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Boc

CAN
cat

Chbz
COD
Cp
CSA
dba
DBU
DDQ
DEAD
decomp.
DEPC
DIBAL
DMAP
DME
DMF
D.M.P.
DMSO
DPPA
dr

ee

eq, equiv.
HMPA
HRMS
hv

IR
KHMDS
LAH
LDA

acetyl

2,2’-azo bisisobutyronitrile
aqueous

2,6-di-t-butyl-p-cresol

benzyl

t-butoxycarbonyl

circa

Cerium(IV) ammonium nitrate
catalytic

benzyloxycarbonyl
1,5-cyclooctadiene
cyclopentadienyl

camphorsufonic acid
dibenzylideneacetone
1,8-diazabicyclo[5,4,0]undec-7-ene
2,3-dichloro-5,6-dicyano-1,4-benzoquinone
diethyl azodicarboxylate
decomposition

diethylphosphoryl cyanide
diisobutylaluminum hydride
N,N-dimethylaminopyridine
1,2-dimethoxyethane
N,N-dimethylforamide
Dess-Martin periodinane
dimethylsulfoxide
diphenylphosphoryl azide
diastereomeric ratio

enantiomeric excess

equivalent

hexamethylphospholic acid triamide
high resolution mass spectroscopy
irradiation with light

infrared (spectrum)

potassium bis(trimethylsily)amide
lithium aluminum hydride

lithium diidopropylamide
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LHMDS

mCPBA
MFPA
MOM
mp
MPM
Ms

MS
MVK

NBS
NMO
NMR

PDC
Piv

PMP
ppm

py.
QNO

TBAF
TBDPS
TBS

Tf

TFA
TFAA
THF
THP
TLC
TMEDA
TMS
TPAP
Ts

TS

lithium bis(trimethylsilyl)amide
Meta

m-chloroperoxybenzoic acid
4-(2-methoxyphenyl)-2-carboxy-3-pyrrolidineacetic acid
methoxymethyl

melting point

p-methoxybenzyl

mesyl (methanesulfonyl)
molecular sieves

methyl vinyl ketone

normal

N-bromosuccinimide
N-methylmorpholine oxide
nuclear magnetic resonance
ortho

para

pyridinium dichromate

pivaloyl

4-methoxyphenyl

parts per million

pyridine

quinuclidine N-oxide

secondary

tertiary

tetra-n-butylammonium fluoride
t-butyldiphenylsilyl
t-butyldimethylsilyl
trifluoromethanesulfonyl
trifluoroacetic acid
trifluoroacetic anhydride
tetrahydrofurane
2-tetrahydropyranyl

thin layer chromatography
N,N,N’,N -tetramethylethylenediamine
trimethylsilyl
tetra-n-propylammonium perruthenate
tosyl (p-toluenesulfonyl)
transition state



N

=1

|



F—E (Claisen &)\L

B—H& Claisen E-fifiZ 2T

D I SR
=K L 72 D ROGTC, 1912 4212 L. Claisen |2 4 k\/ 6 o N S ~ ., \/j 6
Ko THIOTHE N/ 1, Claisen #a(7iE7Y 5 T 5
VI ERE L OREE OGN, 7 U VESRERD IR Scheme 1
& B VEREGD IR & DRIOFES DA, n fG OBEIN ISP EIREZ R TIc—EICE Z 5(3,3]
VU< bR E—ERAIZE L TWA, X=S OFAEI21E thio-Claisen #5(7, X=N D341 aza-Claisen
HNL T W X=C DLGE D[RO i Cope Hir & L THISIL TV S (Scheme 1), A& IE—#%HY
ICRNBREBIREBZR THEITT 2B 206N TEHEY | WITBEBRREIZE W T, LRI & m O D
T T M) TIMEZE DL L8V, 1,3-U7 T AMAERIC X DR ENERET SO T
% (Scheme 2), TDi=, HEME CTHHT VI E =)L —T VNN A, TOXT7 VT
A —ITERWICEE T S D,

[ R1O¢ R2 ~__R!
|
. H  HA

R

N

>
T
=
A
+
)

-

disfavored

>i;(/;
<

Scheme 2

T U= =T BEWIEOFOSEEIC T 5 AL E TR Y 2, 2 fiZl OSiRs, OR,
NRe % OB AL GMEENEIT D L OMITR < 25, Bl 20ICEBRE LR VWG, HREY
BEOHWHIL 80 °C T 10 AL EH 725 DIkt L, OTBS &£ 244 Tix 85°C T107 5L b

(Scheme 3),
(\ :) R tq/o temp.
o\(; . 0 H  17x104min 80 °C
R

R OTBS 107 min 35°C

Scheme 3

WIT 4,56 (LI A B ¥V EEZFFOLEATIE, 4 KOV 6 (L TIEENEH 100 {5, 10 552 0l
5t L. BALTIE 40 (52 < 725 (Scheme 4), 4 (\ZONERY FITEBIREN R ZEEZ T H Z LI
BERL, 6 iDGE. 7 /v —WRICESTE=AOF VT 4 VOFEEZRNAFT =PI T T 5720
ThHHEEZLNTWD, UL, BALICA bF v EEROHA. BRBIRIENBUETOME (= L
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O(\ Meoﬁ/\ A (\/OMG
~F oF N2 O~
100 times 40 times 10 times
faster slower faster

Scheme 4
—J5. Claisen a7 ITER % 72 OSSN FEL, N EHET 2 FIEL LV, ZOTDRMITIG T T
Bex 7e PIEEFE N IT A ENTED, TOHPTHHRIC LK HWH 5 Eschenmoser %! 3, Johnson
H 4 Treland 78 5D 3 DI HOWTLL FICEHBAT 5,



1) Eschenmoser Claisen #{i. (Scheme 5)

1964 . A. Eschenmoser (T 7 U/ T/ a— LR DT La— LElE2 X Lo H,
N, N-dimethylacetamide dimethylacetal & H:(ZhN#A4 2% & | Claisen B O SN ETT 5 2 &
ZRE Lic, 2 ORRALSUNIEANLRRR BANTHEIT L, AR & LTy, SRy A F L7 I Rad
Uh, Z OSBRI N E e < | 7Y AT NV a— VEIZRGICT v ax v Eo—o b gt
L ECIRBAET BX —VIEA Y ) —NERWTrT o7 L=V HRREDAE U FEBRIRME S DA
WITEBIREA R TI3,3]-> 7'~ b a B —#(L 11T T 5, BRWALEMOEE . BLERKI D=1
FHEEBIREDN AR R 2 Db 5,

ABOE, 1) FPESM FROG2MT 2%, 2) Claisen $5(7SUG<CWRIZHENT T 5 Johnson-Claisen #ix
AL &\ o T OFERISUE & beis L C BB E, 8) K VKR (100-150 °C) THEATT 25 &\ o7z
FIRZEALTWDD, RN ATFAT I Redled, fit BReEERNINEgELG S8 5 5,

R3 R3 R3

e R? R2 2
MeO GMG MeO (ﬁMeZ R4J\/[ R4 RATX R

—_— W

D NMe, NMe,
HC

e P HO™ R
. N Meoﬂ\c? R’ M%(‘)ﬁ\o R!
H

Moo RS R3
e 2 2 O R4 RS
MeOH LRONCRT MeoH RN R [3,3] RAR
S\ ~  MeyN Z "R
® J\ R?
1 1
MeZL\IJ 0" R MeN™ "O0" R v,8-unsaturated amide

ketene aminal

Scheme 5
AR DO RIITEBREED T R LF —EICL-oTHRE D, o, EBRT VAT ILa—LD

Eschenmoser Claisen A\ IZFEFIZ @V B2 ~d, ZUd, Z7 V7 o &5 2 BB IREEX
1,3-U7 X T HEAEIC & o CREELE RIS 512 Th 5,

I H NMe, ¥ 1
- [3,3] R CONMe
= =) 2
r2” R R?
- E-alkene
B 2
R H o I 5 R’
Destabilizing \ B3 " CONMe,
1,3-diaxial interaction 1 ﬁ
R' NMe, R2
- Z-alkene
Scheme 6
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2) Johnson-Claisen #z/i7. (Scheme 7)

1970 4, W .S. Johnson 1%, 7 U /AT /La— L& AL MNEERE b U 77 L3 L & BRI SR CINEA S
L, T TRE—AN B3]V~ b —i A2 EZ LT, y, - AMEfM= ATV EE X H T &
EWE Lo, ML LTI EALDORAET r A UV, BN VER, FHRR EDT LIV RBHN
S, £ OMIZIX 2-nitrophenol, montmollironite 28, pentachlorophenol, 2,4,6-trimethylbenzoic
acid W) SEEbHE SN TND, (AL, T4 OFEEAIEDEWZ L 2 ZfE 7R & W o 7ol
ERASAR

H R?
RO/OR\« ® 1® - MeOH (8R j OR
1
~ HOTR

)4 H @ OR ©

R2

2 2
ROH | TR R 3.3 0
K\ \05‘ JL - ROWW
H\/y\o R’ RO™ ~0” "R! R2
ketene acetal v,0-unsaturated ester

Scheme 7
AT @\ A V7 ¢ VAR TIINEREIIS E D &<V, 20 EBR T VLT /v a—L &
HAWT @A L7 4 252 551, R0 WIS R®ERIRE 2~ 7, Ziuid, Eschenmoser
Claisen &\ & [AERIC, WTTEERBIREEICRBIT 5 1,3- 7 S TV S E/ERIC L - T S

1% (Scheme 8),
H OR | ¥ 1
1 [3,3] R
M | COR
R2 R1

R2
E-alkene

RZ H : R
Destabilizing \ Q B8 7 COR
1,3-diaxial interaction 1 ﬁ
R § OR R2

Z-alkene
Scheme 8
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3) Ireland-Claise #5/7. (Scheme 9)

1972 4£ R. E. Ireland b X o> THE SN HET BB IV AEL AT v ) T — ey U v
RIRELET I T v L, BNy U AT T o T E—An5[3,3]-3 /'~ ba B —ixfric kv y, §-
AEAFN A VAR VBRI Do REOGNET /T — RO @RI ED 728 Claisen 57 L 0 $ X5 00T
WA SOSSAECHEITT 5, £72, WITRIZE 6 BREBIREZRELT-DIC, EO Lo
HIAFRETH D, S HIZTATINT ) T — M RERAIZAER S E L 2 D TE 50T, #ikfk
EMONREREIEE LTHEETH S, T70b5H, LDA/THF THZ v hAbd25Z LIk v,
HEGR I LY Z= 27> ) T — b3 L, HMPA/THF OAF/E FClL B 7 T — M VERK
5, ETINERATND ZTZATIVE ) T — b~OEWAKISIC LY | anti ERRIBR/HFEND
(Scheme 9 E#), — . BT VN AT NVOD FTAT )V ) T — OGN L0 . syn kW
B 54 % (Scheme 9 T,

o R? R .
LDA/THF m dd TMSC] m 1. warmto rt /\)\

=
_78 oC O P O P 2. NaoH/HzO éz COzH
o R? OLi OTMS _
(\/ Z-ester enolate E-silyl ketene anti ,
Oj]/\ R' | acetal v,9-unsaturated acid
0]
N R2 X R2
LDA/THF K\/ add TMSCI K\/ 1. warm to rt R
—— > |© —> 0 _— :
—78°C OR' R 2 NaOHH,0 " coH
OLi OTMS R2
_ Z-silyl ketene syn
Frester enolate acetal y,8-unsaturated acid
Scheme 9

TUNEAT T ) T — DT DHBOBAISE LT, B-7 MRT U /L= 27 L D[3,3]-v
7~ ha B LD v,5 AT kDAY Carroll #A7 & L THIGI TS (scheme 10),
R 130-220 °C & U 5 72 [ Sth % 088 & 3 2 7200 9N AT 5 B4 h B AR RO
B S, LavL, S 2 SEIRNL, O7 =4 2EMT 5 7% & L CIRIR RS &8 T
S, AVRUVBETAT UL, HBWVIET 2 b AT B & T OBRER T X | AR
ZEVy synlanti BIRVETHRH Z LN TE S,

OH
O (@] tautomerization OH O

\/\OM ) ) \/\OM

(3.3]

m
@zo
|

A OH o)
010

decarboxylation tautomerization
N > Yz = -
O
X X X

v,0-unsaturated ketone

scheme 10

12



B [3,8]-2 7~ br v —EMESTes X — FEIKS

A A — RIS 72 SUGIE, — 2SR A DI ATREZR L THh D . 246 O THLAMZR
FEMNOEMER T EBE TR TERTE S, 0, £ ORI V—T12 K> THIER#HE S
TW5, ZIZTE, 20 ThHI3,3]-v 7~ bnr t—fﬁﬁ{i%aﬁﬁxﬁ— REOSIZIRE LA %,

Overman 5 |I#H A/ — K% Aza-Cope #xi., Mannich (i % #55 L7= (schemell), 63, 7V
IS, Tha— bW Ee—T NV EFFOH MAETIALTIVAET LT E KRB EOKILT
A= LAFY CHEKRT D, i T Aza-Cope #5235 HEST L D 2345k L72%. 471N Mannich
BRALBOSIZ K » T U P U8R E MERT 5,

Rzo RZO 2

R<O
R3 @) +R® [33 x+-R® Mannich ©O
R R  — R N| B3 R | SNt Mannieh
NS H R4 A I\R4 R4 R1
D

A B C
scheme 11

S BT ZDOF R MR RIR D EERRA~ LB L7 T, 2 S>OF %43 2% (scheme 12),
N,O7TE5—NF ZNA AW TS 5 L, 3 DOl Lo AT .LE o ZRELEY G Z121F
EENIGT, BTz G ZFix Z2H# L pancracine D &G A ERK L7z 6a, WIZ, K ML E
M~ARJEZ @A Lz 6, HIZK L TRTHRIVAT AT B REHRMUMEYT S & Aza-Cope Sl ZHt
< Mannich G SEARRFRAGICHETT L, IZITEBMIC R EEM T 257, Honzl 2fa %
#i L. strychnine O#JH CORFEEME ZERK LT,

o)
Ar \(\)
- BFyOEt, CHCL, g (0 ) JOH
H = ', :
<I > —20to 23 °C, 97% = 3 OOH
ey
N

H Bn
F G (¥)-pancracine
t-BuO N
| (CH,0),,, Na,SO,
= 80 °C, 98% N__O -
( Y ( Y t-BuO
N\/N\ /N\/N\
H | (-)-strychnine
scheme 12

Marino 5133 7'~ b m B —BaA7IZHE < BRALSUSIZ Ko TIRIEBIRICy-7F v 7 7 hrR3fGoi
% WA LT (scheme 13)72, B =)L AL T 4 KA LT EDRUGNT L - ToH W B 3 4ERL L
7otz [88]-v 7~ b B —iifIIC Lo T CH/{OLND, HBONIETA=0 LA F T VAR BN
DIRNKBEL yv-7Fu7 7 hrDBRAEKT S,
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| i 0
Cl t [3,3] o Cl
0 E—— / s—ph — Cl —_— (o)
X c—7 __ 55 L cl
R S
Ph/ R SPh

A B C D
scheme 13

X HIZAHEE Aspidospermidine DA~ & I L7= (scheme 14)™, SpiEtE7e ALk o R
ELRNTRAELEY 70y T o ORIGIZE > T HE—ONRRMAR L U TRA KRR E 2 Ho
F % 18%DWHETH, BoN/eT7 7 N F 2fx 25 L6 ER LT,

o”z 5

CI;CCOCI

Ns—ptol ZnCu. THF  d_ &
- _—
—45 °C, 78%
p-tol
NBoc,
E F (+)-aspidospermidine

scheme 14

Barriault 51%. Claisen Ei\i & & ¢ 3 FEEHDO Y BRIRSIGASEHGAICHIT L, MW T AT LA
BRI CTHIMD S LN S i L7c (scheme 15)8, A% b v 7y c—7%HNT
220 °CIZINENT % & H&AIIC oxy-Cope B3 HEAT L7212, EMEL L TC B LNS, bz C
X, D ene JUSOWTIEBIREEE LTD E ENEx6ND, UL, EIXMIEENET v/
iz b, 1,307 F Y MHAEMICL O ALZELRD720 D 2l L CRUGHEITL F 252
%o FtZIC Claisen S 23 ETT L, H 2MFITEIRITHE LD,

oxy-Cope

HO O/_\\—Ph toluene HO O/_\\—Ph o O/_\\_ph
/
A:jﬂif 220 °C £I1H27
C

microwave
A B
— ’ W - HO o HO |
(o) ene Claisen
H @) Phi__— ", = OH |\H\7 ——> O
fﬁ% 74 H H
=
b 0 " Pn % Ph % Ph
H
w F G 75% dr > 98%
Ph

E - scheme 15

Zakarian 5%, Claisen f5(712%¢ < . Mislow-Evans 857 % F|H L T Pinnatoxins @ A, G B D
AR EHE L7z (scheme 16)%9 A% MU ZF LY Ul al) Vo iy T7r—L 1L, @ilSDOT IV
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a2 — /LT 150 °C I3 % & Claisen #2(712%% < Mislow-Evans #5075 4T L. ARk IR EE 72 R
FIURRFE R =R T Va2 — L 2D C 78 88% DR T B2, ASUSIIAAEIRAIZHEIT L,
C ZH—DONIKRAMERE LTHE X T,

Claisen

(EtO)sP, collidine PIVO\O/\(
MeOCH,CH,OCH,CH,OH :
, i ] 4/_>7:;\/\
MPMO \

PivO

C (88%)
scheme 16
Nicolau HiX, AZ NV 7= VIRAT7 4V AF Y REEF, v~ 7 r v x—7%HT 180 °C
WZHNEAT % & Claisen $507, WiREE, %= L CQABRILAMEIESET L, ZBRELAEY C BN1EDH
noLEHE L7 (scheme 1710, 72k, XUBr U4 —/L % TBS THR#ET S &, Claisen HaZ{A B
ZHZD2DHThololod, FRIE 0620 R BRI INEISTIE T U —D T b 23— L3 AT
RTHDH, BHoii- C #fEaZLH L, artochamin FH~ & &,

Claisen

Ph3PO, o-xylene

180 °C
microwave
[2+2]
[ — B
_—
R = H: artochamin H
0 - -
C 55% (dr = 5:1) R = Me: artochamin |
scheme 17
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BB A A NELEELED

E—E A A FEOBEN

AA A REHA =0 GCah A=V EREKE T —#HORTE T I VBT, ZHETIIRA
N5 13 EOLEM R ELNTWD (figure 1), “hbiddb@otiEs L<r el oo 30 LVR
FURATFNVEL, AR A BRI H L, a7 e A =VERERE, 27T 2,3 trans, 3,4-cis DL
HBELEZ & > TWNWD, o, B FE A2 2 L ANE 7 Vv I U EANETAvx/ A4 R
A=, RUEABBE)SLW0INET X JBHROILEY (T 7 a2 ) VBB ERY | ARRICE
WTHEBROFF =N 2{bEMEETH D,

T, TVE I VBRI A REM) O BUE MR EEME L L TRAEIERITH D, 2N DIEY
PRI R G A L, R IR B R 2 FF D | SEEL 00 43 B TR R R ]
DIZHOEERER L LTHWSNTWD, ZDDEAFED A ) A FOEMIKE BN IE ST
BY. HELIZE ST, RARIHFIETDHA /A REOH TROBWVIEHZRTT 70 X U VI E
FEk D 5 WNEENLL EOIEBER 2777 MFPA X OV OFEZENHE SN 1, LR, o
HA A REOWTHIEIZ T THRITT 5,

~—CO.H —CO,H ~—COH ﬁ%_/ \&«_/
& O\ ~—COzH HO ~—COzH
C02 r/ r/

co,H HOC CO,H
N COZH N COzH
.. . s . H H
kainic acid a—allokainic acid domoic acid domoi lactone A domoi lactone B

;:/ ~—COH / ~—COH <~ COH
HO,c— O\ HO,C— O\ HO,C U\
2 CO,H 2 CO,H 2 COzH

N
H
E: isodomoic acid A isodomoic acid C Z: isodomoic aC|d D
Z: isodomoic acid B E: isodomoic acid E
COH HO,C o)
NH NH
/ (0] \ / COZH
COH N CO,H N CO,H
N 2 H H
isodomoic acid F E .'SOdomo.'C ac'|d G acromelic acid A acromelic acid B
Z: isodomoic acid H
NH HO,C " y N
CFo & Chon,, [ O
_ . — _ / —CO,H
- 0N =/ —COH o G0N Zj; 2
O\COZH O\ O\COZH N CO,H
N N CO,H N H
. . . . . . R=H
acromelic acid C acromelic acid D acromelic acid E Me (MFPA)

figure 1

16



B QA=

B—E BHBE, AR OVES R

- I A =V BRIT I RMEERRTHY . MARDIZE VAL (=2 U Digenea Simplex
Agardh)7» & BB, FHERE &7z 122 (1975 4EI1Z Centroceras clavulatum 725 12 1982 4E(Z
Alsidium helminthocorton 7> 5 $45 53TV % 12e.d), ¥E N ELOKFIHHRIE AT 30> 5 [B] B O BRERA &
LTHWHRTED, ZOEERDE LTHELNTLLDTHD,

ING I UREOTENET X BRI, BHEE) . BERHEEI) O RO BUEVE L T 7 RUTKR D A
CEWE L HESINTWD, BEMET I 7RI, fUESTE LW oo, AFPICB W TEHE L
HoTND—H  TADA T AINA =i T b B & o TR RS 25 X 27,
HUE, W FLEE O PR RIC I T BUEME T X IR A 1K13 NMDA, 7 =, AMPA, L-AP4,
R O 5 FEICHE SN TWD, IA =VBRIE, ZOHOH A = U mE (KA ZHEBICHE
ML, Y F T ARMMERE MRS T2 2 LI L0 a4 BlE S, SIS IS E 5 2 L2 DB
HERZRT, T, MR R FRICHRSIISE ORI W BTN D 7o £ DRNERAYD
REIZE L ATRERREIE RO BTV D,

ERRAEE L LTI FRUICRT KO A DM L 22 DA Y T XU 2, 3 (LD VLR
FREROLC KIS T D TN E I VR EDFERICE > T A = o e n U DB NER S LD & H#HEE
N TS (scheme 18)13,

_ CO,H
QU S R
R H2N COzH N COzH

X

|

H
isopropene unit L-glutamic acid kainic acid
i 9 domoic acid
scheme 18

B BEOEH

A = VRIS OBLIRR OGS R O, B TR~ 7B D % < OG BN HRE ST\ 5D,
RIETIEZENHOHEE I-TV O 4 DI L TR T 5.
I. C3-C4#ATEA

A) Ene & (& @2 72 ene type N2 &)

B) 7 U hERL

C) Pauson-Khand i

D) RERT 7 K1k

E) v 7'~k &—#ar

F) Zofh
II. C2-C3 T C4-C5 FEA T
L 7a Y o EEA~OREEA
IV. Zofth,

17



I. C3-C4 #5BEnk

A) Ene it

Ene & VW= A = AT Oppolzer & F2H) D IZHE < G SLTWVWD 14, Z ZTHEZED
NG 4 MIZHOWTRAT 5,

1982 4=, Oppolzer 5%, (+)-5-ethylglutamate % HFEFE & LT, SRS 7N ene )G %
FWTHRINEE 5% THIDO I A = TEDOARF A Z K L7z (scheme 19)1a, Z3UIZ X 0 #Exh7iA
FLENRE LT ANV ZHWEA LT 4 AMUICE > T B ~EFFE L2, Fb= /130 °C
WZIMEVT % & ene RS 7L &b 83%LL LD DT 25 L ATEIRMERETT L. syn A D % 75%DINH
T, wiZIZ, MRER ORI L > ThH A = Ui~ L8N,

CO,Et CO,Et 1) LHMDS, THF, -78 °C CO,Et
N ] 2) PhSeCl, -78 °C to rt N\ Yy, ]
A ’ 3) 30% H,0, aq., py.
7 N
N GO Boc OTBS CHﬁf/’ rts Boc OTBS
(+)-5-ethylglutamate A o (3 steps) B
_/ :/ —CO,H
toluene =, o COEt R
- —=| (-
130 °C, 75% FNX/OTBS N~ ~COzH
H
Boc (—)-kainic acid
D

scheme 19

2000 %, Ogasawara HlE, Hfi)7e Chugaev liff-ene UG Z#EE L & L2l A = RO RE K
Z S L7z (scheme 20)14e, BERPISEIC K - THRIOEFHEN R A% B~ BB LIk, MET 5
& . Chugaev BESS & 507N ene SUSN T ARy B THIT L, T2%DINHET C #1572, SIREER
PRI, RNTART D 1,6-F T KD exo DA Z#EH LT ene JUSHETT 272D TH D, 15
iz C iR L7k, BEmIBRA, Bk, £ L TAF /LT L - T Takano HOHEED & L
Tzo ZO%, BYEAL, MAKGRRIC R A =i~ LBz, A X0 TREEE 18, #BIRIE 13%
Thol,

S
_ ¢ "NCbz
OH L NaHCO, Tﬁ
? SMe  giphenyl ether

> H\
QO reflux, 72% - o)

NHobz () . N oﬁ/ oﬁ/
A NCb; L endo i L exo -
-/ 1) HCI, THF —/  —comMe =, —COH

RIS reflux RS
[ ( O) L) — D\Co H
NT N 2) NalOy, TH';/ H20; N~ 'COMe ” 2
Jones ox.; CHN - .
Cbz X 2 TCka . (-)-kainic acid
akano's
Cc intermediate
scheme 20
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2011 /£, Wei & Cohen 5 i3, Pd itz v 7= Zn-ene it 8 & L2 A = VR DZRE) 74
BRIEZ S LTz (scheme 2114, Lo A F A= 50 7 THE, 67%DIE S SHIZ 1 EDH T LFERIT
AW BROGHE C ~ B Lo, SRS EFEA RETORER, RS TIEPd Lo U
Y RIZ0Ac £V & CLOFME L TV e, D7, TMSCl 2 ¥ LR N Tl L 7= OAc % TMS
THR#ELIZE ZA, USITREFIZEIT L 90%DINETHMO E 21572, Hil T, I vHEE>T /&
TEM L%, b, MK Lo THA =0~ BN, L-AFA = X0 TREIT 13,
FINRIL 37T% ThH - 7=,

AcO
S/ _>:\; OAc
67% (7 steps) 7 Br
- LOTBS ° o
one chromatograhic ~ BnHN Nal, KoCO3 \ OTBS
Bn
(o

y

H,N" N CO,H purification DMF, 93%

L-methionine A

Pd(Phg)y, ZnEt, —// —ZnEt /A =, & COH
TMSCI v l, o
. e — —=| [~

Et,0 O\/ THF, 90% OTBS N~ COH
Bn N H

n L .

D E (-)-kainic acid

scheme 21

2012 4, Evans Hidv 27 A2 v 72 ene-cycloisomerization Z#E i & LT, A =
DEAREER LTz (scheme 22)14k, TIROIEFIEZ2T I 7 T va— AxZHEERE LT, 7
VAT Na—)B~EFHE LK. POptol)sa U A K LT v vy AllfifE F EEH 135 °C
WIS 2 &, 27 a7 a XU ORBREZENRB 5| ene BUSEIT L, @y AERICER Y v
C #1587, #t\W T, EUL7T T FEELL D & Liztk, Wik, Bk, & L TIKRSRIZ L -
THhA =~ LTz, Hilkdh A K0 TEEIT 8, #MIRIT 1T% ThH -7z,

OH 0]
OH P [Rh(COD)CI, =/ —
P(Op-tol);, THF —
HN I >
% a N 135 °C, 69% 4:&
dr = >19:1 3
o O% O in a sealed tube O%
A B c
PDC :,/,’ \\\_COZMG :{ \\\_C02H
DMF, MeOH ™\ O\
S —_—>
rt, 73% N R N~ COzH
= "
o (-)-kainic acid

D scheme 22

19



B 7Y Hh LB
Z VI VEAL B BERZ AW T2 BIE ene SOGSMZIRWTE S ESNTWD 15, Z ZTlX, £OH
NG SHIZHOWTHENT A,

1990 4£, Baldwin Hi3=2/0 b2 AW T VHAVBRIEZ#EIS E LT, I A =V BRORF 2K
ZiE L7= (scheme 23)15, D-serine & 0 A4 X4>' U P A~EBEN%, FJUINARLKICEYE
n Y2y Cafiic, Hoilc C ONRRIRVEITK 411 TEADONARBELEMICE AT, BXTC
DTN CH ST, BAEMDOEED KONE ~LFHE L%, DE2HEEL-, BHoi/zD %
fefb, DOKE, WIRGEIZ K> Th A =i~ &8N,

COzt—IIBU Cizt—Bu / R
NH, N Co', MeOH X N
— > +
., _on —= \
~G
0]
A

HO,C™ 51%, B:C = 1:3.5 N

D-serine

B .
(cis:trans = 4:1)
:{ —CO,Me =, & COAH
— O O (-
<_j&\v/OH N~ COH
separable El N H
o¢ oc (=)-kainic acid
D (45%) E (11%)
scheme 23

1993 4, Takano b, 7 VHIVERALKUNIERRIR 27 1 b ALz W= A = BROEE R
G L7~ (scheme 24)15c, HIFEFRITH D L-serine MOHFE L= AT 5 3-4 ([l TD
T UHNERGIE, PSRV 2ALOMIEHE O AL OTHRAFIH L, SCAREIRIZ B 21572, C~&E
WeRIZ, 2D NAR BT a b PR E LTl U LI K 0 | 4 LD ARFHILE 5.3:1 OFIRME
THEEE LTz, ks, B E#IKSR L TH LI EICK L TRIREIT D & WONRELE ZF> F 23
SARRIRBC AR T D, RO D 2 lifri. B, MUKGEL ThA =i~ BN,
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TMS

_—
[— N

H
’ o/\i/cozH

|
N Z>Cco,Me -
OTBDPS
N

BusSnH, cat. AIBN
benzene

reflux, 86%

NH,
L-serine CO,Me
A
T™S _
OPiv 1) BFgEt,0 _/ OPv —/  —coH
CH2C| 2 ”,/ \C‘ @
- _
2) CH,N,, Et,0 Q‘Cone - N~ COH
COzH 69% for 3 steps CO,Me H_ . _
CO,Me dr=5.3:1 (—)-kainic acid
D
TMS
1) BF53Et,0, CH,Cl, —CO.M
KOH 2) CHoN,, Et,0 2Vie
. -
OTBDPS 3) HF, MeCN N OH
57% for 4 steps CO,Me
single diastereomer
F

scheme 24
1996 4=, Hanessian 5%, ~U A F NV AXEHWZT U VEBRILEZ L E L THA =V EEOR

b Z#ER L7z (scheme 25)154, L-serine &V A ~& &tk RN THAESEZAKEL LY
AFNAR % N T PANVELBIRIZ LY 2.8:1 DT B O C3-4 cis K& B IC3 72, CAN %
MAWT C-SnfG DR E 72X — N REZITWV, C &G, TEX—ANLT LT ROERIT
FMALD T2 DR EETZ > 7223 AKIE T MeeBBr 2 V% SZIEEREMICT VT B RD~EEHTE T2,

o< AF AL B 2 gt U7o il iR, HEEME 95 < | MRt APt MeCeCle 2 W TiE L2, 55

hie7va—n E #@8etk, FHEETA L7 0 0o~ L, Boldwin HOHIEIAE Lz,

COZt-BU Me3an| Me-S —CO,t-Bu
H ~ - NaCNBH ea=n SHRSG CAN
= COH AIBN, t-BuOH e
HO Y \L - - .
NH, N reflux, 88% rt
)‘\O (cis:trans = 2.8:1) O}—O
L-serine o’ A 5
OMe H
MeO—, ~—CO,t-Bu o=, ~—CO,t-Bu HOW,/,, —COut-Bu
— Me,BBr, CH,Cl, - MeCeCl,, THF A_&
q& _78°C, 99% qx 78 °C,65% N
/yo o o
C (38%)° o °
C': C4-epimer (14%)
o=, ~—COxt-Bu  CHyly, Zn :/ ~—COqt-Bu :/ ~—CO,H
TPAP, CH,Cl, TiCl,, THF &
—_— —_— >
rt, 80% q& rt, 73% 4% g N~ COH
o} o) H
o% e (—)-kainic acid
Boldwin's
F intermediate
scheme 25"
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C) Pauson-Khand <t
Pauson-Khand )&% AW =26 T 4 BIHRE SN CTWD 16, Z Z TIEZZDOHFND 2 HITHOWNT
AT 5,

1992 4%, Takano ©iX, Pauson-Khand St Z 8RS & LIz A =V IROARF G EHE L2
(scheme 26)16a, A % HFJFREIE LT, #OGEE B & L7z, Pauson-Khand K&GIZ L~ T C %
B, B ol CITEMEER L OLBERRNEECTH 72720, 1,4-38 50, MARGE L 712, BRI A2 1T
D % 4 TRRIFE 42% THTz, VT E ~L 555 L7-1%, Baeyer-Villiger B2{LIZ LV | (ZEZRIIC
77 b F 2fgle, £0%, M FEREEAHICI D DA =~ LigunT,

THPO THPO @ 1) LAH, Cul
| | 1) Co,(CO)g HMPA/THF
H Q JL benzene, rt _ L
HO — «H 2) NMO 2) TsOH
OBn N7 SO Tepan, 000 N N5 MeoH,
CO,Me CO,Me 42% (4 steps)
A B c

mCPBA, NaHCO;,
CH,Cl,

rt, 68%
(89% BRSM)

:,//’ \\\_ COzH

— | (-
— N~ COH
H

(—)-kainic acid

scheme 26

2010 4, Helmchen 5%, A UV U7 LA W SRR 227 VLT 2 2 AbG &
Pauson-Khand sz 800 & LIz A = VRO RF AR Z#HE L7- (scheme 27)16d, 1 —7R %
— AT DAY T LERHNAEERA AR T VLT I 2 ALRISIEE SRS T L, 2
Zi C,E % 98-99% ee TIH7z, i\ T, G517z C, E % Pauson-Khand SUGHEE F ~& 2841 L
72, Pauson-Khand S LY, ##FHEATHLE R Y V0 G % 57% TR %. KFEHRINMZE - T
8 SOFHBLEMAEL T, BT H % BaeyerVilliger B(LIC £ > TRIBBIRAICT 7 1o T~
LAtk Fia EREEAHUC Lo T A =V S8, RTEIT 12 H5100E 13 T,
NRIT 16%5 DM T 12% TH - 7=,

22



O

°ng Py rt, 95%
(r(COD)Cll, Bocl S NaH, DMF B
2 af, r
OCO,Me (8,8,aS)-L1, TBD TBSO\)\/ 15-crown-5 /\
THF, rt, 80% o ~30 °C, 98%
X | C (98%ee) o BOCN/\
yZ
oTBS HZN/\ Boc,0
D HN/\ n-BuyNHSO, OTBS
> x - F
[Ir(COD)CI], TBSO\)\/ CH,Cl,
(S,S,aS)-L2, TBD . 1M NaOH
THF, tt, 61% E (99%ee) rt, 93%
1) Cox(CO)g Pd(OH),/C H mCPBA, Na,HPO,
CH,Cl,, rt _ EtOAc, H, BocN 9 o CH,Cl, _
2) MesNO-H,0 rt, 97% o rt, 86%
MS4A, rt TBSO
57% (2 steps) H
o) / i OMe E
o} —,  —COxH : :
~ N : O\ o :
— = ' 1
H H — qLCOZH ! LN !
i e |
N . Yies (—)-kainic acid 5 R LLR=H |
. N L2: R = OMe;
scheme 27
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D) AEMT v Ak

AHFBT 7 N AL E AW A =V EBRARKIE 2 BTSSR TRBY 17, 22T 1 FloRBEI
T 5,

2002 =, Clayden HlE, REMT v M ACIZ X DBLICEZRRIGE LT A =V BOARFEE
kE4T > 72 (scheme 27172, BIZkf L T /L7283 C 24EA L, SASBRNZ2BH T vk 1b, #i<
BILICK > TD #47, E~LEH|LI%, VT =0 LEfiitEA W b, £ L T=X7 /1 ki
Ko TF %57, FIZxT % Baeyer-Villiger FR LI ERINAICHET L, G ZH— O ERMA L
LT, mBIETT, MKDE, L CREIC L > Th A =i~ 8T,

E‘ik

LiCl, THF
Ph___NH, ~ MeO OMe 780G |
N == Ph.__N

then NH4C|, Hzo,
A o then HCI, H,0
87% (84%ee)

o o. 0O
RUC|3, Na|04, Hzo
MeCN, EtOAc mCPBA
s > H H — H H
2) CH5N, CH,Cl,
@) CO,Me O CO,Me
67% (2 steps) 'Tl 2 70% ’Tj

Boc Boc

-/ _
‘/ +—CO;Me 1)DIBAL, -78°C —/ ~—CO,Me =, =~ COMH

N

— —= | L ~con
¢JC_>L‘C02Me 2)Egsw13FyOEb [_TL‘COﬂwe N 2
Boc Boc

H
CH,Cly, 44% (-)-kainic acid
H |

scheme 27
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E) v/~ brb—infiis ) —X

V< ha B—#ar W A = R DAL, Enolate-Claisen, Diels-Alder, Cope #5{\. %
W= E BN ST D (scheme 28)18, = Z TIEZFDH 05 2 FlfE 15,

1988 4, Takano o, 43 +PN~7 1 Diels-Alder St Z 8 & LIz A = U FROARF 2B %
WE Lz 8, IEARY =T LEDT AT E RANEFELTH, ANV RT ABRE W01~
7 1 Diels-Alder i Z Pal DL E B A RO REMR L LTEE, 5 Clodt s
exo AL 7 4 AL ik/vk@*ﬁﬁ BNT 4 BHRALT 4 U ELRE, UL, kBT,
270 FEIZ ifbu?ﬂﬁhé & 85% CHIND exo 4 L7 ¢ UKD MG b, 2, BRGEROERLIC
KoThHA =V~ Lign,

