H,004Na: 287.1259; found: 287.1265.

-112 -



Palladium on carbon (10%, 410 mg, 5.0 wt%) was added to a solution of alcohols 129 (E/Z = 1:1.2,
8.19 g, 31.0 mmol) and THF (160 mL) at room temperature. The mixture was stirred under hydrogen
atmosphere (1 atm) at room temperature for 14 h, filtrated through a pad of Celite, washed with EtOAc
(160 mL), and concentrated. The residue was purified by silica gel column chromatography
(hexane/EtOACc 7:1 to 1:1) to give 8.01 g of alcohol 44 (97%): a colorless oil; Ry = 0.52 (hexane/EtOAC =
1:1); [@]?o —23.6 (c 1.08, CHCIy); IR (film): 3451, 2987, 2933, 2869, 1371, 1215, 1093 cm *; 'H NMR
(CDCls, 500 MHz) § 7.37-7.27 (m, 5H), 4.53 (d, J = 12.0 Hz, 1H), 4.50 (d, J = 12.0 Hz, 1H), 4.02 (dt, J =
8.3, 6.0 Hz, 1H), 3.82 (ddd, J = 8.3, 4.3, 3.7 Hz, 1H), 3.78 (ddd, J = 11.7, 5.2, 3.7 Hz, 1H), 3.65 (dt, J =
9.5, 6.0 Hz, 1H), 3.66-3.60 (m, 1H), 3.60 (dt, J = 9.5, 6.6 Hz, 1H), 2.05 (dd, J = 7.5, 5.2 Hz, 1H), 1.92
(ddd, J = 6.6, 6.0, 6.0 Hz, 2H), 1.41 (s, 3H), 1.40 (s, 3H); *C NMR (CDCls, 125 MHz) & 138.3 (C), 128.6
(CH), 127.85 (CH), 127.82 (CH), 108.7 (C), 81.5 (CH), 74.9 (CH), 73.3 (CH,), 67.2 (CH,), 62.1 (CH,),
33.4 (CHy), 27.4 (CH3), 27.1 (CH3); HRMS (ESI): calcd for Ci5H,304: 267.1596; found: 267.1602.

DMSO, (COCI),
O% EtsN, CH,Cl, Q ZMgBr 9
HO _~( ~_0OBnh ——m———— Ov\/\/OBn _— = OBn
: -78°Ctort : CH,Cl,, 78 °C é :
o] 0 HO LO

83% (2 steps)

44 130 dr=1:1

45

1-((4S,55)-5-(2-(Benzyloxy)ethyl)-2,2-dimethyl-1,3-dioxolan-4-yl)prop-2-en-1-ol (45)

Oxalyl chloride (4.1 mL, 47 mmol) was added dropwise to a solution of DMSO (5.0 mL, 71 mmol) and
CH,CI; (150 mL) at —78 °C. The resulting solution was stirred for 40 min at —78 °C. A solution of alcohol
44 (4.21 g, 15.8 mmol) and CH,CI, (8.0 mL) was then added dropwise via cannula at —78 °C. After
stirring for 1 h at —78 °C, EtsN (13 mL, 95 mmol) was added dropwise to the solution. The resulting
mixture was stirred for 10 min at —78 °C, allowed to warm to room temperature, quenched with saturated
aqueous NaHCO; (40 mL) and H,O (40 mL), and extracted with hexane (2x 50 mL). The combined
organic extracts were washed with H,O (2x 12 mL) and brine (12 mL), dried over Na,SO, and
concentrated to give the corresponding aldehyde 130, which was immediately used in the next reaction
without further purification.

Vinylmagnesium bromide (1.0 M in THF, 32 mL, 32 mmol) was added to a solution of the crude
aldehyde 130 and CH,CI, (160 mL) at 0 °C. This solution was stirred for 1.5 h at 0 °C, quenched with
saturated aqueous NH,CI (40 mL) and H,O (40 mL), and extracted with hexane (2x 40 mL). The
combined organic extracts were washed with brine (12 mL), dried over Na,SO,4, and concentrated. The
residue was purified by silica gel column chromatography (hexane/EtOAc 10:1 to 6:1) to give 3.82 g of a
mixture of allylic alcohols 45 (83% for 2 steps, dr = 1:1). For analytical samples, two isomers were
separated by HPLC (PEGASIL Silica 120-5, 250x20 mm, UV 254 nm, hexane/EtOAc 3:2, 10 mL/min,

less polar diastereomer: Tr = 9.1 min, polar diastereomer: Tg = 9.7 min). 45 (less polar diastereomer):
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a colorless oil; Ry = 0.76 (hexane/EtOAc = 1:1); [a]*p —38.5 (¢ 1.10, CHCI,); IR (film): 3455, 2986, 2867,
1371, 1215, 1091 cm™; *H NMR (CDCl3, 500 MHz) 6 7.36-7.26 (m, 5H), 5.90 (ddd, J = 17.2, 10.6, 5.7
Hz, 1H), 5.36 (ddd, J = 17.2, 1.4, 1.4 Hz, 1H), 5.24 (ddd, J = 10.6, 1.4, 1.4 Hz, 1H), 4.51 (s, 2H), 4.30—
4.26 (m, 1H), 4.10 (ddd, J = 8.0, 8.0, 3.4 Hz, 1H), 3.76 (dd, J = 8.0, 4.9 Hz, 1H), 3.66 (ddd, J = 9.5, 6.9,
5.7 Hz, 1H), 3.61 (ddd, J = 9.5, 7.5, 6.3 Hz, 1H), 2.40 (brs, 1H), 2.00 (dddd, J = 14.0, 7.5, 6.9, 3.4 Hz, 1H),
1.87 (dddd, J = 14.0, 8.0, 6.3, 5.7 Hz, 1H), 1.40 (s, 6H); **C NMR (CDCls, 125 MHz) & 138.3 (C), 136.2
(CH), 128.5 (CH), 127.83 (CH), 127.77 (CH), 116.9 (CH,), 108.8 (C), 83.0 (CH), 74.9 (CH), 73.2 (CH,),
72.4 (CH), 67.4 (CHy), 34.3 (CH,), 27.4 (CHs), 27.1 (CHa); HRMS (ESI): calcd for Ci7H250,: 293.1753;
found: 293.1755. 45 (polar diastereomer): a colorless oil; Ry = 0.71 (hexane/EtOAc = 1:1); [a]? —16.3
(c 1.01, CHCly); IR (film): 3448, 2986, 2870, 1371, 1215, 1089 cm % *H NMR (CDCls, 500 MHz) &
7.36-7.26 (m, 5H), 5.86 (ddd, J = 17.2, 10.6, 5.7 Hz, 1H), 5.35 (ddd, J = 17.2, 1.4, 1.4 Hz, 1H), 5.23 (ddd,
J=106, 1.4, 1.4 Hz, 1H), 451 (s, 2H), 4.14-4.10 (m, 1H), 4.09 (ddd, J = 8.0, 8.0, 4.0 Hz, 1H), 3.73 (dd,
J=8.0, 4.3 Hz, 1H), 3.65 (ddd, J = 9.5, 6.6, 5.4 Hz, 1H), 3.59 (ddd, J = 9.5, 7.7, 6.0 Hz, 1H), 2.34 (d, J =
6.6 Hz, 1H), 1.96 (dddd, J = 14.0, 7.7, 6.6, 4.0 Hz, 1H), 1.87 (dddd, J = 14.0, 8.0, 6.0, 5.4 Hz, 1H), 1.410
(s, 3H), 1.405 (s, 3H): *C NMR (CDCls, 125 MHz) & 138.4 (C), 137.2 (CH), 128.5 (CH), 127.79 (CH),
127.76 (CH), 117.0 (CH,), 109.1 (C), 83.5 (CH), 75.1 (CH), 73.2 (CH,), 72.3 (CH), 67.2 (CH,), 33.8
(CH,), 27.6 (CHs), 27.2 (CHs); HRMS (ESI): calcd for CyzH,s04: 293.1753; found: 293.1742.

MeC(OEt);
O% oB 2-nitrophenol O% o8
7 " - HNUBN
é : toluene, 140 °C EtOZC/\/\ é :
o= 87% o
43 ° 46

Ethyl (E)-5-((4S,5S)-5-(2-(benzyloxy)ethyl)-2,2-dimethyl-1,3-dioxolan-4-yl)pent-4-enoate (46)

A sealed tube was charged with allylic alcohols 45 (dr = 1:1, 3.82 g, 13.1 mmol), MeC(OEt); (48 mL, 260
mmol), 2-nitrophenol (5.45 g, 39.2 mmol) and toluene (130 mL). The solution was heated to 140 °C, and
stirred for 6 h at 140 °C. The resulting solution was cooled to room temperature, and concentrated. The
residue was purified by silica gel column chromatography (hexane/EtOAc 20:1 to 9:1) to give 4.09 g of
ethyl ester 46 (87%): a yellow oil; Ry = 0.57 (hexane/EtOAc = 3:1); [a]* +20.5 (c 0.98, CHCIy); IR
(film): 2985, 2935, 2864, 1735, 1370, 1241, 1168, 1095, 1041 cmt; *H NMR (CDCl3, 500 MHz) 6 7.36—
7.26 (m, 5H), 5.84-5.75 (m, 1H), 5.46 (dd, J = 15.5, 8.0 Hz, 1H), 4.50 (s, 2H), 4.12 (q, J = 7.2 Hz, 2H),
4.00 (dd, J = 8.0, 8.0 Hz, 1H), 3.78 (ddd, J = 8.0, 8.0, 4.0 Hz, 1H), 3.62 (ddd, J = 9.2, 6.9, 5.7 Hz, 1H),
3.57 (ddd, J = 9.2, 6.9, 6.9 Hz, 1H), 2.41-2.34 (m, 4H), 1.87 (dddd, J = 14.3, 6.9, 6.9, 4.0 Hz, 1H), 1.85—
1.77 (m, 1H), 1.394 (s, 3H), 1.390 (s, 3H), 1.24 (t, J = 7.2 Hz, 3H); **C NMR (CDCls, 125 MHz) § 172.9
(C), 138.5 (C), 134.3 (CH), 128.5 (CH), 128.0 (CH), 127.74 (CH), 127.68 (CH), 108.5 (C), 82.4 (CH),
77.8 (CH), 73.1 (CH,), 67.1 (CH,), 60.5 (CH,), 33.7 (CH,), 32.1 (CH,), 27.7 (CH,), 27.4 (CH,), 27.1
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(CHj3), 14.3 (CH3); HRMS (ESI): calcd for C»1H3005Na: 385.1991; found: 385.1992.

OH
O% 80% AcOH aq : oBn
E0,C” > N O8N woc EtOZC/\/\/\E/\/
) OH
0,
46 93% 38

Ethyl (6S,7S,E)-9-(benzyloxy)-6,7-dihydroxynon-4-enoate (38)

A solution of ethyl ester 46 (4.09 g, 11.3 mmol) and AcOH/H,0 (4:1, 28 mL) was heated to 60 °C, and
maintained at 60 °C for 5.5 h. The resulting solution was cooled to room temperature, and concentrated.
The residue was purified by silica gel column chromatography (hexane/EtOAc 2:1 to 1:2) to give 3.40 g
of allylic 1,2-diol 38 (93%): a yellow oil; R; = 0.30 (hexane/EtOAc = 1:1); [a]*p +1.7 (c 1.44, CHCLy); IR
(film): 3435, 2921, 2865, 1732, 1097 cm™; *H NMR (CDCls, 500 MHz) & 7.37-7.27 (m, 5H), 5.79-5.72
(m, 1H), 5.51 (dd, J = 15.5, 6.9 Hz, 1H), 4.52 (s, 2H), 4.11 (g, J = 7.2 Hz, 2H), 3.90 (dd, J = 6.9, 6.3, 1.2
Hz, 1H), 3.70 (ddd, J = 9.2, 6.0, 4.9 Hz, 1H), 3.68-3.63 (m, 2H), 2.42-2.34 (m, 4H), 1.80 (dddd, J = 14.6,
6.0, 4.6, 3.7 Hz, 1H), 1.79-1.72 (m, 1H), 1.24 (t, J = 7.2 Hz, 3H); °C NMR (CDCls, 125 MHz) & 173.1
(C), 137.9 (C), 132.3 (CH), 130.4 (CH), 128.6 (CH), 127.9 (CH), 127.8 (CH), 75.7 (CH), 73.8 (CH), 73.5
(CH,), 68.5 (CH,), 60.5 (CH,), 33.8 (CH,), 32.6 (CH,), 27.7 (CH,), 14.3 (CH3); HRMS (ESI): calcd for
C1gH260sNa: 345.1678; found: 345.1678.

