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J¥-
CMBFREICRBIT S Aziridine ARG IZ OV T
Aziridine FFEIK 1 13, BHREF 1 225 OR/NBEMOERETHY , ZOENOT
DI=DIZONECE AT, ARG EARZRbEMTH D, T TH, aziridine RO 2 il
ester J:&F 4% aziridine-2-carboxylate (3. m%-ﬁﬁﬁ%ﬁ?ﬂé’afoﬁﬁ'ﬁiﬁ}im%ﬁi ZEToa F
721X B-aminoester ~LEL Z LR TE L7720, KIWMERIZE T2 E6E T & LTIERFIC
AR THS Y (Scheme 1),

(e bond deavage) [y, cosee
) i I B-amino ester
2 COR 5 R'HN” "R®
R™-N ;
. smmeeed Nu-H
R : R'HN._CO,R?
aziridines 1 S - a-amino ester
C3-N bond cleavage Nu” "R

Scheme 1. Regio-selective Ring-opening Reaction of Aziridines 1

PIHIE 4 A guanidinium EOLFERISISTEE G L. H&E aldehyde (ZHISKT 5587
Bl aziridine-2-carboxylate JE &% R L 7= 2 (Scheme 2), Z i, urea2 % (COCI), % ]
VT chloride 3 & L. 1) guanidine JEA%. 2) N-alkylation {2 ¥ guanidinium 5 5 (22582 L
7o, WA THET 2 Z & T guanidinium ylide 6 Z ARk &, FFEMKE aldehyde 7 & S &
W25 Z LT aziridine 1 Z28KT25E VI LD TH D, ASIE—MZIZHE L trans-diastereo
BP0, chiral guanidinium ¥ 50 Z W5 Z L CAFFEL ARETH D, T,
aziridine “%“%ﬂ‘fﬁiﬁé ZART S urea2 1Z. guanidinium X5 5 ~& EAEHAT S Z LR ATRET

HY . BREFFEO aziridine AkiEE L THRAMEREW,
1
2 HCI “ScoR
BnBr
Me\ N—Me
HoNCH,COLR'
route
3b (R Ph)
_ B \
c "N CoLR!
(route 3 3a (R=H
Me\N \ITJ Me m ( ) Me~N N_Me
3L 1) BnNH, 2) BrCH,CO,R" R _
Br
R3 R 1 Rg R
»COzR aini m
o
{002 *SAr B
co aziridines 1
oo o BHBr
1)2
Me~N)LN—Me BN\ CosR!
* * Me\N N—Me
R R .\
2a:R=H
2b:R=Ph Ar-CHO R R

7

guanidinium ylides 6

Scheme 2. Aziridine 1 Syntheses from Guanidinium Salts 5 and Aryl Aldehyde 7
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PRI, KEISICHOWTHFE aldehyde D FEFIRED B L FH 25~ < | chiral
guanidinium 5 5b & & 72 4 ArEHSEE aldehyde 7 & DA77 ¥ (Table 1), = @
WRICL D L, BEAMG5M 0 aldehyde (X = O"Bu, OMe) Z# W24, —KICTE
trans-diastereo 35 XUV enantio JEIRPEART L ILIT, RAFRIET aziridinel 25 %2 T\ e
(entries 1,2), ALkt L, EBAHEMEDOLV aldehyde (X = Me, H) & 2 W EERG[1ME23 59
V> aldehyde 24 (Cl, CO,Me) & HW7=85A121X. cis-aziridine OEI& M EH L7- (entries 3-6),
BRI B R IPEo 58V aldehyde (X = CN, NO,) TIZH TN trans-diastereo @R
NEE DRERNE S (entries 7, 8),

Table 1. Reactivity of Aromatic Aldehydes 7 Reported by Haga

Bn_t+
N~ > co,Bu

t
X 1) TMG 2 (1.1 eq.) COzBu
R THF, rt BnN
Me\N N,Me +
CHO 2) Ac0 (2.2 eq.)
X

(S) \.\—QS) Br CHClg, rt

PR Ph
% 7 trans-1
cis-1
aldehyde 7 results (%)
entry a

x=) trans-1  ee cis-1 ce
1 0"Bu (7a) 64 92 3 —
2 OMe (7b) 77 91 4 .
3 Me (7¢) 31 93 45 90
4 H (7d) 22 88 58 86
5 Cl (7e) 33 84 59 86
6 COzMe (7f) 28 72 52 79
7 CN (79) 35 32 18 16
8 NO; (7h) 41 1 29 10

@1,1,3,3-Tetramethylguanidine.