OH Meldrum's acid o O
= (CH2+NH3)2'2AC07 0)
o e N o8 N ey | —
6H N OBn rt Ho

Cbz
diethyl L-tartrate i Cbz OBn
A TS 1
OH OH _/ —COH
ACZO
0" &
270°C COzH
,(\IJb OTBS 85% ’C\l:b OTBS
z in a sealed tube z (-)- kalnlc acid
C D

scheme 28

2008 4, Tomooka HlE. ¥ /47 I FBIZxtT % Cope HEMr 8 & LTz A = LV FEORHK A
Gk AR L7z (scheme 29)18, 77 X A A XV 4 THET racB ~E B LTI=2%, T /007 AT
EoTBO) &/, Hitd /N7 U Llliiz 72 EER Cope BANLITEINER, SSLARIRAYITHETT L
Ern B CEERLE, BoN=CaD &Lk, STV T RERWEILS D ETH
B R ONARRINAIC AV AR X VA B AN LT, f3ohic F Ok, Ik, = L THifR#EIZ X -
ThA =P~ BN,

Te Q cat. PdCl,(PhCN), _/
A N —> = N ~ CHchZ /’// \\‘\ -
P /
Ts

rt, 87% N

98% dr, 98% ee Ts

A rac-B B-(S) c
/ OTBS i OTBS -/ — ERRREREERECREEREE ,
/ s-Buli, E / COH|i < H :
Rl G e (g9l
\ CICOOMe, —78 °C Q\COZMG - COH | N |
Boc 4% 88% &t Boc (-)- kalnlc acid E I-E -------- ;

D F
scheme 29
F) Zofh

C-HIRFASUSZRBIS L LTe A = AN 1 BIHE ST 50319, FIZET 5,

25



II. C2-C3 KT} C4-C5 #E TRk

*®ﬁ%T@EDUVV%%@%%%12Wﬁ¢éMTED%\E%E%TY%%V%UF%%
Wi HEwRTH D, T2 TIE 2 ISR T 5,

1988 4, Takano Hbi%, 7Y AF A U RO41WIL3]- BB LA IS 2 VT ARA 2GR %
B L7z (scheme 30)202, YeEimtEze A K0 SESIHE C ~E A H# L7-1%, 305 °C I LT, 3
DODORFHRLETERTR syn I BIRMETHEE L7z, Z DOBEARNRERMIT TS ICB W T, -y
UNFXRVAFAREBT T NI TR EDDHZETRIL TS, btz C Zffix Z8H# L,
A =P~ LN,

OPMP H ]
H
: H O n xylene _ - I\T /_/\go
s K‘fiﬂ/ 305 to 310 °C u
n N 70% Bn
A in a sealed tube B TS 1 i
PMPQO H H H OBn = +—COxH
—_—
—_ @) . D\COZ
N
H
i” o (-)- kamlc acid

scheme 30

2005 4F, Fukuyama 53, 1,3-BRERAGAINSG & $ELOG & LTH A =V BEORHF R A =M L
77 20b, Hj%?%)ﬁ?ﬂf“%é furfural "HFEE LT A ERNTRELLET Y AF A4 U RED 1,3- Wi
EAIIEOGIE, ZIEY T AT UATRIICHEIT L B 2572, SO/ B A2 C~EFE Lk, 7
w)ﬁ/bﬁET\)%ﬁm:m<¥Mmm$&®ﬁm:iof\m%&wiWEﬁmmwwﬁy@
E ZE4AME LTHT, Boii Bix 3 oER, KGiE, = L ThifR#EIC L > Th A =
~ LN,

o) /
MesS™ N ome © OAc —/  .—OMOM
<f37/CHO — oiifi7,0Ac Bh  _H H  —
—_—
\ - _ TFA, CH,Cl, [ )
0°C, 83% N Boc
dr = 20:1
furfural A r B C
H
WD L e
N —/ . —OMOM —/ . —OMOM s COMH
e Ul ool 2| Lo
s-BuLi, THF, CO, N~ ~COLH HO.C™ oA
—78°Ctort Boc Boc ) kalnlc acid
51-71% E E'
E:E'=81:19
scheme 31
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OI. 7v B ~ORIFEEA

7u ) oE ARG A IR & LT ERIEIRAICRIEE A 21T O FiEIL 4 Bl Sh
THY A, ZITE 2ohnb 36N T2,

1999 %, Cossy BlE, 7 FNT VAN DoGFNEILERILE LT A =V BORFRE K &
% L7z (scheme 32)21b, L-pyroglutamic acid & HHFEFE L, A ~EFFE L721%., 3ALOMIEHA T
IBIRATEA LT, C~EFE LR, Uikt~ U A2 W7 UHVERIIZ L Y EAHDOBRL
KD ZH—ONKRMEARE UTHRZ, D OKBEOHRBEZ LY NEA L7 ¢ o2 igi Licik, Bt
BIZL, 2Tk, T LTAHL T 4 Ml E - T 3 TRIE 18% T F & Lz, RAZICHIR#ELTTO,
Boldwin & DA~ &gz,

O/_\O O(\O
Lo =z oA, e
0=\~ ~CO,H > )

R —
[ O N S [E—
Ts  OTBDPS CuBr-Me,S
TMSCI, THF 0N
—78 °C, 719
L-pyroglutamic A % Ts B OTBDPS
acid
‘_)y\\ Smiy, HMPA "'~ "\ N 1) RuO,, 2H,0
. t-BuOH, THF > 3 POCl3, py. == NalOQy, rt
N B — _ > >
/ rt, 55% Q\\ 0°C, 72% N 2) Mel, K,CO3
N B Boc OTBDPS
Boc OTBDPS °c OTBDPS
c D E
0 / /)
_/4 \\\_Cone CH2|2, TiC|4, Zn 4 \\\\—COZMG HF 4 \\\\—Cone
Y \ —_—
rt N rt, 30% N
N 0,
Boc OTBDS 18% (3 steps) Boc OTBDPS Boc OH
Baldwin's
scheme 32 intermediate

1998 4, Rubio Hid, 7'm U Gk L 34 (LOMBHAEAN L, WA =V BORF LG E #
B L7 (scheme 33)21a, 7L R—/ Uiis, Wik, 2B, & L CTHRH#ED 4 TRIZT 4 fLORFHLO
wHEEE L 721% ., ClZx3 % Michael fHMZ &V BMLOMEHAEA LT, HB5N7ZD 2 E~&EZ&HL
7ot KBWIMZ L > T3IMORFFLAEMBRE L, PUREEL G ~EEH#HL7=%. TBAF %2 X -
T TBS DO 2 R I T2 DN SLRHNIA A > TV A T2 BEHO HITE SR o T2, RIZ, R
% Boc 75 Cbz (28 M L, /LA ABESA: T, TBS 25 L A MO AR LT-, H T, BFoh
721D 2O RMACZRA T BB I 13560 ho7z, £ 2T, 3MLOTF /LT AT /L% %R
AN A F IV RATI~EBH LT, SN K ZHETRE L7 2 AR HEST L, Takano
b OHEEEET,
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LHMDS, acetone
’ OH OTBS NaH, THF

3 5 CH,(CO,Et),
- .
N > A L_\>\ 65%
Boc 45% (4 steps) 0" N~ ~COqEt N~ ~COEt b
Boc Boc
A B C
TBSO CO,Et TBSO CO,Et Pt,0 TBﬁ/ C&Et
COzEt / COEt H, (Satm) ~, & COEt ciNa, DMSO
—_— >
'uCO Et '/:CO Et 15 days 78% [ N>"IC02Et 170 °C, 67%
Boc
D E F
TBSO
1) TFA L o
" COEt 3 chrol70% — - & COFl MeoNa T, o COMe
» werom, L) weon L dcoe |
"CO,Et  3) BFa+OEt N~ 'COEt  MeOH N~ 'COEt
N 50% 95%
Boc Cbz Cbz _
NaH, DBU MeOH
TBAF or 70%
LiHMDS, MeOH v
:( \\_COZEt _COZEt :{ \\\_C02Me
iNi I"COzEt &COZEt Q\COﬂVle
Boc Cbz Cbz
H J Takano's intermediate

scheme 33
2006 4=, Poisson &, trans-4-hydroxy-L-proline 7> Diels-Alder Mz 8 & LThHA =
VEEDAREF AR A ERK LT- (scheme 34)21d, A ~L#E\\7=1% . &F ST Diels-Alder )&% 1TV B
Z B ONLIREINGY T 72, ARG OBIRIEIX AM1 FHRIZE > T cis (KOS D trans KLV L 6.5
kcal/mol ZZ/E T % Z LITERT D 172, WikEE, ~A 7 AATMEZRET C & Lictk, A o0k kY
AFMEIZE>TD &L, Wi, =1 b 77— MEICHESEBIIZ L > T, 4 ORI 2 S
LE & Ui, &I, MUKGIRKZR OWMIRGEIZ L > THA =~ LTz,

OTMS 0 OTMS
HO, MeO,C /
Q N e “MeO,C H ——H H
—_— e
N” “co,H N~ COz:Me CH,CI,, 15 kbar 2
H Boc 80%, 90% ee N~ COyMe N~ CO,Me
(bar = 0.987 atm) Boc Boc
trans-4-
. A B C
hydroxy-L-proline

o)
1) O3, -116 °C; H 1) KHMDS; / :/ ~—CO.H
/  .—CO,Me SN
/ —CO,Me ORI

Me,S comins reagent

2) CH,N, O\ 2) Et;SiH, Pd(Phg), O\COZMG s N7 0N
70% (2 steps) N CO,Me 60% (2 steps) N H. . .
N (—)-kainic acid
D E
scheme 34
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IV. Z D,

%@ﬂﬁ@/‘\ﬁfﬁjﬁ}: LT, 700 EHWT C4-Ch FiHEMET 5 515 22, aza-[2,3]-Wittig KT
BROBEE LIZL DL 2 T VR NAPN-BEALSOGNT K 5 51k 22e, BRYLRPURIC K 50515 224, <
A /7/14?1‘7][1 ZEoTC2-CIMBEMES L k2 e, B r ) PUBRO 2NIATEBILZEANT L5 T51E
221, C1-C5 M N C3-CAfE B A 5 Fik 2 Pl STV D, Z 2 TIEZEOH N6 5 WAETT %,

2005 4£, Anderson 5id. aza-[2,3]-Wittig #7 8BS & L TH A =V BEOARF AR & /K L
7= (scheme 35)22c, & Z /L4 Fi> C 2 KH CTULEET % & | aza-[2,3]-Wittig a2 23 1T L, &
HDONHAF 2 /T 5 D 2 EERME LTHEL, EICddT23—RF7 27 FAkic kv 4 ok
FEAMRE LI, F O FHNERISH S KGRI Y | BADON AR v ) D0 G 25, H
(2%t LT high order ®7 77— EHW= L Z A, 4 fMOMASHZ TARRINIEATE 72, 2BA
BOSIZEBWTIE, 20207 V=D UNR BB RE RBEE R LTS, BRI 2 hifkiE Lo A
=S BN

SiMe,Ph SiMe,Ph
Bre_Jx_~_Ot-Bu MOPBU PhMe,Si r Ot'BuPh
18-crown-6
A BOCN KH, THF ~
+ —_— o} —
O o) k O°Ctort BocHN
Ph 47% dr = 3:1 o)
Boo- N~ CO2Me
B c D
Ot-Bu
r t-BuQ  BocHN _ PtBu
o | — ) TFA; HO,
D ——
BochiN NMe,  DME/H,0 '\A KOH N~ COH
74% o” O H
o)
E F G
OH _/
<)J\> /o —/ . —COH
TsO, 5CuCNLi, ~— - COH ™\
. — >
(- Cveon =
CO,H CO,H N
Cbz Cbz (—)-kainic acid
H |
scheme 35

2005 4, Hodgson Hid, &7 LT OH NWASI-GRALSOS ZSBIE E LTHA = BRO T &
ARz R LTz (scheme 36)22, T-7 27 v [221~T X P B EAT D A %7 20V
T, FUREKERIET D E, exo I L7 ZICEN 2 HEST L, B 238 IRMICHE 7, B 24 Tl
L7=%. C,D DIEMD E £ Swern L35 & SLAKEE DD 720 D ITEHCITKIE L, C IR
PEE DD D ~& BVl LB BOSHEST L7z, fit C lRAEIC L > TE & F OIRAY & L7z, Boc
TLRETDHE G ALEWE LT 5% DICETER LT, Boh/l G a2 HA~CEW L%, 3
— RZ77 hAbicHi< AL 7 bt L > Tl E LT, o1 2fa B L, A =V~ LiE
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AV

HO(CHy),!
Boc BusSnH, Et;N - HO 03, Me,S CHO_
N dry air, CH,Cl, CH,Cl, Tso )&\
s > BocN ’ * ©
20 °C, 78% -78°C
TS C:D=1:1 Boc OH
A B D
(COCl),, DMSO
Et;N, CH,Cl, OT HO‘\ Boc,O, DMAP
~78t0 20 °C; o=\ =~ EtsN, CH,Cl,
+ TS‘”‘ -

AcCl, MeOH 20 °C

0°C COMe COMe 550/ (3 steps)

Boc
F
1) Jones' reagent o
H acetone, 20 °C /
_ " 21, Nakco, o—/< =/ —COM
MeCN,0°C = )
> D\co Ve 3) NMe,F, PhH O\ g N~ CO2H
Eoc 2V1e reflux CO,Me kH' i« acid
+)-
. 51% (3 steps) BOCI (z)-kainic aci
scheme 36

fE 51 2007 4, RCM & 53 F+IN~ A T AAINEOGR 2 -T2 1 A =V BO AR K RE R Z ®E LTz
2 2 REMBIIEOLEN, RCM CTOMREEL Wole ZODMERNR S o772, B44D 2008
£ WRANRIEEZHE L7z (scheme 37)22¢, TR A IZx%f L Reformatsky % A 7 DJHIZE > T 3
MOMIEHE BN LTctk, HIERISEZITV, CEZRTD ~EFE L, BHonizD 2T A I R~
EEM LT, U2 ARy MZT LHMDS ZBIL7E 2 A, B B, 21N~ A 7 /AN A3 E
BEMNZHEIT L, BIEEOE YT AT VAT E 2 5272, Z0O%, fx BREEEAHRIZ L > T
BA =L ENT

CO,t-B
TBSO 254 1BsO CO,Bu OTBS
H H H H CO,t-Bu
= OAc Brzn : . Ns 2
> —_— N\\\“ E—
NH THF,0°Ctort NH
e} 93%, 0 CO,Me  NHCbz
A B C
0]
o.__0O LHMDS, CbzCl, DMF 0 —/ +—COzH
Boc —60 °C to rt;
N\\\“ > H H — > D\CO
¢ LHMDS, —-60 °C, 94% 2H
CO,Me  NHCbz E:C2-epimer = 92:8 N~ COxMe
Boc (-)- kalnlc acid
D E
scheme 37

2011 A, &1L HITKREE R ATRE72 A AR 232 L7= (scheme 38)22h, HREFEITH D
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(H)-carvone M HEEAIOTFEIZ LY A #57-%., 3 — R 77 N ALK VF U RERALIC LY B %215
7o RV TILMAEINAIS 3L OMIEHZEA L7ztz, EuchIBABR, £ L TBRIkICE YV v r U UV RE
MAEHRTHD Z2&7-, 200237 7 BBEEAN LUk, NKSIREEITO I A = e~ &8, 15
JFEFC & % (+)-carvone 100g 7> Hid TS 13, #ILE 10.3% T ()-H A1 =% 14.6g 1472,

[Iodolactonization] J o) LHMDS,
H . o THF, —78 °C;
o - Y CO,H - >
2 5 BrCH,CO,t-Bu
CHO Curtius \ _78 gC 822%
rearrangement NHCO,Me ’
(+)-carvone A B
/I 1) Zn, AcOH
n, Ac CO,t-Bu
;Cto FOR.0"Ctort | H Ho —/ . —COM
. SN
e o T L.
N COzt-BU 2) DEPC, Et3N ’Tj N COzH
\ CH,ClI,, rt CO.Me N
NHCO,Me 60% (2 steps) 2 (=)-kainic acid
C DEPC: D
diethylphosphoryl cyanide
scheme 38

2011 -, Aggarwal LI, =T VU P~ A TFVREKRE DT VT MMl A V2B E
SOSEBRFE L, DA =V ROBREHK~EJSH Lz (scheme 39)22, 1 X2 A ZHIFEFERE LT,
EEOICR o THEINTEALT 7—A U FIEIC L > TR YT A7 LARBRIICE = 1T ¥
VYr Caflle, bhiz C L AFAE=LT Fr (MVK) EDBLRIRNIEE YT AT L A8 R
AT L, DA =V BRICHIET D 8 DORFKFLFO>E Y P D 257, Hi T, ~I 78X
—IWVE~NEEW LT, VT =7 LE AW L - T Lautens & OHFREE~ L E W2, KRG
AFFHE cinnamaldehyde 7> 5 THEHUL 6. #IERIL A 225 15.2% T Lautens H O H A% 15
oo 7ed, HA=UEEE TIE S TR, UK 50% CiAEAliECTH 5,

% Ts MVK, [Pd,(dba)3*CHCI5]
NaHCO,;, MeCN | n-BuyNCl, P(o-tolyl)s, pentane
PSSt * S 1, 85%, 99% ce /l ~ 20°C, 62% dr=10:1
ote TR P Z  ph e '
Ph
A B C
O Ph o Ph O
P = o, ~< RUCl, NalOyHslOs /7 o e
SR 2 R H,0, CCl,, MeCN; N
D\Ph — O\ TMSCHN,, MeOH O\cozlvle
l?l N~ Ph toluene, rt, 37% ’Tj
Ts -i- Ts
S Lautens'
D . .
scheme 39 intermediate
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BEE FusAB
F—IH HEEE AFEEEROAES R

R EABRITTARLIC . 7~ ¥ 7% (Chondoria armata Okamura)k U D LR B HLEE S 4
7o 23, AP iﬁ;u%%{ﬁ'ﬁz%f IRTEA LIEHINTEY | KEOERERIC AR E I DERR
NREBERMTRDO LN TN, £ 2 TEELIINT Y I XOMASSE RUEA B E LT, £z,
K7 A 21X 1975 412 Alsidium corallinum &5 HEEEN D H5 LT D 24,

R A BROAEFIEM IR EN 2R L, I A = BRICHA 10 fFREOEEZ A LTV D
%@f:&DIEIE 20 T, Ex ) BOBRBRIER S H 525, RAMDIIMEIZ LG LN o7

. FEFNIT R VSR o T,
EAmi0104/7V/4kf%éf?:w*uyﬁkﬁw&°y%k@%a:ﬁ<ﬁm’
CREBEND EEZ BTV 25, HMia OUNEIE, EARBMER L2 T =V ) VL TS

2 /@&kﬂ%ﬁé\é Ko THLNIZ RUEAFERD 5 NI 2 DOFEARBNEF L T\l REZEH
FORIZ L > THEA SN TVD LIRIBSh TS

}\/\)jv
geranyl dlphosphate
/ /E\COZH .
CO,H

CO,H

domoic acid

CO,H

L-glutamic acid scheme 40
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BH BEOESEH

A =V BOERIIATER _H TR LI LI ICHBICZ OMERH D0, R UEABOEHHNE
KIHIZE > THRESINTZ 1HIOAHTH 5 26,

1982 4, Kt 513 Diels-Alder S Z$ENINE L7c RUEAROYID TOEREMEER L T2
(scheme 41), REFIZ L > TRUEABEONAAEENHS N E oz, L7 AX I VML FHEEL
7= AZHIREFRE LTB~EFE L, Yo &0 Dields-Alder SUGIIALE M ONSLARTERIRAIZ AT
L. HHO C ZH—DO N KBEMERE LTHZ, ST ak b =17 ATt RD ~EEHL-h, 2
DD T ER O ZIK%E TN ENE R -, 155z FIC wittig SOt % W CHIBHZ 8 A L
G 21571, Wb, AT b, KRG, 2 U THREIC L > TR EA I~ L,

\ -
H =
OTMS
BocN — > BocN | - @ @ @O @0 BocN .
toluene, 135 °C OTMS
H02C TBSO ina sealed tube TBSO H
A B c
iEKCHO table “JQQ/CHO \”Lﬁ
BocN SePh BocN ) + BocN . CHO
/| ’ /|
MeOC  Go,Me MeOC  Go,Me MeOC  co,Me
D E E
condition yield (%) E:D
03, -78 °C; Et3N 33 10:1
NBS; NaOAc(aq) 67 1:2
© ©® [ .—CO,Me
BrPh,P. OH SN
F : B
n-BuLi, THF COsMe
-78t0 0 °C
Boc
35% G domoic acid
scheme 41
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FEUE Toa AU B
BT BEE. AEEMROVESRRRR

Tr7aAY A KDRBIE, 19824, MAGIZE > THARDHEESX / 2 Clitocybe acromelalga
Ichimura (Fn4: @ FZ7 ¥4 a) Ko HEESh7Z 27, %0 1990 27 7 = XY R C 2% 28, 1992 4
W77 m A D KOVE SRS 7 29,

TraRA) BRI A = & FRRIC T A = R FSIRICAE U AARE S 2 R, £ OTEMED TR
SiE, INETRARIVEONTHENET I /IoF Trbm<, 7702 Ui A Db iRu,
K7 % 2 2L BE, B iE 3 KX OB AU IE I Bl L7 iR S B A 23, 2 DJER % 5| =
EZTHEIRGNT 7 A VBEAKRDOB THLEEZX LN TS,

EEHRREIT TROL I IZE L BN TS 18, L-DOPA 7 a XiE b ONLEIC TRALBHZA L=,
HERLLEY O VREZEKT S, W C, ToE=T7MEA LYY RU2B L%, ZVvy I Uk
EHEELTCT 7 AU U BAKOBA2G5, 77020 UED KOVE X, ZOAEARRKKICKIT S
HREATIZ ARV EBEZ BN TN D

COLH HO,C NH

H (0]
HOZC O NH;4 HO,C N O HyoN CO,H // —CO,H

HOzC - u co

OHC - -CO; [

N CO,H

H

a acromelic Acid A

OH
b a
HO (OH)

H,N~ >COOH
L-DOPA

CO,H R NH

L, cos
HO,C™ ™% Oy, O~ _COH  NHg _NFs o CO,H HyN™ "CO.H \ / Z_Co H
HOE G ~ :

SR s
CO,H

scheme 42 acromelic Acid B

y
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BIH BEOEHRM

T7uaAY A KRDRBOEKINTL HESNTWNDEN 30, Z 2 TIELVIEEORNT 7 1 A
U U A DERRIZOWT 3BT 5,

1986 4E, MARSIINA =0 L0 77 a A ) A ~DOERHIZHKL) L= (scheme 43), ZLIC &
D, 7 7aRxl A KO B OSSR & ERNARELE SR E Sl 808, A = fphk A~ LY
L7tk i3 UFEBET N U LERHWAVR~OEL, 7 AT —Hafr, £ L7 v E=T Z{EH
EH, 64%DINERTE Y Vv B #1587, Hi\ T, SeO2 & W2 A FILEED B VR U Be~DER(L A&
DHIRIZTC L Lk, MAERALHRIZLD T 7 XY VEEA ~EHW,

PhS _N

=, +—CO,H >/\/} OoTBS 1) NalO,4 OTBS
Y N\ 4 2) TFAA \ / .
- . —_— SN
&COZH D\/OTBS 3) NH, D\/OTBS
N
Boc Boc
(=)-kainic acid A B
HO,C
MeO,C 2 NH
—N / e}
— —CO
— \_/ —CO,Me ——* 2

(= cozH
CO,Me

Boc acromellc acid A

scheme 43

1987 4, @8 B35 1,3- BB IS 28BS & LT, 727 A U U A ORER %
% L7z (scheme 44)30%, (9)-Obenzylglycidol & HHFJFEFE LT, A~EEHLI2%, 7 raXy
B, 200 °CITMEAT D L, BREWRYOALFFXF UV AFAENRT I T M) T AL D B OH
MRz R H LT 1,3- BB LA N HEIT L, C 2B —DNREMEAR L L TR, D%, A4 —11D
A, B2 B0 TRICTEr Y 0 D ~ENWe%, BRicko e FUo2mEL, 77/ nm

AV A ORERAER LT,
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OB H H
n
H 0-CgHyCl o >:<_(H\\
OBn > yl\_" - =
S 200 °C, 73% S0 oen
Bn
(S)-O-benzylglycidol A En @) L B J
HO,C
NH
. o J o
epimerization N_
— —CO,H
— Y H —coMe —= T2
N~ COzMe N~ COH
Bn HO Boc H H
D acromelic acid A
scheme 44

1998 4, Baldwin 5%, "B TV 5%
TruaA) A DERKEIToT- (scheme 45)30h,

AARBIICIE SN T A MO Y FUBROBEEEIT,
trans-4-Hydroxy-L-proline A X V#FEE I N5 b

V77 —=FBIZKL, s KEHIZ 0 A7) KO HFFEREEAN LT, 2NLD XA F )L AT )L

ZETLTCT Va—)L b LIeBICKBERMEZITO 2

7L, 2450 E (9 EBLiG, TORNEmENEZ N TIA— V2R LF L L (ﬁ
R TERIb, T E=T Z/FHSEEY FUalgEL, 77X U UiRA D4

MeO

Suzuki-Miyaura

HO TfO  —CO,t-Bu
, Z_>\ cross-coupling  BnO
{mcon—= =

— >
N~ T COH COMe W10 BnO
H Bz
B(OH),
A B OBn C
MeQO CO,Me
Pb(OACc), /
HO
, o~ COxt-Bu M, / —
HO HZ—B\/OH 0°C,95% MeO:C _CO“ o
N
Bz
E (S)E' (R) = 11:1 B2
scheme 45
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& TR AT L0 SEABIR AR LA it

LS

H, (4 atm)
Palladium black

OH hexane/dioxane

COzt-BU
N

_COZ
L_>\co2

acromellc acid A




FBEE ANAAA /AR

HA A RHEIZ, 720 D3I HNRFL AF VI AGICkEx REHBEZ RO EWEETH
V. FTOERHIEVEIL 4 NOBHIEIC X o> TEIMICELT 5, BIziE, IA= 8, RUEAE, 7
71 XY g A ONETRARRIEMEDTR S 1XFFH 10 (5FEEZ (kT % (scheme 46),

HO,C

10 times / NH

10 ti
:{ —CO,H 0 times ~—COH 0

O\CO H HO,C CO.H v 3
o e [
H H N~ ~CO.H

H
kainic acid domoic acid acromelic acid A

scheme 46
HEOIX, A /A NED 4 (LOEBIEPTEIC G 2 DRI L, Bl ok K%
VT2 mVERR o A PRV T 2= VEITHEWERR DD Z L2 R LD 3, KRS, BEDILEW
(MFPA: 4-(2-methoxyphenyl)-2-carboxy-3-pyrrolidineacetic acid) i KIRIZIFIET HETDOH A /
A FEED ERWVIEEEZ/ R LTz, Z07d, MFPA %, AOAA /A4 FEOGKLZ @G5 INT
W52, ZITIREOTNL, 2WENT D,

1990 ., HESIINFHFEM D Diels-Alder Uiz #E & L7z MFPA &z 9@ THE L7z
(scheme 47)31, FFiER =17 v ) —)V A ZH3REEE LT, #NSEE B ~LFE LT,
S ERL D Dields-Alder i, i< BRLIZ & > T D 4-eprD = 99:1 ORI THD cis iR %15
7o REUSTIZ, BRI — A — b BRREREDORBUCKE S FEH LTS, Eoh- D 2fix
L, E KONMFPA ~ &7z,

= H
hv, toluene

+ —_— = > X =
HaN™_ - 15 °C
CF,CO, OH N ;\

A B C

Mn02 O\\;
64% (2 steps) >~ N~ ~COH
dr =99:1 H
E:R=H
MFPA: R = Me

scheme 47

1991 4, AE ST 4 MO H e 50w i~ S 72D, B Z SR O% Y TEAT St/
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B E S LU7- (scheme 48)32a, -t Fufxo 7ol o 2HEEEE LT, o I—hA~EFHE
L7=t%, #EE A2 W SRZEBONC K o> THRREDIVET 4 EOERS B 28 AL,
Bonle BEZENETNER L, MFPA 25T 4 FEfHO C ~&H o, Hoi Cloxt L CEMmEER
AT TofER, 47 2=V OILEMDB A = VB L [AEOIEMEZ R LTe, 0 F3HAE Tl MFPA # L
DOTEWEDRIRE SN p A KT T 2=V BHDINE op P A MX T T 2= VOILEMIL. A=
fe L0 BIEMERTENoT, DT END, A = VBZEERICBWT p iimmWEREL RO
DIFFRINIRNZ ERH LN E T,

OH : OH
HO TsO — Ar,CulLi Ar. -/
//O\ ~ S then CH2N2 ‘. N
— (N — (N
_—
N COH N CO,H N CO,H
CO,Et CO,Et
L-hydroxyproline A B
Ar yield (%)
Ar,  —CO,H Ph 57
— o-anisyl 58
_— O\COZH p-anisyl 59
” o,p-dimethoxyphenyl 71
C
scheme 48
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FT—E HRF—RFEROAN T I FE Claisen Ex{f D B3

FE—H BIEERROBIE

BEDARF KFE R ORI, EHES, PSR, B, £ U Tho EE R EBEEME 2 £ 265
TEMER & U TR D R 2 0=k BREE A RIREIRO AR I ELE L2 T uE 722 57220,
— BN HFTEMR A5 5 ERFIEIL D BRHEAEWOIETF5E, 2) SRR PERIZ 3 D 801G
LRFIH LIZAFERGE (T 07 —E), 3) HAEHEREREL R LG ~D YT AT L A%k
WA, 4) R 2 W SRR R 72 SOED 4 DICHhBISND, 1ES . KT DD FHED
WA, KA I7EE LCTEADISA bR ENTWD, L LR 6, RO+
fb&a AHEEMERICBIT XTI AVENT 4 77 ay 7 AL U CRMIICIEHT 24
it BETHLRE IR I TV, 287k b, F 707 —/ETHO LD IEATESCHEE 72
EDORIRERIL, MLV KREIZAFTELORFEER THY | REICAMENTH 2 L7 ke
IZH REICHE SN DILAEWRETE D Th D,

REWRFTNVT—ED 1 DL LT, BAEERKBRIEZ ST VL7 v 2 —nixd4 %(3,31-
VU~ ba BN OR B V | KEEEE DL % R IR B GO R E R~ EAAFEEE T
T 5, HHHEE T, RN AEON 2 B IREE L72[8,3]-2 7'~ b r B — a0 RS & VTR
FHRBIZ LD | Bex e R DR E R A M L T E o, AR TIL, RFRS & R KRR T 287
RFEE LTORAENR 1,2-7 UL DA — T+ 5 B A - — R Claisen #30L50G (1-2—38) K
ONERER Claisen/Overman BA7 G (1—4—5) OBAFSIZEEI L7 (scheme 49), —fi%iz, 7V v
VAN LKLY e i E 2 WA DI 1 EHOEMIZEIT S 1 OFRET VL
TN a—)LOLREN R R TH Y | 2 FEH O ORI 2 a2 BE L2 T b ey, —F, Bk
DALEULICFIETIE, REEDOREEMNAETH D, £70, WIHERREZRHT 72D, mn
SEARIEIRMEIS TROS D EITT D,
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R2

Claisen R?
OH

scheme 49

=07 A = UBRITH B ERARY TH D | Ak S BB OEK

BrAl & L THWbTE T,

NEXRFEIR S %

41

L LR 6, e, MRy i,
AN SEDAFFEIZ IV DD T2 8D Z DRIRDOREID
PROHLNTNWD, €I T, ARIEOA MR REEZ R T2 OEK
=0y b LT, O =0WmaBRL, ZOREMEZERLIZDOT

O
_______________ > R~ R?
Claisen o)
X
3
X
O
_______________ » R~ R?
Qverman (0] NH
CCl,
5
Frlzoh :/ ~—CO,H
AR AT RE 7R R O\
N COy,H
H
(—)-kainic acid




B BEOEGEHNY S~ bu —0R)GH

INFET, YMRBEEBD L THHREI N —TIZL - T, 2EMEAEH LWL 3 EEEEFFOVA—
MRS B B A — R Overman #(7 & O Claisen #5723 ST\ b, £, 7V L4 —b
ZHRWTHELZ 1 ENCHIET D40 7 2 FALO Overman #5047 6 37Tl d 523, HbE ST
Do REITIX, 26O ZBHIZ5 T TR T 5,

B—IH H A — F& Overman Ezfif
1998 4, Banert 5% 3-7F L -1,2-V A4 —/L A ITk9 5 1 A — R Overman 4§57 % 45 L 7=

(scheme 50)33, YA —/LAZE AL IT—hF B~EEHL721%. 400 °C OKFSLETIMEL - & =
A, JI A — R Overman #5005 T L, (B MAZ S E AT I F C 2 HFREDINE TR,

CCl, o
CCI3;CN, DBU gas-phase
OH CH,Cl, HN)\O thermolysis JkCC,
OH ————— o._Ccl >
% ~40°Ctort /V N® 400 °C/10° Torr C'SC m/\/
97% NH 40% (E:Z = 1:4) o
A B c
scheme 50

2001 4. Knochel SITEHRIEMER T U LA — x4 5 8 A7 — R Overman 8507 2 845 L
7= (scheme 51)3, T U NI A =L AZEAAL IT—F BAEFHELLE, UL, NMBGERR
T L. HFMENERSNT-ERAT I RCRELNT-,

CCI,CN, NaH CC's o Q
~OH o THE _ xylene CI3CJ\N

H -
reflux HN CCly
OH 56% (2 steps) i
c:|3 I

A (99% ee) B C (99% ee)
scheme 51

2008 F, MHFFE=E TIEA A7 — R Overman B 280G & LTz, 58)7ehiA v 70> g
PE% R A315675 DA A i L7z (scheme 52)35, WHAMEY A Y 7R EANLFEE LT VL
VANV AEEAAL IT— FBEEB UL REET N Y U AMEE T EE T 155 °C I T 5 & |
B A — KL Overman S8 EfT L, BAT 2 K C 2 H—ONEKEMEEKLE LTHE-, 55172 C
AR B, A-315675 ~LiHUN Tz,
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OH OH CCIsCN, DBU HN” ™0
. COyi-Pr —» R R? Ot | R R?
i-PrO,C — ;
-15°Ctort HN o)
OH OH 76%
diisopropyl D-tartrate A B ccl
CCl,
NHAC _—
HNAO =N
Na,COs, O-Xy|ene= RW\ i .
155 °C, 83% S — MeO ~ HN—
in a sealed tube \’y COZH
CCl; C A-315675
scheme 52

X 512 2009 ., HHFIEETIE A A — R Overman B 285 & LT, Q- T T AXF
DA EERK LT= (scheme 53)36, AT A T /L& HFEFERIE LT, TV A T4 —L A~LFHE
L7e#%, NV Zma7te b= U VTUHL, BEAXAALIT—FB~EEW LT, Hoiiz B &Rk
TR U LAFIET, BEH 120 °CI2MENT % & B A5 — KB Overman #5037 L. BA7 2
R C ZH—DONRRMERE LT T1%DIR TR, SOz CEMxLH] L, 77T AZTFr~L
ECATRY ol

CCl;
OH CCIéﬁNC:DBU 0] NH
COMe ——= PhS _~°¥2 _ PhS ™
MeO,C T 20Ctort h
OH O.__NH
dimethy D-tartrate A B CCl,
CCl,
O~ 'NH
Na,COs3, toluene= PhS & “
120 °C
71% (2 steps) O%‘/NH
in a sealed tube CCly
C (-)-agelastatin A
scheme 53
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B b A& — KA Claisen Bxf\f

Claisen $A(71EZ DA HME & fEEMED 2 < OREGIDFFE L, A A — AL Claisen #4Z(Z-D\
THELSHESN TN D, LoL, BRILEMZIRE L Lo A7 — RRIOBEFIZZUIE ELL
R, T 2T, BEMIRD Y A — ATk B B A — R Claisen #5712 DV TR 5,

2001 £, Kotha 5% 2-7F L -1,4- VA — /L Ak L~A 7 17 =—7 % H\ T, Johnson-Claisen
WL AAT D &, A — R Claisen #(23EIT LY = A7 /L C BRENETH LD LA L
(scheme 54)37,

H CO,Et
© MeC(OEt), EtO_ _O 2
AcOH, DMF \W
I . .,
microwave
94% CO,Et
OH i 2 CozE
A B
scheme 54

1987 4. Curran HIZBHRILEMW O L Fu 'S ik A 1K L TH R4 — R
Ireland-Claisen (. 21TV, T AT LA ZFRTY T AT /L D ~EE N2 (scheme 55)38,

o o CO,TBS COMe
| LDA, toluene | 2 HF, HMPA 2
then TBSCI o H20
(e} - = - -
reflux (0} then Mel N
O&J‘\ OY TBSO& \l/ KHCO.,

O L OTBS} COzTBS 45% (2 steps) CO,Me

scheme 55
2008 4E. MHFFEERETIE D-ZAD—ANELFEELET U ASH—L A ICkT 2D H A r— R
Claisen #5/71Z K> T =#k, WUHEAFIRFEZ —ZFICHEZE L, morphine O EE A EK LTZ
(scheme 56)39,

[ MeO
MeC(OEt); O
- . 2-nitrophenol _ MeO
E—
140 °C, 36% N
in a sealed tube ‘ CO,Et
HO ]
D-glucal 5
MeO MeO
— MeO COEt ——= S
\N\C%Et -
HO
C (-)-dihydroisocodeine (=)-morphine
scheme 56

44



B=IH A/ ;7 I FE Overman B&{if

1984 4F, Vyas H 134V b7 X N Overman #5725 L7- (scheme 57)40, YA —/L A% RV
saa7 2 = bUALTRIELIZEZA, EASMIT—F B &2, IR TIEH D034V FT R
K C #4372, 55172 C% 180 °CITMEA L 7= & Z A, BABR L7-t%. Overman ¥ 3 HE1T L, BAF
RINRTT VLT La—L D &5,

CCI;CN )N]f 5 O.__CClg 5

OH Na 0~ >CCly : Q _ccly t-BuPh !

| — || + >< — " . HN .