CCI;CN NH,
OH 3
: oBn DBU, ZnCl, 0—/-CCly
AN N o~ ~_ 0B
EtO,C i CH,Cl,, 0 °C EtO,C7 Y é: n
92% o
38 39

Ethyl (E)-5-((4S,5S)-2-amino-5-(2-(benzyloxy)ethyl)-2-(trichloromethyl)-1,3-dioxolan-4-yl)pent-
4-enoate (39)

1,8-Diazabicyclo[5.4.0Jundec-7-ene (470 pL, 3.2 mmol) was added dropwise to a solution of allylic
1,2-diol 38 (3.40 g, 10.5 mmol), CCI;CN (1.4 mL, 14 mmol), ZnCl, (144 mg, 1.05 mmol) and CH,ClI,
(120 mL) at 0 °C. The solution was maintained at 0 °C for 19 h, allowed to warm to room temperature,
and concentrated. The residue was purified by silica gel column chromatography (hexane/EtOAc 7:1 to
4:1) to give 4.52 g of a diastereomeric mixture of two orthoamides 39 (92%, dr = 1:1). For analytical
samples, two diastereomers were separated by HPLC (PEGASIL Silica 120-5, 250x20 mm, UV 254 nm,
hexane/EtOAc 2:1, 10 mL/min, less polar diastereomer: Tgr = 13.5 min, polar diastereomer: T = 21.1
min). 39 (less polar diastereomer): a colorless oil; Ry = 0.72 (hexane/EtOAc = 1:1); [a]®5 —6.9 (c 1.33,
CHCL); IR (film): 3418, 3341, 2922, 2867, 1733, 1207, 1095, 824 cm *; *H NMR (CDCls, 500 MHz) &
7.36-7.26 (m, 5H), 5.87-5.80 (m, 1H), 5.52 (dd, J = 15.5, 8.3 Hz, 1H), 4.51 (d, J = 12.0 Hz, 1H), 4.48 (d,
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J =12.0 Hz, 1H), 4.45 (dd, J = 8.9, 8.3 Hz, 1H), 4.28 (ddd, J = 8.9, 7.7, 4.3 Hz, 1H), 4.12 (q, J = 7.2 Hz,
2H), 3.66 (ddd, J = 9.5, 6.0, 6.0 Hz, 1H), 3.61 (ddd, J = 9.5, 7.5, 6.0 Hz, 1H), 2.57 (brs, 2H), 2.42-2.35 (m,
4H), 2.02-1.90 (m, 2H), 1.24 (t, J = 7.2 Hz, 3H); **C NMR (CDCls, 125 MHz) & 172.8 (C), 138.3 (C),
136.1 (CH), 128.5 (CH), 127.80 (CH), 127.76 (CH), 126.8 (CH), 114.5 (C), 103.8 (C), 86.3 (CH), 80.0
(CH), 73.2 (CH,), 66.5 (CH,), 60.6 (CH,), 33.5 (CHy), 30.9 (CH,), 27.6 (CH,), 14.4 (CH3); HRMS (ESI):
calcd for C,oH,6NOsClsNa: 488.0774; found: 488.0779. 39 (polar diastereomer); a colorless oil; R =
0.65 (hexane/EtOAc = 1:1); [a]®p —14.6 (c 0.85, CHCIs); IR (film): 3415, 3336, 2922, 2869, 1733, 1206,
1095, 824 cm™; *H NMR (CDCl;, 500 MHz) § 7.37-7.26 (m, 5H), 5.94-5.86 (m, 1H), 5.56 (dd, J = 15.5,
8.3 Hz, 1H), 4.54 (dd, J = 8.9, 8.3 Hz, 1H), 4.53 (d, J = 12.0 Hz, 1H), 4.50 (d, J = 12.0 Hz, 1H), 4.26 (ddd,
J=8.9,6.9,5.2 Hz, 1H), 4.12 (g, J = 7.2 Hz, 2H), 3.64 (dt, J = 9.2, 6.0 Hz, 1H), 3.60 (dt, J = 9.2, 6.6 Hz,
1H), 2.51 (brs, 2H), 2.42-2.35 (m, 4H), 1.98-1.88 (m, 2H), 1.24 (t, J = 7.2 Hz, 3H); **C NMR (CDCls,
125 MHz): & = 172.8 (C), 138.4 (C), 136.3 (CH), 128.6 (CH), 127.76 (CH), 127.72 (CH), 125.4 (CH),
114.6 (C), 103.9 (C), 84.2 (CH), 82.2 (CH), 73.2 (CH,), 66.4 (CH,), 60.6 (CH,), 33.5 (CH,), 32.4 (CH,),
27.7 (CH,), 14.4 (CH3); HRMS (ESI): calcd for C,qH,6NOsClsNa: 488.0774; found: 488.0765.

CCly
NH, BHT (5 mol%), t-BuPh
o CCl3 160 °C in a sealed tube HN™ ~O
o 0B /\/\/\
Et0,C7 NN then MeC(OEt), EtO,C S O0BN
o) BHT (1.5 equiv), 140 °C I
39 47% 40 “CO,Et

Diethyl (3S,4S)-3-((E)-4-(benzyloxy)but-1-en-1-yl)-4-(2,2,2-trichloroacetamido)heptanedioate (40)

A sealed tube was charged with orthoamide 39 (604 mg, 1.29 mmol), BHT (14.3 mg, 64.7 umol) and
t-BuPh (43 mL). The solution was heated to 160 °C for 15 d. After cooling to room temperature,
MeC(OEt); (1.2 mL, 6.5 mmol) and BHT (428 mg, 1.94 mmol) were added to the solution of the
generated allylic amino alcohol. The solution was then heated to 140 °C for 75 min. After cooling to room
temperature, the solution was directly purified by silica gel column chromatography (hexane/EtOAc 9:1)
to give 328 mg of trichloroacetamide 40 (47%): a colorless oil; R = 0.83 (hexane/EtOAc = 1:1); [0]*p
-15.3 (c 1.09, CHCI,); IR (film): 3334, 2981, 2929, 2856, 1732, 1714, 1518, 1176, 821 cm *; 'H NMR
(CDCls, 500 MHz) & 7.35-7.24 (m, 5H), 6.98 (d, J = 9.5 Hz, 1H), 5.63 (dd, J = 15.2, 6.9 Hz, 1H), 5.36
(ddt, J = 15.2, 9.5, 1.2 Hz, 1H), 4.48 (s, 2H), 4.15-4.06 (m, 4H), 3.94-3.86 (m, 1H), 3.48 (t, J = 6.6 Hz,
2H), 2.78-2.70 (m, 1H), 2.47 (dd, J = 15.8, 5.7 Hz, 1H), 2.39 (dd, J = 15.8, 7.7 Hz, 1H), 2.39-2.25 (m,
4H), 2.01 (dddd, J = 14.6, 7.5, 7.5, 3.2 Hz, 1H), 1.68 (dddd, J = 14.6, 10.9, 7.5, 6.6 Hz, 1H), 1.24 (t, J =
7.2 Hz, 3H), 1.22 (t, J = 7.2 Hz, 3H); **C NMR (CDCl;, 125 MHz) & 173.4 (C), 172.3 (C), 162.1 (C),
138.4 (C), 131.8 (CH), 129.8 (CH), 128.5 (CH), 127.7 (CH), 127.7 (CH), 92.9 (C), 73.0 (CHy), 69.6 (CH,),
60.9 (CH,), 60.9 (CH,), 54.2 (CH), 44.0 (CH), 37.2 (CH,), 33.1 (CH,), 30.7 (CH,), 26.5 (CH,), 14.31
(CHa), 14.29 (CH5); HRMS (ESI): calcd for CpqH3sNOGCly: 536.1373; found: 536.1373.
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40 83% 49

(3S,49)-3-((E)-4-(Benzyloxy)but-1-en-1-yI)-4-(2,2,2-trichloroacetamido)heptanedioic acid (49)
Barium hydroxide octahydrate (3.28 g, 10.4 mmol) was added to a solution of trichloroacetamide 40 (558
mg, 1.04 mmol) and MeOH/H,0 (2:1, 52 mL) at 0 °C. The solution was allowed to warm to room
temperature, maintained for 1.5 h at room temperature, quenched with 4M aqueous HCI (5.2 mL), and
extracted with CHCI3 (6x 10 mL). The combined organic extracts were washed with brine (7 mL), dried
over Na,SO, and concentrated. The residue was purified by silica gel column chromatography
(hexane/EtOAC 3:2 to 2:3) to give 417 mg of bis(acid) 49 (83%): colorless crystals, mp = 102.0-103.5 °C;
R = 0.19 (EtOAC); [a]®s —16.0 (¢ 1.62, CHCIy); IR (film): 3298, 2931, 1707, 1521, 821 cm *; 'H NMR
(CDClg, 500 MHZ) & 7.35-7.25 (m, 5H), 6.93 (d, J = 9.5 Hz, 1H), 5.66 (dd, J = 15.5, 6.9 Hz, 1H), 5.35
(dd, J = 15.5, 9.5 Hz, 1H), 4.49 (s, 2H), 4.05-3.96 (M, 1H), 3.51 (dt, J = 9.5, 6.3 Hz, 1H), 3.49 (dt, J = 9.5,
6.6 Hz, 1H), 2.80-2.72 (m, 1H), 2.54 (dd, J = 16.0, 6.6 Hz, 1H), 2.44 (dd, J = 16.0, 7.2 Hz, 1H), 2.42—
2.30 (m, 4H), 2.01 (dddd, J = 14.6, 7.5, 7.2, 2.9 Hz, 1H), 1.61 (ddt, J = 14.6, 11.2, 6.6 Hz, 1H); *C NMR
(CDCl,, 125 MHz) & 178.9 (C), 177.8 (C), 162.2 (C), 138.2 (C), 132.4 (CH), 129.4 (CH), 128.6 (CH),
127.9 (CH), 127.8 (CH), 92.8 (C), 73.0 (CH,), 69.4 (CH,), 53.6 (CH), 43.6 (CH), 36.9 (CH,), 33.1 (CH,),
30.3 (CH,), 26.0 (CH,); HRMS (ESI): calcd for C,oH,4sNOgCl3Na: 502.0567; found: 502.0558.

o o OBn
Cl,C”~ "NH Iz, NaHCO3 3 EDCI, DMAP
- OB —_— _—
HOLC > N PN rhEH,0=1  HOC DMF, rt
: 0°C
~ 60% (2 steps
49 CO,H 50 Y o (2 steps)

(5)-5-((2S,3R)-2-((R)-3-(Benzyloxy)-1-iodopropyl)-5-oxotetrahydrofuran-3-yl)pyrrolidin-2-one (41)
lodine (1.25 g, 4.91 mmol) was added to a mixture of bis(acid) 49 (787 mg, 1.64 mmol), NaHCO; (619
mg, 7.37 mmol) and THF/H,0O (1:1, 55 mL) at 0 °C. The mixture was stirred for 3 h at 0 °C, quenched
with 20% aqueous Na,S,03 (5.5 mL) and 1M aqueous HCI (5.5 mL), and extracted with CHCI; (6x 15
mL). The combined organic extracts were washed with brine (8 mL), dried over Na,SO,, and concentrated.
The residue was filtrated through a pad of silica gel, washed with hexane/EtOAc (1:1, 400 mL), and
concentrated to give iodolactone 50, which was immediately used in the next reaction without further
purification.

1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide hydrochloride (859 mg, 4.48 mmol) was added to
the solution of iodolactone 50, DMAP (547 mg, 4.48 mmol) and THF (150 mL) at room temperature. The

solution was maintained for 16.5 h at room temperature, and concentrated. The residue was purified by
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silica gel column chromatography (EtOAc) to give 436 mg of y-lactam 41 (60% for 2 steps): colorless
crystals, mp = 124.0-125.0 °C; R; = 0.22 (EtOAC); [0]®p +5.1 (¢ 0.91, CHCIy); IR (film): 3223, 2925,
2865, 1781, 1694, 1176, 1098, 748 cm *; "H NMR (CDCl;, 500 MHz) & 7.72-7.40 (m, 1H), 7.37-7.27 (m,
5H), 4.50 (s, 2H), 4.42 (ddd, J = 10.3, 6.3, 4.0 Hz, 1H), 4.27 (dd, J = 6.0, 2.9 Hz, 1H), 3.85-3.79 (m, 1H),
3.69 (ddd, J =9.5, 5.2, 4.0 Hz, 1H), 3.60 (ddd, J = 9.5, 9.2, 4.0 Hz, 1H), 2.82 (dd, J = 18.6, 10.0 Hz, 1H),
2.69-2.62 (m, 1H), 2.38 (dd, J = 18.6, 3.4 Hz, 1H), 2.40-2.25 (m, 2H), 2.24-2.13 (m, 2H), 1.84 (dddd, J =
14.6, 10.3, 4.0, 4.0 Hz, 1H), 1.78-1.68 (m, 1H); **C NMR (CDCls, 125 MHz) & 179.4 (C), 175.0 (C),
137.9 (C), 128.6 (CH), 128.1 (CH), 128.0 (CH), 83.8 (CH), 73.5 (CH,), 69.1 (CH,), 56.4 (CH), 43.7 (CH),
35.6 (CH), 35.3 (CH,), 30.3 (CH,), 30.3 (CH,), 24.3 (CH,); HRMS (ESI): calcd for CigH,3NO,l:
444.0672; found: 444.0674.

O
N DBU, THF H,, Rh/AIL,O
o) HH_oBn 2 203
O°Ctort i THF, rt
o, |:| /\,
| 4 73% 53 OBn 99%

(S)-5-((2R,3R)-2-(3-(Benzyloxy)propyl)-5-oxotetrahydrofuran-3-yl)pyrrolidin-2-one (16)
1,8-Diazabicyclo[5.4.0]undec-7-ene (32 pL, 210 umol) was added dropwise to a solution of y-lactam 41
(62.7 mg, 141 umol) and THF (4.8 mL) at 0° C. This solution was allowed to warm to room temperature,
and maintained for 12.5 h at room temperature, and concentrated. The residue was purified by silica gel
column chromatography (EtOAc) to give 32.7 mg of alkene 53 (73%): a colorless oil; Ry = 0.56
(EtOAC/MeOH = 9:1); [0]®p +41.8 (c 1.43, CHCI3); IR (film): 3225, 2921, 2857, 1778, 1694, 1204, 1173,
1113, 974 cm™; 'H NMR (CDCls, 500 MHz) & 7.85 (brs, 1H), 7.37-7.27 (m, 5H), 5.98 (dt, J = 15.5, 4.9
Hz, 1H), 5.77 (ddtd, J = 15.5, 7.2, 1.4, 1.4 Hz, 1H), 4.70 (dd, J = 7.2, 7.2 Hz, 1H), 4.53 (s, 2H), 4.06 (dd, J
= 4.9, 1.4 Hz, 2H), 3.80-3.74 (m, 1H), 2.64 (dd, J = 17.5, 8.6 Hz, 1H), 2.47 (dd, J = 17.5, 8.6 Hz, 1H),
2.42-2.35 (m, 1H), 2.34 (dd, J = 8.6, 7.5 Hz, 2H), 2.25 (dtd, J = 12.6, 7.5, 7.5 Hz, 1H), 1.77-1.68 (m,
1H); *C NMR (CDCls, 125 MHz) § 179.3 (C), 175.1 (C), 138.0 (C), 132.4 (CH), 128.6 (CH), 128.0 (CH),
127.9 (CH), 127.8 (CH), 81.9 (CH), 72.8 (CH,), 69.3 (CH,), 54.6 (CH), 47.0 (CH), 30.3 (CH,), 30.2
(CHy), 25.5 (CH,); HRMS (ESI): calcd for C1gH,,NO,: 316.1549; found: 316.1548.

Rhodium on alumina (5%, 103 mg, 50 wt%) was added to a solution of alkene 53 (206 mg, 653
pmol) and THF (22 mL) at room temperature. The mixture was stirred under hydrogen atmosphere (1
atm) at room temperature for 1 d, filtrated through a pad of Celite, washed with EtOAc (20 mL), and
concentrated. The residue was purified by silica gel column chromatography (EtOAc/MeOH 1:0 to 9:1) to
give 204 mg of benzyl ether 54 (99%): a colorless oil; Ry = 0.56 (EtOAc/MeOH = 9:1); [0]® +20.1 (c
1.17, CHCIy); IR (film): 3236, 2928, 2859, 1771, 1694, 1206, 1175, 1101 em Y *H NMR (CDCls, 500
MHz) & 7.37-7.26 (m, 6H), 4.49 (s, 2H), 4.29 (ddd, J = 7.7, 5.4, 3.7 Hz, 1H), 3.76-3.71 (m, 1H), 3.54
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(ddd, J = 10.3, 9.2, 4.9 Hz, 1H), 3.49 (ddd, J = 9.2, 6.3, 4.6 Hz, 1H), 2.66 (dd, J = 17.8, 9.2 Hz, 1H), 2.42
(dd, J = 17.8, 6.9 Hz, 1H), 2.33 (dd, J = 9.2, 6.9 Hz, 2H), 2.34-2.27 (m, 1H), 2.23 (ddt, J = 12.9, 7.7, 6.9
Hz, 1H), 1.88-1.65 (m, 5H); *C NMR (CDCls, 125 MHz) & 179.1 (C), 175.5 (C), 138.4 (C), 128.5 (CH),
127.84 (CH), 127.80 (CH), 81.9 (CH), 73.1 (CH,), 69.5 (CH,), 55.4 (CH), 45.7 (CH), 32.2 (CH), 30.6
(CH,), 30.2 (CH,), 25.7 (CH,), 25.3 (CH,); HRMS (ESI): calcd for CigH,sNO,: 318.1705; found:
318.1706.

N Hy, Pd/C
HH_oBn

| EtOH, rt
H 99%

CBry, PPhs

CH,Cl,,0°Ctort
92%

(S)-5-((2R,3R)-2-(3-Bromopropyl)-5-oxotetrahydrofuran-3-yl)pyrrolidin-2-one (55)

Palladium on carbon (10%, 112 mg, 100 wt%) was added to a solution of benzyl ether 54 (112 mg, 353
umol) and EtOH (12 mL) at room temperature. The mixture was stirred under hydrogen atmosphere (1
atm) at room temperature for 18.5 h, filtrated through a pad of Celite, washed with EtOH (15 mL), and
concentrated. The residue was purified by silica gel column chromatography (CHCI; to EtOH) to give
79.7 mg of alcohol 131 (99%): colorless crystals, mp = 107.0-108.0 °C; R; = 0.14 (EtOAc/MeOH = 4:1);
[#]®5 +53.6 (¢ 1.16, MeOH); IR (film): 3307, 2932, 2877, 1767, 1683, 1205 cm *; *H NMR (CD;0D, 500
MHz) 6 4.39 (ddd, J = 8.3, 5.7, 3.7 Hz, 1H), 3.86-3.81 (m, 1H), 3.62 (dt, J = 10.9, 6.0 Hz, 1H), 3.60 (dt, J
=10.9, 6.0 Hz, 1H), 2.73 (dd, J = 17.2, 8.6 Hz, 1H), 2.47 (dd, J = 17.2, 7.2 Hz, 1H), 2.43 (dddd, J = 12.9,
8.6, 7.2, 5.7 Hz, 1H), 2.37-2.27 (m, 3H), 1.88-1.59 (m, 5H); BC NMR (CD50D, 125 MHz) 6 181.3 (C),
178.3 (C), 83.9 (CH), 62.3 (CH,), 56.7 (CH), 46.7 (CH), 32.6 (CH,), 31.2 (CH,), 31.0 (CH,), 29.6 (CH,),
26.0 (CH,); HRMS (ESI): calcd for C1;H17NO4Na: 250.1055; found: 250.1059.

Triphenylphosphine (112 mg, 426 umol) was added to a solution of alcohol 131 (64.5 mg, 284
pumol), CBr, (282 mg, 851 pumol) and CH,CI, (9.5 mL) at 0 °C. The solution was allowed to warm to
room temperature, maintained for 10 h at room temperature, and concentrated. The residue was purified
by silica gel column chromatography (EtOAc/MeOH 19:1) to give 75.6 mg of bromide 55 (92%): a
colorless oil; R = 0.41 (EtOAc/MeOH = 9:1); [0]*°p +24.5 (¢ 1.19, CHCI,); IR (film): 3225, 2928, 1771,
1694, 1259, 1201, 1181 cm™; *H NMR (CDCl3, 500 MHz) 6 6.69 (brs, 1H), 4.28 (ddd, J = 9.2, 6.0, 3.4 Hz,
1H), 3.84-3.79 (m, 1H), 3.50 (ddd, J = 10.0, 7.5, 5.2 Hz, 1H), 3.46 (ddd, J = 10.0, 6.9, 5.4 Hz, 1H), 2.70
(dd, J =17.8,9.2 Hz, 1H), 2.44 (dd, J = 17.8, 7.5 Hz, 1H), 2.41-2.29 (m, 4H), 2.16-2.07 (m, 1H), 2.04—
1.91 (m, 2H), 1.81-1.73 (m, 2H); **C NMR (CDCls, 125 MHz) & 179.3 (C), 175.3 (C), 81.1 (CH), 55.3
(CH), 45.9 (CH), 33.7 (CH,), 33.3 (CHy), 30.5 (CH,), 30.4 (CH,), 28.5 (CHy), 25.3 (CH,); HRMS (ESI):
calcd for C41H1gNO3BrNa: 312.0211; found: 312.0215.

-119 -



N NaH, TBAI N

o) HH g — o B

o0 DMF, 0 °C o—
H 73% H

(3aR,10aS,10bR)-octahydro-2H-furo[3,2-c]pyrrolo[1,2-a]azepine-2,8(1H)-dione (56)

Sodium hydride (63% in oil, 14 mg, 360 umol) was added to a solution of bromide 55 (35.1 mg, 121
pmol), TBAI (4.5 mg, 12.1 pumol) and DMF (12 mL) at 0 °C. The resulting mixture was stirred for 2 h at
0 °C, quenched with 1M aqueous HCI (1.5 mL), and stirred for 14 h. The reaction mixture was extracted
with EtOAc (6x 2 mL). The combined organic extracts were washed with brine (2x 2 mL), dried over
Na,SQO,4, and concentrated. The residue was purified by silica gel column chromatography (EtOAc/MeOH
1:0 to 19:1) to give 18.5 mg of azepane 56 (73%): a colorless oil; Ry = 0.42 (EtOAc/MeOH = 4:1); [o]**p
~143.2 (¢ 1.07, CHCIy); IR (film): 2935, 1775, 1676, 1420, 1185, 1015 cm*; *H NMR (CDCls, 500 MHz)
84.29 (ddd, J = 10.3, 10.3, 2.9 Hz, 1H), 4.15 (ddd, J = 13.8, 2.3, 2.3 Hz, 1H), 3.99 (ddd, J = 10.6, 6.9, 6.3
Hz, 1H), 2.85 (dddd, J = 12.6, 10.3, 8.9, 6.9 Hz, 1H), 2.71-2.64 (m, 1H), 2.65 (dd, J = 17.5, 8.9 Hz, 1H),
2.61 (dd, J = 17.5, 12.6 Hz, 1H), 2.45-2.36 (m, 3H), 2.07 (dddd, J = 12.3, 6.3, 5.7, 3.4 Hz, 1H), 1.91-1.82
(m, 1H), 1.71 (dddd, J = 12.3, 10.6, 10.6, 10.6 Hz, 1H), 1.62-1.51 (m, 2H); *C NMR (CDCl;, 125 MHz)
§174.8 (C), 174.2 (C), 79.9 (CH), 56.2 (CH), 45.0 (CH), 40.3 (CH,), 34.8 (CH,), 31.1 (CH,), 30.7 (CH,),
25.6 (CH,), 22.8 (CH,); HRMS (ESI): calcd for C1;H1sNO3: 210.1130; found: 210.1131.

N LiHMDS, Mel N
o H EE———— o H

THF, -78 °C

52%
56 (—)-stemoamide (36)

(-)-Stemoamide (36)

n-Butyllithium (1.4 M in hexane, 190 pL, 270 pumol) was added to a solution of (TMS),NH (65 uL, 270
pmol) and THF (1.0 mL) at —78 °C. The solution was maintained for 15 min at —78 °C. A solution of
azepane 56 (16.0 mg, 76.5 pmol) and THF (500 pL) was then added dropwise to the solution of
LiN(TMS), via cannula at —78 °C. The resulting solution was allowed to warm to —40 °C, stirred for 1 h at
—40 °C, cooled to —78 °C, and stirred for 1 h. Methyl iodide (5.9 pL, 120 umol) was then added dropwise
to the solution at —78 °C. After stirring for 15 min at —78 °C, the solution was allowed to warm to room
temperature, and maintained for 13.5 h at room temperature. The solution was quenched with saturated
aqueous NH4CI (1.0 mL) and 20% aqueous Na,S,03 (1.0 mL), and extracted with EtOAc (4x 2 mL). The
combined organic extracts were washed with brine (2 mL), dried over Na,SO,4, and concentrated. The
residue was purified by silica gel column chromatography (EtOAc/MeOH 1:0 to 9:1) to give 8.9 mg of
(-)-stemoamide 36 (52%): colorless crystals, mp = 184.0—185.0 °C [lit.* mp = 184-185 °C]; R = 0.52
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(EtOAC/MeOH = 4:1); [a]* —180.7 (c 0.89, MeOH) [lit.** [o]*° —181 (c 0.89, MeOH)]; IR (film): 2938,
1765, 1685, 1422, 1192, 1009 cm™*; *H NMR (CDCls, 500 MHz) & 4.20 (ddd, J = 10.3, 10.3, 3.2 Hz, 1H),
4.19-4.13 (m, 1H), 3.99 (ddd, J = 10.9, 6.4, 6.4 Hz, 1H), 2.69-2.62 (m, 1H), 2.60 (dg, J = 12.3, 6.9 Hz,
1H), 2.45-2.36 (m, 4H), 2.08-2.02 (m, 1H), 1.91-1.81 (m, 1H), 1.71 (dddd, J = 11.7, 10.9, 10.9, 10.9 Hz,
1H), 1.59-1.47 (m, 2H), 1.31 (d, J = 6.9 Hz, 3H); *C NMR (CDCl;, 125 MHz) § 177.5 (C), 174.2 (C),
77.8 (CH), 56.0 (CH), 52.8 (CH), 40.4 (CHy), 37.5 (CH), 34.9 (CH,), 30.8 (CH,), 25.8 (CHy,), 22.7 (CH,),
14.3 (CH5); HRMS (ESI): calcd for C1,H1gNO3: 224.1287; found: 224.1291.