OH 70°C O.__CCly : g NH; 180 °C, 80% OH |

i : ~

A B (63%) ' C (8%) D !
scheme 57

2011 47, HF%E=E T4/ 87 2 R Overman #5407 Z ## /)i & L7z broussonetine F D25 Ak
ZiERk L7z (scheme 58)41, D-UR—AMDLFEE LT UNATUA—IVAZAN T I KB ~LAEH
L7c#%. BHT fFE . HEH 180°C 12 L= & Z A, BBRIZHE< Overman #5753 LARZIRAYIZ
HEITL. 7 U AT N a— L ChaH—DONREMRE L TR S b7 C a2 HEix ZH L broussonetine
F ~ &gy,

HO OH OH CCI5CN, DBU
“ N - \ R2 ZnC|2, CH2C|2
1 >
Ho&o” - RO 0°C, 73%
o OH
D-ribose A
OH OH
cat. BHT, tBuPh RIS R N =
bl L U (S
180 °C, 67% Oy NH  — 7 \
in a sealed tube Y HO\\ o4 HO O
CCl,
C broussonetine F
scheme 58

B BHEETICHRESNTOD A — MR OA L BT X FY V< b u E—iR LI OV T
LT, BRRT U AT v a3 —uizxtd % Claisen Baf71E, Z OMEXIE 22 ARSI MED =0, £ < O
HHINRBHY | I A — R Claisen 5~ L JSH S TWS, LinL, Sk T U v F— L2
ST/, ZORBIROLNTND, £z, T U ATA =3t U TIRERLDOMAE 2 /87,
Biend 2 MEOWBMEZEATHZ Ei1E. ZRETRAETH-7, LrL, £LEHBITo TN
AV h7 X R Claisen #5722 HHWALXZ R ATREE 72 0 | #2WN T Overman (7 21T 5 @GR
Claisen/Overman $5( [LERIEV S & 72 D,
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B TIUNATF—IOFHR

R OEN SIS Z R T A7, LLFIORT 6 FEOT VLA — V2]l Lz, 723, 2 50K
WEIEDS syn OBMRICH DT VAV A — I DWEATEY A TF b, 2 L TCanti D7 V)V A —/L X
D-VAR—ANSFHEE LI,

FB—IH T YN-symPF—LOFRE

D-ilA R DEEAI D 3 TR T, A 5 O /KERIEZ MPM JE TR L7277 /L 21— )b 642 ~ L3N T2 4%
Swern FR{LIZ L > CT7 /AT b K& L7z (scheme 59), 7235, o7 /AT b RIZHEFEICARELET
ol BIRBMED B ZITV, IROISMIHWTZ, #i<. Horner-Wadsworth-Emmons )i
HWE SN X 2T, REfIT A7)V 748 2187 (BZ = 5:1), b7 AT /L TaldZ OBMET
T BERNEECH 72720, IREWDEE DIBAL (K- TT7/va—v 8 ~EiEiEL, ZOERET
E, Z % B U, 156072 8 DK A X UV ETIRGE L7c#. 80%NER/KIEK T CT1 V7
o) FURERREL, BT Y -synr VA —L 1la L LT,

1) (COClI),, DMSO

O OH 3 steps (0] Et;N, CH,Cl,, —78 °C
OMe —_— OH -
MeO MPMO ! 2) Ph3P§/COZEt
OH O toluene, 100 °C
dimethyl D-tartrate 6 98% (2 steps)
@) o BnBr, NaH
_ DIBAL, toluene P OH DMF
MPMO CO,Et > D ——
5 ? ~78°C, 80% MPMO 0°C to rt, 65%
(e
7a (E:Z=5:1) 8
o 80% ACOH OH/ oo
OB _—
MPMO = n 4, 83% MPMO/“j(J\«”\v/
9] OH
9 E-syn-1a
scheme 59

WwIZ, Z27 U v-syn VA —) 1b Z % L7z (scheme 60), EREO 7T /L2—/1 6 % Swern fiRfk L
Ttk HEDICK > Tl SNz 23872 HWE SUGIC L » T4, BEZ= 17 [ CTREM—T 27V
T 2372, #WT, BT Ub-sym ¥4 —/v 1la O & [FIFRIC DIBAL &, N VLR, £ LT
AT T UROREIZE ST, Z7 Vib-syn VA —/V 1b i L=,
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1) (COCl),, DMSO

o EtsN, CH,Cly, ~78 °C O GOEL  piBAL, toluene
OH - / -
MPMO 2) (PhO),P(0)CH,CO,Et MPMO -78°C, 62%
o) NaH, THF, -78 °C o)
6 84% (2 steps) 7b (E:Z=1:7)
OH BnBr, NaH OBn
o DMF o 80% AcOH
P —_— Pz
MPMO 0°Ctort, 94% MPMO 35 °C, 88%
o) o)
OB
10 11 oH n
MPMO =
OH
scheme 60 Z-syn-1b

Wz, =BT U b-syn- YA —IL 1c il L7= (scheme 61), Litod 7 /v 2—/L 6 % Swern fig
fELTHLNTT VT FETRISRTZEA U K& HWE KISIE, FEFICRVY EBRYETHEST
L7z, feW\WC, B7 U b-syn- A —/L 1la OF# & [AERIZ DIBAL 2o, N VR, £ L TA Y
Irv )T UROREICE T, ZEBRT U V-syn- AL e A LT,

1) (COCI),, DMSO

o) Et;N, CH,Cl,, —78 °C O Me DIBAL, toluene
OH > = -
MPMO 2) Me MPMO CO,Et —78°C, 82%
(0] - + (@]
BrPhsP” “CO,Me
6 EtuN, CH,Cly, 0 °C 12 (E:Z = 14:1)
91% (2 steps)
BnBr, NaH
o Me DMF o Me 80% AcOH
= OH—— = OBn
MPMO 0°Ctort, 80% MPMO 40 °C, 82%
(@] (0]
13 14
OH Me
OB
MPMO = n
OH
scheme 61 tri-syn-ic
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B TVUNantrTF—/VOFER

D-UAR—AL VB 2 TREZ T, ~I T8 H—/L 1555 ~ L%, BRAEAAIE T, ZEA Y
RZWML 80 °CIZME L 7= & = A Eip ERO A fIFI= A7 )L 16a46 2 B2 (BZ=1.3'1)
(scheme 62), #+5i17= 16a D/KEEFEZ FAMESME T, MPM &2 & - THR# L7-t%. DIBAL &7t &
STTIUNTa—L18 & Lz, HiW T, E UKL X UV THRE L%, S80%NERE/KIA
W, 40 °CIZINENT 5 & 1,2- A — LV OBRENHEIT L, BT Y v-antir ¥4 —/V 1d #1572,

HO  OH >< PhsP? “CO,Et
2 steps o~ o PhCO,H, benzene
WO\/OH — i
HO™"Ng L\ 80 °C, 85%
') OH
D-ribose 15
NH
MPMOJ\CCI3 DIBAL, toluene
CSA, CH,Cl, 78 °C, 84%
rt, 77%
17 18
BnBr, NaH OH
DMF 80% AcOH =
o or T o e MPMO = OBn
0°Ctort, 96%  MPMO 40 °C, 82% A(I;\/\/
E-anti-1d

scheme 62

Wz, Z7 U v-anti- ¥4 —/v 1e Zii# L 7= (scheme 63), LFidO~I 74X —/L 15 2% L T=
b, HWE SR ZATV Z RO R AT 2 7 L 16047 & B eI H 7, 15 H 417z 16b 2 MPM {7,
DIBAL iEi, XU UMRiE, 2L TA Y 7a V7 v EOREICE ST, Z7 UV v-anti- ¥4 — v
le ZEBL L7,

NH
PN
N PhyP?” “CO,Et MPMOJ\CCI3
Q"0 CH,Cl, COEt CSA, CH,Cl,  DIBAL, toluene
O»« rt, 94% HO rt _78°C
o~ "OH o 84% (2 steps)
15 16b (E:Z = 1:3.3)
OH BnBr, NaH OBn
DMF 80% AcOH
—_—
0°Ctort, 92%  MPMO 35 °C, 90%
20 21 oH OBn
MPMO =
OH
Z-anti-1e

scheme 63
Wiz, =BT VU b-anti- A —L If ZF#E L7~ (scheme 64), ~I 7 k&% —/L 15 & FilDLE
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AV REDOKISIFE, FEFICRW BBRIRETHEIT L (B2 = 12:1), 2B, oz Rfafi= A7 v
D E, ZITNOE 2 & » TIRE LTz, 22 DHE, afiDAF &y DT m b L ORI 5
NIZDIZH L, 28 DEE, afiDAFILE BT v v L ORICHBR AN, T, 15
b= 22, 28 X NENE, ZLPE LTz, W T ERE R TIET, Z@EHBRT U b-anti- VA4 —

LV Af LT,
Me

>< 2\Cozl\/le

PhsP

D«« CH,Cl,, rt
OH 84% (E:Z = 12:1)

o
O

wh
I’I

O] @)

Me

22 (500 MHz, CDCl5)

NH

X

MPMO™ “CCl,

CSA, CH,Cl,
rt, 85%

BnBr, NaH
DMF

H _—
O°Ctort MPMO
80% (2 steps)

scheme 64

49

23 (500 MHz, CDCl5)

DIBAL, toluene

CO2Me -78°C

80% AcOH

OBn
35 °C, 90%

OH Me

= B
MPMO & OBn

OH
tri-anti-1f



FIUE B 24— K Claisen Bx{\f

flix 7 U NTA—v laf OFEEZ5E T LD T, A5 — R’ Claisen 857 DOBARIZHLY #4752 >
Too BWFEETIX, FTRRO X I RBERT VAT A— 1 27 12503 % B A7 — R Claisen #5071 41T 9
Lo 1 E R ORRALITHEN T 2 BEH ORRALAANEICHEIT L, ST 25 2 BHEGIK 29 " Ebid 2 &%
FH L TW2 (scheme 65)39,

MeO MeO
2-nitrophenol O O
CHC(OE); MeO CO,Et MeO

- | —_— CO,Et

140 °C 36% SN
in a sealed tube J\ ‘ ‘ CO,Et
EtO” O

28 29

scheme 65

T T 2TICRTHRMEESEIC BT ) v-syn VA —)v 1la ZHE & LT, B A4 — FAI Claisen
AT OMiE 21T - 7= (scheme 66),

OEt
0)
/\l)oi/\/OB acid, MeC(OEt); OBn
n -
> Z
MPMO 140 °C MPMO
OH in a sealed tube o
OEt
E-syn-1a 30
entry acid yield (%)
. o] EtO (0]
1 2-nitrophenol 22 MPMO _ OBn
2 4-nitrophenol 14 o
3 EtCO,H 14 31

[a] Isolated yield. [b] Yield of 31 was 62%

scheme 66

filtii £ 0> 2-nitrophenol /77E . MeC(OEt)s ¥4 & LT 140 °CITIIEAL 72 & 2 A, ®Sd 52
[RIEAA7 AR 80 13T 72 22% LG H LT 62% DR TERR A /L b= 27 /L 31 345 HAL7z (entry 1),
% ZC. FEfikftZ 4-nitrophenol X° EtCO:H (ZEHE L7=b DD, WROm EIXR S0 o7-
(entries 2 and 3),

% Z CT.MeC(OMe)2:NMe: % V1% Eschenmoser-Claisen 5\ 247> 7= (scheme 67), & DR,
ICERITBIEZm B L, kST 2 2 [BIERARZ H—DOSTREMER & LT 87T%DINHE TR,
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NMez

OH MeC(OMe),NMe, (o)
20 equiv.)
_~__OBn ( . OBn
o /
MPMO/\l)\/\/ t_Buph, 180 °C MPMO
OH 87% 0
in a sealed tube NMe,
E-syn-1a 32a

scheme 67

BFoONIEART I R 32al3HRILEM TH 5720 Z DONAKRIEILINEETH - 7=, & Z T Schwartz
AL S TOAFAT I RET AT & RNEEBM LT, DFAT V= RISICE->T 5 BER
fb&W~ & BT 551 4 VLT /- (scheme 68)48, 1% 5 i17- 82a IZ Schwartz iRR¥EAEH T 5 &,
RMMIZEAT AT B R 83a WA LT, W TMIEEO Y U DU fFE T, BIESMEICTHRET 2
&L 2fEHDOY 7 m T v 34a, 8ba AVER LTZ, 5572 86a 1% LT NOESY Z##illiE L7z & 2
A RKEANZRT X 9 72 NOE MR iz iz, A A — R Claisen 42133812 6 BERERBIKE
gkl L, EARRVARRIRETEITL TWD Z 2 MR LT,

o (0]
Me,N s Cp,ZrHCl, (CH,CI), ) OB
MPMO™ n rt g MPMO™ > "
MezN "
o) 32a o) 33a

piperidine  MPMO MPMO
AcOH, Et,0O _\— ~—O0Bn _\* ~—OBn

—» \\ + \\ p—
rt ; \ ; \
OHC CHO

34a 35a 35a
(5% for 2 steps) (15% for 2 steps) (500 MHz, CDCl5)
scheme 68

WIZ, REOEEM 2 DT VA —v 1bf ~Ei#f L7z (table 1), Z7 VU b-syn- ¥ A4 —/L
1b #E & LA, R REME CARUNMTEIT L, 82a E VT AT LA~—DBIRIZH D 2
[RIHRAZR 82b & 81% DR THE7= (entry 2), 7B, AV 7 4 D E, ZITSOGHE K OULHEIZIZIE
WRE 2otz ZEBRT ) Vsynr VA=V 1e BB L LIz L 2 A, RS 5 ORI IR
PREAET D k. PURRAS A IR 3R & 5D 2 BRI A S8R SIREINIE CA R L 72 (entry 3), ¥KIZ.
E7 YV v-antir oA —N 1d KON Z7 U v-antir VA — /v le B & LT-%E. sym VA — L0 %
FOGIT R EIT U, kb3 D EaAL1K 82b & TN 82a % F 141 88%. 80%DINE T/~ (entries 4 and
5 ZDX I syn KW\ anti VA —ND E, Z A EHE T, [FA—DEMEEZFHHTX 5720, &
FIEMERbEME G T DRI, AV — MEFRIRICAE CE 5, ZEfi-ant- VA4 — 1f OG5
SO BAFIZHEIT L syn R 1le 5 D 2 BRI {K 82 DT T AT LA~ —"Tdh 5 82f 157 (entry
6).
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NM82

OH R3 MeC(OMe),NMe, 9] 3
W (20 equiv.) R
2 > / 2
MPMO R FBuPh, 180 °C MPMO R
OH in a sealed tube O
1 NMe, 32
entry substrate product time (d) vyield (%)
OH Me,NOC
= OBn
1 MPMOW MPMO™ OBn 87
OH
E-syn-1a Me,NOC 32a
OH OBn Me;NOC
= =
2 MPMO MPMO = OBn 2 81
OH
Z-syn-1b Me,NOC 32b
OH Me Me,NOC
= OBn Me
MPMOW g
° OH MPMo/\/\/I/\lVOB” 2 66
tri-syn-ic Me,NOC 32¢
OH Me,NOC
% OBn z
MPMO™ Y NN :
4 OH MPMO™ >~ OBn 4 88
E-anti-1d Me,NOC™  32b
on OBn Me,NOC

=
5 MPMO MPMO/\/\/l;l\/OBn 1 80
OH

Me,NOC 32a

Z-anti-1e
OH Me Me,NOC
A OBn :_Me
5 MPMOW MPMO™ P OBn ] 82
OH
tri-anti-1f Me,NOC 32f

[a] Isolated yield.
table 1

WIZ, FFHNTIZE AT I R 82b, 82b, 82¢ DKL F% BT U b-syn- ¥ F—/b 1la OEE L [FERIC
HE L7 (scheme 69).32 DY AF /LT 2 % Schwartz i3I L > TT7 LT R~E B L=,
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DTNT NV R—=IAEIRC L > Ty a7 34, 85 ~E A L=, 5517z 34, 85 Tk LT
NOESY #HIiE L ViR ZMER L2 ZA R TTHEY ONAREEZ AL TV BLEDOZ &0k,
AREINIRAND T VAT d—Zhnb b7, 1EE, 2EHEC 6 BEREBIRELZ &M L THEL2R
SEARTERPRE CROSAHETT L, 2 DOKBEDNKMEFEEZ B AT I RALIETE L 2 &AL LA
<77,

Me,N 1) rCt)pZZrHCI, (CHJCI), MPMO

OBn OBn
MPMO™ > — >
2) piperidine, AcOH
Me,N Et,0, rt OHC
34b

Wa
H

o 32 20% (2 steps)
MPMO H*\_0Bn
_\—%
—
H CHO
o 34b (500 MHz, CDCly)
1) Cp,ZrHClI, (CH,CI) MPMO
Me,N 2 2%l)2
° \‘MeOBn rt _\_ \s_OBn
MPMO™ > — - < Me
2) piperidine, AcOH
MeoN Et,0, rt CHO
o 32 27% (2 steps) 35¢
MPMO H™N
Me
OBn
H
—
H H<—""CHO
35¢ (500 MHz, CDClj)
0
Me NJ\_ 1) Cp,ZrHCI, (CH,CI), MPMO—\_
2 = MeOBn rt OBn
MPMO™ > —— - ! Me
2) piperidine, AcOH
Me,N Et,0, rt CHO
o) 32f 36% (2 steps) 35f
MPMO H*_ogn
‘\%e
=\ /
H<—""CHO
scheme 69 35f (500 MHz, CDCls)
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FBHE AN M7 2 FE Claisen Exif

FE—H AV b7 X FE Claisen AL DBAFS

B A — R Claisen #8507 (1-2-3)DBAFICHKLI LD T, &iZ,

TUNLTA—L 1 Ik LT

Claisen $ix(\7. % 1 [A[IZHIHH L 7=, 72 H8sA O (Overman $5(74%) O3 F % 5l L 7= (1-4—5),
L2xL., AL, 1B O Claisen S8BT L=, ZUC7=7 VAT ) a— I LT 2EED
Claisen ¥\, (4—2—38) ST T DEISILOFREMNEN BV . ZOFHINSZE & 72 % (scheme 70),

B X ] X
(@) (@)
————————————— > R1 AN R2 B R1 = R2
Claisen O\’/ Claisen 0
X X
OH - 2 - 3
R? :
OH !
1 : X
X
(@)
_____________ - O . RI_~ R2
R! X )
Claisen R Overman O._ _NH
OH
CClj
4 5
scheme 70

Z ZTCH T, AL E 1 ENSHIET S FiEE LT A7 — R Claisen a2  BAFE 3 5 BRIZHEIE
L72B81ITAER Lz, T7bb, ALz 31 ZMMBUFE T, SIS L. BIBR, Rk,

Z LT AT L. E(7 % 1 RICHIE L7z 38 2345%

>N5 L& 27 (scheme 71),

OH
__ oBn MeC(OEY), EtO-0 omn
VEeAVEYS N
MPMOW acid  MPMO = A
OH 0
E-syn-1a 31
B OEt | OEt
o) o)
R! — X OBn
R2 MPMO
OH OH
37 38
- - scheme 71

+
OE

—

0]

]
R\l)\/\Rz

OH
36

LU, Tlx ORI N OV 2 IO TR L 7228, BB & 2 WISIEE N 2 2 DT, A
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FID 1 [EHEN AR 88 13AF e odz, FIKE LT, AV Fm ATV 1 MEETE D720, BHERM

EITLIZS WD Th D EEXT, T T, BEER 7LD & & DI LIABZ D L0 BIERDSHETT L
LT VRNLA L P TI FE9ERRMT D FIEE LR L, MFE1T o7 (scheme 72),

KT BT VI b-synr VA —)L 1a il 2 & D MeC(OMe)sNMez 2RI L, FIR CTHELIZE Z A,
TLC KOXNMR IZ LV BRIKA /L R T X K 89a DI st L7z, £Z T, 89a %D FE F 160 °C I
MET 2 & BRO 1 BHEAIR 41a & FARKD & L TR (entry 1), LU, [FIFEZ 2 BIHEALIR
32a b NDILR TR LIz, T DIZ) 82a DAEKZIHIT~ | WML 1 FEICHET D L. 32a
DOAERITIHI L2t 0D, 41a ODINEME T L2 (entry 2), S 52, RIEDOYE, PEL, Ko
B, & U CRUGRFRIZE 2 f8 2 G L7223, 4la IHBINIICH b e o iz, RIS, SO RER O B

W DR EHED R, 89a MK LT-th, ELFaT7——TRAERMULIEE 2 A, BIRMEITEIR

Wi B L, 41la ZEICGETHE T (entry 3), 2B, EL ¥ 27— — T AOEENZOWNTIE, @R
RIEE DT DIREB DD EEZTND, ERE RO N HELF a2 T — /—72%:{%73113“25 &
AV 8T X RO IH S, RS R R S 415,

OH oB MeC(OMe),NMe,, o-xylene Me,N o
n > OB
MPMOW\/ t MPMO = "
OH in a sealed tube O
E-syn-1a 39a
addiive| 160 °C
NMe2 i NM62 h
(0] B (0]
OBn OB
MPMO/\l/\ : MPMOW\/ n
OH OH
41a - 40a -
i bl bbb \ MeC(OMe),NMe, B yield (%)
- Me,NOC -
E 2 E entry (equiv) additive 41a 323
EMPMO = OBni 1 2 none 52
| | 1 16
; Me;NOC™ 320 none
--------------------------- 3 2 MS4A 91

[a] Isolated yield.

scheme 72

W2, FlF EBA%E L7=A4 /v F 7 X R Claisen $a(7 O3 HEIFHZ D X FiAxOT VL4 —)1
VA Lz, B30T U b-synm VA4 —)b lac DFERAZRT (table 2), Z7 VU /V-sym V4 —/L 1b
BB L LA, MOSMIBHFICEIT L, BT U b-syn VA4 —/L 1a ® 1 BRI 41a DT T A
T LA~ —Ths 41b ZULE 89%, H—ONIREMER L L THET- (entry 2), AL Z@EHRT UL
~sym VAL 1e (2% L CHi H ATEE T, 95% & BIE D LWIER T, WSS B 2R USRS 75 R 36 & 5
1 [FHEATAR 41e #4572 (entry 3), ZD X D2, NEFA VT 4 VD E, Z, —BHIZHr1HbDLT, K
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JEIE BAFIZHELT L RIS T2 1 BIEEALARAS @R B ONAREHRIICE b D T E N LN LR o7z,

OH R3 MeC(OMe)zNMez 3
o-xylene Me,N o R
5 -
OH in a sealed tube 0]
syn-1a-c 39a-c
160 °C
MS4A 4d
NMe, N NMe, |
@) 3 O/& 3
\‘R - R
MPMO/\l/\ R2 MPMOW R2
OH OH
41a-c 40a-c
entry substrate product yield (%)l

GQNOC

OH M
7 OBn
0B
: MPMO/\I)\/V MPMOAl/\Jv n o1

OH

OH
E-syn-1a 41a
on BN Me;NOC._
P :
2 MPMO MPMOWOB” 89
OH OH
Z-syn-1b 41b
OH Me Me,NOC
7 o8N /\l/\)\M/e
MPMO . A _OBn
95
OH MPMO
OH
tri-syn-ic 41c

[a] Isolated yield.

table 2

Wz, 7V -anti- YA —v 1d-f 1@ L7z (table 3), %63, E7 U b-antir VA4 —/L 1d 2 3E
Ll A, AT I REARERIZBNT, 7Y b-synr ¥ A —)V lae ER—DO&KMN (Fik., 3
FEEDCIEL, B R TAN b T I RIS o7 (TLC ETHRTE %), £2°C, 1d I
MeC(OMe):NMez UL, o LU ZIEEEE LT 60 °C T 6 IFHIMENT 5 &, 2 THL TR
R 89d ~DEWNHER SN2, T DD T X 2T —2—T AZRML 160 °CITMEA LT & = A,
HAAZIE lae IZHA TR 1.5 H TR L oxtind 5 1 [EHEA7A 41b % 80% DI THH7- (entry 1),
ZDX D7 syn & anti \Z XD RISGMEOEWIZE L CiE, FHARE TR 5, Wiz, 1d ITHWES
% Z7 U v anti- VA —/V 1e il Lz & 2 A 35T % 1 BERAI{K 41a % 81% CT157- (entry 2),
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ZE-antr VAV 1f OGE . LA L0 EIR B OERMTIT Y &, 84% & HINERT41E ™56
72 (entry 3),

OH R3 MeC(OMe)ZNMez
H o-xylene
2
MPMO R 60°C,6h
OH in a sealed tube
anti-1d-f
1 o
MS4A 16% dC
NMe, N NMe, |
o R3 - ?/K R3
MPMO/\I/\ //Rz MPMO/\l/\%RZ
OH OH
41d-f 40d-f

entry substrate product yield (%)

OH MeNOC._

A~ _OBn :

1 MPMO/\C|)?\/\/ MPMO/\l/\/\/OB” 80
OH
E-anti-1d 41b

on OBn Me,NOC

AP
2 MPMO MPMO/\l/\j\/OBn 81

OH OH
Z-anti-1e 41a
OH Me

Me,NOC._
~ OB :
3[b] MPMO/\l/\/\/ n :_Me

N a OBn 84

tri-anti-1f OH 41§

[a] Isolated yield. [b] The reaction was performed at 180 °C for 1 day.

table 3
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B _IH  HEH Claisen/Overman E:{7 0 BHZE

T U A—L 11Zx LT Claisen 85/ & 1 [ENZHIAEHF 54 /0 57 X Y Claisen 47 DBHFEIC
R LD T W T AT VAT a—/L 41 12%F LT Overman 857 % fii L 7= (scheme 73),
E7 YV )v-syn- VA —)v 1la bbbl 1 HEEfifk 41la 2 ) 7o 72 =Y L TREL, A
X7 — b 42a ~EEW LT, IKEET ) U SMFEAE T 40, BT 140 °CITMET 5 & Overman 44
NEDETT L, XIS T DHAZIK 43a & 2 TRRIUER 80%, H— O NREMEARLE L THT,

NM62
NM
©2 Cl,CCN, DBU o
O CH2C|2 OBn
> MPMO
MPMO/\l/\ OBn rt, 79% /\(l)/\NH
OH
41a CCl; 42a K,COs, o-xylene
140 °C
in a sealed tube
NMe, 84%
O
OB
MPMO™ 7 N <
(@] NH
CCl3 43a
scheme 73

WA, KRk& 72 1 AL 41 12%F L C Overman $5(2 21T~ 72 (table 4), 7235, table (Z(3 bz L
LG LT AHHIC, TUATA— 1 & EFH Claisen/Overman B4R 43 207~ IR AR
AV v 7 2 R Claisen BT O ER, FRINEG ST U LT /L3 —uhb O Overman B DU ER
ELTR# LI, 2 BHOT I AYA =N/ oNTT VAT La—/L 41a, 41b (KT 5
Overman $&(7IX B 12#47 L, Claisen/Overman 8571k 43a, 43b %157~ (entries 1, 2, 4, and 5).
— . SEET VNI HA—AnOELNTT VLT /L a— kT 5 Overman B5071%, T 02X
FHPET L7z (entries 3 and 6), JRA & LT, #r L < AT D =B DB IURRRFED & H T2,
NEARHJZIABG W, IURN LT LB LT,
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NMez

3 MeC(OMe),NMe,
w\ o-xylene, rt or 60 °C 0]
Ty
MPMO R% thenMS4A, 160°C  mpMO
OH in a sealed tube
CCI,CN
1
DBU
NMe, NMe, CHCly, rt
o) o)
R3 K,COj3, o-xylene “
2 -€
MPMO 140 °C MPMO
Oy NH in a sealed tube
CCl, 43 CCl; 42
yield (%)l
entry substrate product 43
41 43
OH Me,NOC
= OBn
1 MPMO/\EELV/\\/ MPMO/\V/\T:L\/ 91 80
Cl;COCHN
E-syn-1a
on ~OB" Me,NOC._
2 MPMO Z MO 08" 89 81
OH Cl,COCHN
Z-syn-1b 43b
OH Me Me,NOC
= OBn Me
MPM /\1/L\/L\/ .
3 © OH MPMO/\/\l/\l\/OBn 95 73
Cl;COCHN
tri-syn-1ic 3c
OH Me,NOC.__
= OB :
. MPMO/“\r”\é%\\/ " >__OBn 80 81
OH MPMO
Cl;COCHN
E-anti-1d 43b
on OB Me,NOC
N
5 MPMO MPMO OBn 81 80
OH Cl;COCHN
Z-anti-1e 3a
OH Me Me,NOC._
~_A~__0Bn :_Me
B b
6 MPMO MPMO OBn 84b] 61
OH Cl,COCHN
tri-anti-1f 43f

[a] Isolated yield. [b] The reaction was performed at 180 °C.

table 4
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& 5 7- Claisen/Overman (74 43a DO NAKHE # 1T - 7= (scheme 74), HHEMSLMET, RV 2
nu7v T REERELEE, ECET IVNLREITRT O THNERILAEITL 7 7 % 4 4ba
3T, 56T 45a 1Tk LT NOESY i L7z & 2 A, KRAITRT L 97 NOE fHRE N A~ b1
feled, TRLULNMMEETH D LIRE LT,

o) ~ -
o)
Me,N KOH
opn  -BUOHH;0 Me,N
MPMO™ 7 g OBn ]
70 °C, 68% =
Cl,C _NH ° MPMO
hig i HoN |
0] 43a 44a
MPM H MPMO
O — ~—0OBn
H OBn _ N
— -
HN
H</ H
o)
45a (500 MHz, CDCl,) 45a
scheme 74

fti> Claisen/Overman B 1A 43 (2% L CHIRIEkZ2 FIETT 7 % 1 45 & L7=1%. NOESY % #|E
L TR b5 2 E L 7= (scheme 75).

MPMO
Me,N LiOH MPMO \ QBn
t-BUOH/H,O
OBn " 7""2
=
IV'PMO/\/\I/\/ 5010 100 °C
CI3C\[(NH 61% H~/H

Wa

O  43p 45b (500 MHz, CDCls)
0
Me,N KOH MPMO NS
\\MeOB t-BUOH/H,O — o °H oBn
n »
MPMO™ =2 70 °C, 56% HNT )
y ()
CI3C\[(NH H—"H
O 43¢ 45¢ (500 MHz, CDCly)
0
MPMO
MeZNJ\_ KOH _ OBn MPMO <\‘ OBn
«MoBn HBUOHH0 fiMe =
MPMO™ =2 70 °C, 56% HN o
Cl,C_ _NH e HN /‘%
Y 0 H—"H
O 43f 45f 45f (500 MHz, CDCl5)

scheme 75
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BAE B

FU, HEI TR LT VAT —xd 5 2 FEOEGN Y 7~ b o B —iz(r o B3
WS LTz, Z LT, 2O DRISEELA T UL —L 1 ~EHEHT AL, L7 1 D%
HER N A— NV ONARMEFAIZBE LT, LFOZ ERH LN E -T2,

A) FVUv7 ¢ O (F, Z tri)
Cascade Claisen & U Claisen/Overman #4123 T, SOUGKRERICEZITIZIE 220
B) A —/VDONIRLE: (syn, ant)
‘Cascade Caisen #5if
anti DIFH syn XU SR FU
.Claisen/Overman #4/i/
a) syn DN anti KXV A/ b T 2 ROEN RN
b) anti DN syn LY AN T 2 KK O Claisen #5778 R
¢) Overman F&{ O i HFEIC BB X720

A) relative rate (olefin geometry)
E~Z~=~tri

——
OH R3

RN =2

O 4
B) relative rate (diol stereochemistry)
* Claisen/Overman
a) formation of the orthoamide (1—39): syn > anti
b) Claisen from the orthoamide (39—40—41): syn < anti
c) Overman (41—-43): syn ~ anti
» Cascade Claisen (1—32): syn < anti

BFE UL 7SR BT KD RO EE DOEWE, SR DR O L 912542 LT (scheme 76), 4 /L
k7 2 RAI Claisen B\ Clx., mUIZT A4 — 1 & MeC(OMe)sNMes & D i-TA/L T 2 K 39
DT 5, ZOBE, 7 U h-antir oA —/v 1d D6, A0 BT IR 89d 123\ CEHELD [H U A
ZWM L T ONRBEENEL D, D72, 39d DT F X —0 EFIZHW, IHHE T 2L ¥ —2 LA
THD, KORIRDBNEL R D, —JF, HERICKH < Claisen #5(7 Ti, 39d IZ AR E DD, B
BR D129 OIEMET L —78 89a ([T~ TR . K 0 BRI CRUSMEMRET 5 LB 27, T78b b,
—fikH)72 Claisen $AA7 COHHB I THALANEITT D BB BB T H DI L, A h 73 FEiEH
T BASNS Tl T/ RT3 s N,O-5 72 7t X — L I 5 B k2 PR Th 5 & &
Z T35, 25 < 40a & 40d TIHEBREED = R L X — 2 RITZ T E 722 < B IESEEPREIZ 72 -
TWAEIFE LI, BB, AUET U AT a—/L 41 (25 % Overman #5713 syn & anti
RGBT\,
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k' [\ NMe, K2 NMe, |
OH R3 ><
PP T . o
2 3 -—
R®  3n R1\—K:<R RW<
OH
R? OH
syn-1a L 39a 40a i
K1 B NMe, K2 NMe, ] K3 NMe,
OH R . ><
P o O o/& 160 °C o~
6 h ST R ) - R X 2
OH R? § ,:< R 1.5d R
R? OH OH
anti-1d L 39d 40d i 41d
scheme 76

WIZ, J3 A — R Claisen BEAZIC DWW T EZL L 72 (scheme 77), 51 24— R Claisen #5070 K
JSHERE L LT, Claisen/Overman 57D L 9124/ N7 I RERET 8L . 2 SOKERIEANHE
R NOT T T/ H— A ~EERENTRIGHEITT AR E 2 DD, Lo, EBRE R
5. anti DN syn LV B EISHRNZD, AL T 2 RERBHLTWASEEZ TS, RERD,
GUROT VNP F—=NDGE | BRPIET IR T2 2 DOKIEILDS NO-7rT ot 2 —)V A fkH
T O TIX, syn & anti TIEROSHEIZIZITEWT W EZ XN THD, £z, syn &
anti DFXFEEIZONTIL, FRROLIICEBEZTEBY ., anti ODF N syn L0 &SRR L 2
F 25 LB, Claisen/Overman OWF & [FIFRIZAL R 7 2 RBBBR LT NOZT > T H—

WZRDBEBETHLEZEZTND

_____________ —_

3 -;‘él_a_tl_v_e_ rate | . ><NM92 | relative rate | . NMe,
OH R ' syn > anti - o Yo ' syn < anti - o
R1 = g — 3| - — R 3
NR MeC(OMe),NMe, 1\5—4% R | R! <,
OH 180 °C R =( , R
1 39 R OH 40
l | relative rate |
' Syn = anti -
NMe, NMe, Ve oo
| relative rate | O&J‘\ NMe,
o R3 ' syn = anti - 1 R3
R~ ) e RN X2 | = 0 =3
R P R “~
O O R2
OH
NMe, NMe,
32 41
scheme 77 B -
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FLE F-EEDEL®

F—TETI, WA T VAP A —MERY B 2 OB S/~ b o e s OB
IO TIRAT= (scheme 78), 1 A7 — Ry 54 P U Tl BT U b-syn A —/b 1a %, i@
Tl 72 MeC(OMe)2NMes 174E ., 180 °C IZMEAT % & | [Rl—DOEHILAE A S 701K 32a 235 5
%, —J., Claisen/Overman #(7 ClE, 2 % &M MeC(OMe)2NMez |2 L > TA/L R 7 I KA
Lth, ELFaTF——7ZZEML 160 °C ITHET % & Claisen #5745 1 BICHIFE T X 72,
HEUET U AT a—b41a 2% LT, Overman 857 247V, Far/p 2 EHAIL DN E A I N8R4 43a
7. 728, 41a 121X Overman B0 DI T < A4 RGN RSN E TR CTd v | (RO pizE
P BEREESNERTLVENLT 7T ay 7 bR TX 5,

Cascade Claisen Rearrangement

MeC(OMe),NMe, B NMe, n NMe,
(20 equiv.)
t-BuPh, 180 °C (e) [0)
R R? ~ R~ R?
Claisen O\’/ Claisen 0
OH L NM62 ] NM62
RW 2 46a 32a
OH NMez
NMe
E-syn-1a 2
y Claisen Overman )
0 = R1 = R2
R! X 5
R Os_NH
MeC(OMe),NMe, (2 equiv.) OH
o-xylene, rt or 60 °C; CClg
MS4A, 160 °C 4a 43a

Claisen/Overman Rearrangement

scheme 78

I BEENL S OFFE TR E S, SRR SRRIRME CRISDEITT 28 ThH VD | £ ONLRBLE X
6 BREBIRENOEGICHENITE 5, £72, AVD T VAU A — )V OSAREIMER (syn, antn) & %/
YR (B, Deiiatbdsn L, BRZEE DR —OERMNELND =D, BILEWESS
oD DOIENRE ST, KA GG O RZAFRETH S (scheme 79),
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Claisen/Overman NMe, Claisen/Overman
OH O OH
RW\ ~ R~ 2 RIALA
R? > R \l/\/\Rz
OH O~__NH OH
E-syn-1 cel syn-43 E-anti-1
3
NMez
OH R? o7 ™ OH R2
R! _ . RWRZ RU S
OH OYNH OH
Z-syn-1 cCl anti-43 Z-anti-1
3
scheme 79

S5, AEHWET VLV A— VDT F o T A —IIRGICAFARETH L7720, @74 —
IVDNIARAEFE R A VT ¢ v DR A G DED & 4 DT X TONARBEMEIRDS B —4E il &
L CERATEE & 72 5 7= (scheme 80),

Claisen/Overman Claisen/Overman
NMe, P NMe, }
OH 0 L 0T ! OH
RL1/J\¢4%\R2 R ” RiA AR < RU_A A o
OH O<__NH ' O _NH E OH

E-syn-1 CCly syn-43 . CCly epi-syn-43 , epi-E-syn-1

NMe, P NMe, 3
OH RZ? (0] N E O E QH R2
R! = —_— R~ ~ R2 ER1 = g R2 E - R NP
OH O<__NH ' O _NH : OH
Z-syn-1 CCly anti-43 . CCly epi-anti-43 epi-Z-syn-1

______________________

scheme 80

E7-, 2 FEOFHEFN S 7~ b e—Eind, B b7 2 RRREEE R TRISASHET L,
AN RT X ROBRICHS NOTT T 82— VB OB P AR Th 5 2 & AR S LT,
— &7 Jonson-Claisen &% O Eschenmoser-Claisen #&(7 Ci[3,3]-v 7'~ k1 & —#a(r 3 #1775
BEENEGETH D EEZ DN TN L7720 AEFIZER D 7 VL P4 — 2% LT Claisen #5211
O BRORUSHERSIRIRIC R E Iig e 5 25 L BEZ TV D,
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B _E (O)-IA=VBOEEARK

B B HAREK
F—H GREE

(- I A = BRI =S DEGI R AT IREZ LA O U P VB TH Y | 2,3-trans. 3,4-cis DKL
EL 7o T 5D, A% L7-Ekin Claisen/Overman Ha07 13 2 D OEfE L 72 &2 BT IR B &1
HCE, DA =VBED 2,3 trans \(ZXGTHEEZT-, —FH, WA =VBROESEREERT 59 2T
DI RKOMEIT, 3,4-cis DNLRFIRR2ELTH D, 28R 5 ANATEMALT D REMEZF2 7 B
YD&) MEREEFIOBE MENRMMIE LT AL ICRML L T 34-trans L 72> TLE D,
ZO7H, ZHETHRESNL T DEMBINZL IE, 3,4 ML TERZENT 3,4-cis DILIRALE 24
LTW%, Lol flix A/ A PO MREREER LGS, g o
DX BEBIETIIERELERNEEL S VA =B DILEY~ ;/ R
DOISFIBEEEE 725, 2 27C, ABRTED A /A REOH—IRER T2 ::ig—f??z_'ﬁ)
ZHfE L. 4 LD EHEEZ SN2 BUGIT K o TN ARRINAICHESE T 551 E i&\""
%7 C7= (scheme 81), Ho

D-(-)-arabinose & HFEFEE LT, A VT — M ATIZHHEE L7214, SN2’ (-)-kainic acid
BRI & o TR A L OMBETH D A YV TR VA EAT 5, O AT /L 48 %
TV NT A= 49 ~E L L T=1% e Claisen/Overman #5072 K> THh A = VRICKHET 5 3
DOMEGET D ARF IR & FFOWNLR 50 ~E BT 5, HHN72 650 Lore ) VB amigE Lz
%, 200D transF V7 4 TR RRALBAK L, A = BOBEERZ ERT D2FIETH D,

Sequential
Claisen/Overman

)

HO > OH
o > voMo

HO

D-(-)-arabinose

Sequential
OH Claisen/Overman NMe,
|:> /\)\/\/\ I > =
MOMO OMPM MOMO v OMPM

o
>\.