-121 -



Chapter 3: Total synthesis of (+)-neostenine

>< NaBH, ><

o "o MeOH, 0 °C; 0" o
HO™ g MeOH/H,O, rt o  “OH
58 95% 65

(D-ribose derivative)

(3aS,6aS)-2,2-dimethyltetrahydrofuro[3,4-d][1,3]dioxol-4-0l (65)

Sodium borohydride (3.18 g, 84.0 mmol) was divided into four portions, and added to a solution of 58 and
MeOH (21 mL) at 0 °C every 15 min. The resulting mixture was stirred for more 15 min, quenched with
H,O (21 mL) and 1M HCI ag. (80 mL), and allowed to warm to room temperature. Sodium periodate
(4.49 g, 21.0 mmol) was added to the mixture at room temperature. After stirring for 10 min at room
temperature, the reaction mixture was quenched with saturated aqueous NaHCOj3 (30 mL). The resulting
mixture was filtrated to remove white solid, which was washed with EtOAc (50 mL). The combined
filtrate was extracted with EtOAc (12x 50 mL). The combined organic extracts were washed with brine
(200 mL), dried over Na,SO, and concentrated. The residue was purified by silica gel column
chromatography (EtOAc/hexane 1:3) to give 1.60 g of lactol 65 (95%), which was identical to reported

data.”!

>< OBn 4
_ o

Q"o BrMg—— }4 VOB”

@ THF, -78t00°c  HO B

0-) OH
o~ "OH 99%

65 82
(R)-7-(benzyloxy)-1-((4R,5S)-5-(hydroxymethyl)-2,2-dimethyl-1,3-dioxolan-4-yl)hept-2-yn-1-ol (82)

i-Propyl bromide (13 mL, 140 mmol) was added dropwise to a stirring mixture of Mg (3.72 g, 110 mmol),
(CH2Br), (130 pL, 1.5 mmol) and THF (230 mL) at room temperature. After stirring for 4 h at room
temperature, this reaction mixture was added dropwise to the alkyne® (28.8 g, 153 mmol) via cannula at
room temperature. The resulting mixture was heated to 50 °C, was maintained at 50 °C for 1 h, and cooled
to —78 °C. A solution of lactol 65 (4.91 g, 30.6 mmol) and THF (76 mL) was added to the mixture of the
magnesium acetylide via cannula at —78 °C. The resulting mixture was stirred for 1 h at —78 °C, and
warmed to 0 °C. After stirring for 18 h at 0 °C, the reaction mixture was quenched with saturated aqueous
NH,CI (300 mL) and H,O (300 mL), and extracted with EtOAc (3x 100 mL). The combined organic

extracts were washed with brine (100 mL), dried over Na,SQ,, and concentrated. The residue was purified

BIR. H. Shah, Carbohyd. Res. 1986, 155, 212—216.

12) A. W. Burgstahler, L. O. Weigel, M. E. Sanders, C. G. Shaefer, J. Org. Chem. 1977, 42, 566-568; b)
K. C. Nicolaou, C. A. Veale, S. E. Webber, H. Katerinopoulos, J. Am. Chem. Soc. 1985, 107, 7515-
7518.
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by silica gel column chromatography (hexane /EtOAc 1:3) to give 10.6 g of diol 82 (99%): a colorless oil;
[]®5 +11.5 (c 1.05, CHCIy); IR (film) 3383, 2937, 2866, 1372, 1218, 1077, 1046 cm™; *H NMR (500
MHz, CDCl3) & 7.36-7.25 (m, 5H), 4.59-4.54 (m, 1H), 4.50 (s, 2H), 4.30 (ddd, J = 6.3, 5.7, 4.6 Hz, 1H),
4.18 (dd, J = 6.3, 6.3 Hz, 1H), 3.95 (dd, J = 11.7, 5.7 Hz, 1H), 3.88 (dd, J = 11.7, 4.6 Hz, 1H), 3.52-3.45
(M, 1H), 3.49 (t, J = 6.3 Hz, 2H), 2.89 (brs, 1H), 2.26 (td, J = 6.9, 2.0 Hz, 2H), 1.75-1.69 (m, 2H), 1.65—
1.58 (m, 2H), 1.48 (s, 3H), 1.37 (s, 3H); **C NMR (125 MHz, CDCl;) & 138.4 (C), 128.5 (CH), 127.8
(CH), 127.7 (CH), 108.7 (C), 86.9 (C), 79.3 (CH), 78.7 (C), 77.3 (CH), 73.0 (CH,), 69.9 (CHy), 61.6 (CH),
60.5 (CH,), 28.9 (CH,), 27.5 (CHs), 25.31 (CH,), 25.26 (CHs), 18.7 (CH,); HRMS (ESI), calcd for
CaoH2s0sNa” (M+Na)* 371.1834, found 371.1833.

o ¢ © y
%5 =" "0Bn  MOMCI, 2,6-lutidine A( = "OBn

HO B CH,Cly, 1t MOMO B
O- OH O~ OH

51%
82 ’ 83

(R)-7-(benzyloxy)-1-((4R,5S)-5-((methoxymethoxy)methyl)-2,2-dimethyl-1,3-dioxolan-4-yl)hept-2-yn
-1-ol (83)

Chloromethyl methyl ether (3.2 mL, 42 mmol) was added to a solution of diol 82 (7.40 g, 21.2 mmol),
2,6-lutidine (7.4 mL, 64 mmol) and CH,CI, (210 mL) at 0 °C. This solution was maintained for 5 min at
0 °C, and then allowed to warm to room temperature. The solution was maintained for 9 h at room
temperature, quenched with 0.2M aqueous HCI (100 mL), and extracted with EtOAc (3x 20 mL). The
combined organic extracts were washed with brine (20 mL), dried over Na,SO,, and concentrated. The
residue was purified by silica gel column chromatography (hexane/EtOAc 3:1) to give 4.24 g of MOM
ether 83 (51%), along with recovery of 1.34 g of diol 82 (18%). MOM ether 83: a colorless oil; [0]*’p +6.9
(c 1.00, CHCIs); IR (film) 3441, 2937, 2884, 1372, 1216, 1109, 1042 cm™; *H NMR (500 MHz, CDCl;) &
7.36-7.25 (m, 5H), 4.67 (s, 2H), 4.52-4.48 (m, 1H), 4.49 (s, 2H), 4.39 (ddd, J = 6.0, 6.0, 6.0 Hz, 1H), 4.20
(dd, J = 6.0, 6.0 Hz, 1H), 3.91 (dd, J = 10.6, 6.0 Hz, 1H), 3.76 (dd, J = 10.6, 6.0 Hz, 1H), 3.48 (t, J = 6.0
Hz, 2H), 3.38 (s, 3H), 3.07 (d, J = 5.4 Hz, 1H), 2.26 (td, J = 7.2, 2.0 Hz, 2H), 1.75-1.69 (m, 2H), 1.67—
1.59 (m, 2H), 1.48 (s, 3H), 1.38 (s, 3H); *C NMR (125 MHz, CDCls) & 138.7 (C), 128.5 (CH), 127.7
(CH), 127.6 (CH), 109.1 (C), 97.0 (CH,), 86.9 (C), 79.6 (CH), 78.6 (C), 75.9 (CH), 73.0 (CH,), 69.9
(CH,), 66.0 (CH,), 61.8 (CH), 55.8 (CH3), 29.0 (CH,), 27.6 (CH3), 25.4 (CH3), 25.3 (CH,), 18.8 (CH,);
HRMS (ESI), calcd for C,H3,0¢Na™ (M+Na)* 415.2097, found 415.2103.

-123 -



4 cat. Pd/BaSQO,
= OBn cat. quinoline, Hy

MOMO B THF, rt MOMO B
O~ OH O~ OH

0,
83 95% 84

o o

— OBn

N

(R,2)-7-(benzyloxy)-1-((4R,5S)-5-((methoxymethoxy)methyl)-2,2-dimethyl-1,3-dioxolan-4-yl)hept-2-

en-1-ol (84)

Palladium on BaSO, (5%, 212 mg, 5.0 wt%) was added to a solution of MOM ether 83 (4.24 g, 10.8
mmol), quinoline (49 pL, 410 pmol) and THF (110 mL) at room temperature. After stirring for 30 min,
the flask was purged with hydrogen. The mixture was stirred under hydrogen atmosphere (1 atm) at room
temperature for 1 d, filtrated through a pad of Celite, washed with EtOAc (100 mL), and concentrated.
The residue was diluted with EtOAc (50 mL) and 0.1M aqueous HCI (5.0 mL), and extracted with EtOAc
(2x 10 mL). The combined organic extracts were washed with brine (5.0 mL), dried over Na,SO,, and
concentrated. The residue was purified by silica gel column chromatography (hexane/EtOAc 3:1 to 2:1) to
give 4.03 g of alkene 84 (95%): a colorless oil; [o]*’p —15.0 (c 0.96, CHCI5); IR (film) 3470, 2934, 2861,
1217, 1106, 1080, 1040 cm™; *H NMR (500 MHz, CDCl5) & 7.36-7.25 (m, 5H), 5.66 (dtd, J = 10.9, 7.5,
0.9 Hz, 1H), 5.49 (ddt, J = 10.9, 8.6, 1.4 Hz, 1H), 4.69 (s, 2H), 4.54 (dddd, J = 8.6, 8.6, 3.4, 0.9 Hz, 1H),
4.49 (s, 2H), 4.39 (ddd, J = 6.9, 5.7, 5.7 Hz, 1H), 4.07 (dd, J = 8.6, 5.7 Hz, 1H), 3.87 (dd, J = 10.3, 6.9 Hz,
1H), 3.63 (dd, J = 10.3, 5.7 Hz, 1H), 3.47 (t, J = 6.3 Hz, 2H), 3.40 (s, 3H), 2.90 (d, J = 3.4 Hz, 1H), 2.25—
2.11 (m, 2H), 1.68-1.61 (m, 2H), 1.53-1.46 (m, 2H), 1.40 (s, 3H), 1.34 (s, 3H); *C NMR (125 MHz,
CDCly) § 138.7 (C), 134.7 (CH), 129.1 (CH), 128.5 (CH), 127.7 (CH), 127.6 (CH), 108.8 (C), 97.0 (CH,),
79.9 (CH), 76.0 (CH), 73.0 (CH,), 70.3 (CH,), 66.5 (CH,), 65.6 (CH), 55.8 (CH3), 29.5 (CH,), 27.98
(CH,), 27.97 (CHj), 26.3 (CH,), 25.4 (CHs); HRMS (ESI), calcd for CpHgsOgNa™ (M+Na)* 417.2253,

found 417.2253.
%o HaC(CH,),C(OEt)s 0 H o
H m-cresol
2= ,0Bn MOMO/\I/\/ OBn
MOMOm toluene, 140 °C OB
o-) OH £ COaE
92%

o4 ° e

Ethyl (2R,3S)-7-(benzyloxy)-2-ethyl-3-((E)-2-((4R,5S)-5-((methoxymethoxy)methyl)-2,2-
dimethyl-1,3-dioxolan-4-yl)vinyl)heptanoate (85)

A sealed tube was charged with alkene 84 (2.00 g, 5.07 mmol), H3C(CH,),C(OEt); (11 mL, 51 mmol),
m-cresol (1.6 mL, 15 mmol) and toluene (72 mL). The solution was heated to 140 °C, and stirred at
140 °C for 6.5 d. The resulting solution was cooled to room temperature, and concentrated. The residue
was purified by silica gel column chromatography (hexane/EtOAc 9:1 to 7:1) to give 2.30 g of ethyl ester

85 (92%, 2:1 inseparable mixture of diastereomers): a colorless oil; [a]®; +2.5 (¢ 1.04, CHCl;, 2:1
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mixture of diastereomers); IR (film) 2935, 2876, 1730, 1455, 1370, 1215, 1153, 1112, 1045 cm™*; *H
NMR (500 MHz, CDClj, 2.0:1 mixture of diastereomers) 6 7.36—7.25 (m, 5H), 5.64 (dd, J = 15.5, 9.5, 0.9
Hz, 2/3H), 5.45 (dd, J = 15.5, 6.9 Hz, 1/3H), 5.40 (dd, J = 15.5, 8.0 Hz, 1/3H), 5.38 (dd, J = 15.5, 7.7 Hz,
2/3H), 4.64-4.57 (m, 1/3H), 4.62 (s, 4/3H), 4.61 (s, 2/3H), 4.59 (ddd, J = 7.7, 6.9, 0.9 Hz, 2/3H), 4.48 (s,
4/3H), 4.47 (s, 2/3H), 4.35-4.29 (m, 1H), 4.14 (q, J = 7.2 Hz, 2/3H), 4.11 (q, J = 7.2 Hz, 4/3H), 3.52-3.46
(m, 4/3H), 3.50 (dd, J = 6.3, 4.3 Hz, 2/3H), 3.43 (t, J = 6.6 Hz, 4/3H), 3.42 (t, J = 6.6 Hz, 2/3H), 3.34 (s,
2H), 3.34 (s, 1H), 2.30-2.19 (m, 5/3H), 2.15 (ddd, J = 10.6, 9.5, 4.0 Hz, 1/3H), 1.69-1.43 (m, 5H), 1.50 (s,
1H), 1.45 (s, 2H); **C NMR (125 MHz, CDCls, 2.0:1 mixture of diastereomers) & 175.4 (C), 174.8 (C),
138.73 (C), 138.71 (C), 136.3 (CH), 135.9 (CH), 128.5 (CH), 128.5 (CH), 127.74 (CH), 127.72 (CH),
127.68 (CH), 127.63 (CH), 127.61 (CH), 127.2 (CH), 109.1 (C), 109.0 (C), 96.8 (CH,), 96.8 (CHy), 78.00
(CH), 77.99 (CH), 77.20 (CH), 77.17 (CH), 73.01 (CHy), 72.99 (CH,), 70.3 (CHy), 70.3 (CH,), 67.5 (CHy),
67.4 (CH,), 60.2 (CHy), 60.1 (CH,), 55.40 (CH3), 55.39 (CH3), 52.2 (CH), 51.8 (CH), 45.4 (CH), 45.0
(CH), 32.7 (CH,), 32.0 (CH,), 29.8 (CH,), 29.7 (CHy), 28.0 (CHs3), 28.0 (CH3), 25.50 (CH3), 25.48 (CHs),
24.1 (CHy), 24.0 (CHy), 23.4 (CHy), 23.4 (CH,), 14.51 (CHs), 14.49 (CHj), 12.2 (CHj), 12.0 (CHy);
HRMS (ESI), calcd for CpgH4,0-K" (M+K)" 531.2724, found 531.2725.

%9 H , %? H
MOMO/\I/B\/ oBn LiAlH, MOMO/\I/B\/ oBn
o) o

COLEt THF,0°C OH

2/ s (=2t w8
(2R,35)-7-(benzyloxy)-2-ethyl-3-((E)-2-((4R,5S)-5-((methoxymethoxy)methyl)-2,2-dimethyl-1,3-diox
olan-4-yl)vinyl)heptan-1-ol (86)
Lithium aluminium hydride (1.11 g, 29.7 mmol) was added to a solution of ethyl ester 85 (4.87 g, 4.73
mmol) and THF (100 mL) at 0 °C. The resulting mixture was stirred for 2.5 h at 0 °C, quenched with
saturated aqueous NH4CI (25 mL) and H,O (25 mL), and extracted with EtOAc (8x 20 mL). The
combined organic extracts were washed with brine (20 mL), dried over Na,SO,, and concentrated. The
residue was purified by silica gel column chromatography (hexane/EtOAc 2:1 to 1:1) to give 4.15 g of
alcohol 86 (93%, 2:1 inseparable mixture of diastereomers): a colorless oil; [0]*°p —9.8 (¢ 1.01, CHCIs,
2:1 mixture of diastereomers); IR (film) 3476, 2933, 2875, 1455, 1370, 1215, 1111, 1044 cm™; 'H NMR
(500 MHz, CDClj3, 2:1 mixture of diastereomers) 6 7.36-7.25 (m, 5H), 5.61 (dd, J = 15.5, 9.5 Hz, 2/3H),
5.59 (dd, J = 15.5, 9.5 Hz, 1/3H), 5.43 (dd, J = 15.5, 7.7 Hz, 1/3H), 5.42 (dd, J = 15.5, 7.7 Hz, 2/3H),
4.65-4.58 (m, 1H), 4.62 (s, 2H), 4.49 (s, 2H), 4.32 (ddd, J = 7.5, 7.5, 4.6 Hz, 1H), 3.62 (dd, J = 10.9, 4.3
Hz, 1H), 3.57-3.50 (m, 2H), 3.49 (dd, J = 10.6, 7.5 Hz, 1H), 3.44 (t, J = 6.6 Hz, 2H), 3.35 (s, 3H), 2.33—
2.25 (m, 1/3H), 2.18-2.08 (m, 2/3H), 1.73 (brs, 2/3H), 1.67—1.12 (m, 28/3H), 1.45 (s, 3H), 1.38 (s, 3H),
0.91 (t, J = 7.2 Hz, 3H); *C NMR (125 MHz, CDCls, 2:1 mixture of diastereomers) & 138.7 (C), 138.7
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(C), 137.8 (CH), 137.3 (CH), 128.5 (CH), 128.5 (CH), 127.8 (CH), 127.6 (CH), 126.6 (CH), 126.1 (CH),
108.9 (C), 108.9 (C), 96.8 (CH,), 96.8 (CH,), 78.21 (CH), 78.16 (CH), 77.12 (CH), 77.09 (CH), 70.3
(CH,), 70.3 (CHy), 70.4 (CH,), 70.4 (CH,), 67.5 (CHy), 67.4 (CH,), 63.5 (CH,), 63.1 (CH,), 55.4 (CHy),
55.4 (CH3), 46.8 (CH), 46.4 (CH), 43.7 (CH), 43.5 (CH), 31.8 (CH),31.8 (CH,), 29.8 (CH,), 29.8 (CH,),
28.1 (CHs), 28.1 (CH3), 25.5 (CH3), 25.5 (CH3), 24.6 (CH,), 24.5 (CH,), 21.6 (CHy), 20.1 (CH,), 12.6
(CH3), 11.9 (CH3); HRMS (ESI), calcd for CosH0sK™ (M+K)™ 489.2618, found 489.2617.

o 0

: H 4 . : H 4
Momo/\|/5\/ oBn _ MOMCI, -ProNEt Momo/\|/5\/ OBn
o OH CH,Cly, rt 0 OMOM
o G
G W EEDNE

(4R,5S)-4-((S,E)-7-(benzyloxy)-3-((R)-1-(methoxymethoxy)butan-2-yl)hept-1-en-1-yl)-5-((methoxym

ethoxy)methyl)-2,2-dimethyl-1,3-dioxolane (87)

Chloromethyl methyl ether (2.1 mL, 28 mmol) was added to a solution of alcohol 86 (4.15 g, 9.21 mmol),
i-ProNEt (9.4 mL, 55 mmol) and CH,ClI, (46 mL) at 0 °C. This solution was maintained for 5 min at 0 °C,
and then allowed to warm to room temperature. The solution was maintained for 8 h at room temperature,
quenched with H,0 (10 mL) and 4M aqueous HCI (6.9 mL), and extracted with CHCI3 (6x 10 mL). The
combined organic extracts were washed with brine (10 mL), dried over Na,SO,, and concentrated. The
residue was purified by silica gel column chromatography (hexane/EtOAc 4:1) to give 4.53 g of MOM
ether 87 (99%, 2:1 inseparable mixture of diastereomers): a colorless oil; [0]*°p —3.2 (¢ 0.98, CHCIs); IR
(film) 2933, 2878, 1455, 1215, 1110, 1048 cm™; 'H NMR (500 MHz, CDCl;, 2:1 mixture of
diastereomers) 6 7.36-7.25 (m, 5H), 5.55 (dd, J = 15.5, 9.2 Hz, 2/3H), 5.54 (dd, J = 15.2, 9.2 Hz, 1/3H),
5.39 (dd, J = 15.2, 8.0 Hz, 1/3H), 5.38 (dd, J = 15.5, 8.0 Hz, 2/3H), 4.65-4.57 (m, 1H), 4.62 (s, 2H), 4.59
(s, 2/3H), 4.58 (s, 4/3H), 4.48 (s, 2H), 4.36-4.30 (m, 1H), 3.54-3.42 (m, 3H), 3.44 (t, J = 6.6 Hz, 2H),
3.41-3.35 (m, 1H), 3.36 (s, 1H), 3.35 (s, 2H), 3.34 (s, 3H), 2.31-2.22 (m, 1/3H), 2.22-2.14 (m, 2/3H),
1.67-1.10 (m, 9H), 1.50 (s, 3H), 1.38 (s, 3H), 0.90 (t, J = 7.5 Hz, 3H); *C NMR (125 MHz, CDCls, 2:1
mixture of diastereomers) 6 138.7 (C), 138.7 (C), 137.4 (CH), 137.2 (CH), 128.5 (CH), 128.5 (CH), 127.8
(CH), 127.6 (CH), 126.8 (CH), 126.5 (CH), 109.0 (C), 109.0 (C), 96.78 (CH,), 96.78 (CH,), 96.76 (CH,),
96.76 (CH,), 78.34 (CH), 78.30 (CH), 77.3 (CH), 77.2 (CHy), 73.0 (CH,), 70.46 (CH,), 70.45 (CH,), 68.5
(CH,), 68.3 (CH,), 67.5 (CH,), 67.5 (CH,), 55.4 (CH3), 55.4 (CH3), 55.3 (CH3), 55.3 (CH3), 44.5 (CH),
44.2 (CH), 435 (CH), 43.4 (CH), 31.8 (CH,), 31.8 (CH,), 29.95 (CH,), 29.91 (CH,), 28.1 (CH3), 28.1
(CHa), 25.5 (CHj3), 25.5 (CH3), 24.6 (CH,), 24.5 (CH,), 22.1 (CHy), 20.8 (CH,), 12.5 (CHj3), 11.9 (CHy);
HRMS (ESI), calcd for CogHs0,K™ (M+K)* 533.2881, found 533.2880.
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MOMO/\l/B\/ OBn 80% AcOHaa _ momo Yy OBn

o) OMOM 45°C OH OMOM
H 93% — H
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(6S,7R,10S,11R,E)-10-(4-(benzyloxy)butyl)-11-ethyl-2,4,13,15-tetraoxahexadec-8-ene-6,7-diol (88)

A flask was charged with MOM ether 87 (4.53 g, 9.16 mmol) and AcOH/H,0 (4:1, 23 mL). The solution
was then heated to 45 °C, and maintained at 45 °C for 9 h. The resulting solution was cooled to room
temperature, and concentrated. The residue was purified by silica gel column chromatography
(hexane/EtOAc 1:2 to 1:9) to give 3.88 g of allylic 1,2-diol 88 (93%, 2:1 inseparable mixture of
diastereomers): a colorless oil; [a]*®, —0.2 (c 1.04, CHCLy); IR (film) 3449, 2932, 2878, 1454, 1151, 1109,
1044 cm™; *H NMR (500 MHz, CDCls, 2:1 mixture of diastereomers) & 7.36-7.25 (m, 5H), 5.55 (dd, J =
15.5, 8.9 Hz, 2/3H), 5.55 (dd, J = 15.5, 8.6 Hz, 1/3H), 5.49 (dd, J = 15.5, 5.7 Hz, 1/3H), 5.48 (dd, J = 15.5,
6.3 Hz, 2/3H), 4.64 (s, 2/3H), 4.63 (s, 4/3H), 4.59 (s, 2/3H), 4.57 (s, 4/3H), 4.48 (s, 2H), 4.22-4.16 (m,
1H), 3.77-3.71 (m, 1H), 3.69 (dd, J = 10.6, 3.2 Hz, 1/3H), 3.68 (dd, J = 10.6, 3.2 Hz, 2/3H), 3.60 (dd, J =
10.6, 6.6 Hz, 2/3H), 3.60 (dd, J = 10.6, 6.9 Hz, 1/3H), 3.51 (dd, J = 9.7, 5.2 Hz, 2/3H), 3.50-3.30 (m,
10/3H), 3.37 (s, 3H), 3.35 (s, 1H), 3.34 (s, 2H), 2.92 (brs, 1H), 2.46 (brs, 2/3H), 2.31-2.24 (m, 1/3H),
2.20-2.12 (m, 2/3H), 1.76 (brs, 1/3H), 1.67-1.23 (m, 26/3H), 1.21-1.12 (m, 1/3H), 0.90 (t, J = 7.2 Hz,
1H), 0.90 (t, J = 7.2 Hz, 2H); *C NMR (125 MHz, CDCls, 2:1 mixture of diastereomers) & 138.7 (C),
138.7 (C), 136.2 (CH), 135.8 (CH), 129.7 (CH), 129.4 (CH), 128.5 (CH), 128.5 (CH), 127.8 (CH), 127.8
(CH), 127.6 (CH), 127.6 (CH), 97.21 (CH,), 97.20 (CH,), 96.79 (CH,), 96.76 (CH,), 73.93 (CH), 73.87
(CH), 73.01 (CH3), 73.01 (CHs), 72.95 (CH), 72.95 (CH), 70.4 (CH,), 70.4 (CH,), 69.71 (CH,), 69.69
(CH,), 68.6 (CH,), 68.4 (CH,), 55.6 (CH3), 55.6 (CHs), 55.42 (CH5), 55.38 (CH3), 44.6 (CH), 44.3 (CH),
43.6 (CH), 43.5 (CH), 31.8 (CH,), 31.7 (CH,), 29.83 (CH,), 29.80 (CH,), 24.54 (CH,), 24.48 (CH,), 22.2
(CHy), 20.8 (CHy), 12.5 (CH3), 11.8 (CH3); HRMS (ESI), calcd for CpsH,,0;Na" (M+Na)* 477.2828,
found 477.2828.