ClaC_NH_S_
49 E 50
—/ 2
_/<NM82 :/ ~—COH
Ly ~cos
H

(-)-kainic acid

scheme 81
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BTIH AVS5— FOBHRK

HFEFEFCd 5 D-arabinose 7> 5 SCHREEAI D 2 THE T A7 /L 5350 & L7-% (scheme 82). &5
NI AT N O—fkT v a— VBRI RE DG 21T > 72 (table 5), Hilka i~ et L 7o fE R,
2,6 VF VDL REERNE Y Y UFERERAWEBRICEWVERRS S (entry 1), £ 2 T,
OBV ¥ UFHEERIZON T HMRFT L7 IR R ORI O W FIZ R B i7e k- 72 (entries 2 and
3o WIZ NNV RAFNLT =Y v LTHWEEZAHMD 53 % 68% L 2,67/LF V0 LIFIE
S OREREBF O (entry 4), KFE(LT MY U LD LS eV EEEZ W56 TiE, 4 FHT
TRF AR EIT L HEOMI LG5 (entry 5), ML EDORERND, 2,6 VT ¥ % i
REEHL LT, ROTRICEDZ & & Lz,

O
BusP:
Pl g

o ZOMe "y
HOSmOH  TSOH<H,0, DMF @“OH PhCO,H, CH,Cl,
HO = 9 g

20 0°C, 72% )io rt, 69% HO

D-(-)-arabinose 52

MOMCI, CH,Cl,
X _CO,Et >
HO : 0°C, rt MOMO
O- OH base
53 54 55
yield (%)™
entry base
54 55
1 2,6-lutidine 66 17
2 2,4,6-collidine 51 7
3 2,6-t-butylpyridine 39 15
4 N,N-dimethylaniline 68 11
5 NaH 56 (29%) 56
[a] Isolated yield.
table 5

Boniz 564 # NV TF AT I UFET, A7 aT 4 REERT S EROSITERMISET L,
SNOPSHEE THH AT — b+ 47 ¥ L7= (scheme 83),

MsCI, EtsN
CH,Cl,
CO,Et —_—
MOMO : \ 2 rt, qunat_ MOMO
(@] OH
54
scheme 83

66



F=IH SNZRG

—IRHNZ A>T — B BT IR L THRRIED L O RFH NI AT ve B e WG, RO 4 HiE
DR G BN D ATREVEDRNEE L TV 5D (scheme 84)51, 1) T AT /LD a (L2 & L7-{LE5%) 58
(SN2 path A), 2) = AT /LD BALIZER: LT-{LEW 59 (= A 7 /LA path B), 3)afZict FU K
DER L 72bA9 60 GEJT: path C), 4) y (LIZEH#: L72{LE% 63 (SN2: path D),

Rl_~,, CO,R?
NF 2 R, CO,R?
R* _ _
58 .. B , 60
R1Y_X_COsR
T SN2' (path A) NN reduction (path C)
OR?
57
l Michael addition (path B) SN2 (path D)
+
R - MR R! CO,R3
RH/K/COZR3 NN 02
R4
OR?
59 61
scheme 84

Lo, HE. IURGIET ALY F oL, T UAIRE LA AR TH S BFs 25 L7
BN ONLASERIRNZ SO ETT L. SN2 BGREIR MG H 31D & A LT D (scheme 85)51,

n-BuCu(CN)Li*BF4
THF/hexane

MsO 94% (dr = >99:1)

scheme 85

FITCIDOREERIEE~LHEH L7z (table 6),
[FEBEAE] 7 Abdiloo THF 8EikIc, —78 °C TRIEHM L-«( Y 7 uX= 1L ) F oLz il

721%.0°C T 10 ., FHE-T8°CIZT 5, i\ T, BFs Z i L 0°C ([ZHIE L 10 7y MiFE#% .
BIT-T8°C TA T — k47 ® THF A Z U L 30 A g4 5,

ZOREF BID SN2 AR AR 48 % 1% DR HSOH—D YT AT LA ~—& LT (entry 1),
L2l =EIER 64 KOS HIZETLHET LY = 656 L KREICHE LN, KIZ, -78 °C T BFs
EWMUTE, 15 00 Tpo< WHIAELIZE 2 A, 48 DRI E L 2> 7203, 64 ORIE
ZIHEIL7 (entry 2), Z O JFEIBNEEL TW-O CHREEELERICHE L L 24, BN
53%DINHETEHE LN (entry 3), LrL, KINERED EH0, ISHHZE LTH 2l BIER
B Lotz AL LT, 7AFLERBICHAT, SEHWVTWS 7 L7 = /L4 & Tllskigt
PMEL L BIEBISHDEZ VLT W ThHhD EE 2T, EBE, B, HE WADICE > TT L% L
BB ET VT ZVER L WD T, ZAETL SN2 USRI 67, 1ZEILIR 68 ZZ I ENED 4y
7 T35 (scheme 86)52,
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)\Br, t-BuLi, CUCN

BF;°OEt,, THF

. CO,Et

OIII

OMs _78°C
47
MOMO
. [a]
¢ CuCN 2 L yield (%)
entry . -propenyl Li

BF3+OEt, 47 48 64 65
1 3 6 ; 41 11 40
2l 3 6 32 43 10 9
3 6 12 - 53 5 28

[a] Isolated yield.
[b] Tempature was elevated —78 to 0 °C slowly after adding BF;°OEt,

table 6

OMs

7 CO,Me
alkyl-Cu(CN)M<BF4 ©/\|/\/\ 2 (alkenyl),Cu(CN)(MgCl),
(M = Li or MgX) NHBoc or
/ 66 \alkenyl-Cu(C)MgX
R

X x CO,Me

COMe NHBoc

NHBoc

67 68
exclusive anti-SN2' scheme 86 exclusive redutive elimination

— )5, TN =nERgzRERE LTHWD HELHRESNTBY, AV 77— 1692 =/LDik
o T Ly 7 AERER L T5% DR T SN2 EGE 70 245 T 5 53,

TBDPSO CoMe  (VinyDCUCN)ZnChy-4Lic 70 (75%)
\ -
OMs THF, —78 °C

TBDPSO CO,Me
69

X
™
71 (23%)
FITC, ZOHEERIEE~ LA LT (table 7).
[SBriE] HiAL@iEn THF %I, -78 °C THEARE L7z A Y 7 r =L U F 0 A &R L 72,
ST AR UL Y F 7 50 THF VRRICSEIE EFRBL L= 7 07 = VHSRIRIR % 78 °C CHINT
%o BthIZ-T8°C TA YT — h 47 O THF K& WML 30 7y [T %,
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ZOFER . FRITIK 64 ORIEITINE S B I 48 & 51% DR THT- (entry 1), A IZAEEH D
N B =T = AN KD RENKE L, HALESH < 3 vbdigh < BALTESA DNET 48 DOULEN A E
L7= (entries 1-3), EBICVF T LDOAN I H =T =A L BRBIIEzT-L 2 A, IFRIT 86%IT 17

L7 (entry 4),
/J\Br, ¢-BuLi, CUCN

THF, -78 °C
additive

entry additive

48 64 65
1 ZnCl,, LiCl 51 10
2 ZnBr,, LiCl 80 16
3 Znly, LiCl 72 0 28
4 ZnBr,, LiBr 86 0 10

[a] Isolated yield.
table 7

SN2 BN DWTLL T D K HIZHBZE Uiz, % Ve SN2 BRSO E TR & OSSR IS
WTIHITES < OISR IRE ST 523, Backvall & van Koten 512 K - TIE Sz 31l
DR T DN — R TH 5 (scheme 87)54, FANZ. 1O WLEERE D SRHAI 2N S A L7
SA EFHEAERA L, BBELEZ RN e BN OBERMINZR 2 L, oo 7 U LRAID K A 25 %,
Z D%, o7 U AR H A B ~D B 288 L, o7 UL C SAAID PREA C ~& Btk (kT 5,
Z OB T A D BEIOEITTHIBEDSHEIT UL, yEHRS AR LSN2), C 22 e 24U o
EHAN LR T S (SN2), T72bbH, BT ANERL., Z0% C BRI D, EITHINEE?
HRCHNTHEITTAUL y- RN, 2 U CTHRIEP L E AT VUL aBEiER S 605, Z OFH
KORENZRET DR TIEL LT L0, BERRFIROI o2 —A4 4 X)ThDH, X B
CN X Cl DOGEHNE T RZIT 0 PRER AR LZEN SN D T2 RN E TIN5,
—H XBOTNVXNVETH LG RARETEE & 720 FRENLEL S FURTIBBENEL 705,
ZD= NG EAT O HA . T ALEZHND DN —fRETH D, SEARIRMEZ, 1 Modh s
FL7 4 OHAERTHIET %, Corey HITED 780 UTF ¢ 7 FHLERICIHESW IR T,
A7 4 O migE & BB O o* BB 3 LTl d WLE 2 FIRHCH EER T 5720, BilEko 7
YFRIN BT EEN TN D 55,
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- oxidative

x
(@)
C—
5
]
é\
<

R Y z elimination
- —_— >
\/\/ ’CU\
X R'
m-complex
R RoAa R
cuy" - ca" | S R\/\/Cu'l'
X R X" R X
c-ally A n-ally B c-ally C
reductive reductive
elimination elimination
R \ 1
B R AR
o~adduct scheme 87 y-adduct

WIZ, RS CTRIET DR ITIK 64 KON = 1K 65 DAk % HEH L7 (scheme 88), A+ 7
— N AT 1272 KON T8 ONIARFLEE 28 U CRUSHHETT 5 LB 2 b b2, T8 IXIH R L kFE L
DNARFEE DA U D 72 O T2 1ITF > TV D, 72185 U CREAIDNBE T 256 S0 mbraft
3 2J0ne KU KBTI REENRRELS, B TH D EERO 48 BWAERKRT 5, —J7, 78 (Zxt
L CREAIDKE T 2356, SEREFEOTZDREMEL D S RE SIEF L, /hSee R Y REILHE
KT D, 29 LT ZIROiETIR 64 BER L, LRk L7z 64 D 8§ CMOKERIEDSBiEE L 2= 1k 65 235
DNDEHR LT, Fo, $LHifa0a T Ly 7 22O TS AEITICER M ELZBEER E LT,
b RY RBEILAMEI S, 72000 EMERLTZbDEEZ TN D,

R~ CO,Et OMs OMs
\l/\/ 2 > HK ; ‘\\\CO2Et —_— EtOZC/,,' : : H
OMs R™"Hy H HQ R H

47 72 73

scheme 88
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HEINE  HEAY Claisen/Overman B

B oo AT/ 48 Z R Claisen/Overman i\ FEE THH T VLA —/L 49 ~ L FE L /-
(scheme 89), T AT /L ZKHFIY FULT NI =T AL TETLL, T/ —/L T4 % 97%DINL
KT/, FENTHELTZT VL a—d MPM REDKRF Z1To 72, o3, KFET MY 7 AFEET,
DMF & %\ NZ THF Z & LT MPMCL & i Lz & 2 A MPM /&K 75 1T 2L 56720
7= (entries 1 and 2), & Z C. MPMCI O MR EiF 5 <, fix gt Uiz, e LT TBAI
WD & 75 08 3T%DINHETHERR L .MPMBr % V5 & 43% &R TH 9 2 E L7z (entries
3and 4), ZOE, FEMNIITERT L TR o722, BISOGZ 9 < THF:DMF = 1:1 D&
BB W= E 2 A, BOSIEE NWIZHETT LT (entry 5), BIAET 2 DT v a—L & D5y
MDHREETH S T2720, 8O%EHRT CTA V7 u ') F U HAREL 2 TRIGE 90%I2TT ULyt —
V49 Z157-, — ., BRMESME T T MPM SRGEIX T RRE QIR THEIT Lz b 00, FRELEICHEN
»H 7= (entry 6),

table
LiAIH,, THF
COEt — * NaH
: 0°c,97%  MOMO 0°Ctort
7N solvent, additive
MPM-X
80% AcOH aq.
> MOMO OMPM
OMPM 250
entry solvent additive MPM-X product (yield)[a]

1] DMF - MPMCI decomp.
o THF - MPMCI N.R.
3 DMF TBAI MPMCI 75 (37%)
4 DMF ; MPMBr 75 (43%)
5  DMF/THF (1/1) ; MPMBr 49 (90%)"
6 CH,Cl, CSA  MPMOC(NH)Cl; 49 (56%)"

[a] Isolated yield. [b] The reaction was performed at 70 °C. [c] 2 steps yield.

scheme 89

T UL 49 R L 72 D T B T b DY) Claisen/Overman #5217 - 72 (scheme
90), 49 % MeC(OMe):NMe:z f77E . oxylene # HWTERLIEIE LIz L Z A, 4 B THESSIZ
FNET I R~OEMERHR LI ELF 2T — =T ZAZRMUFHET 160 °C ([TME LT,
ZORER, BEREERRIAEMEE A TN D HOD, K 50%DIERTHO 1 [BHENIK 76 137,
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NM62

OH MeC(OMe),NMe,
/\)\/\/\ o-xylene, rt 0
MOMO™ . OMPM hen MS4A. 160 °C X
= = then , ° MOMO > > OMPM
OH PN in a sealed tube OH /:\

49
scheme 90

76 (ca. 50%)

WIT, 15 BIVTZEIEY & 2 ORI DV TRT (scheme 91), £ b NZRIAEADIIAET
VAT Na—nAT7 LT 2T ARE82 (RET U ANLOKEEIENR T & F AL S bEW b [RIFREE AR
Tholz, 7B, TTVNEY & DBEREERRAY TH Y . T OARSEITRNTER L7 1 [BHEEAL
K76 BRAID X 912 Cope i L TWDH EE 7=, Fiz, 82134/ b7 I FHHIK 78 2BAER L 7=
%, NOT T o752 —) 80 HHET HRTOHRHIA 79 125 L CRRICOTNITHFEL TS, &
HUVNEISSBITIRBAT D KICE T8l 2R LCHELND EE X T,

OMPM ; /J OMPM
| A ' Cope rearrangement j‘\
CONMe,: S CONM
MOMO™ > N ©2 ) MOMO™ > ©2
L (_)_"_'_?_7 _______________ ! OH .6
NMez
OH MeC(OMe),NMe,
/\)\/\/\ o-xylene, rt (o)
MOMO™ . OMPM hen MS4A. 160 °C X
z = then , ° MOMO ~ v OMPM
OH R in a sealed tube OH /\
49 76 (ca. 50%)
— . = _ 1 —_
NMe, NMe,
O O/&
= '/WY
o OH
} 8 i 79 | 80
+H,0
[ Me,N OH | o} ;
o OJ\ i
N —’EMOMO/\:)\/\:/\OMPME
OH ' OH A :
81 L 82
scheme 91

LLEDERZIEIC, BEt& T -7 (table 8), Jod". EENEEZR 77 DAEKZHIHIT D720, KIS
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JE% 140 °C IZ Fif 72 & 2 A Cope BZIEHHI SNz b 0D, BHW 76 ODIEENME T LT EF /LK
82 N&£ < b7z (entry 2), & Z T, Cope $xz O H-> Claisen sz A Ed kL LT
FJNDOEINZER Lz, T72b b, B THENL L725:MTH D oxylene, £HEH 160 °C Tlx, Whsii
3144 °C DT=OFZNOENT EF L TEY ., ZABKIEEIMEL TW D AR ZE 272, £ 2 THE
L L toluene Z fV T 140 °C TR L= & Z A, 76 DULERIN 54% & [f] L L7z (entry 3), FEx
MEFORER, 135 °C TG Z R L2 & 2 A T0%DILHET 76 #157- (entry 4), SEFE. entry 4
DEMOEE, FADENL 1.8atm & LA LTWD Z L &2MR L7,

NM62
OH MeC(OMe),NMe,
/\)\/\/\ ; ©
MOMO X - OMPM o MSAA > S
- z then MOMO - - OMPM
OH 7 in a sealed tube OH /5\
49 solvent, temp. 76

entry solvent time (day) temp. (°C) yield (%)[a]

1 o-xylene 1 160 50 (mixture)
2 o-xylene 3.5 140 20
3 toluene 4 140 54
4 toluene 8.5 135 70

[a] Isolated yield.
table 8

1 [E#ENAR 76 235 H 7= D THiVL T Overman #7217 - 72 (scheme 92), %5 5Hi7= 76 2 DBU
FAEF, PVZmaT7® b= FULTRIELA I7— 83 & LTz, fWTREED Y U LTFET, &
B 140°C T LERFMAA L= L Z A, AL 2HA0K 50 OILRITHT ) 33% T~ 72 (entry
1), BUGKFEZ 10 FFREICEER L CTUR DM E&2 K> 7253, IRIL 7% K F L7z (entry 2), St %
AR LIz 2 A, 7 R84 NE AL TWalzo®, A% 5 2 7= (scheme 93), &
WNTHEUZEE (FU L o2 MBURIET 2 EBARET H LB LICL o THESN TS 9k
T, MUz 7k b7 RERNT R b ALS 7214, 85 DREITRT X 91240 TINERIL DS ETT L,
86 A M LT 8L NGO D, D7), FNEAHEIMEIZIRDIo, RIEDT U U LO&EE 5 FIZHE
L7c& 24, BIRURIZH S 41, 50 & T5%DUILRE T (entry 3),
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NM62
CCI;CN, DBU 0]
O CH,Cl, S
N - _____ > MOMO X - OMPM
MOMO X X OMPM rt, 97% O NH E
- z /‘\
OH PZaN
0]
NM
K,CO4 P ©2
. >~  MOMO =~ >~ “OMPM
120 °C : : S
in a sealed tube C|3C\”/NH/\ MOMO—/_
solvent, time
0] 50
entry  K,COj solvent  time (h) yield (%)™
1 2 mg/mL o-xylene 1.5 33
2 2 mg/mL o-xylene 10 7
3 10 mg/mL toluene 17 75
[a] Isolated yield.
scheme 92
0 (NMe, ]
NM62 @ (o]
= _ _ \
MOMO Y e OMPM MOMO C: e OMPM
CISCTNH/\ CISCTNHZ/\
(0] (0] .
50 85
_ . _
NMe2
—_— O
MOMO 7 Y OMPM
86 84
scheme 93

74



FBRIE BROBICRARECEEK

A = BRSNS 2 3 DT 2R F T LAROR ) 7o b7 I N0 4R LD T,
DL exo A VT 4 UAFE T, trans A V7 4 U ORIRORILBIH TH 5, 554172 50 2 DDQ
THREEL, MPM ZBRE L%, HIERISICE-Ter ) Uy 51 #5372, i\ T, HEEg% AT
MOM (ZFrELT VAT La—)L 88 & L7- (scheme 94),

0 0
DDQ
NM NM
/\/\/EL/\ e CH,Cl,/H,0 /\/\/Ej\/\ e,
MOMO - OMPM t95% MOMO ~~ " "OH
CbC\H/NH4¢x\ ’ CbC\n/NH4¢i\
o 50 O 87
0 0
DEAD, PBus :/ —/< :/ _/<
THF 6M HCI, THF NMe
0°C,84% ,91% N
ClsC” 0 ClsC” S0
5 OMOM gg OH
scheme 94

WIZ, trans A V7 4 L OBIRFZ2 TR A, HDHWET B Fa i Ab)s%1T - 72 (scheme 95),
LU, Bix 2Rt Wb o0, FEEHEIG 50T, 4 (LD exod V7 4 DIHNBEIRT 5D
HCHBIDOTZRFIAREI HDHWIETE RrF IR0 IFEFELNRoTo, —RINICT LT 1 3K
EAlE UTHERT 258 0= X ARG TR, #EOZ A L7 0> T hbbETEERA
V7 4 MBI LCRIRT D, 612, TV IMLIIIBBSCERFT N ER L TWDAEE, K0S
PERA BT 5, LINLALEOSES, N ZoaT7 v b7 I FEELTIOATF AT I FESEREL
TWAHT- 8, SRR EEN S trans L7 4 VORISHEMNMET LT, exod L7 4 DI HREL
KItnd 5 &5 x 7,
/ O epoxydatlon O O
o \ NMe, d|hydroxnat|on K \\ NMe, K \\ Nl\/le2
)
(0] CI3C CI3C
38 OH

Cl,C

scheme 95

ZIZT, 88 2T AY—F URKIC L o T aB-REFNT LT b RICEE L2tk MRS T, B
@4b7k$c:$ormﬁaevfh L7cl 2 A BRI R AL S 7ok 92 % 2 THREINER 77% T
&z, T, B L THEONAET Va2 —1 98 il d VAR EH WO TILEA Lz DD, %
BT DOHRTH T, TDT=, 98 DKIEILZ T2 F AL L=tk 3 VHERE CLEET D &
AR 95 BMEL T, ZOB. bINICELBZSET LT LT B K 96 MR LT, HFE
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B PUFERREN 2 VT 96 ~& 2 TRRINER 47% CTEW-, Fi\ T, Kraus-Pinnick figfb., * F 1k
WCEoTAF LT ATV 97 L LIzt MASRRIZ L o TETOR#EREZRELO- DA =04

BRREEMR L, D778 —A L1,

MRS 23, HMIRIT 1.42% TH -7,

/ 0 / 0 / o)
S =, —< NaOH, H,0,
NMe,  D.M.P., CH,Cl, NMe, MeOH NMe,
N \ rt N \ 0°C N oy
ce N0 77% (2 steps) /g
3 OH Cl,C” S0 y I,C” 0 o
88 91 92
/ O _/ O
NaBH,, MeOH 7 NMe, Acz0, py. ] NMez  HslO,, THF
S — D —— . —_—
0°C /I\L 0] rt /IL O O°Ctort
65% (2 steps)
ClsC” >0 Cl,c” o
OH OAc
93 94
/ 0 / O 1) NaClQ,4, NaH,PO,
Z _—, 2-methyl-2-butene
NMe, Pb(OAc),, benzene — NMe, t-BUOH/H,0
OH > H >
N oH 0°Ctort Z;;L‘W/ 2) TMSCHN,
/g 47% (2 steps) /g o benzene/MeOH
Cl,C” ~0O OAG Cl,C” ~0 61% (2 steps)
95 96
_/ (O /
NMe, —, s COH

4M KOH, ¢-BuOH

120 °C, quant.

H
(-)-kainic acid

scheme 96
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B S HRAR
B—IH ARLEE

ATEIC R L72ARIZ. D-7 7 B — & K0 SN2’} ONELfe Y Claisen/Overman #4(71C & 2 A
GERML, O A1 =V BORERERH LT, L, RTEREK 23 LBROV < — TR
mole, ROTERBOELRFRIL, 417 1 OBRNRRIEEKOKRIET 7 TRVEL TV
HTHoT, BHIOFE TH-7=T VAT a—/L 88 ~DIERTRF IAH LTV ey
{EDHERT Lo 7Bl & LC, YREHEDO D TH D EHEHI L7 (scheme 97),

/ O epoxydation 0 o
=, N é or :{ B :{ \\\4(
™\ NMe, dihydroxilation — NMe, SN NMe,
> or OH
JL \ JL o JL OH
ClsC™ "0 ClEC” 0 clLe” Yo
gg  OH gg  OH 5
scheme 97

Z 2T, BT 2RI OSR O B TERIRN e B b BIR 24T 21X, SEARBEE 23888 U SR AT 5
LE X, ARG AL LTe (scheme 98), T7720 5 #fiHY) Claisen/Overman #5(7{& 50 ® MOM
AR E LT, 7T YT v a— LBRIR R BIEZIC L > T v T e K99 2155, it
T, AFNANT ATV 100 ~EEH L%, Bk, TIKGIRIZ K > ThHA =V BBORE A #ERT D

BT D,

NMe,
. A/\)j\/\
MOMO - Y = R — =" OMPM —
CI3C NH NH 5
NMe, NMe,
O ) :/ ~—CO.H
OHC MeO,C /e
S omen T 0L Ao T O\
S - CO,H
Os__NH Os__NH 2
CCl; 99 CClz; 100 (-)-kainic acid

scheme 98



B IH 2ARR

Je9°, #EHY Claisen/Overman $571K 50 OEIRA 72 PiiRi#EZ 1T > 7= (table 9), MPM /X MOM
FE & FRRICIR ST T ARGEDS AT 2 T2 OIS OFREI 3 & 72 D, RN THIL KT ZFAE S
Ve A BINKRTIIH D HLDOOHBOT VLT L a—/L 98 & FRHINCETZ (entry 1), KIZ.
HAL K TR, RIBTHRE L2 E 25 98 & 90% DR THE = (entry 2), AEIRMEDOREILIZ,
MPM 78 MOM & & 0 BeMESEIC 2 E T 5720 TlidZe < MOM J& CR# L 7= AKBRIE N 7 U LT
Na— N ThdHIz, L BEESEIT LT WD SICER L CWD, 228, AR MEZ 90°C T
1T5 & MPM EOBR#ELHETL, 5 THNTT 27 hAL LAY 101 353 57- (entry 3),

O NMez O
NM o) o)
/\/\/é\ez condition /\/i;l\/\ /\/\/ij
S —
MOMO™ > >"ompM HO™ N7 7 “ompm HO™ ™27 7
CI3CTNH/\ OYNH/\ OYNH/\
O 50 CCl;  og CCls 401
entry condition result
1 AcCl, MeOH, rt 98 (20%)™
2 6M HCI, THF, rt 98 (90%)
3 6M HCI, THF, 90 °C 101 (62%)

[a] Isolated yield.
table 9

TUNTA—L 98 L L= T, BRIV RuX bR ERB LI, L ZAT, B
KT INAT N a— kT 2R A I T L2 HWZY e R ARG KEEE & B 6 A
A T LG L CKEEFEIZ X L C anti @ syn VA —/L 104 Z B 5 2 5 (table 10, entry 1),
—J7. Donohoe b3 fbFEGmEOMEILA A I 7 AL TMEDA Z W5 &, KA AAO T E R
7 X AR DHEIT L. 108 EIRIIZHE B D (entry 2)560, S HIZZOHEE T T =4 —/LIZiHE
ALT, TIATLa— VB RAR Ve FrXiAbicisi LT (5251 1),

OH 0Os0O,4, additive OH OH
solvent OH OH
temp. -
t-Bu t-Bu OH t-Bu “OH
102 103 104
entry 0s0O, additive solvent temp. 103 : 104
1 catalyst NMO acetone/H,0O rt 1 7
2 stoichiometry =~ TMEDA CH,CI, -718°C 24 : 1
table 10

% ZC Donohoe 6D H{EZT UNTNa—/L 98 ICHH LTcE 2 A, LAHD transH L7 4 V0
BRICU e Rax i bE iz B U A4 —/L 105 MBI B 7z (scheme 99), LavL, AiEIX
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FEFICEMEORN UL A A I 7 APMEFERELETH O USSR EF A ZH L CTHIEREN B
Lo 7,

OH CH,CONMe, OH_ OH CH,CONMe, OH CH,CONMe,
0s0,, TMEDA OH
Z " Y "OMPM  CHCl;, —78 °C " Y~ "OMPM Z " Y~ TOMPM
O NH_A_ then O NH_A_ Os_NH -
ethylenediamine Y OH
CCly CH,Cly, H,0, rt CCls CCl3 OH
98 105 (38%) 106 (8%)
scheme 99

& Z AT, Donhoe HIZHMLAZEF L, BASMH T R Afba1T o & 108 BMEIAIE
SND EHE LTS (table 11)56a, = Z T, AfEE FHWBINH 2 U R oAb 2 e L=,

OH cat. OsO, OH OH
HO additive, solvent HO OH HO OH
rt
Br Br OH Br “OH
107 108 109
entry  additive solvent yield (%) 108 : 109
1 NMO acetone/H,O 84 47 : 53
2 Me;sNO CH,CI, 79 82 : 18
table 11

FPIIHEHBEANCOWTHE L2 (table 12), =05 HE ., (b FEHREOUERLA A I U L% F-
ALV L BWNRTHRID 105 38 517~ (entries 1-3), ZOHF T, & bEIEEMTH S 106 &
@ttwbﬁu\ NMO % fii 72 e b Al & L CEIR LT,

OH CH,CONMe, cat. OsO, OH_. OH CH,CONMe, OH CH,CONMe,
additive OH
Z 7 7 “OMPM  CH,Cly, 0°Ctort <~ " “OMPM Z 7 7 TOMPM
Os NH_A_ then Oy NH_A_ Os _NH 4
ethylenediamine Y Y @
CClg CH,Cly, H,0, rt CCl, CCl; OH
98 105 106
entry additive 105 (%)@ 106 (%)™
1 QNO 47 13 i
2 Me3NO 39 8 3
3 NMO 45 9 QNO: Quinuclidien N-oxide

[a] Isolated yield.
table 12

WIT, WREE RE, £ L CTHREREICOWTORFZITo 72 (table 13), EiEA ML U ZEE L
el 2 A WELORIAEY E DOIFMET L (entry 2), VT, MIGHEEZ 0 °C 7225-20, —40 °C
~NETFTEEZ A, =20 °C OERICHE D BWILERT 105 735 H417- (entries 3 and 4), SR E X
FIE SN A 5. 2 72 )vo 7= (entries 5 and 6),
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OH CH,CONMe, Calil. “?3?4 OH OH CH,CONMe,  OH CH,CONMe,
- ~~ "OMPM  solvent, temp. X - ~ OMPM = : <~ "OMPM
O NH_A_ then Og NH_A_ OQrNH ;
CCly %Zy'gTeﬂag'r;f CCly cel, of
2L, R0,
98 105 106
entry solvent (M: mol/L) temp. (°C) 105 (%)[a] 106 (%)[a]
1 CH,Cl, (0.015) 0°Ctort 45 9
2 toluene (0.015) 0O°Ctort 35 15
3 CH,Cl, (0.015) -20°C 52 14
4 CH,Cl, (0.015) —40 °C 40 11
5 CH,Cl, (0.04) -20°C 45 18
6 CH,Cl, (0.002) -20°C 52 16
[a] Isolated yield.
table 13

SEOMFHIMBLA A X 7 5% UG ST,

Pl HEKR L. PR

CEfRS g T LUYT

VEERLTWS, £, o7 Y A —1 108 LB L7 LT b R 99 ICEHT 5 L |

TUNLTILa—/L 98 1D

(2 CER{LBHZA D
i
BEFEONT, 9 DRLEEThH -T2, <1
38% TH7=,

GEF3 TREMLELRS, L LN A AI U LADRINE TR, VoA y b
HEITTE, DT 1 TERETTY /I/TJI/:!—/I/ﬁ>%7’/I/7‘°t ]\“753‘1%%2@5 LEZ .
F%&21T- 72 (scheme 100), EDOFER, WIFFHE Y U R v b TOBLBZNIX

TL., 77Tk K99

b, AFELLAF LT AT L 110 & 3 TR

0
NMe, 0sO,4, NMO NMe,
HO Z ~~ OMPM ———_——_—*> ~" “OMPM -
: : —20 °C 5
(@] NH/\
CCl; o8 CC|3 105
NMez NMez
1. NaClO,, NaH,PO,
e) 2-methyl-2-butene
OHC t'BUOH/HzO, rt MeO,C
< >""0MPM 2 " >OMPM
O. RH 3 2. TMSCHN, :
N benzene/MeOH, rt /
CCly 38% (3 steps) cc:|3
110
99
scheme 100
HNT, BoNTEAF LT ATV 110 D MPM 2R ) v AT U E=T AL TRELE
%, WIS L > T 88%DINRTE R Y Vv 111 ~E B LT, BBICIASRIZ L > TETD

RH#EELBREL, - DA =i~ EW-, D- 7/ —2 XM TREE 18, IR 2.8%Th -
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—o

- OH

~—COH

e CAN
. o MeCN/H,0
- : rt, 91%
(e NH AN
CCls 14
_/ o
= KOH _/
z—;\ NMe,  t-BUOH/H,O ”
N~ ~CO,Me 120 °C, 75%
o%\ccn3

(=)-kainic acid

scheme 101
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B B

B ARGETE

BT, T U AT A a— LB Ve R ARG ITHRE < B LB Lo T, AR
BRUCHANETRBOEINRTH A =V BOREMREZER LT, L LRRL, BIRIZRYE FeX
LD 52% & FRRETH o7z, ZORKE LT, 7INMLUZH D M) r7ra 7k h7 I M
DSARBEE K OB FRGIMEZ L D4 V7 4 COBEFEEDOR T BUSEDIR T ThH 5 & HEH L
7= (scheme 102),

O O

NMez 0304, NMO OH NM62
CH.Cl,, —20 °C OH
HOT SZ LY oMM then ~ HO : < OMPM

‘(\)YNH/—\ ethylenediamine O\\I/NH/\

N \ CH20|2/H20, rt

&) o8 52% (2 steps) CCl3 105
- MKREE
- BEFEEDET

scheme 102

Z 2T, A KT X R Claisen Ba(7 & s & L7287 72 72 B Rk 2 1% L 7= (scheme 103),
B AAROTRETHLRET VAT A —L T4 00, Kigkkze 7 I )~ EBR L%, A
VIRV T URERELT VA VA= 112 2155, K\ T, AL b7 I R Claisen #4712 &
ST 1 [AHEEATIR 118 215372, 7 VAT a— V@R ERLBIZUIC L > TT LT R 114 ~ LA
Wy 5, BREFPO0FNTERILL NO~ITEY =L 115 B LT T/ RREZE AL, Kk
AR L > T A =~ B8 GETH D,

OH
oy T—> MOMOW\/\NHCOZMe —>
OH

N
112
NMe, / 20,
0 0 DM NMe,
. E— Ow —> oH
MOMO™ ™ " “NHCO,Me <~ “NHCO,Me N
OH PN PN O)\OMe
113 114 115
_/ 7
=, 3 :/ —CO,H
—> [\ NMe, —
CN &
N N~ ~CO,H
PN H
07 “OMe
116 (-)-kainic acid
scheme 103
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B IH 28R

RN, RET UNAT I T—/L T4 05T VP4 —/L 112 2 L7 (scheme 104), 74 (2% L
THRIED M LV 7Y K& A L7z, Staudinger S L »T7 2> 121 21587, & 6517 121
EHREROEE, AFAD—NA—F 122 ~e B LT2%, AV TR T U EEZRELTT UL
T a—)L 112 ~ LN

DEAD, DPPA PPhs, THF
PPhg, THF H,O
—_—
rt, 84% 80 °C

120
CICO,Me, Et;N

THF
0°C
87% (2 steps)
121
PPNt
80% ACOH aq. ~ A~
———  MOMO™ /:”OMe
50 °C, 75% OH P
112

scheme 104

TIUNTA—L 112 ZHE L0 T, BEIETHDL AV b7 2 R Claisen 5\ OMFE1T - 7=
(table 14), T FETERERIZ MU ZIEBLE L CRISEITo728 2 A, 40% DI T H IO EENT
K118 #1572 (entry 1), ZDFE, EFICRWVRISKEFIZ 2202053, ZEDO T EFERHE LI
oo T, ISHEEE LTHF L2 AW TRIGREZ 160 °C 2 Bif7- & 2 A, RUGKREII3EL
i L2 b ODOIERIT DT BT 5 DHTHh -7 (entry 2), JRRIE, FUSATERET 5 ATICHEER
N L BIET D72 ThoTe, WITIHEBEE LT 7 TFARCEBUZHNT, 170 °C THIGETT
S72E 2 A 64%DIET 118 M3 L7z (entry 4),

NM62
OH 0 MeC(OMe),NMe,
solvent, rt; o o
MOMOW\/\N/“\OMe . - “~ J§
OH : H MS4A, temp. MOMO™ ™ <~ "N~ “OMe
R in a sealed tube SH : H
A
112 113
entry solvent temp. (°C) time yield (%)®!
1 toluene 140 7.5d 40
2 o-xylene 160 2d 46
3 t-butylbenzene 160 28 h 50
4 t-butylbenzene 170 17 h 64

[a] Isolated yield.
table 14
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W, T U NT a3 — )RR AR ¥ ALROS DG 21T 572 (table 15), /N7 ¥ AflliAFA(E
T, 3 %4&ED TBHP # W TR THIELIZEZA, TV AT L a— L n@ERPICZ R fbEhn
7ALB Y 128 % 59% DR T (entry 1), & Z CTHSRE &N TBHP 024 84 28 % L CTUILRD
M k&Ko7, MISREZ 50 °C I 25 EUUEIT 68%I2m L Liz7=%, TBHP O 4 &% 5 LT
BEPREOM LA B L7208, CEOIME T L7z (entries 2-4),

NMGZ NM62
VO(acac),, TBHP
(@) O benzene (o) (e
MOMO™ S X : N/U\OMe temp. MOMO™ ™ - NJ\OMe
Z : H = 0 - H
oH 2 OH N
113 123

entry TBHP(eq) temp.(°C) vyield (%)?