CI3C

MOMO B /;Iﬁosn
OH CCI,CN OMOM
E H, 4 cat. DBU
MOMO/\l/\/ OBn cat. ZnCl,
OH OMOM CH,Cl,, 0 °C
H

88 83% C'sc

89:90 = 2:1
MOMO B OBn
OMOM

(4R,55)-4-((S,E)-7-(benzyloxy)-3-((R)-1-(methoxymethoxy)butan-2-yl)hept-1-en-1-yI)-5-((methoxym
ethoxy)methyl)-2-(trichloromethyl)-1,3-dioxolan-2-amine (89)
1,8-Diazabicyclo[5.4.0]undec-7-ene (240 pL, 1.6 mmol) was added dropwise to a solution of allylic
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1,2-diol 88 (1.86 g, 4.09 mmol), CCI;CN (530 pL, 5.3 mmol), ZnCl, (55.8 mg, 409 umol) and CH,CI,
(140 mL) at 0 °C. The solution was maintained at 0 °C for 20 h, allowed to warm to room temperature,
and concentrated. The residue was purified by silica gel column chromatography (toluene/EtOAc 2:1) to
give 1.37 g of orthoamide 89 (56%) and 653 mg of orthoamide 90 (27%). Orthoamide 89: a colorless oil;
[a]®p —6.7 (c 1.04, CHCIy); IR (film) 3419, 3334, 2932, 2878, 1200, 1108, 1046 cm™; 'H NMR (500
MHz, CDCl,) § 7.36-7.25 (m, 5H), 5.66 (dd, J = 15.2, 9.5 Hz, 1H), 5.48 (dd, J = 15.2, 8.3 Hz, 1H), 5.04
(dd, J = 8.3, 7.7 Hz, 1H), 4.74 (ddd, J = 8.6, 7.7, 3.7 Hz, 1H), 4.61 (s, 2H), 4.57 (s, 2H), 4.48 (s, 2H), 3.72
(dd, J = 10.6, 8.6 Hz, 1H), 3.50 (dd, J = 10.6, 3.7 Hz, 1H), 3.49 (dd, J = 9.7, 5.2 Hz, 1H), 3.44 (t, J = 6.6
Hz, 2H), 3.39 (dd, J = 9.7, 5.7 Hz, 1H), 3.34 (s, 6H), 2.53 (brs, 2H), 2.23-2.16 (m, 1H), 1.67-1.53 (m,
2H), 1.52-1.44 (m, 2H), 1.40-1.20 (m, 3H), 1.38 (dg, J = 7.2, 7.2 Hz, 2H), 0.90 (t, J = 7.2 Hz, 3H); °C
NMR (125 MHz, CDCls) § 139.5 (CH), 138.7 (C), 128.5 (CH), 127.7 (CH), 127.6 (CH), 124.1 (CH),
114.2 (C), 102.7 (C), 96.8 (CH,), 96.6 (CH,), 80.4 (CH), 79.4 (CH), 73.0 (CH,), 70.4 (CH,), 68.1 (CH,),
66.3 (CH,), 55.38 (CH3), 55.36 (CH3), 44.1 (CH), 43.7 (CH), 31.6 (CH,), 29.9 (CH,), 24.5 (CH,), 22.0
(CH,), 11.9 (CH3); HRMS (ESI), calcd for C,7HsNO,ClsNa™ (M+Na)™ 620.1925, found 620.1924.
Orthoamide 90: a colorless oil; [0]*'p —12.7 (¢ 1.00, CHCLy); IR (film) 3418, 3333, 2933, 2879, 1201,
1151, 1109, 1047 cm™*; *H NMR (500 MHz, CDCl3) § 7.36-7.25 (m, 5H), 5.65 (dd, J = 15.5, 9.5 Hz, 1H),
5.49 (dd, J = 15.5, 8.3 Hz, 1H), 5.04 (dd, J = 8.3, 7.7 Hz, 1H), 4.74 (ddd, J = 8.6, 7.7, 3.7 Hz, 1H), 4.61 (s,
2H), 4.59 (d, J = 6.6 Hz, 1H), 4.57 (d, J = 6.6 Hz, 1H), 4.48 (s, 2H), 3.72 (dd, J = 10.6, 8.6 Hz, 1H), 3.50
(dd, J = 10.6, 3.7 Hz, 1H), 3.46 (dd, J = 9.7, 4.9 Hz, 1H), 3.44 (t, J = 6.6 Hz, 2H), 3.37 (dd, J = 9.7, 7.5 Hz,
1H), 3.35 (s, 3H), 3.34 (s, 3H), 2.54 (brs, 2H), 2.36-2.28 (m, 1H), 1.67—1.50 (m, 3H), 1.49-1.20 (m, 5H),
1.14 (ddg, J = 13.8, 9.2, 7.2 Hz, 1H), 0.90 (t, J = 7.2 Hz, 3H); *C NMR (125 MHz, CDCl5) § 139.1 (CH),
138.7 (C), 128.5 (CH), 127.8 (CH), 127.7 (CH), 124.5 (CH), 114.2 (C), 102.7 (C), 96.8 (CH,), 96.6 (CH5),
80.5 (CH), 79.4 (CH), 73.0 (CH,), 70.4 (CH,), 68.5 (CH,), 66.4 (CH,), 55.45 (CH5), 55.41 (CH3), 44.4
(CH), 43.4 (CH), 31.7 (CH,), 29.9 (CH,), 24.6 (CH,), 20.6 (CH,), 12.6 (CH3); HRMS (ESI), calcd for
Cx7HNO,ClsNa™ (M+Na)™ 620.1925, found 620.1926.

HoN CCl,
2
Cl;C ) MS4A (50 wt%)
- ARG £BuPh, 180 °C; o M,
Momo/\G\/ OBn » MOMO™ oBn
(o) OMOM eC(OMe)3
H 2-nitrophenol MeO,C OMOM
180 °C 2 H
89 93

54%
Methyl (3S,4S,5R)-9-(benzyloxy)-5-((R)-1-(methoxymethoxy)butan-2-yl)-3-((E)-3-
(methoxymethoxy) prop-1-en-1-yl)-4-(2,2,2-trichloroacetamido)nonanoate (93)

A sealed tube was charged with orthoamide 89 (182 mg, 304 pmol), MS4A (91.0 mg, 50 wt%) and t-BuPh
(12 mL). The mixture was heated to 180 °C for 5 d. After cooling to room temperature, MeC(OMe); (380
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pL, 3.0 mmol) and 2-nitrophenol (127 mg, 912 umol) were added to the mixture of the generated allylic
amino alcohol. The mixture was then heated to 180 °C for 3 h. After cooling to room temperature, the
mixture was directly purified by silica gel column chromatography (hexane/EtOAc 2:1) to give 107 mg of
trichloroacetamide 93 (54%): a yellow oil; [0]*'p +37.1 (¢ 1.03, CHCIy); IR (film) 3324, 2935, 2879, 1737,
1715, 1513, 1149, 1105, 1044, 821 cm™*; *H NMR (500 MHz, CDCls) § 7.36-7.25 (m, 5H), 6.96 (d, J =
10.3 Hz, 1H), 5.69-5.60 (m, 2H), 4.61 (d, J = 6.6 Hz, 1H), 4.59 (d, J = 6.6 Hz, 1H), 4.58 (s, 2H), 4.51 (d,
J =12.0 Hz, 1H), 4.48 (d, J = 12.0 Hz, 1H), 4.04 (ddd, J = 10.3, 7.2, 5.7 Hz, 1H), 4.00 (d, J = 4.6 Hz, 2H),
3.66 (s, 3H), 3.58 (dd, J = 10.0, 3.7 Hz, 1H), 3.52-3.45 (m, 2H), 3.39 (dd, J = 10.0, 9.5 Hz, 1H), 3.35 (s,
3H), 3.34 (s, 3H), 3.03 (dddd, J = 8.3, 6.6, 6.0, 5.7 Hz, 1H), 2.57 (dd, J = 15.8, 6.0 Hz, 1H), 2.37 (dd, J =
15.8, 8.3 Hz, 1H), 1.86-1.79 (m, 1H), 1.66-1.48 (m, 4H), 1.48-1.31 (m, 4H), 1.13 (ddg, J = 14.0, 10.0,
7.2 Hz, 1H), 0.90 (t, J = 7.2 Hz, 3H); *C NMR (125 MHz, CDCls) § 172.3 (C), 161.9 (C), 138.7 (C),
130.7 (CH), 130.6 (CH), 128.5 (CH), 127.8 (CH), 127.6 (CH), 96.7 (CH,), 95.6 (CH,), 93.3 (C), 73.1
(CH,), 70.2 (CH,), 69.0 (CH,), 67.4 (CH,), 55.7 (CHs), 55.5 (CH), 55.4 (CH5), 51.8 (CHs), 41.4 (CH),
41.0 (CH), 40.5 (CH), 36.9 (CH,), 30.3 (CH,), 28.4 (CH,), 25.7 (CH,), 21.0 (CH,), 13.0 (CH3); HRMS
(ESI), calcd for C5H4gNOgClsNa™ (M+Na)* 676.2187, found 676.2166.

1" Cs,CO3, DMSO MOMOA[ H
" NH QS%C; 3 DM MOMO ]
MOMO™ > OBn NaHCO, aq. 1 N
MeO,C ) OMOM 90% A A Y—oen
93 95

(4S,5S8)-5-((3R,4R)-8-(benzyloxy)-3-((methoxymethoxy)methyl)octan-4-yl)-4-((E)-3-(methoxymethox

y)prop-1-en-1-yl)pyrrolidin-2-one (95)

Cesium carbonate (157 mg, 481 pumol) was added to a solution of trichloroacetamide 93 (126 mg, 192
pmol) and DMSO (19 mL). The resulting mixture was heated to 90 °C for 1.5 h. After cooling to room
temperature, the resulting mixture was poured into ice-cold saturated aqueous NaHCO3/H,O (1:1, 38 mL).
This solution was maintained for 30 min at 0 °C, and then allowed to warm to room temperature. The
solution was maintained for 21 h at room temperature, and extracted with EtOAc (4x 10 mL). The
combined organic extracts were washed with brine (10 mL), dried over Na,SO,, and concentrated. The
residue was purified by silica gel column chromatography (hexane/EtOAc 1:2 to EtOAc/MeOH 19:1) to
give 82.6 mg of lactam 95 (90%): a colorless oil; [a]*°5 —15.6 (c 1.08, CHCI5); IR (film) 3211, 2933, 2877,
1695, 1149, 1106, 1046 cm™*; *H NMR (500 MHz, CDCls) & 7.36-7.26 (m, 5H), 6.19 (brs, 1H), 5.78 (ddt,
J=155,9.7, 1.2 Hz, 1H), 5.63 (dt, J = 15.5, 5.7 Hz, 1H), 4.61 (d, J = 6.6 Hz, 1H), 4.59 (s, 2H), 4.57 (d, J
= 6.6 Hz, 1H), 4.48 (s, 2H), 4.01 (dd, J = 5.7, 1.2 Hz, 2H), 3.61 (dd, J = 10.0, 2.6 Hz, 1H), 3.55 (dd, J =
10.3, 6.0 Hz, 1H), 3.50 (dd, J = 10.0, 5.4 Hz, 1H), 3.45-3.40 (m, 2H), 3.34 (s, 3H), 3.33 (s, 3H), 3.10
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(dddd, J=9.7, 8.0, 6.0, 3.2 Hz, 1H), 2.52 (dd, J = 16.9, 8.0 Hz, 1H), 2.15 (dd, J = 16.9, 3.2 Hz, 1H), 1.65—
1.46 (m, 5H), 1.45-1.34 (m, 2H), 1.31-1.19 (m, 2H), 1.17-1.09 (m, 1H), 0.93 (t, J = 7.2 Hz, 3H); °C
NMR (125 MHz, CDCls) & 177.2 (C), 138.6 (C), 131.3 (CH), 128.7 (CH), 128.5 (CH), 127.74 (CH),
127.69 (CH), 96.9 (CH,), 95.7 (CHy), 73.1 (CH,), 70.2 (CH,), 67.4 (CH,), 66.9 (CH,), 60.1 (CH), 55.7
(CHg), 55.3 (CHs), 41.76 (CH), 41.73 (CH), 40.6 (CH), 37.8 (CHy,), 30.2 (CHy), 28.9 (CH,), 24.5 (CH,),
24.2 (CH,), 13.1 (CHs); HRMS (ESI), calcd for CoHiNOgNa”™ (M+Na)* 500.2988, found 500.2980.