1 3 rt 59
2 3 50 69
3 1.2 50 29
4 2 50 42

[a] Isolated yield.
table 15

BRI AR K 128 DG LNT-D T, BLBZZ1T > 72 (scheme 105), A% / —/L, KD
BUAEER . WEIOW I VEBT NI U AEZRINT D ERICHANETL, 74T e R 114 35560
oo BoHNT- 114 1%, ERIFEFDLONFHNERILICE > THELD NO~IT 2 —/L 115 & Ol
THELTEHY ., HEERREECTH o7, 22T, RPICHE~ 7 XU LR VR IIN LK E
Br< &y KBBEEMN A RV IHETEBL L NOT 2 F—/1 124 1Y 65% DR TH LTz,

NMeZ NMez
NalO, o o
o) o) MeOH/H,O (10/1)
L = Ox N/U\OMe
MOMO™ T = N7 Ome rt, 65% = N
OH /\ P
123 i 114 |
_ 0 " 5
—/ o,  —, A4
Uw NMe, TsOH-H,0 "~ NMe,
N~ OH 0°Ctort N~ OMe
O)\OMe O)\OMe
115 124

scheme 105

BNT 2 fi~DTT V EOBANZRF LTz, T, PEOT IF—L 124 Z W TV A AR
{BF3 OEtz, Sc(OTf)s, SnCls, TFOH, TMSOT{}, #i (CH2Clz, MeCN, toluene, THF), & L Tt
REIZDOWCTDORY V== T2 ToTc, TDORER VA AL LT BF; OEte, I & LT MeCN,
Z L T—40 °C TRISITo 2Bz, HoO= kU /L 116 28 55% & fic b RWINER TR L7z (table 16,
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entry 1), E72FIAEAWIL, 124 DA FF VHEPKEEIE~E B I NTZ~IT I —/LK 115 Th o
2o £ZT, ZROKEBRL ZDELF 2T =3 —TZAZFMLIZE Z A, IRIT 73%I2 L LT
(entry 2), 728, = U/ 116 [FH—DO VI EKBEARTHE LN TV DI, WILIbIcks Tt ah T
W5 K 91T (scheme 106)22h, IR DMKl THEAHD LR & BYEALT D7D SARRE I TR0

> 7z,

o} 0
—/ — TMSCN, BF3+OEt, :/ —4
——  NMe, MeCN D\ NMe,
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HO
HO
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CHzclz, rt, 75%

P

O

OH
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O
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ZnBry, LiBr, THF
—78 °C, 82%

MOMO

1) MPMBr, NaH

THF/DMF (1/1)

O°Ctort
OH : :
2) 80% AcOH aq. : :
OH
90% (2 steps) N
49
NMe2
1) CCIsCN, DBU NMe
0 CH,Cly, rt P 2
N ~ MOMO "
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0]
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COEt — % 7
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- MOMO/\)\N\OMPM -

140 °C, 70%
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— NMe
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total steps: 23
total yield : 1.4%
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& FHAR
NMe2
6M HCI, THF
MOMO - ; OMPM ™ a0%
CI3C\WN P
O 50
NM92
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E : . 2
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CCly
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1) DEAD, DPPA
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2) PPh3, THF, H,0, 80 °C
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0 °C, 87% (2 steps)

MOMO

OH e) MeC(OMe),NMe,
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General Experimantal Procedure

Reactions were performed in oven-dried glassware fitted with rubber septa under an argon
atmosphere. Methanol was distilled from CaSOs. Benzene, DMF, toluene, #butylbenzene and
oxylene were distilled from CaHz. All distilled solvents, MeCN, CH2Clz2 and 1,2-dichloroethane
were dried over activated 3A molecular sieves. THF is tetrahydrofuran, dehydrated; stabilizer
free, 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 solution 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 mesh,
KANTO CHEMICAL CO., INC.). 'H NMR spectra were recorded at 500 MHz and 13C NMR
spectra at 125 MHz with JEOL ECA-500 spectrometers. Chemical shifts are reported in ppm
with solvent signals ["H-NMR: CDClIs (7.26), CsDs (7.16), D20 (4.79); 13C-NMR: CDCls (77.16),
CeDs (128.06)]. Signal patterns are indicated as br, broad peak; s, singlet; d, doublet; t, triplet; q,
quartet; m, multiplet. Infrared spectra were recorded using a BRUKER ALPHA FT-IR
spectrometer. Mass spectra (EI and FAB) were measured with a JEOL GC-Mate 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 DIP-370 instrument ro JASCO P-2100 polarimeter.

FEnoate 7a (B Z=5:1)

o 1) (COCI),, DMSO o
1 EtsN, CH,Clp, ~78 °C I
OH - PN
MPMO™ Y 2) PhyPy_COLE! MPMO CO,Et
¢! ¢!
6

toluene, 100 °C
98% (2 steps) 7a (E:Z=511)

Oxalyl chloride (1.9 mL, 22 mmol) was added dropwise to a solution of DMSO (2.1 mL, 30 mmol)
and CH2Clz (40 mL) at —78 °C. The resulting solution was maintained for 30 min at —78 °C. A
solution of alcohol 6 (2.09 g, 7.40 mmol) and CH2Cl: (19 mL) was then added dropwise via
cannula at —78 °C. After the solution was maintained for 45 min at —78 °C, EtsN (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 H20 (80 mL), and extracted with
CH2Cl: (40 mL) and EtOAc (80 mL). The combined organic extracts were washed with brine (80
mL), dried over Na2SQs, 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
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concentrated. The residue was purified by silica gel column chromatography (EtOAc/hexane 1:2
to 1:1) to give 2.54 g of Eenoate 7a (98% for 2 steps, two isomers, £:Z=5:1). For analytical
samples, the isomers were purified by HPLC (PEGASIL Silica 120-5, 25020 mm, UV 254 nm,
EtOAc/hexane 1:5, 10 mL/min, Zenoate 7b: Tr=14.0 min, E-enoate 7a: Tr=14.5 min) to afford
pure F-enoate 7a and Z-enoate 7b. E-Enoate 7a: colorless oil; [a]26p —28.7 (¢ 1.22, CHCls); IR
(film) 2986, 1721, 1613, 1514, 1249, 1174 cm™}; 'H NMR (500 MHz, CDCls) § 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, /= 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, /= 7.2 Hz,
2H), 3.94 (ddd, J = 8.6, 4.6, 4.6 Hz, 1H), 3.81 (s, 3H), 3.60 (dd, /= 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, /= 7.2 Hz, 3H); 13C NMR (125 MHz, CDCls)
5166.1 (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 (CH2), 69.1 (CH2), 60.7 (CH2), 55.4 (CH3), 27.1 (CHs), 26.8 (CHs), 14.3
(CH3); LRMS (ED m/z 350 (M*, 1.8%), 263 (13), 245 (8), 170 (14), 156 (21), 137 (71), 121 (100), 112
(40); HRMS (EI), caled for C19H2606 M* 350.1729, found 350.1725.

FAllylic alcohol 8
?\/ DIBAL, toluene ?\/
- OH
MPMO ZCOEt T _7g°C 80% MPMO™ >\
o) 0
7a (E:Z=5:1) 8

Diisobutylalminium hydride (1.01 M in toluene, 5.4 mL, 5.5 mmol) was added dropwise to a
solution of F-enoate 7a (740 mg, 2.11 mmol, two isomers, £: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 NaHCOs (10 mL) and brine (10 mL), dried over Na2SO4, and
concentrated. The residue was purified by silica gel column chromatography (EtOAc/toluene 1:4
to 1:2) to give 523 mg of FErallylic alcohol 8 (80%) and 41.4 mg of Zallylic alcohol 10 (6%).
E-Allylic alcohol 8: colorless oil; [a]26p —12.9 (¢ 0.69, CHCIs); IR (film) 3443, 2990, 2934, 2865,
1613, 1514, 1371, 1247, 1088, 1032 cm™; 'H NMR (500 MHz, CDCls) § 7.26 (d, = 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, /= 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); 13C NMR (125 MHz, CDCls) § 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 (CHb), 62.9 (CH>),
55.4 (CHs), 27.1 (CHa3), 27.1 (CHs); LRMS (ED) 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 C17H2405 M+ 308.1624, found 308.
1633. ZAllylic alcohol 10: colorless oil; [a]26p +0.2 (¢ 0.78, CHCls); IR (film) 3440, 2990, 2940,
2860, 1605, 1510 cm™1; tH NMR (500 MHz, CDCl3) § 7.25 (d, /= 8.6 Hz, 2H), 6.88 (d, J= 8.6 Hz,
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2H), 5.87 (dtd, J=11.2, 6.9, 1.1 Hz, 1H), 5.56 (ddt, /= 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);
13C NMR (125 MHz, CDCls) § 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 (CHy2), 69.3 (CH>), 58.6 (CH2), 55.4 (CH3), 27.2 (CHs), 27.1
(CH3); LRMS (ED m/z 308 (M*, 0.6%), 293 (3), 250 (9), 232 (6), 204 (6), 173 (10), 137 (74),
121(100), 99 (17); HRMS (ED), calcd for C17H2405 M+ 308.1624, found 308. 1618.

FEBenzyl alcohol 9
0 BnBDrI\,/I ll\:laH 0
L _~_oH - L _~_0Bn
MPMO/\l/ 2 0°C to rt, 65% MPMO/\l/ e
o) o)
8 9

A solution of Erallylic alcohol 8 (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 NH4Cl (20 mL), and extracted with EtOAc (2x 20 mL). The
combined organic extracts were washed with brine (3x 20 mL), dried over Na2SOs and
concentrated. The residue was purified by silica gel column chromatography (EtOAc/hexane 1:7)
to give 701 mg of Ebenzyl alcohol 9 (65%): colorless oil; [a]25p —16.1 (¢ 0.37, CHCls); IR (film)
2987, 2935, 2860, 1515, 1369, 1240, 1090, 1030 cm™1; 'H NMR (500 MHz, CDCls) § 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=17.5, 5.7, 3.4 Hz, 1H), 3.79 (s, 3H), 3.59 (dd, /= 10.6, 3.4 Hz,
1H), 3.54 (dd, J=10.6, 5.7 Hz, 1H), 1.44 (s, 6H); 13C 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 (CHz), 72.4 (CH2), 69.8 (CH2), 69.2 (CH>), 55.4 (CHb),
27.1 (CHa), 27.1 (CH3); LRMS (ED) m/z 398 (M+, 3.1%), 383 (5), 340 (3), 277 (4), 249 (6), 232 (82),
188 (16), 137 (81), 121(100); HRMS (ED), caled for C24H3005 M+ 398.2093, found 398.2093.

F-Allylic syn-diol 14a

0 . OH
L os 80% AcOH /\l)v/\/osn
n >
MPMO/\l/ N © 83% MPMO
e} OH
9 E-syn-1a

E-Benzyl alcohol 9 (646 mg, 1.62 mmol) was dissolved in AcOH/H20 (4:1, 6.5 mL) at room
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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 Erallylic syn-diol E-sym-1a (90%): colorless crystals, mp 41—43 °C; [a]25p —17.4 (¢ 0.90,
CHCIs); 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, /= 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, /= 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); 13C NMR (125 MHz, CDCls)
§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 (CHy), 73.0 (CH), 72.9 (CH), 72.4 (CH3), 71.3 (CH2), 70.1 (CHa), 55.4
(CHs); 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 C21Hz2605 M+ 358.1780, found 358.1780.

ZEnoate Tb (B Z=1:7)

1) (COCI),, DMSO
j)\/ EtsN, CH,Cly, —78 °C UOZEt
OH .
MPMO™ ™y 2) (PhO),P(O)CH,COEt  MPMO™ Y\
© 0
6

NaH, THF, —78 °C
84% (2 steps) 7b (E:Z=1:7)

Oxalyl chloride (26 mL, 290 mmol) was added dropwise to a solution of DMSO (26 mL, 370
mmol) and CH:Clz (300 mL) at —78 °C. The resulting solution was maintained for 30 min at
—78 °C. A solution of alcohol 6 (33.7 g, 119 mmol) and CH2Cl: (50 mL) was then added dropwise
via cannula at —78 °C. After the solution was maintained for 45 min at —78 °C, EtsN (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 H20 (800 mL), and extracted
with CH2Clz (200 mL) and EtOAc (500 mL). The combined organic extracts were washed with
brine (800 mL), dried over Na2SQs, 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 H20 (500 mL), and extracted with EtOAc (2x 400 mL). The
combined organic extracts were washed with brine (500 mL), dried over Na2SOi, 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 Tb (84% for 2 steps, two isomers, £ Z=1:7). For analytical
samples, the isomers were purified by HPLC (PEGASIL Silica 120-5, 250%20 mm, UV 254 nm,
EtOAc/hexane 1:5, 10 mL/min, Zenoate 7b: Trg=14.0 min, E-enoate 7a: Tr=14.5 min) to afford
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pure Zenoate 7b and FE-enoate 7a. Z-Enoate 7b: colorless oil; [a]26p +57.6 (¢ 0.84, CHCls); IR
(film) 2980, 2940, 2870, 1720, 1710, 1610, 1510, 1250 cm™; 'H NMR (500 MHz, CDCls) & 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=17.2 Hz, 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, /= 7.2 Hz, 3H); 13C NMR (125 MHz, CDCls)
8 165.5 (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 (CH2), 70.4 (CH2), 60.6 (CH2), 55.4 (CH3), 27.3 (CHs), 27.2 (CH3), 14.3
(CHs); 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 (ED), caled for C19H2606 M* 350.1729, found 350.1745.

ZAllylic alcohol 10

OH
UozEt DIBAL, toluene U
MPMO™ >\ 78°C,62%  MPMO” Y\
0 0
7b (E:Z=1:7) 10

Diisobutylalminium hydride (0.95 M in hexane, 300 mL, 290 mmol) was added dropwise to a
solution of Zenoate 7b (35.0 g, 99.9 mmol, two isomers, £: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 aqueous NaHCOs3 (500 mL) and brine (500 mL), dried over Na2SOs,
and concentrated. The residue was purified by silica gel column chromatography (EtOAc/toluene

1:4) to give 19.2 g of Zallylic alcohol 7b (62%) and 6.40 g of Erallylic alcohol 7a (21%).

Z-Benzyl alcohol 11

OH BnBr, NaH OBn

U DMF U
MPMO/\l/ = MPMO/\( =

0°Ctort, 94%
O (e

10 1

A solution of Zallylic alcohol 10 (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 NH4Cl (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 Na2SO4, and concentrated. The residue was purified by

silica gel column chromatography (EtOAc/hexane 1:7) to give 1.12 g of Zbenzyl alcohol 11 (94%)
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colorless oil; [a]2'p —0.4 (¢ 1.30, CHCls); IR (film) 2990, 2860, 1610, 1510, 1460, 1370, 1250, 1080
cm 3 TH NMR (500 MHz, CDCls) § 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, /= 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, /= 10.6, 5.4 Hz, 1H), 1.43 (s, 3H), 1.42 (s,
3H); 13C 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 (CH3),
72.4 (CH2), 69.0 (CH2), 65.8 (CH2), 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 (ED),
caled for C24H3005 M+ 398.2093, found 398.2107.

Z-Allylic syn-diol Zsyn-1b

OBn OBn
O 80% AcOH OH
_— >
MPMO = 35 °C, 88% MPMO =
o} OH
1 Z-syn-1b

ZBenzyl alcohol 11 (1.05 g, 2.93 mmol) was dissolved in AcOH/H20 (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 Zallylic syn-diol Zsyn-1b (88%):
colorless oil; [a]2lp +5.6 (¢ 1.16, CHCls); IR (film) 3450, 3360, 2900, 1520, 1240, 1130, 1040 cm™%;
'H NMR (500 MHz, CDCls) § 7.36-7.27 (m, 5H), 7.22 (d, J= 8.6 Hz, 2H), 6.87 (d, /= 8.6 Hz, 2H),
5.81 (dddd, /= 11.2, 6.6, 6.0, 0.9 Hz, 1H), 5.76 (dddd, = 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); 13C NMR (125 MHz, CDCls) § 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
(CHb), 71.1 (CH2), 68.9 (CH), 66.1 (CH>), 55.4 (CHs); LRMS (EI) m/z 358 (M*, 0.1%), 250 (2), 232
(10), 149 (3), 137 (33), 121 (100), 91 (95); HRMS (ED), caled for C21H2605 M* 358.1780, found
358.1786.

FETrisubstituted enoate 12 (£:Z=14:1)
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1) (COCI),, DMSO

O Et;N, CH,Cl,, —78 °C O Me
OH -
MPMO 2) J\ MPMO CO,Me
- +
BrPhsP” “CO,Me 0
6 EtsN, CH,Cl,, 0 °C 12 (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 CH2Clz (16 mL) at —78 °C. The resulting solution was maintained for 30 min at —78 °C. A
solution of alcohol 6 (2.00 g, 7.08 mmol) and CH:Cl: (20 mL) was then added dropwise via
cannula at —78 °C. After the solution was maintained for 45 min at —78 °C, EtsN (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, quenched with H2O (100 mL), and extracted with
CH:Clz (50 mL) and EtOAc (100 mL). The combined organic extracts were washed with brine
(200 mL), dried over Na2SOs, 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 CH2Clz (40 mL) at room temperature. This
solution was maintained at room temperature for 20 min. A solution of the crude aldehyde and
CH:Clz (12 mL) was then added to the solution. The solution was stirred for 2 h at room
temperature, quenched with saturated aqueous NH4Cl (50 mL), and extracted with CHzCl2 (50
mL) and EtOAc (100 mL). The combined organic extracts were washed with brine (200 mL),
dried over Na2504, 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 12
(E:Z=14:1) (91%). For analytical samples, the isomers were purified by HPLC (PEGASIL Silica
120-5, 25020 mm, UV 254 nm, EtOAc/hexane 1:7, 10 mL/min, Ztrisubstituted enoate 12
Tr=32.0 min, Ftrisubstituted enoate 12: Tr=33.0 min) to afford pure E-trisubstituted enoate 12
and Ztrisubstituted enoate 12’. E-Trisubstituted enoate 12: colorless oil; [a]25p —41.1 (¢ 0.96,
CHCly); IR (film) 2988, 2936, 1719, 1613, 1514, 1249, 1034 cm™1; 'H NMR (500 MHz, CDCls)
87.24 (d, J= 8.6 Hz, 2H), 6.87 (d, /= 8.6 Hz, 2H), 6.65 (dq, 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, /= 10.6, 4.9 Hz, 1H), 1.85 (d, J
= 1.4 Hz, 3H), 1.45 (s, 3H), 1.45 (s, 3H); 13C NMR (125 MHz, CDCls) 5 168.0 (C), 159.4 (C), 137.4
(CH), 132.0 (C), 130.0 (0), 129.5 (CH), 113.9 (CH), 110.2 (C), 80.1 (CH), 74.4 (CH), 73.5 (CH2),
68.7 (CHa), 55.4 (CHs), 52.2 (CHs), 27.12 (CHs), 27.09 (CHs), 13.2 (CH3); HRMS (FAB) m/z caled
for C19H2706 (M+H)*+ 351.1808, found 351.1814. ZTrisubstituted enoate 12’ colorless oil; [a]25p
+22.6 (¢ 0.14, CHCly); IR (film) 2931, 2852, 1717, 1515, 1369, 1248, 1032 cm™:; H NMR (500
MHz, CDCls) & 7.26 (d, J= 8.6 Hz, 2H), 6.86 (d, /= 8.6 Hz, 2H), 5.88 (dq, J= 8.6, 1.4 Hz, 1H), 5.05
(dd, /= 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, /= 8.6, 6.9,
2.9 Hz, 1H), 3.80 (s, 3H), 3.70 (s, 3H), 3.66 (dd, /= 10.6, 2.9 Hz, 1H), 3.60 (dd, /= 10.6, 6.9 Hz,
1H), 1.95 (d, J= 1.4 Hz, 3H), 1.44 (s, 3H), 1.43 (s, 3H); 13C NMR (125 MHz, CDCls) 5 167.6 (C),

99



159.3 (0), 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 (CHy), 70.2 (CH2), 55.4 (CHs), 51.8 (CH3), 27.29 (CH3), 27.27 (CH3), 20.8 (CH3); HRMS (FAB)
m/z caled for C19H2706 (M+H)* 351.1808, found 351.1797.

FETrisubstituted allylic alcohol 13

O Me DIBAL, toluene O Me

MPMO CO,Me _78°C 82%  MPMO
0 0

12 (E:Z=14:1) 13

OH

Diisobutylalminium hydride (0.99 M in toluene, 14 mL, 14 mmol) was added dropwise to a
solution of E-trisubstituted enoate 12 (2.00 g, 5.71 mmol, two isomers, £: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 NaHCO3 (2x 50 mL) and brine (2x 50 mL), dried over Na2SOs, and then
concentrated. The residue was purified by silica gel column chromatography to give 1.52 g of
FErtrisubstituted allylic alcohol 13 (82%) and Ztrisubstituted allylic alcohol 18 (6%).
FErtrisubstituted allylic alcohol 18: colorless oil; [a]25p —4.8 (¢ 1.32, CHCls); IR (film) 3451, 2985,
2936, 2868, 2361, 1613, 1514, 1240, 1032 cm™1; 'H NMR (500 MHz, CDCl3) § 7.25 (d, J= 8.6 Hz,
2H), 6.88 (d, /= 8.6 Hz, 2H), 5.33 (dd, J= 8.6, 1.4 Hz, 1H), 4.70 (dd, /= 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); 13C NMR (125
MHz, CDCls) § 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 (CHz2), 69.5 (CH2), 62.1 (CHz), 55.4 (CHs), 27.3 (CHs), 27.1 (CH3), 22.3
(CH»); LRMS (ED 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 (ED), caled for Ci1sHz605 M* 322.1780, found 322.1779.
ZTrisubstituted allylic alcohol 13’: colorless oil; [a]26p —5.1 (¢ 1.03, CHCls); IR (film) 3446, 2986,
2935, 2867, 1587, 1514, 1240, 1033 cm™1; 'H NMR (500 MHz, CDCls) § 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), 4.52 (d, /= 11.7 Hz,
1H), 4.48 (d, J=11.7 Hz, 1H), 4.16 (d, /= 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, /= 10.6, 4.9 Hz, 1H), 3.59 (dd, /= 10.6, 4.9 Hz, 1H),
2.16 (brs, 1H), 1.84 (s, 3H), 1.42 (s, 3H), 1.41 (s, 3H); 13C NMR (125 MHz, CDCls) 5 159.5 (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 (CH2), 62.1 (CHa), 55.4 (CHs), 27.2 (CHs), 27.1 (CHs), 22.3 (CH3); HRMS (FAB) m/z
caled for C1sH2705 (M+H)+ 323.1858, found 323.1854.

E-Trisubstituted benzyl alcohol 14
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BnBr, NaH
o Me DMF O Me

OH >
MPMO 0 °C to RT, 80% MPMO

O @)
13 14

OBn

A solution of Etrisubstituted allylic alcohol 13 (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 NH4Cl (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
Na2S04, 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]25p
—-18.1 (¢ 0.63, CHCls); IR (film) 2986, 2859, 1613, 1514, 1369, 1248, 1074, 1031 cm; 'H NMR
(500 MHz, CDCls) § 7.36-7.28 (m, 5H), 7.25 (d, J= 8.6 Hz, 2H), 6.85 (d, /= 8.6 Hz, 2H), 5.49 (dq,
J=8.9,1.2 Hz, 1H), 4.63 (dd, J= 8.9, 8.9 Hz, 1H), 4.53 (d, /= 11.7 Hz, 1H), 4.50 (d, /= 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,
3.4 Hz, 1H), 3.52 (dd, J=10.6, 5.4 Hz, 1H), 1.71 (d, /= 1.2 Hz, 3H), 1.45 (s, 3H), 1.44 (s, 3H); 13C
NMR (125 MHz, CDCls) §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 (CH2), 72.0 (CH2), 69.1 (CH2), 55.4 (CHs), 27.3 (CHs), 27.1 (CHs), 14.5 (CHs); LRMS (ED) 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 (ED), caled for C25Hs205 M* 412.2250, found 412.2253.

F'Trisubstituted allylic syn-diol tri-sym-1c

O Me 80% AcOH OH  Me oBn
OBn >
MPMO rtto 40 °C, 82%  MPMO
O OH
14 tri-syn-1c

E-Trisubstituted benzyl alcohol 14 (1.50 g, 4.03 mmol) was dissolved in AcOH/H20 (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 Etrisubstituted allylic syn-diol
tri-symlc (82%): colorless oil; [a]25p —17.3 (¢ 0.70, CHCI3); IR (film) 3425, 2913, 2858, 1612, 1514,
1248, 1099, 1031 cm™%; H NMR (500 MHz, CDCls) § 7.36-7.28 (m, 5H), 7.24 (d, J = 8.9 Hz, 2H),
6.87 (d, J= 8.9 Hz, 2H), 5.52 (dq, J= 8.9, 1.4 Hz, 1H), 4.48 (d, J= 11.5 Hz, 1H), 4.45 (s, 2H), 4.45
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(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); 13C NMR (125 MHz,
CDCls) § 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 (CH2), 73.7 (CH), 73.5 (CH2), 72.1 (CH2), 71.1 (CH>), 69.1 (CH),
55.4 (CHs), 14.7 (CHs); HRMS (FAB) m/z caled for C22H2005 (M+H)*+ 373.2015, found 373.2016.

FEEnoate 16a

>< PhsP? CO,Et
o 0 PhCO,H, benzene
& 80 °C, 85% HO
o  “OH
15 16a (E:Z=3.3:1)

(Ethoxycarbonylmethylene)triphenylphosphorane (12.5 g, 36.0 mmol) was added to a solution of
lactol 15 (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 Eenoate 16a (48%) and 2.02 g of
Z-enoate 16b (37%). Erenoate 16a: colorless oil; [a]2p —28.9 (¢ 1.07 , CHCls); IR (film) 3485, 2987,
2938, 1721, 1372, 1260, 1164, 1047 cm™1; tH NMR (500 MHz, CDCls) § 6.88 (dd, /= 15.8, 5.7 Hz,
1H), 6.13 (dd, /= 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); 13C NMR (125 MHz, CDCls) & 166.0 (C), 142.1 (CH), 123.3 (CH), 109.7 (C),
78.4 (CH), 76.1 (CH), 62.0 (CH>), 60.8 (CH2), 27.8 (CH3), 25.4 (CHs), 14.4 (CH3); HRMS (ESD,
calced for C11H1s05Na+* (M+Na)+ 253.1052, found 253.1051.

F-Methoxybenzyl ether 17

NH
© MPMOLCClg,
HO Z>CO,Et CSA, CH,Cl,
O rt, 77%
16a 17

Camphorsulfonic acid (258 mg, 1.11 mmol) was added to a solution of E-enoate 16a (2.57 g, 11.1
mmol), 4-methoxybenzyl 2,2,2-trichloroacetimidate (9.96 g, 33.3 mmol) and CH2Cl: (110 mL) at
room temperature. The solution was maintained for 1.5 d at room temperature, quenched with
EtsN (310 pL), 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 17 (77%): yellow oil; [o]23p
+31.0 (¢0.79, CHCly); IR (film) 2986, 1719, 1514, 1260, 1176, 1094, 1035 cm''; TH NMR (500 MHz,
CDCls) § 7.25 (d, /= 8.6 Hz, 2H), 6.91 (dd, J= 15.5, 5.4 Hz, 1H), 6.87 (d, /= 8.6 Hz, 2H), 6.12 (dd,
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J=15.5,1.7 Hz, 1H), 4.78 (ddd, /= 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); 13C NMR (125 MHz, CDCls)
8 166.1 (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 (CH2), 68.8 (CH2), 60.6 (CH2), 55.4 (CH3), 27.8 (CHs), 25.3 (CHs), 14.4
(CHs); LRMS (EI) m/z 350 (M+, 8.2%), 220 (13), 137 (39), 121 (100), 112 (24), 84 (26); HRMS (ED),
caled for C19H2606 M+ 350.1729, found 350.1738.

EAllylic alcohol 18

DIBAL, toluene

—78 °C, 84%

17 18

Diisobutylalminium hydride (1.00 M in toluene, 17 mL, 17 mmol) was added dropwise to a
solution of £ methoxybenzyl ether 17 (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 Na2SO4, and concentrated.
The residue was purified by silica gel column chromatography (EtOAc/toluene 1:3 to 1:1) to give
1.46 g of Erallylic alcohol 18 (84%): yellow oil; [a]24p +9.6 (¢ 0.95, CHCls); IR (film) 3453, 2987,
2867, 1613, 1514, 1248, 1080, 1033 cm™’; 'H NMR (500 MHz, CDCl3) & 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, /= 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); 13C NMR (125 MHz,
CDCly) & 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 (CHs), 28.0 (CH3), 25.4 (CH3); LRMS
(ED m/z 308 (M*, 1.3%), 153 (35), 136 (49), 121 (100), 89 (46) 77 (87), 59 (95); HRMS (ED),
caled for Ci17H2405 M+ 308.1624, found 308.1615.

F-Benzyl ether 19

BnBr, NaH
DMF

0°Ctort, 96%  MPMO

18 19

Sodium hydride (63% in oil, 550 mg, 15 mmol) was added to a solution of E*allylic alcohol 18
(1.49 g, 4.83 mmol) and DMF (32 mL) at 0 °C. The resulting mixture was stirred for 30 min at
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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 NH4Cl (35 mL), and extracted with Et20 (3x 40 mL). The combined organic
extracts were washed with water (35 mL) and brine (35 mL), dried over Na2SOs, and
concentrated. The residue was purified by silica gel column chromatography (EtOAc/hexane 1:10
to 1:6) to give 1.84 g of Ebenzyl ether 19 (96%): yellow oil; [a]24p +7.4 (¢ 1.23, CHCl3); IR (film)
2986, 2862, 1613, 1513, 1248, 1085, 1033 cm’; TH NMR (500 MHz, CDCls) 6 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, /= 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), 3.44 (dd, = 10.0, 6.3 Hz, 1H), 3.42 (dd, J= 10.0, 5.4 Hz, 1H), 1.49 (s, 3H), 1.38 (s, 3H); 13C
NMR (125 MHz, CDCls) 8 159.3 (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 (CHz), 69.9 (CH2), 69.2 (CH>), 55.4 (CHs), 28.0 (CHs), 25.5 (CHs); LRMS (EI) m/z 398 (M,
0.6%), 232 (11), 137 (29), 121 (100), 91 (96); HRMS (ED), calcd for C24H3005 M+ 398.2093, found
398.2094.

FAllylic anti-diol E-antr1d

OH
80% AcOH z OBn
- " MPMO N
35 °C, 93% /\l/\/
OH
19 E-anti-1d

E-Benzyl ether 19 (2.49 g, 6.25 mmol) was dissolved in AcOH/H20 (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 Erallylic antr-diol Eantr1d (93%):
yellow oil; [a]24p —3.3 (¢ 0.99, CHCls); IR (film) 3417, 2862, 1612, 1513, 1248, 1098 cm'%; 'H NMR
(500 MHz, CDCls) § 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, /= 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), 8.60 (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); 13C NMR (125 MHz, CDCls) & 159.5 (C), 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 (CH2), 72.5 (CH),
72.4 (CHs), 70.9 (CHa2), 70.1 (CH2), 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), caled for C21H2605 M+ 358.1780, found 358.1768.

ZEnoate 16b
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o o Ph;P? > CO,Et
& CH2C|2, rt
o OH 94%
15 16b (E:Z=1:3.3)

(Ethoxycarbonylmethylene)triphenylphosphorane (5.77 g, 16.5 mmol) was added to a solution of
lactol 15 (1.77 g, 11.0 mmol) and CH2Cls (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 Zenoate 16b (72%) and
564 mg of E-enoate 16a (22%). Z-enoate 16b: colorless oil; [a]18p —~149.5 (¢ 0.92, CHCly); IR (film)
3491, 2985, 2936, 1715, 1381, 1194, 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, 3.7Hz, 1H), 4.18 (q, J= 7.2 Hz, 2H), 3.61 (dd, J=11.7, 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, /= 7.2 Hz, 3H); 13C NMR (125 MHz, CDCls)
8 166.2 (C), 147.4 (CH), 121.2 (CH), 109.0 (C), 78.9 (CH), 75.0 (CH), 61.6 (CH>), 60.8 (CH2), 27.5
(CHs), 24.8 (CHs), 14.3 (CH3); HRMS (ESI), calced for C11H1s0sNa+ (M+Na)+ 253.1052, found
253.1059.

Z-Allylic alcohol 20
NH

X

MPMO™ “CCl,

DIBAL, Et,0
-78°C

CSA, CH,Cl,, rt MPMO 66% (2 steps) MPMO

16b 125 20

Camphorsulfonic acid (91.8 mg, 395 pmol) was added to a solution of Zenoate 16b (913 mg, 3.95
mmol), 4-methoxybenzyl 2,2,2-trichloroacetimidate (3.54 g, 11.8 mmol) and CH2Cls (40 mL) at
room temperature. The solution was maintained for 2 d at room temperature, quenched with
EtsN (110 pL), and concentrated. The residue was purified by silica gel column chromatography
(EtOAc/hexane 1:10 to 1:3) to give 1.30 g of Zmethoxybenzyl ether, containing impurities
derived from the reagent. For analytical sample, the mixture of 125 was purified by HPLC
(PEGASIL Silica 120-5 250x20 mm, UV 254 nm, EtOAc/hexane 1:6, 10 mL/min,
Zmethoxybenzyl ether 125: Tr=21.1 min) to afford pure Z-methoxybenzyl ether 125: colorless
oil; [a]20p —146.2 (¢ 0.44, CHCl); IR (film) 2986, 2935, 2904, 1716, 1514, 1248, 1221, 1193, 1076,
1037, 821 cm'3; 'H NMR (500 MHz, CDCls) § 7.23 (d, = 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=17.5, 6.6, 3.4 Hz, 1H), 4.47 (d, J= 11.7 Hz, 1H), 4.44 (d, J=11.7 Hz, 1H), 4.14 (q, 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); 13C NMR (125 MHz, CDCls) § 165.7 (C), 159.3 (C), 146.4
(CH), 130.3 (), 129.4 (CH), 121.4 (CH), 113.8 (CH), 109.4 (C), 77.6 (CH), 74.3 (CH), 73.1 (CH>),
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69.1 (CHb2), 60.6 (CHb2), 55.4 (CHs), 27.7 (CHs), 25.2 (CHs), 14.3 (CHs); HRMS (ESI), calced for
Ci19H2606Na* (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 Zmethoxybenzyl ether 125 and Et20 (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 Na2SQOa, 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 20 (66% for 2 steps): yellow oil; [a]21p —19.3 (¢ 1.03, CHCl»); IR (film) 3418, 2987,
2935, 2867, 1612, 1514, 1248, 1079, 1034 cm™1; 'H NMR (500 MHz, CDCl3) § 7.23 (d, J= 8.6 Hz,
2H), 6.86 (d, J= 8.6 Hz, 2H), 5.83 (dtd, /= 11.2, 6.6, 1.2 Hz, 1H), 5.54 (ddt, /= 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, /= 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); 13C 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 (CHb), 68.7 (CH»), 58.6 (CH>), 55.3 (CHs), 27.9 (CHs), 25.3 (CHs); HRMS
(ESD), calced for C17H2405Na+ (M+Na)* 331.1521, found 331.1525.

ZBenzyl ether 21
OH BnBr, NaH OBn
DMF
MPMO 0°Ctort 92%  MPMO

20 21

Sodium hydride (63% in oil, 170 mg, 4.5 mmol) was added to a solution of Zallylic alcohol 20 (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 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 4 h at this temperature, quenched with
saturated aqueous NH4Cl (16 mL), and extracted with Et20 (5x 30 mL). The combined organic
extracts were washed with water (30 mL) and brine (30 mL), dried over Na2SOs, and
concentrated. The residue was purified by silica gel column chromatography (EtOAc/hexane 1:15
to 1:8) to give 822 mg of Zbenzyl ether 21 (92%): colorless oil; [a]23p —35.2 (¢ 1.17, CHCls); IR
(film) 2988, 2934, 2860, 1612, 1514, 1248, 1077 cm 1; *H NMR (500 MHz, CDCl3) § 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, /= 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, /= 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, /= 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, /= 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, = 10.0, 6.6 Hz, 1H), 3.41 (dd, = 10.0, 5.2 Hz, 1H), 1.48 (s, 3H), 1.35 (s,
3H); 13C NMR (125 MHz, CDCls) § 159.3 (C), 138.1 (C), 130.7 (CH), 130.1 (C), 129.6 (CH), 128.6
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(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 (CH3), 69.1 (CH3), 65.7 (CH2), 55.4 (CHs), 28.0 (CHs3), 25.5 (CHs); HRMS (ESI), calced
for C24H3005Na+ (M+Na)* 421.1991, found 421.1996.

Z-Allylic anti-diol Zantrle

OBn OBn
80% AcOH OH
— =
35°C,90%  MPMO =
OH
21 Z-anti-1e

ZBenzyl ether 21 (748 mg, 1.88 mmol) was dissolved in AcOH/H20 (4:1, 7.5 mL) at room
temperature. 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 Z-antr-1le (90%):
colorless oil; [a]23p —9.1 (¢ 1.43, CHCl3); IR (film) 3396, 2911, 2862, 1612, 1514, 1248, 1089, 1033
cm 1 TH NMR (500 MHz, CDCls) & 7.37-7.27 (m, 5H), 7.24 (d, /= 8.6 Hz, 2H), 6.88 (d, J= 8.6 Hz,
2H), 5.83 (dddd, /= 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= 12.3, 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, /= 9.7, 4.0 Hz, 1H), 2.78 (brs, 2H); 13C NMR (125
MHz, CDCIs) § 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 (CHa), 72.8 (CH2), 72.3 (CH), 71.1 (CH2), 69.9 (CH),
66.0 (CH2), 55.4 (CHs); HRMS (ESI), calced for C21H2605Na* (M+Na)* 381.1678, found 381.1678.

FETrisubstituted enoate 22

Me
Q><p Ph3p¢l\cone
— CH,Clp it HO CO,Me HO
o~ "OH 84% (E:Z=12:1)
15 22 23

(1-methoxycarbonylethylidene)triphenylphosphorane (14.1 g, 40.6 mmol) was added to a solution
of lactol 15 (5.00 g, 31.2 mmol) and CH2Clz (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 Etrisubstituted enoate 22 (77%)
and 475 mg of Ztrisubstituted enoate 23 (7%). E-trisubstituted enoate 22: colorless oil; [a]23p
—27.3 (¢ 1.50, CHCl3); IR (film) 3491, 2990, 2953, 2938, 1717, 1250, 1045 cm™1; 'TH NMR (500 MHz,
CDCls) 6 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, /= 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); 13C NMR (125 MHz, CDCls) § 167.7 (C), 136.4 (CH),
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130.9 (0), 109.5 (C), 78.6 (CH), 74.0 (CH), 62.0 (CH2), 52.2 (CHs), 27.9 (CHs), 25.3 (CH3), 13.3
(CHs); HRMS (ESD), calced for C11H1s05Na*+ (M+Na)+ 253.1052, found 253.1052. ZTrisubstituted
enoate 23: colorless oil; [a]21p —87.2 (¢ 1.11, CHCIs); IR (film) 3493, 2989, 2933, 1716, 1380, 1228,
1127, 1045 cm™1; 'H NMR (500 MHz, CDCls) & 6.08 (dq, J= 7.5, 1.4 Hz, 1H), 5.35 (ddq, J=17.5, 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); 13C NMR (125
MHz, CDCls) § 167.8 (C), 140.8 (CH), 129.6 (C), 108.8 (C), 79.0 (CH), 75.4 (CH), 61.9 (CH2), 52.0
(CHs), 27.6 (CHs), 24.9 (CHs), 20.0 (CHs); HRMS (ESI), calced for Ci11HisOsNa+ (M+Na)*
253.1052, found 253.1051.

FTrisubstituted methoxybenzyl ether 24
NH

PN

MPMO™ ~CCl,
COzMe CSA, CH2C|2 B MPMO
rt, 86% O

22 24

Me

COzMe

Camphorsulfonic acid (197 mg, 850 umol) was added to a solution of E-trisubstituted enoate 22
(1.96 g, 8.51 mmol), 4-methoxybenzyl 2,2,2-trichloroacetimidate (4.80 g, 17.0 mmol) and CH2Cls
(85 mL) at room temperature. The solution was maintained for 2 d at room temperature,
quenched with saturated aqueous NaHCOs (50 mL), and extracted with CHCls (3x 50 mL). The
combined organic extracts were washed with water (50 mL) and brine (50 mL), dried over
Na2S04, 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 24 (85%): colorless
oil; [a]23p —0.87 (¢ 1.48, CHCl»); IR (film) 2989, 2937, 1718, 1514, 1248 cm™%; H NMR (500 MHz,
CDCls) § 7.21 (d, J= 8.6 Hz, 2H), 6.85 (d, /= 8.6 Hz, 2H), 6.67 (dq, /= 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= 9.7, 5.4 Hz, 1H),
1.86 (d, J= 1.4 Hz, 3H), 1.50 (s, 3H), 1.39 (s, 3H); 13C 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 (CH2), 55.4 (CH3), 52.1 (CHs), 28.0 (CHs), 25.5 (CHs), 13.2 (CHs); HRMS (ESD), calced
for C19Ha2606Na* (M+Na)+ 373.1627, found 373.1625.

E-Trisubstituted benzyl ether 26

BnBr, NaH
Qo Me DIBAL, toluene DMF Q Me
MPMO COMe  _7g.c  MPMO M cen  MPMO OBn
) 80% (2 steps) )
24 25 26

Diisobutylalminium hydride (1.02 M in toluene, 13 mL, 13 mmol) was added dropwise to a
solution of the Ertrisubstituted p-methoxybenzyl ether 24 (2.04 g, 5.38 mmol) and toluene (54
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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 NasSOs,
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 25 was purified by silica gel column chromatography (EtOAc/hexane 1:3
to 1:1) to afford pure Zallylic alcohol 25: yellow oil; [a]23p —19.6 (¢ 1.13, CHCls); 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 (dq, 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), 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); 13C NMR (125 MHz, CDCls) § 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 (CH2), 68.0 (CH>), 55.4 (CHs),
28.1 (CHs), 25.6 (CHs), 14.1 (CHs3); HRMS (ESD, calced for CisHz605Nat (M+Na)* 345.1678,
found 345.1676.

Sodium hydride (63% in oil, 530 mg, 14 mmol) was added to a solution of above
FE-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 NH4Cl (10 mL), and extracted with Et2O (2x 350 mL). The
combined organic extracts were washed with water (100 mL) and brine (100 mL), dried over
Na2S04, 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 26 (76% for 2 steps): yellow
oil; [a]23p —10.8 (¢ 1.37, CHCl3); IR (film) 2983, 2936, 2863, 1513, 1247, 1216, 1056, 1033 cm™1; 'H
NMR (500 MHz, CDCls) § 7.35-7.27 (m, 5H), 7.23 (d, J = 8.6 Hz, 2H), 6.83 (d, J = 8.6 Hz, 2H),
5.51 (dqdd, 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, /= 12.0 Hz, 1H), 4.36 (ddd, J=6.9, 6.6,
4.9 Hz, 1H), 3.93 (dd, /= 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, /= 10.0, 4.9 Hz, 1H), 1.72 (d, /= 1.4 Hz, 3H), 1.49 (s, 3H), 1.39 (s,
3H); 13C NMR (125 MHz, CDCls) § 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 (CH2), 71.8 (CH2), 69.4 (CH>), 55.4 (CHs), 28.2 (CHs), 25.6 (CH3), 14.4 (CHs); HRMS (ESD),
calced for Co5H3205Na+ (M+Na)+ 435.2147, found 435.2143.

F Trisubstituted Allylic anti-diol tri-antr-1f
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OH Me

80% AcOH z
OBn _— /\l/\)\/an
MPMO
o (o)
35 °C, 96% OH
26 tri-anti-1f

E-Trisubstituted benzyl ether 26 (1.80 g, 4.21 mmol) was dissolved in AcOH/H20 (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 Etrisubstituted allylic anti-diol
tri-antr1f (93%): colorless oil; [0]23p —8.4 (¢ 1.44, CHCl3); IR (film) 3421, 2912, 2859, 1612, 1513,
1248, 1071, 1029 cm™%; tH NMR (500 MHz, CDCls) § 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, /= 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, /= 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); 13C NMR (125 MHz, CDCls) § 159.5 (C),
138.3 (0), 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 (CHa), 72.5 (CH), 72.1 (CH2), 71.1 (CH2), 70.0 (CH), 55.4 (CHs3), 14.6
(CHs); HRMS (ESI), calced for C22H2s05Na* (M+Na)* 395.1834, found 395.1836.

Bisdimethylamide 32a

NMez
OH MeC(OMe),NMe, o)
t-BuPh
/\/OBn - AN OBn
MPMOAI)\/ 180 °C, 87% MPMO
OH in a sealed tube 0
E-syn-1a NMe, 32a

General procedure A for the Cascade type Claisen rearrangement. Synthesis of
bisdimethylamide 32a.

A sealed tube was charged with FErallylic sym-diol Esymla (20.0 mg, 55.8 pmol),
MeC(OMe)2NMes (180 pL, 1.10 mmol) and #butylbenzene (2.0 mL). The solution was heated to
180 °C, stirred for 2 d at 180 °C. After cooling to room temperature, the solution was diluted with
brine (2 mL), and extracted with EtOAc (2 mL). The combined organic extracts were washed
with brine (6x 2 mL), dried over Na2SO4, and concentrated. The residue was purified by silica gel
column chromatography (acetone/hexane 1:5 to 1:1) to give 24.0 mg of bisdimethylamide 32a
(87%): yellow oil; [a]27p +4.9 (¢ 0.64, CHCls); IR (film) 2928, 2856, 1641, 1513, 1454, 1248, 1032
cm '; TH NMR (500 MHz, CDCls) § 7.32-7.25 (m, 5H), 7.23 (d, /= 8.6 Hz, 2H), 6.86 (d, /= 8.6 Hz,
2H), 5.64 (dd, /= 15.5, 7.6 Hz, 1H), 5.58 (dt, /= 15.5, 5.1 Hz, 1H), 4.44 (s, 2H), 4.38 (s, 2H), 3.92
(d, J= 5.1 Hz, 2H), 3.79 (s, 3H), 3.51 (dd, J= 9.5, 5.2 Hz, 1H), 3.47 (dd, J= 9.5, 5.2 Hz, 1H), 2.97
(s, 3H), 2.92 (s, 3H), 2.90 (s, 3H), 2.88-2.83 (m, 1H), 2.87 (s, 3H), 2.55 (dd, /= 15.0, 5.7 Hz, 1H),
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2.46-2.39 (m, 3H), 2.32 (dd, J= 18.3, 8.9 Hz, 1H); 13C NMR (125 MHz, CDCls) § 172.3 (C), 172.0
(0), 159.2 (C), 138.6 (C), 134.4 (CH), 130.6 (C), 129.5 (CH), 128.6 (CH), 128.4 (CH), 127.7 (CH),
127.6 (CH), 113.9 (CH), 73.2 (CH2), 71.5 (CH2), 71.1 (CH2), 70.4 (CH2), 55.4 (CHs), 41.3 (CH), 39.0
(CH), 37.6 (CH3), 37.5 (CHs), 36.9 (CH2), 35.64 (CHs), 35.59 (CHs), 33.8 (CH2); HRMS (FAB) m/z
caled for C20H41N205 (M+H)* 497.3015, found 497.3006.

Stereochemical determination of the sCascade type Claisen rearrangement

@)
1) Cp,ZrHCI MPMO MPMO
Mea (CH,CI). N —o0Bn = .—OBn
AN OBn - 3
MPMO N N \
2) piperidine, AcOH
MesN Et,0, rt OHC CHO
'e) 32a 34a 35a
(5% for 2 steps) (15% for 2 steps)

General procedure B for the cyclization from bisdimethylamide 32a. Synthesis of cyclopentene
34a and 35a.

Bis(cyclopentadienyl)zirconium chloride hydride (53.5 mg, 207 pmol) was added to a solution
bisdimethylamide 82a (21.3 mg, 42.9 pmol) and 1,2-dichloroethane (2 mL) at room temperature.
The resulting mixture was stirred for 25 min at room temperature, and concentrated. The
residue was filtered through a pad of silica gel (MeOH/CHC]ls 1:5) to give the corresponding
dialdehyde as a yellow oil, which was immediately used in the next reaction without further
purification.

Piperidine (7.0 pL, 64 umol) was added to a solution of the crude dialdehyde and Et20 (2.0
mL) at room temperature. After the solution was maintained for 1 h at room temperature, AcOH
(15 uL, 260 umol) was added to the solution. The solution was stirred for 1 h at room
temperature, quenched with saturated aqueous NaHCOs (2 mL), and extracted with EtOAc (2x
10 mL). The combined organic extracts were washed with brine (5 mL), dried over Na2SO4, and
concentrated. The residue was purified by silica gel column chromatography (EtOAc/hexane 1:3)
to give 3.4 mg of 34a and 35a (20% for 2 steps, cyclopentene 34a:cyclopentene 35a=1:3). For
analytical samples, the mixture of 84a and 85a was purified by HPLC (PEGASIL Silica 120-5,
250%20 mm, UV 254 nm, EtOAc/hexane 1:3, 10 mL/min, cyclopentene 35a: Tr=17.3 min,
cyclopentene 384a: Tr=22.0 min) to afford pure cyclopentene 34a and cyclopentene 35a.
Cyclopentene 34a: colorless oil; [a]26p —68.7 (¢ 0.25, CHCls); IR (film) 2925, 2853, 1681, 1612,
1513, 1248, 1100 cm™%; H NMR (500 MHz, CDCl3) § 9.74 (s, 1H), 7.35-7.28 (m, 5H), 7.25 (d, J =
8.3 Hz, 2H), 6.86 (d, J= 8.3 Hz, 2H), 6.84-6.82 (m, 1H), 5.71 (dd, /= 15.5, 7.5 Hz, 1H), 5.59 (dt, J/
=15.5, 5.7 Hz, 1H), 4.52 (d, J=12.0 Hz, 1H), 4.49 (d, J= 12.0 Hz, 1H), 4.42 (d, J= 11.7 Hz, 1H),
4.39 (d, J = 11.7 Hz, 1H), 3.95 (d, J = 5.7 Hz, 2H), 3.80 (s, 3H), 3.44 (dd, J= 9.2, 5.7 Hz, 1H),
3.43-3.41 (m, 1H), 3.35 (dd, J = 9.2, 7.2 Hz, 1H), 2.79 (dddd, J = 19.2, 7.7, 2.3, 2.3 Hz, 1H),
2.53-2.42 (m, 2H); 13C NMR (125 MHz, CDCls) § 189.5 (CH), 159.3 (C), 152.5 (CH), 147.9 (C),
138.4 (C), 133.9 (CH), 130.6 (C), 129.6 (CH), 128.6 (CH), 127.79 (CH), 127.77 (CH), 127.1 (CH),
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113.9 (CH), 73.2 (CH2), 72.4 (CHa), 71.6 (CH2), 70.3 (CH2), 55.4 (CH3), 47.6 (CH), 44.9 (CH), 35.8
(CHz2); HRMS (FAB) m/z calcd for Co5H2004 (M+H)* 393.2066, found 393.2063. Cyclopentene 35a:
colorless oil; [a]26p —17.2 (¢ 0.37, CHCls); IR (film) 2925, 2853, 1683, 1509, 1248 cm ; 1H NMR
(500 MHz, CDCls) 8 9.76 (s, 1H), 7.33-7.24 (m, 7H), 6.87 (d, /= 8.6 Hz, 2H), 6.87-6.85 (m, 1H),
5.72 (dd, J=15.2, 7.7 Hz, 1H), 5.57 (dt, /= 15.2, 6.0 Hz, 1H), 4.50 (d, /= 12.0 Hz, 1H), 4.47 (d, J
=12.0 Hz, 1H), 4.42 (s, 2H), 3.93 (d, J= 6.0 Hz, 2H), 3.80 (s, 3H), 3.76 (dd, J= 9.5, 5.2 Hz, 1H),
3.60 (dd, J/=9.5, 2.6 Hz, 1H), 3.10-3.05 (m, 1H), 2.96-2.94 (m, 1H), 2.85 (dd, J=19.5, 7.7 Hz, 1H),
2.41-2.35 (m, 1H); 13C NMR (125 MHz, CDCls) § 189.9 (CH), 159.3 (C), 153.4 (CH), 146.2 (O),
138.7 (C), 136.5 (CH), 130.5 (C), 129.6 (CH), 128.4 (CH), 127.7 (CH), 127.6 (CH), 126.5 (CH),
113.9 (CH), 73.2 (CH2), 71.9 (CHa), 70.4 (CH>), 69.2 (CH2), 55.4 (CH3), 49.8 (CH), 44.4 (CH), 39.0
(CH2); HRMS (FAB) m/z calcd for C25sH2004 (M+H)*+ 393.2066, found 393.2063.

Bisdimethylamide 32b

NM62
OBn MeC(OMe),NMe, 1)
OH ] :
t-BuPh s z 0OBn
MPMO = 180°c,81%  MPMO
OH in a sealed tube 0
Z-syn-1b NMe, 32b

Following the general procedure A, Zallylic symdiol Zsym1b (20.0 mg, 55.8 pumol) was
converted to bisdimethylamide 32b (22.4 mg, 81%): yellow oil; [a]27p —10.1 (¢ 1.18, CHCls); IR
(film) 3471, 2928, 2856, 1643, 1513, 1397, 1248, 1104 cm}; 'H NMR (500 MHz, CDCls) &
7.32-7.25 (m, 5H), 7.23 (d, J= 8.6 Hz, 2H), 6.85 (d, J= 8.6 Hz, 2H), 5.61 (dd, /= 15.5, 7.7 Hz, 1H),
5.57 (dt, J = 15.5, 4.9 Hz, 1H), 4.45 (s, 2H), 4.38 (d, J = 11.7 Hz, 1H), 4.36 (d, /= 11.7 Hz, 1H),
3.91 (d, J= 4.9 Hz, 2H), 3.79 (s, 3H), 3.49 (dd, J= 9.7, 4.6 Hz, 1H), 3.47 (dd, J= 9.7, 4.6 Hz, 1H),
2.94 (s, 3H), 2.92 (s, 3H), 2.88 (s, 3H), 2.87 (s, 3H), 2.87-2.82 (m, 1H), 2.53 (dd, /= 14.9, 5.4 Hz,
1H), 2.42-2.29 (m, 4H); 13C NMR (125 MHz, CDCls) § 172.4 (C), 171.9 (C), 159.2 (C), 138.6 (C),
134.8 (CH), 130.6 (C), 129.5 (CH), 128.7 (CH), 128.4 (CH), 127.8 (CH), 127.6 (CH), 113.9 (CH),
73.1 (CH2), 71.5 (CH2), 71.2 (CH2), 70.4 (CHa), 55.4 (CHs), 40.6 (CH), 39.0 (CH), 37.6 (CH3), 37.5
(CHs), 36.5 (CH2), 35.63 (CH3), 35.55 (CHs), 32.8 (CH2); HRMS (FAB) m/z calcd for C29H41N205
(M+H)*+ 497.3015, found 497.3006.

Bisdimethylamide 32¢c

NMez
OH Me MeC(OMe),NMe, o
Mosn tBuPh e A M08
MPMO 180 °C, 66% MPMO
OH in a sealed tube 0
tri-syn-ic NMe, 32¢

112



Following the general procedure A, F-trisubstituted allylic syn-diol tri-sym-1lc (20.0 mg, 53.7
pmol) was converted to bisdimethylamide 32c (18.1 mg, 66%): yellow oil; [a]27p +1.6 (¢ 0.85,
CHCls); IR (film) 3469, 3028, 2930, 2855, 1639, 1513, 1396, 1248, 1100 cm™}; *H NMR (500 MHz,
CDCls) § 7.32-7.25 (m, 5H), 7.23 (d, J= 8.6 Hz, 2H), 6.85 (d, J= 8.6 Hz, 2H), 5.66 (dd, J= 15.5,
9.5 Hz, 1H), 5.58 (dt, /= 15.5, 5.6 Hz, 1H), 4.44 (d, /= 11.7 Hz, 1H), 4.41 (d, J = 11.7 Hz, 1H),
4.37 (d, J=11.7 Hz, 1H), 4.35 (d, J= 11.7 Hz, 1H), 3.93 (dd, J = 12.9, 5.6 Hz, 1H), 3.90 (dd, J=
12.9, 5.6 Hz, 1H), 3.79 (s, 3H), 3.43 (d, J= 9.2 Hz, 1H), 3.40 (d, J= 9.2 Hz, 1H), 3.02 (ddd, /= 10.6,
9.5, 3.7 Hz, 1H), 2.97 (s, 3H), 2.96 (s, 3H), 2.89 (s, 3H), 2.85 (s, 3H), 2.56 (dd, J= 14.0, 3.7 Hz, 1H),
2.47 (d, J=14.9 Hz, 1H), 2.37 (dd, J= 14.0, 10.6 Hz, 1H), 2.32 (d, /= 14.9 Hz, 1H), 1.07 (s, 3H);
13C NMR (125 MHz, CDCls) § 172.4 (C), 172.0 (C), 159.2 (C), 138.7 (C), 133.2 (CH), 130.7 (O,
129.5 (CH), 129.4 (CH), 128.4 (CH), 127.7 (CH), 127.6 (CH), 113.8 (CH), 75.5 (CHz2), 73.4 (CH>),
71.2 (CH2), 70.3 (CHy), 55.4 (CHs), 45.6 (CH), 40.5 (C), 38.2 (CH3), 37.7 (CHs), 37.3 (CHa), 35.6
(CHs), 35.6 (CHs), 34.2 (CH2), 19.7 (CH3); HRMS (FAB) m/z caled for CsoHasN20s (M+H)*
511.3172, found 511.3171.

Bisdimethylamide 32b

NMez
OH MeC(OMe),NMe, o) .
z OBn t-BuPh s : OBn
N >
MPMO™ Y 180 °C, 80% MPMO
OH in a sealed tube 0
E-anti-1d NMe, 32b

Following the general procedure A, FErallylic antidiol Eranti-1d (19.5 mg, 54.4 pmol) was
converted to bisdimethylamide 32b (23.7 mg, 88%).

Bisdimethylamide 32a

NMez
OBn MeC(OMe),NMe, o
OH t-BuPh o OB
MPMO = 180°C,88%  MPMO
OH in a sealed tube 0
Z-anti-1d NMe, 32a

Following the general procedure A, Zallylic anti-diol Zantrr1ld (20.8 mg, 58.0 umol) was
converted to bisdimethylamide 32a (23.1 mg, 80%).

Bisdimethylamide 32f
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NMez

OH Me MeC(OMe)zNMeZ [0) S
z OBn t-BuPh s : MeOBn
MPMO 180 °C, 82% MPMO
OH in a sealed tube 0
tri-anti-1f NMe, 32f

Following the general procedure A, E-trisubstituted allylic antrdiol tri-ant-1f (20.0 mg, 53.7
umol) was converted to bisdimethylamide 32f (22.5 mg, 82%): yellow oil; [a]2lp —4.4 (¢ 0.80,
CHCly); IR (film) 2930, 2854, 1642, 1247, 1102 cm™%; 'H NMR (500 MHz, CDCls) § 7.33—7.28 (m,
5H), 7.24 (d, J= 8.6 Hz, 2H), 6.86 (d, /= 8.6 Hz, 2H), 5.64 (dd, /= 15.5, 9.2 Hz, 1H), 5.58 (ddd, J
=15.5, 5.4, 5.2 Hz, 1H), 4.51 (d, J=12.0 Hz, 1H), 4.43 (d, J=12.0 Hz, 1H), 4.39 (d, J=11.5 Hz,
1H), 4.36 (d, J=11.5 Hz, 1H), 3.95 (dd, J/=12.6, 5.4 Hz, 1H), 3.92 (dd, J= 12.6, 5.2 Hz, 1H), 3.80
(s, 3H), 3.55 (d, J=9.5 Hz, 1H), 3.43 (d, J= 9.5 Hz, 1H), 2.97-2.85 (m, 1H), 2.97 (s, 3H), 2.92 (s,
3H), 2.89 (s, 3H), 2.84 (s, 3H), 2.55 (dd, J=13.8, 3.7 Hz, 1H), 2.49 (d, J= 14.6 Hz, 1H), 2.35 (dd, J
=13.8, 10.6 Hz, 1H), 2.34 (d, J= 14.6 Hz, 1H), 1.00 (s, 3H); 13C NMR (125 MHz, CDCls) & 172.4
(0), 172.0 (C), 159.2 (C), 138.7 (C), 133.1 (CH), 130.7 (C), 130.0 (CH), 129.5 (CH), 128.4 (CH),
127.8 (CH), 127.6 (CH), 113.9 (CH), 74.5 (CHz2), 73.4 (CH2), 71.3 (CH2), 70.3 (CH2), 55.4 (CHb»),
45.7 (CH), 40.4 (C), 38.2 (CHas), 37.7 (CHs), 37.6 (CH2), 35.6 (CH3), 35.6 (CHa3), 34.3 (CHz), 18.9
(CH3); HRMS (ESI), calced for C30H4sN205* (M+H)* 511.3172, found 511.3173.

Cyclopentene 34b

Was

1) CpoZrHCI MPMO
Me,N 2
5 (CHoCl), 1t = OBn

AP OBn -
MPMO L

2) piperidine, AcOH
MeoN Et,0, rt OHC
o 32b 20% (2 steps) 34b

Following the general procedure B, bisdimethylamide 32b (28.5 mg, 57.4 pmol) was converted to
cyclopentene 34b (4.6 mg, 20%): colorless oil; [a]26p +40.5 (¢ 0.10, CHCl3); IR (film) 2926, 2852,
1670, 1613, 1513, 1248, 1108, 1069 cm™1; 'H NMR (500 MHz, CDCls) § 9.73 (s, 1H), 7.31-7.23 (m,
7H), 6.94 (dd, J= 2.6, 2.6 Hz, 1H), 6.86 (d, /= 8.6 Hz, 2H), 5.90 (ddt, /= 15.5, 8.3, 1.1 Hz, 1H),
5.68 (dtd, /= 15.5, 6.0, 0.6 Hz, 1H), 4.42 (s, 2H), 4.40 (d, /= 12.3 Hz, 1H), 4.37 (d, J= 12.3 Hz,
1H), 3.94 (dd, /= 6.0, 1.1 Hz, 2H), 3.79 (s, 3H), 3.64 (dd, /= 9.5, 4.0 Hz, 1H), 3.57 (dd, J= 9.5, 2.6
Hz, 1H), 3.19-3.11 (m, 2H), 2.63-2.60 (m, 2H); 13C NMR (125 MHz, CDCls) § 189.8 (CH), 159.3
(0), 154.2 (CH), 147.2 (0), 138.7 (C), 133.9 (CH), 130.6 (C), 129.5 (CH), 128.44 (CH), 128.38 (CH),
127.6 (CH), 127.5 (CH), 113.9 (CH), 73.2 (CH2), 71.9 (CHz2), 70.6 (CH2), 68.7 (CH2), 55.4 (CHa3),
46.3 (CH), 45.3 (CH), 39.4 (CHz); HRMS (FAB) m/z calcd for C2sH2004 (M+H)*+ 393.2066, found
393.2063.
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Cyclopentene 35c¢

O
1) Cp,yZrHCI MPMO
MesN 2
2 Me g (CH,ClI),, 1t N\ —OBn
MPMO™ > — g —Me
2) piperidine, AcOH
Me2N Et,O, rt CHO
o} 32¢ 27% (2 steps) 35¢

Following the general procedure B, bisdimethylamide 32c (34.8 mg, 63.4 umol) was converted to
cyclopentene 85¢ (7.4 mg, 27%): colorless oil; [a]26p —59.2 (¢ 0.21, CHCl»); IR (film) 2923, 2851,
1680, 1612, 1513, 1247, 1101 cm™ ; 'H NMR (500 MHz, CDCls) § 9.73 (s, 1H), 7.34-7.26 (m, 5H),
7.25 (d, J= 8.3 Hz, 2H), 6.88 (d, J= 8.3 Hz, 2H), 6.81 (dd, /= 2.6, 2.6 Hz, 1H), 5.67 (dd, J= 15.5,
8.3 Hz, 1H), 5.53 (dt, /= 15.5, 6.0 Hz, 1H), 4.55 (d, J = 12.3 Hz, 1H), 4.43 (d, J = 12.3 Hz, 1H),
4.42 (s, 2H), 3.94 (d, J= 6.0 Hz, 2H), 3.84 (d, J= 8.9 Hz, 1H), 3.81 (s, 3H), 3.28 (d, /= 8.9 Hz, 1H),
3.19 (ddd, J= 9.7, 8.3, 8.3 Hz, 1H), 2.66 (ddd, J= 18.6, 8.3, 2.6 Hz, 1H), 2.40 (ddd, J= 18.6, 9.7,
2.6 Hz, 1H), 0.89 (s, 3H); 13C NMR (125 MHz, CDCls) § 190.0 (CH), 159.3 (C), 152.8 (CH), 151.0
(0), 138.7(C), 132.5 (CH), 130.5 (C), 129.5 (CH), 129.1 (CH), 128.4 (CH), 127.8 (CH), 127.6 (CH),
113.9 (CH), 73.3 (CHa), 72.5 (CH2), 71.8 (CH2), 70.5 (CHz2), 55.4 (CH3), 51.4 (C), 47.6 (CH), 36.5
(CH2), 16.8 (CH3); HRMS (FAB) m/z caled for Co6H3104 (M+H)* 407.2222, found 407.2222.

Cyclopentene 35f

(0]
MezN)k_ 1) CpoZrHCI MPMO—\_
= MeOBn (CH2C|)2, rt OBn
MPMO™ > —— - / \Me
2) piperidine, AcOH
Me2N Et,O, rt CHO
o} 32f 36% (2 steps) 35f

Following the general procedure B, bisdimethylamide 32f (21.3 mg, 41.7 umol) was converted to
cyclopentene 35f (6.2 mg, 36%): colorless oil; [a]2'p +15.8 (¢ 0.25, CHCls); IR (film) 2925, 2853,
1680, 1613, 1513, 1247, 1103 cm™1; 'H NMR (500 MHz, CDCls) § 9.72 (s, 1H), 7.31-7.21 (m, 5H),
7.22 (d, J= 8.3 Hz, 2H), 6.92 (dd, J= 2.6, 2.6 Hz, 1H), 6.86 (d, J= 8.3 Hz, 2H), 5.81 (ddt, J= 15.5,
8.9, 1.2 Hz, 1H), 5.65 (dt, J=15.5, 6.0 Hz, 1H), 4.43 (d, J= 11.5 Hz, 1H), 4.40 (d, /= 11.5 Hz, 1H),
4.39(d, J=12.0 Hz, 1H), 4.34 (d, J=12.0 Hz, 1H), 3.93 (dd, /= 6.0, 1.2 Hz, 2H), 3.79 (s, 3H), 3.57
(d, J=9.2 Hz, 1H), 3.29 (d, /= 9.2 Hz, 1H), 2.66 (ddd, J= 10.0, 8.9, 7.7 Hz, 1H), 2.58 (dd, J= 7.7,
1.2 Hz, 1H), 2.57 (dd, J= 8.9, 1.2 Hz, 1H), 1.17 (s, 3H); 13C NMR (125 MHz, CDCls) § 190.3 (CH),
159.3 (C), 155.0 (CH), 149.6 (C), 138.7 (C), 133.2 (CH), 130.6 (C), 129.5 (CH), 129.2 (CH), 128.4
(CH), 127.5 (CH), 127.5 (CH), 113.9 (CH), 74.1 (CHa), 73.2 (CH2), 71.8 (CHa2), 70.6 (CH2), 55.4
(CH3), 54.3 (CH), 51.5 (C), 39.0 (CH>), 21.3 (CHs); HRMS (ESD), calced for C26H300sNa* (M+Na)*
429.2042, found 429.2042.
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Allylic alcohol 41a

OH MeC(OMe)zNMez NMez
o-xylene, rt e)
OB .-
MPMOAH\/\/ ’ then MS4A OBn
en MPMO
OH 160 °C, 91% /\é;\
in a sealed tube
E-syn-1a 41a

General procedure C for the Claisen rearrangement via the cyclic orthoamides. Synthesis of
allylic alcohol 41a from syzr-diol F syn-1a.

A sealed tube was charged with Fallylic symdiol FEsymla (189 mg, 52.7 pmol),
MeC(OMe)2NMe: (15 pL, 110 pmol), and oxylene (2 mL). After this solution was maintained for
3 h at room temperature, molecular sieves 4A (100 mg) was added to the solution. The resulting
mixture was then heated to 160 °C, and stirred for 4 d at 160 °C. After cooling to room
temperature, the mixture was filtrated through a pad of Celite. This pad was washed with
toluene (10 mL). After concentration, the residue was purified by silica gel column
chromatography (acetone/hexane 1:5 to 1:1) to give 20.5 mg of allylic alcohol 41a (91%): colorless
oil; [a]25p —6.8 (¢ 1.49, CHCI3); IR (film) 3413, 2933, 2858, 1631, 1513, 1240, 1102, 1031 cm™}; 'H
NMR (500 MHz, CDCls) § 7.34-7.28 (m, 5H), 7.25 (d, J= 8.9 Hz, 2H), 6.88 (d, /= 8.9 Hz, 2H),
5.81 (ddd, J=15.5, 7.7, 1.1 Hz, 1H), 5.52 (ddd, J= 15.5, 6.3, 0.9 Hz, 1H), 4.50 (d, J=12.0 Hz, 1H),
4.49 (s, 2H), 4.47 (d, J = 12.0 Hz, 1H), 4.31-4.27 (m, 1H), 3.81 (s, 3H), 3.50 (dd, = 9.2, 5.4 Hz,
1H), 3.47 (dd, J= 9.5, 3.2 Hz, 1H), 3.46 (dd, J= 9.2, 6.0 Hz, 1H), 3.30 (dd, J= 9.5, 8.3 Hz, 1H),
3.00-2.97 (m, 1H), 2.96 (s, 3H), 2.90 (s, 3H), 2.58 (dd, J = 15.5, 6.6 Hz, 1H), 2.44 (brs, 1H), 2.33
(dd, J = 15.5, 7.2 Hz, 1H); 13C NMR (125 MHz, CDCls) § 171.7 (C), 159.5 (C), 138.6 (C), 133.7
(CH), 130.1 (), 129.6 (CH), 129.5 (CH), 128.4 (CH), 127.71 (CH), 127.66 (CH), 114.0 (CH), 74.1
(CHz2), 73.13 (CH>), 73.06 (CH2), 72.9 (CH2), 71.3 (CH), 55.4 (CHs), 39.1 (CH), 37.6 (CH»), 35.6
(CHs), 35.2 (CH2); LRMS (ED) m/z 427 (M*, 1.1%), 336 (2), 318 (4), 276 (10), 232 (11), 200 (15), 180
(11), 168 (57), 135 (41), 121 (100), 105 (26); HRMS (EI), caled for C2sH3sNOs M+ 427.2359, found
427.2358.

Allylic alcohol 41b
OBn  MeC(OMe),NMe, NMe,
OH o-xylene, RT ') .
MPMO = ~ =__OBn
then MS4A MPMO XN
OH 160 °C, 89% /\é:\
in a sealed tube
Z-syn-1b 41b

Following the general procedure C, Zallylic symdiol Zsymlb (20.2 mg, 56.4 pmol) was
converted to allylic alcohol 41b (21.4 mg, 89%): yellow oil; [a]25p +7.4 (¢ 1.01, CHCls); IR (film)
3417, 2858, 1633, 1513, 1455, 1400, 1248, 1101 cm ™5 'H NMR (500 MHz, CDCls) & 7.33-7.28 (m,
5H), 7.25 (d, /= 8.6 Hz, 2H), 6.87 (d, J= 8.6 Hz, 2H), 5.79 (dd, /= 15.8, 7.9 Hz, 1H), 5.52 (dd, J=
15.8, 6.3 Hz, 1H), 4.49 (d, J= 11.7 Hz, 1H), 4.48 (s, 2H), 4.47 (d, J= 11.7 Hz, 1H), 4.30-4.27 (m,
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1H), 3.80 (s, 3H), 3.51 (dd, J=9.3, 5.3 Hz, 1H), 3.46 (dd, /= 9.3, 3.0 Hz, 1H), 3.45 (dd, /= 8.9, 6.3
Hz, 1H), 3.31 (dd, /= 8.9, 8.9 Hz, 1H), 3.00-2.93 (m, 1H), 2.96 (s, 3H), 2.89 (s, 3H), 2.60 (brs, 1H),
2.59 (dd, J/=15.5, 6.3 Hz, 1H), 2.30 (dd, J= 15.5, 7.6 Hz, 1H); 13C NMR (125 MHz, CDCls) & 171.7
(0), 159.4 (C), 138.5 (C), 133.4 (CH), 130.1 (C), 129.6 (CH), 129.5 (CH), 128.4 (CH), 127.7 (CH),
127.6 (CH), 114.0 (CH), 74.0 (CHy2), 73.1 (CH2), 73.0 (CH2), 72.9 (CH2), 71.3 (CH), 55.4 (CHs), 39.0
(CH), 37.5 (CH3), 35.5 (CHs), 35.2 (CHz2); LRMS (ED) m/z427 (M*, 1.5%), 336 (2), 318 (4), 276 (13),
232 (11), 200 (19), 168 (67), 135 (27), 121 (100), 107 (20); HRMS (ED), caled for C25H33NOs M*
4217.2359, found 427.2359.