MOMO/\’ 9y \’ 9y
MOMO MOMO

Li, t-BuOH

Iz

THF/NH3, —-63 °C
90%
95 99

Iz

OH

(4S,59)-5-((3R,4R)-8-hydroxy-3-((methoxymethoxy)methyl)octan-4-yl)-4-((E)-prop-1-en-1-yl)pyrroli

din-2-one (99)

Lithium (75.8 mg, 11.8 mmol) was added to a solution of lactam 95 (281 mg, 588 pmol), t-BuOH (5.6 mL,
59 mmol) and THF/NH; (2:1, 29 mL) at —-63 °C, which was prepared using CHCI/dry ice bath. The
resulting mixture was stirred for 1 h at —-63 °C, quenched with saturated aqueous NH4CI (15 mL), and
extracted with EtOAc (2x 10 mL). The combined organic extracts were washed with brine (5 mL), dried
over Na,SO, and concentrated. The residue was purified by silica gel column chromatography
(EtOAC/MeOH 1:0 to 19:1) to give 173 mg of alcohol 99 (90%): a colorless oil; [a]®, —10.5 (c 1.01,
CHCIly); IR (film) 3368, 3241, 2932, 2877, 1691, 1108, 1047 cm ™’ 'H NMR (500 MHz, CDCls) 6 6.26
(brs, 1H), 5.55-5.46 (m, 2H), 4.61 (d, J = 6.6 Hz, 1H), 4.58 (d, J = 6.6 Hz, 1H), 3.64-3.59 (m, 2H), 3.61
(dd, J = 10.0, 2.9 Hz, 1H), 3.53 (dd, J = 10.0, 5.7 Hz, 1H), 3.52 (dd, J = 10.0, 5.7 Hz, 1H), 3.34 (s, 3H),
3.04 (dddd, J = 9.2, 8.0, 5.7, 3.4 Hz, 1H), 2.49 (dd, J = 16.6, 8.0 Hz, 1H), 2.12 (dd, J = 16.6, 3.4 Hz, 1H),
1.72 (d, J = 4.0 Hz, 1H), 1.69 (d, J = 4.9 Hz, 3H), 1.70-1.63 (m, 1H), 1.61-1.45 (m, 4H), 1.45-1.35 (m,
2H), 1.34-1.19 (m, 2H), 1.17-1.09 (m, 1H), 0.94 (t, J = 7.5 Hz, 3H); **C NMR (125 MHz, CDCls) § 177.7
(C), 129.2 (CH), 127.6 (CH), 96.9 (CH,), 67.2 (CH,), 62.7 (CH,), 60.2 (CH), 55.7 (CH3), 42.0 (CH), 41.8
(CH), 40.5 (CH), 38.0 (CH,), 33.1 (CH,), 28.7 (CH,), 24.0 (CH,), 18.1 (CHs), 13.1 (CH3); HRMS (ESI),
calcd for C1gHzuNO," (M+H)* 328.2488, found 328.2484.
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\’ H MsCl, Et;N
MOMO DVE. 10 MOMO

” NaH, cat. TBAI
87%
99 101

(1S,9R,9aS)-9-((R)-1-(methoxymethoxy)butan-2-yl)-1-((E)-prop-1-en-1-yl)octahydro-3H-pyrrolo[1,2
-a] azepin-3-one (101)

Methansulfonyl chloride (61 pL, 790 umol) was added dropwise to a solution of alcohol 99 (173 mg, 528
pumol), EtsN (220 pL, 1.6 mmol) and DMF (26 mL) at room temperature. After stirring for 1 h at room
temperature, TBAI (19.5 mg, 52.8 pmol) and NaH (63% in oil, 201 mg, 5.28 mmol) were added to the
solution at room temperature. The resulting mixture was stirred for 12 h at room temperature, and
guenched with saturated aqueous NH,4CI (15 mL) and 20% aqueous Na,S,0; (1.5 mL). The mixture was
extracted with EtOAc (2x 10 mL). The combined organic extracts were washed with brine (5 mL), dried
over Na,SO,4 and concentrated. The residue was purified by silica gel column chromatography
(EtOAC/MeOH 1:0 to 9:1) to give 141 mg of azepane 101 (87%): a colorless oil; [o]*’p —85.6 (c 1.05,
CHCly); IR (film) 2929, 1688, 1422, 1151, 1107, 1047 cm™; *H NMR (500 MHz, CDCl3)  5.55 (ddq, J =
15.2, 9.5, 1.4 Hz, 1H), 5.45 (dq, J = 15.2, 6.3 Hz, 1H), 4.62 (d, J = 6.6 Hz, 1H), 4.60 (d, J = 6.6 Hz, 1H),
4.09-4.03 (m, 1H), 3.89 (dd, J = 5.7, 5.7 Hz, 1H), 3.58 (dd, J = 10.0, 4.3 Hz, 1H), 3.55 (dd, J = 10.0, 4.6
Hz, 1H), 3.36 (s, 3H), 3.02 (dddd, J = 9.5, 7.7, 5.7, 1.7 Hz, 1H), 2.67 (ddd, J = 13.8, 11.7, 1.2 Hz, 1H),
2.58 (dd, J = 16.3, 7.7 Hz, 1H), 2.17 (dd, J = 16.3, 1.7 Hz, 1H), 1.96-1.89 (m, 1H), 1.86-1.67 (m, 3H),
1.65 (dd, J = 6.3, 1.4 Hz, 3H), 1.63-1.52 (m, 3H), 1.49-1.33 (m, 3H), 1.25-1.15 (m, 1H), 0.89 (t, J=7.5
Hz, 3H); *C NMR (125 MHz, CDCl5) & 174.1 (C), 130.9 (CH), 126.6 (CH), 96.9 (CH,), 67.9 (CH,), 63.8
(CH), 55.6 (CH5), 42.9 (CH), 41.1 (CH,), 40.7 (CH), 40.5 (CH), 38.9 (CH,), 30.3 (CH,), 29.8 (CH,), 26.9
(CH,), 22.1 (CH5), 18.0 (CHs), 11.6 (CH5); HRMS (ESI), calcd for C1gH3NO;™ (M+H)* 310.2382, found
310.2380.

cat. OsO, MeO,C
NMO, CH,Cly, rt;
Pb(OAc),, —20°C ~ MOMO

2-methyl-2-butene
Ph;P=CMeCO,Me

0°C
101 75% 111

Methyl (E)-3-((1S,9R,9a5)-9-((R)-1-(methoxymethoxy)butan-2-yl)-3-oxooctahydro-1H-pyrrolo
[1,2-a]azepin-1-yl)-2-methylacrylate (111)

Osmium tetroxide (0.1M in CH,Cl,, 230 pL, 23 pumol) was added to the solution of azepane 101 (173 mg,
528 pmol), NMO (107 mg, 911 umol) and CH,Cl, (15 mL) at room temperature. The solution was
maintained for 11 h at room temperature. After cooling to —20 °C, Pb(OAc), (222 mg, 501 pumol) was

added to the solution of the generated diol. The solution was stirred for 15 min at —-20 °C,
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2-methyl-2-butene (620 pL, 4.6 mmol) and PhsP=CMeCO,Me (1.96 g, 4.56 mmol) were added to the
solution of the generated aldehyde. The resulting solution was allowed to warm to 0 °C, stirred for 7 h at
0 °C, and quenched with brine (8 mL), H,O (2 mL) and Na,SO; (28.2 mg, 20 wt%). The mixture was
extracted with EtOAc (2x 5 mL). The combined organic extracts were washed with brine (5 mL), dried
over Na,SO, and concentrated. The residue was purified by silica gel column chromatography
(CHCI/EtOAC 9:1) to give 124 mg of methyl enoate 111 (75%): a colorless oil; [a]®s —139.6 (c 1.02,
CHCly); IR (film) 2929, 2882, 1715, 1691, 1436, 1251, 1236, 1152, 1110, 1046 cm™*; *H NMR (500 MHz,
CDCly) § 6.95 (dg, J = 11.5, 1.4 Hz, 1H), 4.63 (d, J = 6.6 Hz, 1H), 4.61 (d, J = 6.6 Hz, 1H), 4.14 (ddd, J =
14.0, 3.4, 3.4 Hz, 1H), 4.03 (dd, J = 5.7, 5.7 Hz, 1H), 3.75 (s, 3H), 3.57 (dd, J = 10.0, 4.0 Hz, 1H), 3.55
(dd, J = 10.0, 4.0 Hz, 1H), 3.38 (dddd, J = 11.5, 7.5, 5.7, 1.2 Hz, 1H), 3.37 (s, 3H), 2.74-2.67 (m, 1H),
2.70 (dd, J = 16.3, 7.5 Hz, 1H), 2.12 (dd, J = 16.3, 1.2 Hz, 1H), 1.98-1.92 (m, 1H), 1.92-1.78 (m, 2H),
1.84 (d, J = 1.4 Hz, 3H), 1.62-1.45 (m, 3H), 1.45-1.31 (m, 3H), 1.27-1.19 (m, 1H), 0.88 (t, J = 7.2 Hz,
3H); *C NMR (125 MHz, CDCls) § 173.2 (C), 168.3 (C), 140.8 (CH), 127.1 (C), 96.9 (CH,), 67.9 (CH,),
64.3 (CH), 55.7 (CH3), 52.2 (CH3), 42.7 (CH), 41.3 (CH,), 40.8 (CH), 38.3 (CH,), 36.1 (CH), 30.2 (CH,),
29.8 (CH,), 27.1 (CH,), 22.1 (CH,), 12.8 (CH3), 11.5 (CH3); HRMS (ESI), calcd for CyH3uNOs™ (M+H)*
368.2437, found 368.2437.

THF/6M HCI

_—_—

rt
87%

111

Methyl (E)-3-((1S,9R,9aS)-9-((R)-1-hydroxybutan-2-yl)-3-oxooctahydro-1H-pyrrolo[1,2-a]

azepin -1-yl)-2-methylacrylate (S3)

Aqgueous HCI (6M, 3.6 mL, 22 mmol) was added dropwise to a solution of methyl enoate 111 (126 mg,
343 pmol) and THF (7.3 mL) at room temperature. The solution was maintained for 18.5 h at room
temperature, diluted with brine (3 mL), and extracted with EtOAc (8x 3 mL). The combined organic
extracts were washed with brine (2 mL), dried over Na,SO,, and concentrated. The residue was purified
by silica gel column chromatography (EtOAc/MeOH 1:0 to 19:1) to give 96.6 mg of alcohol 112 (87%):
colorless crystals; mp 147.0-148.0 °C; [a]®p —134.8 (c 0.98, CHCL); IR (film) 3403, 2951, 2930, 1716,
1671, 1435, 1316, 1238, 1120 cm™*; *H NMR (500 MHz, CDCl5) & 6.95 (dq, J = 11.5, 1.4 Hz, 1H), 4.10
(dd, J = 6.0, 5.4 Hz, 1H), 4.11-4.06 (m, 1H), 3.75 (s, 3H), 3.75-3.66 (m, 2H), 3.39 (dddd, J = 11.5, 7.7,
6.0, 2.0 Hz, 1H), 2.76 (ddd, J = 14.0, 11.5, 1.2 Hz, 1H), 2.69 (dd, J = 16.3, 7.7 Hz, 1H), 2.14 (dd, J = 16.3,
2.0 Hz, 1H), 2.01-1.96 (m, 1H), 1.90-1.77 (m, 2H), 1.84 (d, J = 1.4 Hz, 3H), 1.60-1.40 (m, 5H), 1.36—
1.21 (m, 3H), 0.89 (t, J = 7.2 Hz, 3H); **C NMR (125 MHz, CDCl5) & 173.2 (C), 168.4 (C), 140.9 (CH),
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127.4 (C), 64.3 (CH), 62.5 (CHy), 52.2 (CH3), 42.8 (CH), 42.0 (CH), 41.5 (CH,), 38.3 (CH,), 36.2 (CH),
30.1 (CH,), 29.6 (CH,), 27.2 (CH,), 21.6 (CH,), 12.8 (CH3), 11.9 (CHj); HRMS (ESI), calcd for
Ci1sH3oNO," (M+H)" 324.2175, found 324.2175.

cat. TPAP
NMO, MS4A

CH,Cly, rt
89%
112 63

Methyl (E)-2-methyl-3-((1S,9R,9aS)-3-0x0-9-((R)-1-oxobutan-2-yl)octahydro-1H-pyrrolo[1,2-a]
azepin -1-yl)acrylate (13)