Allylic alcohol 41c
NMe
OH Me MeC(Ollvle)lerlt\/le2 2
N oBn o-xylene, _ 0] Me
then MS4A MPMO -OBn

OH 160 °C, 95% /\(l)/H\
] in a sealed tube

tri-syn-1c 41c

Following the general procedure C, E-trisubstituted allylic syn-diol tri-symlc (21.0 mg, 56.4
pmol) was converted to allylic alcohol 41c (23.6 mg, 95%): yellow oil; [al25p —13.3 (¢ 0.92, CHCls);
IR (film) 3410, 2933, 2858, 1616, 1513, 1248, 1102, 1032 cm1; 'H NMR (500 MHz, CDCls)
8 7.33-7.27 (m, 5H), 7.25 (d, /= 8.6 Hz, 2H), 6.88 (d, J= 8.6 Hz, 2H), 5.99 (dd, J= 16.0, 1.2 Hz,
1H), 5.43 (dd, J= 16.0, 6.6 Hz, 1H), 4.50 (s, 2H), 4.49 (s, 2H), 4.32-4.29 (m, 1H), 3.80 (s, 3H), 3.46
(dd, J=9.5, 3.2 Hz, 1H), 3.45 (d, /= 8.9 Hz, 1H), 3.39 (d, /= 8.9 Hz, 1H), 3.31 (dd, /= 9.5, 8.6 Hz,
1H), 2.96 (s, 3H), 2.88 (s, 3H), 2.50 (brs, 1H), 2.48 (d, /= 14.6 Hz, 1H), 2.43 (d, J= 14.6 Hz, 1H),
1.19 (s, 3H); 13C NMR (125 MHz, CDCls) 5 171.4 (C), 159.4 (C), 138.9 (C), 138.8 (CH), 130.2 (C),
129.5 (CH), 128.4 (CH), 127.5 (CH), 127.5 (CH), 126.5 (CH), 114.0 (CH) , 77.1 (CH>2), 74.1 (CHa),
73.3 (CHa2), 73.1 (CHy), 71.6 (CH), 55.4 (CHs), 40.3 (C), 39.7 (CH2), 38.2 (CHs), 35.5 (CHs), 22.4
(CHs); LRMS (EI) m/z 441 (M+, 1.6%), 380 (4), 354 (6), 290 (33), 246 (22), 214 (34), 182 (87), 166
(17), 120 (100); HRMS (ED), caled for C26H3sNOs M+ 441.2515, found 441.2501.

Allylic alcohol 41b

MeC(OMe),NMe, NMe;

o-xylene, 60 °C ')

OH
= OBn -
MPMO 2 >
/\l/\/ then MS4A MPMO \/\/OBn
OH 160 °C, 80%

. in a sealed tube OH
E-anti-1d 41b

General procedure D for the Claisen rearrangement via the cyclic orthoamides. Synthesis of
allylic alcohol 41b from anti-diol £-anti-1d.

A sealed tube was charged with Frallylic antidiol FErantrld (19.4 mg, 54.1 pmol),
MeC(OMe)2NMez (16 pL, 110 pmol), and oxylene (2.0 mL) at room temperature. The solution

was heated to 60 °C. After this solution was maintained for 6 h at 60 °C, molecular sieves 4A
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(100 mg) was added to the solution. The resulting mixture was then heated to 160 °C, and stirred
for 1.5 d at 160 °C. After cooling to room temperature, the mixture was filtrated through a pad of
Celite. This pad was washed with toluene (10 mL). After concentration, the residue was purified
by silica gel column chromatography (acetone/hexane 1:5 to 1:1) to give 19.1 mg of allylic alcohol
41b (83%).

Allylic alcohol 41a
OBn  MeC(OMe),NMe, NMe,
?H o-xylene, 60 °C e
MPMO Z then MS4A MPMO OBn
OH 160 °C, 81%
. OH
] in a sealed tube
Z-anti-1e 41a

Following the general procedure D, Zallylic anti-diol Zanti-le (21.8 mg, 60.8 pmol) was
converted to allylic alcohol 41a (21.0 mg, 81%).

Allylic alcohol 41f
NMe
OH Me MeC(IOMe)élalll/lgz 2
MPMO : OBn s - " Me
then MS4A MPMO o< -0Bn

OH 160 °C, 84% /\é/H\
. . in a sealed tube

tri-anti-1d 41f

Following the general procedure D except for the reaction temperature (180 °C), E-trisubstituted
allylic anti-diol tri-antr-1f (20.8 mg, 55.8 umol) was converted to allylic alcohol 41f (20.7 mg,
84%): yellow oil; [a]2p +6.1 (¢ 0.70, CHCl3); IR (film) 3417, 2928, 2856, 1640, 1513, 1248, 1102
ecm 1 TH NMR (500 MHz, CDCls) § 7.34-7.27 (m, 5H), 7.25 (d, J= 8.6 Hz, 2H), 6.87 (d, J= 8.6 Hz,
2H), 5.98 (dd, J=16.0, 0.9 Hz, 1H), 5.43 (dd, J=16.0, 6.6 Hz, 1H), 4.51 (d, /= 12.6 Hz, 1H), 4.50
(d, J=11.7 Hz, 1H), 4.49 (d, J= 12.6 Hz, 1H), 4.48 (d, /= 11.7 Hz, 1H), 4.30 (dddd, J= 8.3, 6.6,
3.2, 0.9 Hz, 1H), 3.80 (s, 3H), 3.46 (dd, J= 9.5, 3.2 Hz, 1H), 3.44 (d, J= 8.9 Hz, 1H), 3.39 (d, J=
8.9 Hz, 1H), 3.31 (dd, J/= 9.5, 8.3 Hz, 1H), 2.96 (s, 3H), 2.87 (s, 3H), 2.49 (d, /= 14.6 Hz, 1H), 2.42
(d, J=14.6 Hz, 1H), 1.19 (s, 3H); 3C NMR (125 MHz, CDCls) § 171.3 (C), 159.5 (C), 138.9 (CH),
138.8 (0), 130.2 (C), 129.6 (CH), 128.4 (CH), 127.6 (CH), 127.6 (CH), 126.4 (CH), 114.0 (CH), 77.2
(CH2), 74.1 (CH>), 73.3 (CH>), 73.1 (CH2), 71.7 (CH), 55.4 (CHs), 40.3 (C), 39.6 (CH2), 38.2 (CHa),
35.5 (CHs), 22.4 (CH3); LRMS (EI) m/z 441 (M+, 0.2%), 290 (5), 246 (3), 214 (9), 182 (27), 166 (6),
121 (97), 91 (100), 72 (64); HRMS (EI), caled for C26H3sNOs M+ 441.2515, found 441.2520.

Trichloroacetamide 43a
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NM62 NMe2

NM
©2 CI,CCN, DBU o oo | o
CH.CI »,CO3, o-xylene
X OBn 7290/2 MPMO™ o 140 °C, 84% VPO .
MPMO rt, 79% °C, 84%
/\(|)/H\ NH in a sealed tube o NH
41a CCl3  42a CCls  43a

General procedure E for the Overman rearrangement. Synthesis of trichloroacetamide 43a.
Trichloroacetnitrile (29 pL, 290 pmol) was added to a solution of allylic alcohol 41a (62.0 mg, 145
pmol), DBU (22 uL, 150 umol) and CH2Clz (30 mL) at 0 °C. This solution was allowed to warm to
room temperature, maintained for 3.5 h at room temperature, and concentrated. The residue
was purified by silica gel column chromatography (EtOAc/hexane 1:2 to 1:1 with 1.0 vol % EtsN)
to give 65.2 mg of trichloroimidate 42a (79%): colorless oil; [a]25p +81.0 (¢ 0.96, CHCls); IR (film)
2928, 2859, 1642, 1513, 1301, 1248, 1087, 1032 cm1; 'H NMR (500 MHz, CDCls) 8.31 (s, 1H),
7.33-7.27 (m, 5H), 7.24 (d, J= 8.6 Hz, 2H), 6.85 (d, /= 8.6 Hz, 2H), 5.94 (dd, /= 14.6, 7.8 Hz, 1H),
5.65-5.58 (m, 2H), 4.53 (d, J = 11.7 Hz, 1H), 4.50 (d, /= 11.7 Hz, 1H), 4.47 (s, 2H), 3.79 (s, 3H),
3.65 (dd, /= 10.9, 6.3 Hz, 1H), 3.62 (dd, J/=10.9, 4.0 Hz, 1H), 3.51 (dd, J= 9.2, 5.3 Hz, 1H), 3.47
(dd, J= 9.2, 5.7 Hz, 1H), 3.04-2.98 (m, 1H), 2.95 (s, 3H), 2.89 (s, 3H), 2.56 (dd, J= 15.2, 6.9 Hz,
1H), 2.33 (dd, J=15.2, 7.2 Hz, 1H); 13C NMR (125 MHz, CDCls) § 171.6 (C), 161.9 (C), 159.3 (C),
138.6 (C), 135.7 (CH), 130.3 (C), 129.3 (CH), 128.4 (CH), 127.6 (CH), 127.6 (CH), 125.3 (CH),
113.9 (CH), 91.9 (C), 78.2 (CH), 73.1 (CH>), 73.0 (CH2), 72.7 (CH2), 71.2 (CH2), 55.4 (CHs), 39.3
(CH), 37.6 (CHa), 35.6 (CHzs), 34.9 (CHz2); HRMS (FAB) m/z caled for C27H3435Cl237C1 N2Os (M+H)*
573.1504, found 573.1509.

A sealed tube was charged with trichloroimidate 42a (53.3 mg, 125 umol), K2COs (4.40 mg,
31.8 pmol) and oxylene (1 mL). The resulting mixture was stirred for 1.5 h at 140 °C, cooled to
room temperature, diluted with H2O (5 mL), and extrated with EtOAc (2x 10 mL). The combined
organic extracts were washed with brine (2x 10 mL), dried over Na2SO4, and concentrated. The
residue was purified by silica gel column chromatography (EtOAc/hexane 1:2) to give 44.8 mg of
trichloroacetamide 43a (84%): colorless oil; [a]25p —2.2 (¢ 0.75, CHCls); IR (film) 2859, 2358, 2342,
1712, 1631, 1513, 1402, 1248, 1100 cm™%; 'H NMR (500 MHz, CDCls) § 8.60 (d, J= 8.0 Hz, 1H),
7.35-7.28 (m, 5H), 7.24 (d, J= 8.6 Hz, 2H), 6.87 (d, J= 8.6 Hz, 2H), 5.80 (dtd, /= 15.5, 5.4, 1.0 Hz,
1H), 5.61 (ddt, J = 15.5, 7.2, 1.4 Hz, 1H), 4.45 (d, J = 11.7 Hz, 1H), 4.48 (d, J = 11.7 Hz, 1H),
4.45-4.41 (m, 1H), 4.42 (s, 2H), 3.98 (dd, J= 5.4, 1.4 Hz, 2H), 3.80 (s, 3H), 3.56 (dd, J=9.2, 5.4 Hz,
1H), 3.51 (dd, J= 9.2, 6.9 Hz, 1H), 2.97 (s, 3H), 2.93 (s, 3H), 2.64 (ddddd, J= 6.9, 6.9, 6.9, 5.4, 5.4
Hz, 1H), 2.43 (dd, J = 16.6, 5.4 Hz, 1H), 2.39 (dd, J = 16.6, 6.9 Hz, 1H); 13C NMR (125 MHz,
CDCls) § 171.9 (C), 161.5 (C), 159.4 (C), 137.7 (C), 130.6 (CH), 130.3 (C), 129.5 (CH), 128.6 (CH),
128.6 (CH), 128.2 (CH), 128.1 (CH), 113.9 (CH), 93.1 (C), 73.7 (CH>), 71.9 (CH»), 71.1 (CH>), 69.5
(CH»), 55.4 (CH), 55.3 (CHs), 38.6 (CH), 37.5 (CH3), 35.9 (CHs), 33.2 (CH2); HRMS (FAB) m/z
caled for Ca7Hz34%5Cl237Cl N2Os (M+H)* 573.1504, found 573.1509.

Trichloroacetamide 43b
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NMez NMe2

NM
©2 Cl,CCN, DBU o oo o o
le) . CH,Cl, z oBn K2C0s. o-xylene z OBn
: ———MPMO NNy
MPMO/Y\/\/OBn " /\(l)/\NH 140°C o/\r!;\/
OH in a sealed tube
0,
41b CCls 42 81%(2 steps) CCly 43p

Following the general procedure E, allylic alcohol 41b (72.6 mg, 170 pmol) was converted to
trichloroacetamide 43b (75.3 mg, 81% for 2 steps). Trichloroimidate 42b: colorless oil; [a]25p —5.8
(c 1.73, CHCls); IR (film) 2932, 2860, 1645, 1513, 1398, 1248, 1085 cm™%; 'H NMR (500 MHz,
CDCls) 6 8.32 (s, 1H), 7.33-7.27 (m, 5H), 7.24 (d, /= 8.6 Hz, 2H), 6.85 (d, /= 8.6 Hz, 2H), 5.93 (dd,
J=14.3,7.7Hz, 1H), 5.63 (dd, J= 14.3, 6.3 Hz, 1H), 5.62-5.59 (m, 1H), 4.53 (d, J=11.7 Hz, 1H),
4.51 (d, J=11.7 Hz, 1H), 4.49 (d, J=12.0 Hz, 1H), 4.46 (d, J= 12.0 Hz, 1H), 3.80 (s, 3H), 3.66 (dd,
J=10.9, 6.6 Hz, 1H), 3.62 (dd, /= 10.9, 3.7 Hz, 1H), 3.51 (dd, J= 9.4, 5.3 Hz, 1H), 3.47 (dd, J=
9.4, 5.7 Hz, 1H), 3.04-2.98 (m, 1H), 2.95 (s, 3H), 2.89 (s, 3H), 2.56 (dd, J=15.2, 6.9 Hz, 1H), 2.32
(dd, J=15.2, 6.9 Hz, 1H); 13C NMR (125 MHz, CDCls) 8 171.5 (C), 161.9 (C), 159.3 (C), 138.6 (O),
135.7 (CH), 130.3 (C), 129.3 (CH), 128.4 (CH), 127.6 (CH), 127.6 (CH), 125.3 (CH), 113.9 (CH),
91.9 (0), 78.1 (CH), 73.1 (CHa), 73.0 (CH2), 72.7 (CH2), 71.2 (CH2), 55.4 (CHs), 39.2 (CH), 37.5
(CHs), 35.6 (CHs3), 34.9 (CH2); HRMS (FAB) m/z caled for C27Hs4ClsN205 (M+H)*+ 571.1534, found
571.1554. Trichloroacetamide 43b: colorless oil; [a]25p —4.3 (¢ 0.42, CHCIls); IR (film) 2929, 2858,
1715, 1639, 1513, 1248, 1099, 1034 cm™; 'H NMR (500 MHz, CDCls) & 8.46 (d, J = 8.0 Hz, 1H),
7.35-7.27 (m, 5H), 7.25 (d, J= 8.6 Hz, 2H), 6.88 (d, /= 8.6 Hz, 2H), 5.73 (dt, J= 15.8, 4.3 Hz, 1H),
5.68 (dd, J=15.8, 4.0 Hz, 1H), 4.59-4.56 (m, 1H), 4.46 (d, J=11.2 Hz, 1H), 4.42 (s, 2H), 4.41 (d, J
=11.2 Hz, 1H), 3.99 (d, J = 4.3 Hz, 2H), 3.81 (dd, J= 9.6, 3.2 Hz, 1H), 3.81 (s, 3H), 3.58 (dd, J=
9.6, 2.4 Hz, 1H), 2.96 (s, 3H), 2.94 (s, 3H), 2.60 (dd, J/= 14.4, 7.2 Hz, 1H), 2.58-2.55 (m, 1H), 2.42
(dd, J=14.4, 4.3 Hz, 1H); 13C NMR (125 MHz, CDCls) § 171.3 (C), 161.8 (C), 159.4 (C), 137.3 (O),
130.4 (C), 129.6 (CH), 129.5 (CH), 128.7 (CH), 128.6 (CH), 128.6 (CH), 128.3 (CH), 114.0 (CH),
93.1 (C), 74.2 (CHy), 71.9 (CHy), 70.7 (CH2), 69.6 (CH2), 55.5 (CH), 55.4 (CHs), 38.6 (CH), 37.4
(CHs), 35.8 (CH3), 32.3 (CH2); HRMS (FAB) m/z caled for C27Hs4ClsN205 (M+H)*+ 571.1534, found
571.1545.

Trichloroacetamide 43¢

NMez NMe2
NM

©2 CICCN, DBU o y o .

o) Ve CH,Cl, PO K eOBn K>COg3, o-xylene MPMO/V Me58n
MPMO™ YN _-OBn rt ?NH 140 °C o NH
OH in a sealed tube
0,

Mc CC|3 42¢ 73% (2 StepS) CC|3 43¢

Following the general procedure E, allylic alcohol 41c¢ (15.4 mg, 34.9 umol) was converted to
trichloroacetamide 43¢ (14.9 mg, 73% for 2 steps). Trichloroimidate 42¢: colorless oil; [a]25p —24.1
(c0.80, CHCI3); IR (film) 2930, 2858, 1658, 1640, 1513, 1248, 1090, 1032 cm™'; 'H NMR (500 MHz,
CDCls) 6 8.32 (s, 1H), 7.33-7.27 (m, 5H), 7.24 (d, J= 8.9 Hz, 2H), 6.85 (d, /= 8.9 Hz, 2H), 6.10 (dd,
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J=16.0,0.9 Hz, 1H), 5.61 (dddd, J=6.3, 6.3, 4.3, 0.9 Hz, 1H), 5.54 (dd, J=16.0, 6.3 Hz, 1H), 4.53
(d, J=11.7 Hz, 1H), 4.50 (d, J= 11.7 Hz, 1H), 4.49 (s, 2H), 3.79 (s, 3H), 3.65 (dd, /= 10.9, 6.3 Hz,
1H), 3.62 (dd, J=10.9, 4.3 Hz, 1H), 3.44 (d, J= 8.9 Hz, 1H), 3.41 (d, J= 8.9 Hz, 1H), 2.95 (s, 3H),
2.87 (s, 3H), 2.51 (d, J= 14.3 Hz, 1H), 2.41 (d, J= 14.3 Hz, 1H), 1.20 (s, 3H); 13C NMR (125 MHz,
CDCls) § 171.1 (C), 162.0 (C), 159.3 (C), 140.4 (CH), 138.8 (C), 130.3 (C), 129.3 (CH), 128.4 (CH),
127.51 (CH), 127.47 (CH), 122.5 (CH), 113.9 (CH), 91.9 (C), 78.4 (CH), 77.1 (CH2), 73.3 (CHa),
73.0 (CH2), 71.3 (CH2), 55.4 (CH3), 40.6 (C), 39.4 (CH2), 38.3 (CH3), 35.5 (CH3), 22.3 (CHs); HRMS
(FAB) m/z caled for C2sHs6ClsN20s (M+H)+ 585.1690, found 585.1678. Trichloroacetamide 43c:
colorless oil; [a]25p —2.0 (¢ 0.27, CHCls); IR (film) 2919, 2850, 2362, 1713, 1635, 1513, 1457, 1248,
1096, 1076 cm™; 'H NMR (500 MHz, CDCls) § 9.54 (d, /= 7.7 Hz, 1H), 7.34-7.27 (m, 5H), 7.25 (d,
J=8.6 Hz, 2H), 6.87 (d, /= 8.6 Hz, 2H), 5.83 (dtd, J=15.5, 5.4, 0.6 Hz, 1H), 5.74 (dd, /= 15.5, 7.7
Hz, 1H), 4.48 (d, J=11.5 Hz, 1H), 4.43 (d, J= 11.5 Hz, 1H), 4.42 (s, 2H), 4.39 (dd, J= 7.7, 7.7 Hz,
1H), 4.00 (d, J= 5.4 Hz, 2H), 3.80 (s, 3H), 3.65 (d, J=9.2 Hz, 1H), 3.49 (d, J= 9.2 Hz, 1H), 2.98 (s,
3H), 2.92 (s, 3H), 2.47 (d, J= 15.5 Hz, 1H), 2.26 (d, /= 15.5 Hz, 1H), 1.19 (s, 3H); 13C NMR (125
MHz, CDCls) § 171.8 (C), 161.5 (C), 159.4 (C), 138.0 (C), 131.1 (CH), 130.4 (C), 129.5 (CH), 128.5
(CH), 128.2 (CH), 128.0 (CH), 127.5 (CH), 113.9 (CH), 93.4 (C), 74.8 (CH2), 74.0 (CH2), 71.9 (CH2),
69.7 (CHs), 59.1 (CH), 55.4 (CHs), 41.4 (C), 38.4 (CHa), 37.3 (CH2), 35.9 (CHs), 23.3 (CHs); HRMS
(FAB) m/z caled for CasHz635C137C1aN20s (M+H)* 589.1631, found 589.1640.

Trichloroacetamide 43f
NMe, NMe,
1 CISCCCH,\ICEII:)Bu 0" = Me K,CO,, o-xylene " % Me
MPMO O\/iM/eOB“ r2t 2 MPMO/N/OBn 2 120 °cy MPMO/V/WOBn
/\(leA 0 NH in a sealed tube o NH
a1t CCly  42¢ 61% (2 steps) CCly 43¢

Following the general procedure E, allylic alcohol 41f (15.4 mg, 34.9 pmol) was converted to
trichloroacetamide 43f (14.9 mg, 61% for 2 steps). Trichloroimidate 42f: yellow oil; [a]21p —5.5 (¢
1.61, CHCls); IR (film) 2931, 2858, 1641, 1513, 1248, 1089 cm1; 'H NMR (500 MHz, CDCls)
5 8.32 (s, 1H), 7.35-7.27 (m, 5H), 7.25 (d, /= 8.6 Hz, 2H), 6.85 (d, /= 8.6 Hz, 2H), 6.09 (dd, J =
16.0, 0.6 Hz, 1H), 5.64 (dddd, J=6.9, 6.3, 4.0, 0.6, Hz, 1H), 5.54 (dd, /= 16.0, 6.3 Hz, 1H), 4.53 (d,
J=11.7Hz, 1H), 4.51 (d, J=11.7 Hz, 1H), 4.51 (d, J= 12.6 Hz, 1H), 4.48 (d, J=12.6 Hz, 1H), 3.79
(s, 3H), 3.66 (dd, J=10.9, 6.9 Hz, 1H), 3.62 (dd, /= 10.9, 4.0 Hz, 1H), 3.45 (d, /= 8.9 Hz, 1H),
3.41 (d, J= 8.9 Hz, 1H), 2.93 (s, 3H), 2.87 (s, 3H), 2.49 (d, J= 14.3 Hz, 1H), 2.41 (d, J= 14.3 Hz,
1H), 1.19 (s, 3H); 13C NMR (125 MHz, CDCls) § 171.1 (C), 161.9 (C), 159.3 (C), 140.6 (CH), 138.8
(0), 130.4 (C), 129.3 (CH), 128.4 (CH), 127.5 (CH), 127.5 (CH), 122.4 (CH), 113.9 (CH), 91.9 (O),
78.4 (CH), 77.0 (CH2), 73.3 (CH2), 73.0 (CH>), 71.3 (CH2), 55.4 (CHz3), 40.5 (C), 39.4 (CH>), 38.3
(CH3), 35.5 (CHs), 22.4 (CHs); HRMS (ESI), calced for C2sHs535ClsN2OsNa+ (M+Na)* 607.1509,
found 607.1506. Trichloroacetamide 43f: yellow oil; [a]19p +12.3 (¢ 0.93, CHCls); IR (film) 2925,
2854, 1711, 1633, 1512, 1247, 822 cm™1; 1H NMR (500 MHz, CDCls) 6 8.99 (d, J = 8.6 Hz, 1H),
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7.35-7.27 (m, 5H), 7.24 (d, /= 8.6 Hz, 2H), 6.87 (d, J= 8.6 Hz, 2H), 5.79 (dtd, J=15.5, 5.2, 0.9 Hz,
1H), 5.70 (ddt, /= 15.5, 6.9, 1.2 Hz, 1H), 4.52 (d, J= 11.2 Hz, 1H), 4.44 (d, /= 11.2 Hz, 1H), 4.42
(s, 2H), 4.39 (ddd, J= 8.6, 6.9, 0.9 Hz, 1H), 3.99 (dd, J= 5.2, 1.2 Hz, 2H), 3.80 (s, 3H), 3.63 (d, J=
9.2 Hz, 1H), 3.43 (d, /= 9.2 Hz, 1H), 3.00 (s, 3H), 2.94 (s, 3H), 2.65 (d, J= 15.5 Hz, 1H), 2.36 (d, J
=15.5 Hz, 1H), 1.10 (s, 3H); 13C NMR (125 MHz, CDCls) § 171.6 (C), 161.5 (C), 159.4 (C), 137.6
(C), 130.9 (CH), 130.4 (C), 129.5 (CH), 128.6 (CH), 128.5 (CH), 128.2 (CH), 127.4 (CH), 114.0 (CH),
93.3 (0), 75.5 (CH2), 74.1 (CH2), 71.8 (CH2), 69.6 (CH2), 59.9 (CH), 55.4 (CH3), 41.2 (C), 38.2 (CH3),
35.9 (CH2), 35.8 (CH3), 20.1 (CHs); HRMS (ESI), calced for C2sHs635ClsN2Os+ (M+H)* 585.1690,
found 585.1693.

Stereochemical determination of the sequential Claisen/Overman rearrangement

Lactam 45a
o)
MPMO
MesN — —

2 ogn  KOH, t-BUOH/H,0 S OBn

MPMO™ ~7 70 °C, 68% l HN
ClsC _NH e
il 0
O 43a 45a

Aqueous KOH (5M, 500 pL, 2.5 mmol) was added to a solution of trichloroacetamide 43a (21.1
mg, 40.7 umol) and #BuOH (500 uL) at room temperature, and then heated to 70 °C. The
solution was maintained for 6 d at 70 °C, and cooled to room temperature. This solution was
quenched with 1M aqueous HCI (2 mL) and Hz20 (5 mL), and extracted with EtOAc (2x 10 mL).
The combined organic extracts were washed with brine (5 mL), dried over Na2SOs, and
concentrated. The residue was purified by silica gel column chromatography (EtOAc/hexane 1:1
to 1:0) to give 10.6 mg of lactam 45a (68%): colorless oil; [a]26p —42.7 (¢ 0.35, CHCls); IR (film)
3220, 2925, 2854, 1697, 1513, 1248, 1107 cm™1; 'H NMR (500 MHz, CDCls) § 7.36-7.29 (m, 5H),
7.25 (d, J=8.9 Hz, 2H), 6.88 (d, /= 8.9 Hz, 2H), 5.73 (dt, J= 15.5, 4.5 Hz, 1H), 5.68 (dd, J = 15.5,
6.9 Hz, 1H), 5.58 (brs, 1H), 4.53 (d, /= 12.3 Hz, 1H), 4.50 (d, J= 12.3 Hz, 1H), 4.44 (s, 2H), 4.01
(dd, J=6.9, 6.9 Hz, 1H), 3.97 (d, J= 4.5 Hz, 2H), 3.81 (s, 3H), 3.49 (dd, J= 9.5, 5.4 Hz, 1H), 3.45
(dd, J=9.5, 5.4 Hz, 1H), 2.46 (dd, J= 16.3, 8.9 Hz, 1H), 2.39 (ddddd, J= 8.9, 6.9, 6.9, 5.4, 5.4 Hz,
1H), 2.26 (dd, J= 16.3, 6.9 Hz, 1H); 13C NMR (125 MHz, CDCls) § 176.9 (C), 159.4 (C), 138.1 (O),
132.6 (CH), 130.2 (C), 129.6 (CH), 129.1 (CH), 128.6 (CH), 127.9 (CH), 127.8 (CH), 114.0 (CH),
73.3 (CH2), 72.4 (CH2), 70.3 (CH2), 69.5 (CH2), 58.3 (CH), 55.4 (CHs), 42.0 (CH), 33.1 (CH>);
LRMS (ED) m/z 381 (M*, 9.8%), 330 (3), 260 (9), 243 (54), 231 (9), 204 (14), 169 (12), 152 (42), 137
(79), 121 (100); HRMS (EID), caled for C23H27NO4 M* 381.1940, found 381.1932.

Lactam 45b
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MPMO
MeN" ogn  LIOH. t-BUOH/H,0 = OBn
MPMO™ =2 50 to 100 °C, 61% ] HN
Cl,C _NH PO
hig o
O 43p 45b

Aqueous LiOH (5M, 500 uL, 2.5 mmol) was added to a solution trichloroacetamide 43b (21.1 mg,
40.7 umol) and #BuOH (500 pL) at room temperature, and then heated to 50 °C. After stirring
for 3 d at 50 °C, this solution was heated to 100 °C, maintained for 1.5 d at 100 °C, cooled to room
temperature, quenched with 1M aqueous HCI (2 mL) and H20 (5 mL), and extracted with EtOAc
(2x 10 mL). The combined organic extracts were washed with brine (5 mL), dried over Na2SOs4,
and concentrated. The residue was purified by silica gel column chromatography (EtOAc/hexane
1:1 to 1:0) to give 13.3 mg of lactam 45b (61%): colorless oil; [a]26p —37.4 (¢ 0.55, CHCls); IR (film)
3236, 2925, 2855, 1697, 1513, 1248 cm™1; 1H NMR (500 MHz, CDCls) § 7.34-7.27 (m, 5H), 7.24 (d,
J=8.6 Hz, 2H), 6.87 (d, /= 8.6 Hz, 2H), 5.78 (dt, J= 15.5, 5.2 Hz, 1H), 5.72 (ddt, /= 15.5, 6.9, 1.1
Hz, 1H), 5.70 (brs, 1H), 4.47 (d, /= 12.0 Hz, 1H), 4.44 (d, J= 12.0 Hz, 1H), 4.42 (s, 2H), 4.28 (dd,
J=6.9, 6.9 Hz, 1H), 3.96 (dd, J= 5.2, 1.1 Hz, 2H), 3.80 (s, 3H), 3.42 (d, J= 7.2 Hz, 2H), 2.89 (ddtd,
J=9.2, 8.6, 7.2, 6.9 Hz, 1H), 2.35 (dd, /= 16.9, 8.6 Hz, 1H), 2.16 (dd, /= 16.9, 9.2 Hz, 1H); 13C
NMR (125 MHz, CDCl3) § 177.0 (C), 159.4 (C), 138.0 (C), 130.2 (C), 129.8 (CH), 129.5 (CH), 129.5
(CH), 128.6 (CH), 127.94 (CH), 127.89 (CH), 114.0 (CH), 73.5 (CHa), 72.3 (CH>), 69.8 (CH2), 69.6
(CH2), 57.2 (CH), 55.4 (CHs), 39.2 (CH), 32.7 (CH2); HRMS (FAB) m/z calcd for C23H2sNO4
(M+H)+ 382.2018, found 382.2025.

Lactam 45c¢
O
Me2N
“MeOBn KOH, {-BuOH/H,O
MPMO ~ 70 °C, 56% g
CI3C\[(NH P ORI
O 43c

Aqueous KOH (5M, 500 pL, 2.5 mmol) was added to a solution of trichloroacetamide 43¢ (20.8 mg,
35.5 umol) and #BuOH (500 pL) at room temperature, and then heated to 70 °C. The solution
was maintained for 3 d at 70 °C, and cooled to room temperature. This solution was quenched
with 1M aqueous HCl (2 mL) and H20 (5 mL), and extracted with EtOAc (2x 10 mL). The
combined organic extracts were washed with brine (5 mL), dried over Na2SQOa, and concentrated.
The residue was purified by silica gel column chromatography (EtOAc/hexane 1:1) to give 7.9 mg
of lactam 45¢ (56%): colorless oil; [a]26p —48.2 (¢ 0.38, CHCls); IR (film) 3223, 2929, 2855, 1698,
1513, 1248, 1100 cm™%; H NMR (500 MHz, CDCls) § 7.37-7.24 (m, 7H), 6.88 (d, J = 8.0 Hz, 2H),
5.71 (dt, J=15.5, 5.2 Hz, 1H), 5.64 (dd, J= 15.5, 6.9 Hz, 1H), 5.48 (brs, 1H), 4.55 (d, J= 12.0 Hz,
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1H), 4.51 (d, /= 12.0 Hz, 1H), 4.44 (s, 2H), 4.13 (d, J= 6.9 Hz, 1H), 3.98 (d, J= 5.2 Hz, 2H), 3.81
(s, 3H), 3.30 (d, J= 9.2 Hz, 1H), 3.27 (d, J= 9.2 Hz, 1H), 2.53 (d, J=16.6 Hz, 1H), 2.04 (d, J= 16.6
Hz, 1H), 1.00 (s, 3H); 13C NMR (125 MHz, CDCls) & 176.6 (C), 159.4 (C), 138.2 (C), 130.3 (CH),
130.2 (C), 129.5 (CH), 129.5 (CH), 128.6 (CH), 127.9 (CH), 127.7 (CH), 114.0 (CH), 74.9 (CHy),
73.4 (CHy), 72.3 (CH2), 69.6 (CHy2), 60.6 (CH), 55.4 (CHs), 43.8 (C), 40.8 (CH2), 20.1 (CHs); LRMS
(ED m/z 395 (M*, 5.0%), 331 (3), 304 (3), 274 (7), 257 (62), 245 (15), 219 (7), 181 (13), 168 (33), 151
(88), 138 (39), 121 (100); HRMS (EI), calcd for C24H20NO4 M* 395.2097, found 395.2104.

Lactam 45f
o)
MPMO
Me,sN N —

) Me . KOH, +-BuOH/H;0 ,..MS Bn

MPMO™ >~ 20°C 56% HN
ClaC _NH R
g o
o) 43f 45f

Aqueous KOH (5M, 700 uL, 3.5 mmol) was added to a solution of trichloroacetamide 43f (24.5 mg,
41.8 pmol) and #BuOH (700 uL) at room temperature, and then heated to 70 °C. The solution
was maintained for 7 d at 70 °C, and cooled to room temperature. This solution was quenched
with 1M aqueous HCl (2 mL) and H20 (5 mL), and extracted with EtOAc (2x 10 mL). The
combined organic extracts were washed with brine (10 mL), dried over Na2SO4, and concentrated.
The residue was purified by silica gel column chromatography (EtOAc/hexane 1:2) to give 9.2 mg
of lactam 45f (56%): yellow oil; [a]21p —36.0 (¢ 0.45, CHCls); IR (film) 3227, 2926, 2855, 1699, 1513,
1249, 1097, 1030 cm™%; *H NMR (500 MHz, CDCls) § 7.34-7.27 (m, 5H), 7.23 (d, J= 8.6 Hz, 2H),
6.87 (d, J=8.6 Hz, 2H), 5.77 (dt, J= 15.5, 4.6 Hz, 1H), 5.73 (dd, J= 15.5, 5.7 Hz, 1H), 5.69 (brs,
1H), 4.47 (d, J=12.6 Hz, 1H), 4.44 (d, J= 12.6 Hz, 1H), 4.41 (s, 2H), 3.95 (d, /= 4.6 Hz, 2H), 3.84
(d, J=5.7 Hz, 1H), 3.81 (s, 3H), 3.29 (d, J= 8.9 Hz, 1H), 3.25 (d, /= 8.9 Hz, 1H), 2.41 (d, J= 16.6
Hz, 1H), 2.04 (d, J=16.6 Hz, 1H), 1.23 (s, 3H); 13C NMR (125 MHz, CDCl3) 5 176.7 (C), 159.4 (C),
138.2 (C), 130.2 (C), 129.9 (CH), 129.5 (CH), 128.5 (CH), 127.8 (CH), 127.6 (CH), 114.0 (CH), 74.4
(CHb), 73.4 (CH2), 72.3 (CH>), 69.6 (CH>), 64.6 (CH), 55.4 (CHs), 43.6 (C), 40.7 (CH>), 24.0 (CHs);
HRMS (ESI), calced for C24HsoNO4+ (M+H)* 396.2175, found 396.2172.

The total synthesis of (-)-kainic acid

Mesylate 47
MOMCI, 2,6-lutidine MsCl, Et;N
9 CH,Cl, o CH,Cl, ©
PR s COE PR J\l/\/COZEt—> PR J\l/\/COZEt
HO™ ™ J\l/\ . 75% MOMO™ ™ 0°C, 100% MOMO™ ™
0~ OH 0~ OH 0~ OMs
53 54 47

Chloromethyl methyl ether (9.7 mL, 130 mmol) was added to a solution of diol 53 (16.6 g, 63.6
mmol), 2,6-lutidine (15 mL, 130 mmol) and CH2Cl: (350 mL) at 0 °C. This solution was
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maintained for 15 min at 0 °C, and then allowed to warm to room temperature. The solution was
maintained for 12 h at room temperature, quenched with H2O (200 mL), and extracted with
CHC1l; (2x 100 mL). The combined organic extracts were washed with brine (200 mL), dried over
Na2S04, and concentrated. The residue was purified by silica gel column chromatography
(EtOAc/hexane 1:3 to 1:2) to give 14.5 g of the MOM ether 54 (75%): colorless crystals, mp
38-42 °C; [a]26p —13.5 (¢ 0.90, CHCly); IR (film) 3469, 2985, 1720, 1041 cm™1; 'H NMR (500 MHz,
CDCls) § 6.97 (dd, J=15.8, 4.3 Hz, 1H), 6.16 (dd, /= 15.8, 1.8 Hz, 1H), 4.68 (s, 2H), 4.44-4.40 (m,
1H), 4.42 (ddd, /= 6.8, 6.0, 5.7 Hz, 1H), 4.20 (q, J = 7.2 Hz, 2H), 4.19 (dd, /= 6.8, 3.0 Hz, 1H),
3.85 (dd, J= 10.6, 5.7 Hz, 1H), 3.80 (dd, /= 10.6, 6.0 Hz, 1H), 3.39 (s, 3H), 2.74 (d, J= 6.9 Hz, 1H),
1.51 (s, 3H), 1.38 (s, 3H), 1.29 (t, J= 7.2 Hz, 3H); 13C NMR (125 MHz, CDCls) 6 166.4 (C), 146.7
(CH), 122.3 (CH), 109.0 (C), 97.0 (CH»), 78.5 (CH), 75.9 (CH), 69.0 (CH), 66.3 (CH>), 60.6 (CH>),
55.8 (CHs), 27.1 (CHs), 24.8 (CHs), 14.4 (CHs); HRMS (FAB) m/z caled for C14H2507 (M+H)+
305.1600, found 305.1603.

Methansulfonyl chloride (3.2 mL, 42 mmol) was added dropwise to a solution of the MOM
ether 54 (8.49 g, 27.9 mmol), EtsN (5.8 mL, 42 mmol) and CH2Cl2 (150 mL) at 0 °C. This solution
was maintained for 1 h at 0 °C, quenched with H20 (30 mL), and extracted with CHCls (2x 10
mL). The combined organic extracts were washed with brine (30 mL), dried over Na2SO4, and
concentrated. The residue was purified by silica gel column chromatography (EtOAc/hexane 1:2
to 1:1) to give 10.6 g of mesylate 47 (100%): colorless oil; [a]26p —21.8 (¢ 0.77, CHCls); IR (film)
2987, 2940, 1722, 1360, 1176, 1043, 930 cm™1; 'H NMR (500 MHz, CDCls) § 7.00 (dd, J/= 15.6, 5.6
Hz, 1H), 6.26 (dd, /= 15.6, 1.6 Hz, 1H), 5.36 (ddd, J= 7.2, 5.6, 1.6 Hz, 1H), 4.66 (s, 2H), 4.36 (ddd,
J=16.0,6.0, 6.0 Hz, 1H), 4.25 (dd, J= 7.2, 6.0 Hz, 1H), 4.21 (q, J= 7.2 Hz, 2H), 3.75 (dd, J=10.6,
6.0 Hz, 1H), 3.67 (dd, = 10.6, 6.0 Hz, 1H), 3.39 (s, 3H), 3.10 (s, 3H), 1.49 (s, 3H), 1.37 (s, 3H),
1.30 (t, J= 7.2 Hz, 3H); 13C NMR (125 MHz, CDCls) § 165.5 (C), 140.0 (CH), 125.9 (CH), 109.7 (C),
97.0 (CH2), 78.4 (CH), 77.9 (CH), 75.5 (CH), 65.8 (CH>), 61.1 (CH2), 55.9 (CHs3), 39.3 (CHa), 27.4
(CHs), 25.6 (CHs3), 14.3 (CHs); HRMS (FAB) m/z caled for C15H2700S (M+H)+ 383.1375, found
383.1366.

Ethyl ester 48

\/COZEt Br, t-BuLi, CuCN

OMs ZnBr,, LiBr, THF
—78°C, 82%

47 48

MOMO

#Butyl lithium (1.55 M in pentane, 140 mL, 220 mmol) was added dropwise to a solution of
2-bromopropene (9.9 mlL, 110 mmol) and THF (250 mL, freshly distilled from
sodium/benzophenone) at —78 °C. This solution was added dropwise to a stirring mixture of
ZnBrz (12.6 g, 55.8 mmol), which was freshly dried with a heat gun under reduced pressure until

ZnBr2 remained the liquid, and THF (100 mL) via cannula at —78 °C. Meanwhile, a mixture of
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CuCN (5.00 g, 55.8 mmol) and LiBr (9.69 g, 112 mmol) were dried with a heat gun until the
mixture became a gray color, and THF (100 mL) was added to the mixture. A solution of
dialkenylzinc was added dropwise to the stirring mixture of CuCN, LiBr and THF via cannula at
~78 °C. To the solution was added a solution of mesylate 47 (10.7 g, 27.9 mmol) and THF (70 mL)
via cannula at —78 °C. The resulting solution was maintained for 30 min at —78 °C, and quenched
with saturated aqueous NH4Cl/28% aqueous NHs (2:1, 150 mL), and extracted with EtOAc (2x
100 mL). The combined organic extracts were washed with 1M aqueous HCI (100 mL), saturated
aqueous NaHCOs (200 mL), brine (500 mL), dried over NasSO4, and concentrated. The residue
was purified by silica gel column chromatography (EtOAc/hexane 1:7) to give 6.90 g of ethyl ester
48 (75%): colorless oil; [a]26p +21.1 (¢ 0.99, CHCI»); IR (film) 2985, 2936, 2887, 1734, 1216, 1153,
1045 cm™1; 1TH NMR (500 MHz, CDCls) § 6.02 (ddd, J=15.5, 8.3, 0.9 Hz, 1H), 5.56 (ddd, /= 15.5,
7.7,0.9 Hz, 1H), 4.92 (dq, J= 2.2, 1.2 Hz, 1H), 4.88-4.87 (m, 1H), 4.66 (ddd, /= 7.7, 6.6, 0.9 Hz,
1H), 4.62 (s, 2H), 4.36 (ddd, /= 6.6, 6.6, 5.4 Hz, 1H), 4.16 (q, J= 7.2 Hz, 2H), 3.71 (dd, J= 8.3, 0.9
Hz, 1H), 3.51-3.46 (m, 1H), 3.36 (s, 3H), 1.76-1.75 (m, 3H), 1.50 (s, 3H), 1.38 (s, 3H), 1.26 (t, J=
7.2 Hz, 3H); 13C NMR (125 MHz, CDCls) § 171.8 (C), 141.9 (C), 130.9 (CH), 128.3 (CH), 114.0
(CH>), 109.2 (C), 96.8 (CH>), 77.7 (CH), 77.2 (CH), 67.2 (CH>), 61.1 (CH2), 56.1 (CH), 55.5 (CHa),
28.0 (CHs), 25.5 (CHs), 20.9 (CHs), 14.3 (CHs); HRMS (FAB) m/z caled for Ci7H2006 (M+H)*
329.1964, found 329.1957.

FEAllylic anti-diol 49

1) MPMBr, NaH OH
LiAIH,, THF DMF/THF, rt
MOMO™ > /\/COZEt4>MOMO J\/\/\OH MOMO/\:)\/\:/\OMPM

0°C, 97% 2) 80% AcOH : :
45°C OH A

90% (2 steps) 49

Lithium aluminium hydride (198 mg, 5.20 mmol) was added to a solution of ethyl ester 48 (1.55 g,
4.73 mmol) and THF (40 mL) at 0 °C. The resulting mixture was stirred for 20 min at 0 °C,
quenched with 1M aqueous HCl (20 mL), and extracted with EtOAc (2x 20 mL). The combined
organic extracts were washed with brine (30 mL), dried over Na2SO4, and concentrated. The
residue was purified by silica gel column chromatography (EtOAc/hexane 1:2 to 1:1) to give 1.31
g of the corresponding alcohol 74 (97%): colorless oil; [a]26p +15.3 (¢ 0.64, CHCls); IR (film) 3446,
1647, 1541, 1374, 1216, 1152, 1044 cm™1; '"H NMR (500 MHz, CDCls) § 5.74 (dd, J= 15.5, 7.8 Hz,
1H), 5.59 (dd, J=15.5, 7.4 Hz, 1H), 4.93-4.91 (m, 1H), 4.82-4.81 (m, 1H), 4.64 (dd, J= 7.4, 6.6 Hz,
1H), 4.63 (s, 2H), 4.33 (ddd, J= 6.6, 6.6, 5.2 Hz, 1H), 3.70-3.60 (m, 2H), 3.54 (dd, J=10.6, 5.2 Hz,
1H), 3.50 (dd, J= 10.6, 6.6 Hz, 1H), 3.36 (s, 3H), 2.95 (ddd, J= 7.8, 6.8, 6.3 Hz, 1H), 1.74-1.73 (m,
3H), 1.61-1.57 (m, 1H), 1.49 (s, 3H), 1.38 (s, 3H); 13C NMR (125 MHz, CDCls) § 144.2 (C), 133.5
(CH), 127.7 (CH), 112.9 (CH2), 109.0 (C), 96.9 (CH>), 78.0 (CH), 77.1 (CH), 67.1 (CH>), 63.7 (CH>),
55.5 (CHs), 52.5 (CH), 28.0 (CHs), 25.5 (CH3), 21.0 (CHs); HRMS (FAB) m/z calcd for Ci5H2705
(M+H)* 287.1858, found 287.1867.

A solution of the above alcohol 74 (660 mg, 2.30 mmol) and DMF (13 mL) was added to a
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mixture of NaH (60 % in oil, 180 mg, 4.6 mmol) and THF (13 mL) at 0 °C. After the mixture was
stirred for 30 min at 0 °C, a solution of p-methoxybenzyl bromide (500 pL, 3.5 mmol) and DMF
(13 mL) was added to the mixture at 0 °C. The resulting mixture was stirred for 2 h at 0 °C,
allowed to warm to room temperature, stirred for 1 h at room temperature, quenched with H20
(20 mL), and extracted with EtOAc (2x 20 mL). The combined organic extracts were washed with
brine (3x 20 mL), dried over Na2SQs, and concentrated. The residue was filtered through a pad of
silica gel (EtOAc/hexane 1:7) to give 1.17 g of the MPM ether, which was used in the next
reaction without further purification. For analytical samples, the crude mixture was purified by
silica gel column chromatography (EtOAc/hexane 1:10) to afford the MPM ether: colorless oil;
[a]26p +9.0 (¢ 1.19, CHCls); IR (film) 2936, 2856, 2838, 1613, 1513, 1247, 1113, 1039 cm™%; 'H
NMR (500 MHz, CDCls) & 7.24 (d, J= 8.9 Hz, 2H), 6.87 (d, J= 8.9 Hz, 2H), 5.73 (ddd, /= 15.5, 7.2,
0.7 Hz, 1H), 5.50 (ddd, J= 15.5, 7.9, 1.1 Hz, 1H), 4.85 (dq, J= 1.4, 1.4 Hz, 1H), 4.78-4.77 (m, 1H),
4.62-4.59 (m, 1H), 4.61 (s, 2H), 4.46 (d, J= 11.7 Hz, 1H), 4.43 (d, J= 11.7 Hz, 1H), 4.33 (ddd, J=
6.6, 6.6, 5.7 Hz, 1H), 3.80 (s, 3H), 3.50 (dd, = 9.2, 7.2 Hz, 1H), 3.52-3.45 (m, 1H), 3.46 (dd, J=
9.2, 6.6 Hz, 1H), 3.35 (s, 3H), 3.07 (dddd, J= 7.2, 7.2, 6.6, 1.1 Hz, 1H), 1.69-1.68 (m, 3H), 1.50 (s,
3H), 1.37 (s, 3H); 13C NMR (125 MHz, CDCls) § 159.3 (C), 144.7 (), 134.6 (CH), 130.5 (C), 129.4
(CH), 126.5 (CH), 113.9 (CH), 112.5 (CH>), 109.0 (C), 96.8 (CH>), 78.2 (CH), 77.3 (CH), 72.8 (CH»),
71.2 (CH2), 67.4 (CHa), 55.43 (CHs), 55.38 (CHs), 49.6 (CH), 28.0 (CHs), 25.5 (CHs), 20.7 (CHb);
LRMS (ED) m/z 406 (M*, 4.4%), 391 (23), 376 (13), 361 (31), 348 (25), 331 (72), 318 (60), 303 (48),
286 (37), 272 (41), 258 (67), 230 (100), 189 (94), 181 (47); HRMS (ED, caled for C23Hs406 M*
406.2355, found 406.2358.

A solution of the crude MPM ether (1.17 g) was dissolved in AcOH/H20 (4:1, 35 mL) at 45 °C.
This solution was maintained for 5 h at 45 °C, and then concentrated. The residue was purified
by silica gel column chromatography (EtOAc/hexane 1:1 to 1:2) to give 757 mg of FEallylic
antr-diol 49 (90% for 2 steps): colerless oil; [a]26p +10.7 (¢ 0.61, CHCls); IR (film) 3423, 2936, 2887,
1514, 1248, 1112, 1035 cm™%; 'H NMR (500 MHz, CDCls) § 7.24 (d, /= 8.6 Hz, 2H), 6.87 (d, /= 8.6
Hz, 2H), 5.73 (ddd, J=15.6, 7.2, 1.1 Hz, 1H), 5.59 (ddd, /= 15.6, 5.8, 0.8 Hz, 1H), 4.84 (dq, J= 1.4,
1.4 Hz, 1H), 4.78-4.77 (m, 1H), 4.63 (s, 2H), 4.45 (s, 2H), 4.24-4.21 (m, 1H), 3.80 (s, 3H),
3.78-3.75 (m, 1H), 3.68 (dd, J= 10.6, 3.4 Hz, 1H), 3.60 (dd, /= 10.6, 6.6 Hz, 1H), 3.52 (dd, J=9.2,
7.2 Hz, 1H), 3.46 (dd, J= 9.2, 7.2 Hz, 1H), 3.37 (s, 3H), 3.07 (dddd, J= 7.2, 7.2, 7.2, 0.8 Hz, 1H),
2.80 (d, J= 4.6 Hz, 1H), 2.34 (d, J= 5.8 Hz, 1H), 1.70-1.69 (m, 3H); 13C NMR (125 MHz, CDCl3)
§159.3 (C), 144.8 (0), 133.2 (CH), 130.4 (C), 129.7 (CH), 129.5 (CH), 113.9 (CH), 112.3 (CH>), 97.3
(CH»), 73.8 (CH), 72.9 (CH), 72.8 (CH>), 71.4 (CH>), 69.7 (CH>), 55.7 (CHs), 55.4 (CHs), 49.7 (CH),
20.8 (CHs); LRMS (EI) m/z 366 (M*, 2.7%), 366 (3), 348 (11), 321 (41), 303 (37), 261 (39), 231 (100),
213 (20), 202 (18), 189 (23), 166 (22), 150 (27); HRMS (ED, caled for C20H3006 M* 366.2042, found
366.2036.

Allylic alcohol 76
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A sealed portable reactor (TVS-1, 4.5 cm x 21 cm, TAIATSU TECHNO CO., INC.) with internal
thermometer and pressure gauge was charged with Erallylic anti-diol 49 (1.39 g, 3.79 mmol),
MeC(OMe)2NMez (1.1 mL, 7.6 mmol), and toluene (95 mL). After this solution was maintained
for 5 h at room temperature, molecular sieves 4A (7.00 g) was added to the solution. The sealed
vessel was heated to 135 °C (internal temperature, 1.8 atm) in the oil bath, and stirred for 8.5 d
at 135 °C. After cooling to room temperature, the mixture was filtrated through a pad of Celite.
This pad was washed with toluene (100 mL), and concentrated. The residue was purified by
silica gel column chromatography (acetone/hexane 1:1) to give 1.15 g of allylic alcohol 76 (70%):
yellow oil; [a]26p —6.3 (¢ 0.80, CHCls); IR (film) 3417, 2935, 1630, 1513, 1248, 1113, 1035 cm™%; 1H
NMR (500 MHz, CDCls) 6 7.23 (d, J= 8.6 Hz, 2H), 6.86 (d, J= 8.6 Hz, 2H), 5.65 (ddd, /=15.5, 9.2,
1.2 Hz, 1H), 5.42 (ddd, /= 15.5, 5.7, 0.6 Hz, 1H), 4.84 (dq, J= 1.4, 1.4 Hz, 1H), 4.73-4.72 (m, 1H),
4.65 (d, J= 6.6 Hz, 1H), 4.64 (d, /= 6.6 Hz, 1H), 4.42 (d, J= 11.7 Hz, 1H), 4.39 (d, /= 11.7 Hz,
1H), 4.25-4.21 (m, 1H), 3.79 (s, 3H), 3.56 (dd, J=10.5, 3.2 Hz, 1H), 3.49 (dd, J= 9.5, 6.3 Hz, 1H),
3.47(dd, J=9.5, 6.7 Hz, 1H), 3.38 (s, 3H), 3.33 (dd, /= 10.5, 8.0 Hz, 1H), 2.92 (s, 3H), 2.89 (s, 3H),
2.91-2.86 (m, 1H), 2.57 (d, J= 3.2 Hz, 1H), 2.49 (dd, /= 15.0, 5.5 Hz, 1H), 2.49-2.45 (m, 1H), 2.31
(dd, J=15.0, 8.3 Hz, 1H), 1.67-1.66 (m, 3H); 13C NMR (125 MHz, CDCls) § 171.8 (C), 159.2 (C),
144.8 (0), 133.9 (CH), 130.6 (C), 129.4 (CH), 129.2 (CH), 113.82 (CH), 113.78 (CH2), 97.1 (CH),
73.0 (CH2), 72.7 (CH>), 71.3 (CH), 71.0 (CHz2), 55.6 (CHa3), 55.4 (CHs), 50.5 (CH), 39.5 (CH), 37.5
(CHbs), 36.5 (CH>), 35.6 (CHs), 21.3 (CHs); HRMS (FAB) m/z caled for C24H3sNOs (M+H)* 436.2699,
found 436.2694.

Trichloroacetamide 50

NMe, NMe,
NMe,
CCI,CN, DBU o o
(0] CH,Cl, K,CO3, toluene
" MOMO” Y X T OMPMT . "MOMO” 7 > OMPM
MOMO™ > >">""0omMPM rt 6. NH A 120 °C on FH i
OH PN N AN in a sealed tube %1/ A\
76 CCl; g3 73% (2 steps) CCl; 5

Trichloroacetnitrile (630 uL, 6.2 mmol) was added to a solution of allylic alcohol 76 (905 mg, 2.08
mmol), DBU (930 pL, 6.2 mmol) and CH2Cl: (30 mL) at 0 °C. This solution was allowed to warm
to room temperature, maintained for 1 h at room temperature, and concentrated. The residue
was purified by silica gel column chromatography (EtOAc/hexane 1:1 with 0.5 vol % EtsN) to give
1.16 g of the trichloroimidate 83 (96%): yellow oil; [a]26p +12.9 (¢ 1.16, CHCls); IR (film) 2935,
1642, 1513, 1399, 1248, 1036, 796 cm™1; 1H NMR (500 MHz, CDCls) § 8.29 (s, 1H), 7.21 (d, J=8.5
Hz, 2H), 6.85 (d, J = 8.5 Hz, 2H), 5.77 (dd, = 15.2, 9.5 Hz, 1H), 5.52 (ddd, /= 7.1, 7.1, 3.6 Hz,
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1H), 5.46 (dd, J= 15.2, 7.1 Hz, 1H), 4.82 (s, 1H), 4.71 (s, 1H), 4.63 (s, 2H), 4.39 (d, /= 11.7 Hz,
1H), 4.36 (d, J=11.7 Hz, 1H), 38.79 (s, 3H), 3.71 (dd, J= 11.2, 7.1 Hz, 1H), 3.64 (dd, J=11.2, 3.6
Hz, 1H), 3.46 (dd, /= 9.5, 7.0 Hz, 1H), 3.44 (dd, J= 9.5, 7.0 Hz, 1H), 3.34 (s, 3H), 2.95-2.88 (m,
1H), 2.91 (s, 3H), 2.88 (s, 3H), 2.48 (ddd, J/= 7.0, 7.0, 7.0 Hz, 1H), 2.46 (dd, J= 15.2, 5.0 Hz, 1H),
2.30 (dd, /= 15.2, 8.2 Hz, 1H), 1.63 (s, 3H); 13C NMR (125 MHz, CDCls) § 171.6 (C), 161.8 (O),
159.2 (C), 144.4 (0), 137.3 (CH), 130.6 (C), 129.3 (CH), 124.8 (CH), 114.1 (CH2), 113.8 (CH), 96.7
(CH»), 91.9 (0), 78.2 (CH), 72.7 (CH2), 71.1 (CH>), 68.9 (CH>), 55.4 (CH3), 55.4 (CH3), 50.3 (CH),
39.9 (CH), 37.5 (CHs), 36.3 (CH2), 35.6 (CHs3), 21.4 (CHs); HRMS (FAB) m/z calcd for
C26H3s35C137C12N206 (M+H)* 583.1737, found 583.1748.

A sealed tube was charged with the above trichloroimidate 83 (1.16 g, 2.00 mmol), K2COs
(1.00 g, 7.24 mmol) and toluene (100 mL). The resulting mixture was stirred for 17 h at 120 °C,
cooled to room temperature, diluted with H2O (100 mL), and extracted with EtOAc (100 mL, 2x
20 mL). The combined organic extracts were washed with brine (50 mL), dried over Na2SO4, and
concentrated. The residue was purified by silica gel column chromatography (EtOAc/hexane 1:2)
to give 840 mg of trichloroacetamide 50 (73%): colorless oil; [a]26p +5.2 (¢ 0.76, CHCl3); IR (film)
2935, 1710, 1632, 1513, 1248, 1037, 823 cm™; 'H NMR (500 MHz, CDCls) § 9.01 (d, J = 8.0 Hz,
1H), 7.22 (d, J= 8.6 Hz, 2H), 6.86 (d, J= 8.6 Hz, 2H), 5.73-5.65 (m, 2H), 4.90 (dq, J= 1.4, 1.4 Hz,
1H), 4.77-4.76 (m, 1H), 4.61 (s, 2H), 4.60-4.57 (m, 1H), 4.46 (d, J=11.6 Hz, 1H), 4.41 (d, /= 11.6
Hz, 1H), 4.08-4.07 (m, 2H), 3.80 (s, 3H), 3.51 (dd, /= 9.7, 4.4 Hz, 1H), 3.48 (dd, J= 9.7, 6.3 Hz,
1H), 3.35 (s, 3H), 2.93 (s, 3H), 2.89 (s, 3H), 2.60 (dddd, /= 10.9, 8.3, 2.6, 2.6 Hz, 1H), 2.49 (dd, J=
16.0, 2.6 Hz, 1H), 2.39-2.36 (m, 1H), 2.37 (dd, /= 16.0, 10.9 Hz, 1H), 1.77-1.76 (m, 3H); 13C NMR
(125 MHz, CDCls) § 172.9 (C), 161.5 (C), 159.5 (C), 145.6 (C), 129.8 (C), 129.6 (CH), 128.9 (CH),
128.6 (CH), 113.9 (CH), 113.8 (CH2), 95.7 (CH>), 93.3 (C), 73.1 (CHz2), 71.3 (CH»), 67.3 (CH2), 55.4
(CH3), 55.4 (CHs), 54.0 (CH), 47.8 (CH), 39.5 (CH), 37.4 (CHs), 35.9 (CHs), 31.6 (CHa2), 21.0 (CHb);
LRMS (E) m/z578 (M*, 1.1%), 517 (19), 406 (22), 381 (23), 344 (10), 234 (30), 219 (25), 166 (100),
154 (30), 135 (70), 121 (100); HRMS (EI), caled for C26Hs735C1237CIN20s M+ 580.1688, found
580.1690.

Aldehyde 99
NMez NMe2 NMez
10 19 0sQO4, NMO o)
6M HCI, THF CH,Cl, -20°C
MOMO™ " 0oMPM =0 = HO™ T T NoMPM T Pb(OAT) <" 0OMPM
g z y (] | z 4 . | -
OYNH/\ OYNH/\ —20°C OYNH/\
CCly 59 CCly o CCly g9

Aqueous HCI (6M, 20 mL, 120 mmol) was added dropwise to a solution of trichloroacetamide 50
(1.15 g, 1.98 mmol) and THF (40 mL) at 0 °C. This solution was allowed to warm to room
temperature, and maintained for 8 h at room temperature. The reaction mixture was diluted
with brine (30 mL), and extracted with EtOAc (2x 40 mL). The combined organic extracts were

washed with brine (30 mL), dried over Na2SO4, and concentrated. The residue was purified by
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silica gel column chromatography (EtOAc/hexane 1:2 to 1:1) to give 959 mg of the primary
alcohol 98 (90%): colorless oil; [a]26p +10.8 (¢ 1.21, CHCl»); IR (film) 3249, 2935, 1708, 1627, 1513,
1248, 1088, 823 cm™1; 1H NMR (500 MHz, CDCls) § 9.04 (d, /= 7.5 Hz, 1H), 7.21 (d, /= 8.3 Hz,
2H), 6.86 (d, /= 8.3 Hz, 2H), 5.79-5.74 (m, 1H), 5.68 (dddd, J=15.5, 5.4, 2.6, 1.4 Hz, 1H), 4.90 (s,
1H), 4.77 (s, 1H), 4.59-4.56 (m, 1H), 4.46 (d, J=11.7 Hz, 1H), 4.41 (d, J= 11.7 Hz, 1H), 4.18-4.15
(m, 2H), 3.80 (s, 3H), 3.51 (dd, J=9.7, 4.7 Hz, 1H), 3.48 (dd, /= 9.7, 6.4 Hz, 1H), 2.93 (s, 3H), 2.89
(s, 3H), 2.59 (dddd, J=10.6, 8.3, 2.5, 2.5 Hz, 1H), 2.51 (dd, J= 15.8, 2.5 Hz, 1H), 2.38-2.35 (m,
1H), 2.36 (dd, = 15.8, 10.6 Hz, 1H), 1.76 (s, 3H), 1.60-1.57 (m, 1H); 13C NMR (125 MHz, CDCls)
§ 173.1 (C), 161.6 (C), 159.5 (C), 145.6 (C), 132.0 (CH), 129.8 (C), 129.6 (CH), 126.7 (CH), 114.0
(CH), 113.9 (CH»), 93.3 (C), 73.1 (CH2), 71.3 (CHa), 63.0 (CH>), 55.4 (CHs), 54.1 (CH), 47.9 (CH),
39.4 (CH), 37.5 (CHs), 36.0 (CHs), 31.5 (CH2), 21.0 (CH3); HRMS (FAB) m/z caled for
C24H34C1sN205 (M+H)* 535.1534, found 535.1530.

N-Methylmorpholine- N-oxide (49.1 mg, 419 pmol) was divided into four portions (13.1 mg,
13.1 mg, 13.1 mg, 9.8 mg). Each portion was dissolved in CH2Clz (130 pL), and added to a
solution of the primary alcohol 98 (150 mg, 280 pmol), osmium tetroxide (0.1M in CH2Clz, 140 L,
14 pmol) and CH2Clz (19 mL) every 17 h at —20 °C. After stirring for 15 h at —20 °C, a solution of
lead tetraacetate (248 mg, 560 umol) and CH2Clz (500 pL) was added to the solution of the
generated diol. The resulting mixture was stirred for 30 min at —20 °C, diluted with H20 (10 mL),
and extracted with CHCls (2x 40 mL). The combined organic extracts were washed with brine
(20 mL), dried over Na2SO4, and concentrated. The residue was filtered through a pad of silica
gel (EtOAc/hexane 2:1) to give the corresponding aldehyde 99, which was immediately used in
the next reaction without further purification: colorless oil; tH NMR (500 MHz, CDCls) § 9.64 (s,
1H), 8.72 (d, J=6.9 Hz, 1H), 7.21 (d, J= 8.6 Hz, 2H), 6.86 (d, /= 8.6 Hz, 2H), 4.93 (dq, J=1.4, 1.4
Hz, 1H), 4.84-4.83 (m, 1H), 4.67 (dd, J= 6.9, 3.2 Hz, 1H), 4.44 (d, J= 11.7 Hz, 1H), 4.41 (d, J=
11.7 Hz, 1H), 3.80 (s, 3H), 3.48 (d, J=5.7 Hz, 2H), 3.01 (dddd, /= 8.3, 8.3, 4.3, 3.2 Hz, 1H), 2.92 (s,
3H), 2.85 (s, 3H), 2.60 (dt, J= 8.3, 5.7 Hz, 1H), 2.52 (dd, /= 16.6, 8.3 Hz, 1H), 2.46 (dd, J= 16.6,
4.3 Hz, 1H), 1.77-1.76 (m, 3H).

Methyl ester 110
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A solution of NaClO2 (76.0 mg, 840 pmol), NaH2PO4 (101 mg, 840 umol) and H20 (2 mL) was
added to a solution of the crude aldehyde 99, 2-methyl-2-butene (180 uL, 1.7 mmol) and #butanol
(6 mL) at room temperature. This solution was maintained for 2.5 h at room temperature, and

concentrated to give the corresponding carboxylic acid as a colorless oil, which was immediately
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used in the next reaction without further purification.

Tetramethylsilyldiazomethane (2M in ether, 140 pL, 280 umol) was added to a mixture of
the crude carboxylic acid and benzene/MeOH (4:1, 5 mL) at room temperature. The resulting
mixture was maintained for 30 min at room temperature, diluted with H20 (10 mL), and
extracted with EtOAc (2x 20 mL). The combined organic extracts were washed with brine (10
mL), dried over Na2SOs, and concentrated. The residue was purified by silica gel column
chromatography (EtOAc/hexane 1:2 to 2:3) to give 57.7 mg of methyl ester 110 (38% for 3 steps):
colorless oil; [a]26p +2.6 (¢ 1.05, CHCls); IR (film) 3237, 2951, 1711, 1640, 1513, 1248, 824 cm™%; 'H
NMR (500 MHz, CDCls)  9.11 (d, J= 7.5 Hz, 1H), 7.23 (d, J= 8.6 Hz, 2H), 6.86 (d, J= 8.6 Hz, 2H),
4.89 (dq, J=1.4, 1.4 Hz, 1H), 4.76-4.75 (m, 1H), 4.73 (dd, J= 7.5, 2.5 Hz, 1H), 4.47 (d, J= 12.3 Hz,
1H), 4.45 (d, /= 12.3 Hz, 1H), 3.80 (s, 3H), 3.75 (s, 3H), 3.47 (d, J = 6.3 Hz, 2H), 2.97 (dddd, J=
10.9, 6.3, 2.5, 2.5 Hz, 1H), 2.94 (s, 3H), 2.87 (s, 3H), 2.49 (dd, J = 16.6, 2.5 Hz, 1H), 2.49 (dt, J=
6.3, 6.3 Hz, 1H), 2.34 (dd, J= 16.6, 10.9 Hz, 1H), 1.74-1.73 (m, 3H); 13C NMR (125 MHz, CDCls)
§171.8 (0), 170.9 (C), 162.5 (C), 159.5 (C), 145.1 (C), 129.6 (C), 129.6 (CH), 114.0 (CH), 113.5
(CH>), 92.8 (C), 73.1 (CH2), 70.6 (CHb), 56.2 (CH), 55.4 (CHs3), 52.4 (CHs), 46.9 (CH), 38.0 (CH),
37.3 (CHs), 35.9 (CHs), 31.0 (CH>), 21.5 (CHs); LRMS (ED) m/z 536 (M*, 3.6%), 500 (3), 415 (11),
399 (16), 364 (83), 331 (15), 304 (30), 286 (23), 274 (13), 168 (100), 135 (33), 121 (100); HRMS (EI),
caled for C2sH31Cl1sN20s M+ 536.1248, found 536.1245.

(-)-Kainic acid
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Ceric ammonium nitrate (148 mg, 270 pmol) was added to a solution of methyl ester 110 (48.5 mg,
90.2 umol) and MeCN/H20 (10:1, 4.5 mL) at 0 °C. The resulting mixture was allowed to warm to
room temperature, and maintained for 1.5 h at room temperature. The reaction mixture was
diluted with saturated aqueous NaHCOs (1 mL) and H20 (3 mL), and extrated with CHCls (3x 10
mL). The combined organic extracts were washed with brine (5 mL), dried over NasSO4, and
concentrated. The residue was purified by silica gel column chromatography (EtOAc/hexane 1:1
to 3:2) to give 34.2 mg of the primary alcohol 100 (91%): colorless oil; [a]26p +6.9 (¢ 0.75, CHCls);
IR (film) 3211, 2951, 1749, 1710, 1627, 1512, 1208, 827 cm™1; 'H NMR (500 MHz, CDCl3) § 9.06 (d,
J=3.0 Hz, 1H), 5.03 (s, 1H), 4.85 (s, 1H), 4.75 (dd, J= 7.6, 3.0 Hz, 1H), 3.76 (s, 3H), 3.68 (dd, J=
11.2, 5.6 Hz, 1H), 3.64 (dd, J= 11.2, 6.3 Hz, 1H), 3.00 (s, 3H), 2.97 (s, 3H), 2.99-2.92 (m, 1H), 2.49
(dd, J= 16.6, 4.0 Hz, 1H), 2.44 (dd, J = 16.6, 9.0 Hz, 1H), 2.43-2.38 (m, 1H), 1.79 (s, 3H); 13C
NMR (125 MHz, CDCls) 5 171.7 (C), 171.0 (C), 162.4 (C), 144.2 (C), 114.6 (CH2), 92.7 (C), 62.0
(CH»), 56.2 (CH), 52.6 (CHs), 49.7 (CH), 37.5 (CHs), 37.2 (CH), 36.1 (CHs), 31.2 (CH>), 21.5 (CHs);
LRMS (ED m/z 416 (M*, 13.1%), 398 (11), 387 (31), 331 (53), 299 (32), 273 (18), 255 (18), 237 (16),
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225 (13), 196 (76), 184 (33); HRMS (ED), caled for Ci5H23%5Cl237CIN205 M* 418.0643, found
418.0650.

Diethyl azodicaboxylate (2.55 M in toluene, 52 pl, 100 pmol) was added dropwise to a
solution of the primary alcohol 100 (28.7 mg, 68.7 mmol), PBus (26 uL, 100 pmol) and THF (2 mL,
freshly distilled from sodium/benzophenone) at 0 °C. This solution was maintained for 1 h at 0 °C,
quenched with H20 (3 mL), and extracted with EtOAc (2x 10 mL). The combined organic extracts
were washed with brine (4 mL), dried over Na2SO4, and concentrated. The residue was purified
by silica gel column chromatography (EtOAc/hexane 1:2 to 2:3) to give 24.2 mg of the pyrrolidine
111 (88%): colorless crystals, mp 106—107 °C; [a]26p —8.7 (¢ 0.58, CHCls); IR (film) 2952, 2358,
1748, 1674, 1648, 1399, 1209, 839 cm™%; 1H NMR (500 MHz, CeDe) 5 4.72 (s, 1H), 4.59 (s, 1H),
4.49 (d, J= 6.3 Hz, 1H), 3.89 (d, J= 4.6 Hz, 2H), 3.38 (s, 3H), 3.25-3.18 (m, 2H), 2.59 (s, 3H), 2.22
(dd, /= 16.3, 4.9 Hz, 1H), 2.16 (s, 3H), 2.02 (dd, /= 16.3, 7.1 Hz, 1H), 1.47 (s, 3H); 13C NMR (125
MHz, CeDe) §171.2 (C), 169.5 (C), 159.3 (C), 143.1 (C), 113.7 (CHz), 93.6 (C), 67.4 (CH), 53.1
(CH»), 52.2 (CHs), 47.9 (CH), 41.0 (CH), 36.0 (CHs), 35.0 (CHs), 31.8 (CH»), 22.4 (CHs); LRMS
(ED m/z 398 (M*, 45.3%), 362 (74), 339 (43), 330 (37), 302 (37), 295 (51), 266 (18), 253 (100), 193
(37), 180 (56), 152 (26), 120 (25); HRMS (EI), caled for Ci5H21ClsN20s4 M* 398.0567, found
398.0566.

A solution of the pyrrolidine 111 (12.2 mg, 30.5 pmol), 4M aqueous KOH (2.0 mL, 8.0 mmol)
and #butanol (1 mL) was heated to 120 °C, and stirred for 6.5 h at this temperature. After
cooling to room temperature, the solution was neutralized by 4M aqueous HCIl (2.0 mL), and
concentrated. A column containing Dowex-50 WX2 hydrogen form (200-400 mesh) was charged
with the residue. After elution with 3% aqueous NHs, the collected fractions were concentrated.
The residue was purified by HPLC (Finepak SIL C18S, 150%4.6 mm, UV 200 nm, H:20, 0.4
mL/min, Tr=12.0 min) to afford 4.9 mg of (-)-kainic acid (75 %): colorless crystals, mp
241-243 °C (dec.); [a]?p —14.6 (¢ 0.43, H20) [1it.22 [a]23p —14.3 (¢ 0.45, H20); 1it.1™ [a]20p —14.3 (e
0.40, H20); lit.14f [alp —14.6 (¢ 0.25, H20)]; IR (KBr) 3420, 3100, 2980, 1630, 1580, 1390 cm™%; 'H
NMR (500 MHz, D20) § 5.00 (s, 1H), 4.71 (s, 1H), 3.99 (d, J= 3.2 Hz, 1H), 3.58 (dd, J=11.7, 7.2
Hz, 1H), 3.38 (dd, J= 11.7, 10.3 Hz, 1H), 3.02-2.93 (m, 2H), 2.23 (dd, J= 15.5, 6.6 Hz, 1H), 2.12
(dd, /= 15.5, 8.0 Hz, 1H), 1.76 (s, 3H); 13C NMR (125 MHz, D20) §178.3 (C), 173.5 (C), 140.1 (C),
113.2 (CH>), 65.8 (CH), 46.4 (CH2), 45.8 (CH), 41.4 (CH), 34.9 (CH>), 22.2 (CHs); HRMS (FAB)
m/z caled for C10H16NOs (M+H)* 214.1079, found 214.1085.
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