Tetrapropylammonium perruthenate (0.8 mg, 2.26 umol) was added to a mixture of alcohol 29 (14.6 mg,
45.1 umol), NMO (10.6 mg, 90.3 umol) and MS4A (73.0 mg, 500 wt%) and CH,Cl, (26 mL) at room
temperature. After stirring at room temperature for 1 h, the reaction mixture was directly purified by silica
gel column chromatography (EtOAc to EtOAc/MeOH 19:1) to give 12.9 mg of aldehyde 13 (89%):
colorless crystals; mp 112.5-113.5 °C; [a]®°p —148.9 (c 1.00, CHCIy); IR (film) 2930, 2857, 1716, 1691,
1238, 1120 cm™*; *H NMR (500 MHz, CDCl3) 6 9.53 (d, J = 4.9 Hz, 1H), 6.84 (dq, J = 11.7, 1.4 Hz, 1H),
4.22-4.16 (m, 1H), 3.81 (dd, J = 6.3, 5.4 Hz, 1H), 3.74 (s, 3H), 3.20 (ddd, J = 11.7, 7.5, 5.4 Hz, 1H),
2.68-2.60 (m, 1H), 2.61 (dd, J = 16.3, 7.5 Hz, 1H), 2.14 (ddd, J = 11.2, 9.2, 6.3 Hz, 1H), 2.05 (d, J = 16.3
Hz, 1H), 2.02 (dddd, J = 11.2, 9.7, 4.9, 2.9 Hz, 1H), 1.95 (d, J = 1.4 Hz, 3H), 1.98-1.91 (m, 1H), 1.88—
1.81 (m, 1H), 1.76 (dqd, J = 14.3, 7.5, 2.9 Hz, 1H), 1.64-1.57 (m, 1H), 1.55 (ddq, J = 14.3, 9.7, 7.5 Hz,
1H), 1.52-1.35 (m, 2H), 1.26-1.16 (m, 1H), 0.84 (t, J = 7.5 Hz, 3H); *C NMR (125 MHz, CDCl5) & 204.0
(CH), 173.3 (C), 168.3 (C), 139.9 (CH), 127.7 (C), 63.7 (CH), 54.4 (CH), 52.2 (CH5), 41.7 (CH), 41.3
(CH,), 38.0 (CH,), 35.2 (CH), 30.3 (CH,), 30.0 (CH,), 26.7 (CH,), 20.7 (CH,), 12.8 (CHj), 11.2 (CHs);
HRMS (ESI), calcd for CigH,sNO4™ (M+H)* 322.2018, found 322.2016.

Sm|2

THF/HMPA, rt

87%
dr=>5:1atC-13

(31R,7aR,8R,8aR,11S,11aR,11bS)-8-ethyl-11-methyldodecahydroazepino[3,2,1-hi]furo[3,2-e]indole-2,
10-dione (64)

Preparation of a solution of Sml, in THFY]

1P Girard, J. L. Namy, H. B. Kagan, J. Am. Chem. Soc. 1980, 102, 2693—2698.
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A solution of 1,2-diiodoethane (ca. 1 g) and Et,O (10 mL) was washed with 20% aqueous Na,S,03 (10
mL), H,O (3x 10 mL), and dried over Na,SO,4. The solution was concentrated under reduced pressure for
2 h to give 1,2-diiodoethane (478 mg, 1.7 mmol). In a glove box, freshly purified 1,2-diiodoethane was
dissolved in THF (17 mL, WAKO, deoxygenated, stabilizer free). This solution was added to Sm (510 mg,
3.39 mmol) at room temperature. The blue suspension was stirred for 1 d at room temperature. The
concentration of the Sml, solution was determined as 58 mM by titration with 2-heptanone.®

A solution of Sml; (58 mM in THF, 2.1 mL, 120 umol) was added dropwise to a solution of aldehyde
63 (12.9 mg, 40.1 umol), HMPA (160 pL) and THF (1.8 mL) at room temperature. The resulting mixture
was stirred for 4 h, quenched with saturated aqueous Rochelle salt/H,O (1:1, 2.0 mL), and extracted with
EtOAcC (4x 2.0 mL). The combined organic extracts were washed with brine (1.0 mL), dried over Na,SOy,
and concentrated. The residue was purified by silica gel column chromatography (EtOAc/MeOH 19:1) to
give 8.4 mg of lactone 64 (72%) and 1.7 mg of lactone 113 (15%). Lactone 64: colorless crystals; mp
159.5-160.5 °C; [0]®p +129.2 (¢ 1.00, CHCI,); IR (film) 2930, 1771, 1685, 1415, 1165, 967 cm™; *H
NMR (500 MHz, CDCl3) & 4.51 (dd, J = 3.7, 2.6 Hz, 1H), 4.15-4.08 (m, 1H), 3.79 (dd, J = 4.3, 2.3 Hz,
1H), 2.95-2.87 (m, 1H), 2.90 (qd, J = 7.2, 6.9 Hz, 1H), 2.59 (dd, J = 15.8, 6.0 Hz, 1H), 2.18-2.08 (m, 2H),
2.05 (d, J = 15.8 Hz, 1H), 2.01 (ddd, J = 9.2, 6.0, 4.3 Hz, 1H), 1.98-1.92 (m, 1H), 1.91-1.83 (m, 2H), 1.66
(dqd, J = 13.5, 7.5, 4.3 Hz, 1H), 1.54 (dddd, J = 12.0, 11.2, 4.3, 2.6 Hz, 1H), 1.47-1.36 (m, 4H), 1.21 (d, J
= 7.2 Hz, 3H), 1.00 (t, J = 7.5 Hz, 3H); *C NMR (125 MHz, CDCl;) § 178.8 (C), 174.6 (C), 78.0 (CH),
64.0 (CH), 44.3 (CH,), 41.85 (CH), 41.81 (CH), 40.2 (CH,), 36.0 (CH), 35.0 (CH), 32.6 (CH), 30.9 (CH,),
26.8 (CHy), 25.9 (CH,), 20.8 (CH,), 11.3 (CH3), 9.6 (CH3); HRMS (ESI), calcd for Ci7H,NO;" (M+H)*
292.1913, found 292.1912. Lactone 113: a colorless oil; [a]?5 +71.6 (c 0.32, CHCIy); IR (film) 2930,
1770, 1685, 1456, 1163, 968 cm *; "H NMR (500 MHz, CDCls) & 4.81 (dd, J = 6.3, 4.0 Hz, 1H), 3.81 (dd,
J=5.7,4.0Hz, 1H), 3.62 (ddd, J = 14.0, 7.7, 1.7 Hz, 1H), 3.34 (ddd, J = 14.0, 8.3, 2.6 Hz, 1H), 2.57 (dd,
J=16.0,7.5 Hz, 1H), 2.41 (qd, J = 7.5, 2.9 Hz, 1H), 2.18 (dddd, J = 8.0, 7.5, 5.7, 2.9 Hz, 1H), 2.11 (dd, J
= 16.0, 2.9 Hz, 1H), 2.01-1.94 (m, 1H), 2.00 (ddd, J = 8.0, 6.3, 2.9 Hz, 1H), 1.93-1.86 (m, 1H), 1.84-1.77
(m, 1H), 1.75-1.68 (m, 1H), 1.66-1.42 (m, 6H), 1.34 (d, J = 7.5 Hz, 3H), 1.02 (t, J = 7.5 Hz, 3H); *C
NMR (100 MHz, CDCl3) §179.3 (C), 174.2 (C), 77.0 (CH), 62.5 (CH), 44.1 (CH), 44.0 (CH,), 43.2 (CH),
38.6 (CHy), 37.5 (CH), 36.1 (CH), 35.7 (CH), 30.4 (CH,), 27.1 (CH5), 25.5 (CH,), 20.9 (CH,), 15.8 (CHs),
11.7 (CHs); HRMS (ESI), calcd for Ci7HzNO5™ (M+H)* 292.1913, found 292.1909.

B A. Dahlén, G. Hilmersson, Eur. J. Inorg. Chem. 2004, 3020-3024.
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NOESY experiments for 64 and 113

64 (500 MHz, CDCI,) 113 (500 MHZ, CDCls)

cat. IrCI(CO)(PPhs),
(Me,HSi),0, CHoCl, 1t;

CF3CO,H, 1t
78%

(+)-neostenine (57)
(+)-Neostenine (57)

1,1,3,3-Tetramethyldisiloxane (47 pL, 260 umol) was added to a solution of lactone 64 (7.7 mg, 26 umol),
IrCI(CO)(PPh3); (2.1 mg, 2.6 umol) and CH,CI; (2.6 mL) at room temperature. After stirring for 1.5 h at
room temperature, CFsCO,H (6.1 pL, 79 pmol) was added to the solution at room temperature. The
resulting solution was maintained for 2 h at room temperature, quenched with saturated aqueous NaHCO;
(1.3 mL), and extracted with EtOAc (4x 2.0 mL). The combined organic extracts were washed with brine
(1.0 mL), dried over Na,SO,, and concentrated. The residue was purified by preparative thin-layer
chromatography (EtOAc/MeOH 1:1), and subsequent basic alumina column chromatography (hexane) to
give 5.7 mg of (+)-neostenine (57) (78%): colorless crystals; mp 93.0-94.0 °C [lit.) mp 90-92 °C]; [«]*
+73.9 (¢ 0.10, MeOH) [lit.”) [0]®5 +73.6 (c 0.10, MeOH)]; IR (film) 2932, 2877, 1770, 1458, 1379, 1165,
984 cm™*; 'H NMR (500 MHz, CDCls) § 4.51 (dd, J = 4.0, 2.9 Hz, 1H), 3.19 (ddd, J = 10.0, 8.0, 6.3 Hz,
1H), 2.87 (ddd, J = 12.6, 4.0, 4.0 Hz, 1H), 2.84 (qd, J = 7.2, 6.6 Hz, 1H), 2.44 (ddd, J = 10.0, 10.0, 5.2 Hz,
1H), 2.40 (dd, J = 5.4, 3.2 Hz, 1H), 2.32 (ddd, J = 12.6, 11.2, 2.9 Hz, 1H), 2.25 (ddd, J = 9.5, 6.6, 4.0 Hz,
1H), 1.99 (dddd, J = 12.6, 10.0, 7.7, 6.3 Hz, 1H), 1.88 (dddd, J = 9.5, 7.7, 5.4, 1.2 Hz, 1H), 1.85-1.52 (m,
9H), 1.46-1.36 (m, 2H), 1.21 (d, J = 7.2 Hz, 3H), 0.98 (t, J = 7.5 Hz, 3H); *C NMR (125 MHz, CDCl;) &
179.9 (C), 79.5 (CH), 71.0 (CH), 56.0 (CH,), 55.8 (CH,), 43.1 (CH), 42.6 (CH), 37.6 (CH), 37.4 (CH),
34.4 (CH), 30.3 (CH,), 28.6 (CH,), 28.2 (CH,), 21.3 (CH,), 21.2 (CH,), 11.4 (CH3), 10.2 (CH3); HRMS
(ESI), calcd for C17H,6NO," (M+H)* 278.2120, found 278.2118.

BT H.-s. Chung, P.-M. Hon, G. Lin, P. P-H. But, H. Dong, Planta Med. 2003, 69, 914.
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Eiks

NI e N S NG ey N = IR 2 e X3l e Y e e e N N S R i
HEFZEROFEO L LITITo72bDOTH Y 7, FHA4FR IV 6 FMITiiz 5 THRE ZHike
L ECEHT D L b, BILE L EFET, Eio, FEROERICOWTHBIHIZ/R > T
IELTWIEE | BFHENAL—RZPRDO AT DI THEAEDI T T, O X DI
LET,

R SLOPEICE L, Z< OS2 £ Lz, BESRAFE TSN R EfthEdz, &
WS —gdZ, mRE WIS L B E T,

AWFFEDEAT, FRFER, 700 TR EFOIERICE W T, Z< 0ffFE, ZhE42
D FE Lo, BERBR IR L Veille Tl ok W2 L3, et 28 &

WL OBHFREAZ HNREBIC LW, HEQRBREH ZFWTOBL e THREIC, JE M
LR L B ET,

FFEEERLB R, FBRFIEICOWT—20 THRER Y £ Lz, oo IOg#h 72 L E T,
LR O%IE L L TERITHRICI VA, Hx ZBVE FEWE Lo, FRsF s L AL

EFET BATHIRICE D R R A RH LT FSWE Lz mE A HICE#H O - LET,
o, RAKELZ IO, Z<OHBISABY E LicskE T IE#N - LET,

MR & L CTHLRfE AL & Il S LMK E 21T U, ERERE OTRBAE.
RAEHEER, 75 - B L BHMEECR D £ L/HAR S A, BFRFERE ICHESBEGH LET,

Flo. HABEY TERIZBATIIWE L, BRI A, BRI A, BIEE—EE,
INRRFZ B R S A, DBV LET,

L% EDHEIREOFAEL L THIREDEZ Y — LT FI 5, IREENE, HEEHWE, &
SOREER . ZEBEELE . MBS AR, RERIBIC, B#T 2L L bl FRORBEEITEV

WFEiEEhE O —ERi%, JSPS BHFE DBk 2= 1T T 9,

BB E L7z, RRER - a2 T emigl, AL WobkuE-> T
BRI LR £,
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