PIEIE chiral aziridine 1 O#fatficiE 2 L F D X 9 12¥E L TW5 2, (S,S)-guanidinium %
5b & benzaldehyde (7d) LV &mL7= cis-1d & trans-1d ZHIKFESEL THES -
phenylalanine #&E & 8 1%, HilkD (5)-9 % Boc {LL TELNT- 10 & JENEA LRSS
WD EERLTZZEDD, 8 1% 10 @ enantiomer TH D Z XN ynotz, T72bb,
(S,5)-5b M HF BT cis-1d B L trans-1d WD ester FRALH E OREECE L (R)
BlE T D 2 & APRIE S 47z (Scheme 3),



CO,/Bu Ph

Bn.t e

NACOztBU — BnN _— /‘\

91% , 77% ee t
Me~\~ “\-Me Ph ° ° BocHN'(z)"CO2Bu
(S - cis-1d Pd(OH)2/H, 8
PR ph B (79% ee) (Boc)20 [a]o2® -20.3
— MeOH, rt
» / /H/
+
79%
PhCHO cofBu  TT%ee Ph (Boc),0 o
h — o] A
" t CHCl3, H,0 .
Ph BocHN (S) CO2'Bu . 91% HoN (S) CO,'Bu
trans-1d 10 9

(7% ee) [a]p?® +38.0

Scheme 3. Determination of Absolute Configuration of cis- and trans-Aziridine 1d

Z 0 aziridine BRIZEOKISHEEIZOWTIZ, BT X ic&ELZshTWD I, 9,
guanidinium #2335 XV BOSFHRNT guanidinium ylide 6 12Z5#i4% | aldehyde & )it %
ZETHIME 11 &72% (Stepl), #HEWN T 11 @ aldehyde HIkDEEFEZY guanidinium (35
WREZEIREE L spiro BREB T 5 12 ZIERT 5, Spiro AR 12 1%, BB{F1E T . benzylamine
HiSkZEZ 128 aldehyde HI3K benzyl /%R % SREZEE L, RV C aldehyde FH SRR3R -5
FEAOBRRANHEITT 5 Z & T, aziridinel & urea2 ([ZZ&HAXD (Step 2) (Scheme 4),

Bnit ~ ., A9 BUO,C  Ar
N~ ~CO,Bu tep 2
J\ (step 1) Bn. + / (step 2) co,’Bu
Me~ ~Me Ar-CHO SN~ /~CO,Bu Bn— SiO, or Ac,0 x

N” "N el N3O BnN

* * Me\N N’Me Me\N N,Me ~ SSar
R R *H *H aziridines 1

6 R R R R i
a:(R=H) 11 12 Me~\ n-Me

Scheme 4. Formation of Aziridines 1 through Spiro Intermediates 12

728, spiro FRMADIEEIZE L Cix Disadee (21 Y . X B HEEMT SIS S
T3 ¥ (Scheme 5), Disadee 1. (S,S)-guanidinium Y& 5b & a-bromocinnamaldehyde (7i)
Z TMG %W TERT 5 Z & T stepl OANPHEST L7 spiro A 13 #HEEL, £
X G ST IS LTc, 20 13 134E< SiO, MFRIT XV step 2 25047 L aziridine
Li IZEHINDZ L bR LTV A,

Br Ph
‘BuO,C \—/
Bn\+/\ N co tB
N” “COBu  Br._ _CHO TMG, THF (R) (R) Si0,, CHCI . Nj/ 2 Bu
n
Me\N)J\N’Me + E/ BnN><O Br
Ph 20t00°C, 2h Me~\ 7 >y-Me r, 20 h |
(S) \—QS) _
P o B S Ph
5b 7i Ph Ph trans-1i: 63%, 98% ee
13 cis-1i: 12%, 94% ee
(74%)

Scheme 5. Isolation of Spiro Intermediate 13 and its Fragmentation to Aziridines 1i
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T, IR AT =X LIHED &, aziridine AR OEED diastereo EIRIEIZ DUV TI
PUITFDXEHIEZDZ ENTE S (Figure 1), (S,5)-Guanidinium ylide @ Re i [LA F. Re(G)
L9 5]1L aldehyde @ Reifi [LLF.Re(A) & T 5] BEUGT H35A (route A) & guanidinium
ylide @ Si i [L)T\ Si(G) L3 %] & aldehyde @ Siifi [LAF. Si(A)& 5] BEET 54
& (route B) {Zi%, trans ANERTHEEZBND, £7-. Re(G) & SI(A)NEIST D56
(route C) &, S|(G)): Re(A)N BT B854 (route D) I, cis A4k 45 k%z%hé
L LAREL, WFROEETYH guanidinium ylide (CfE£ET % methyl Jiod 7 {4
vV aldehyde |3 Figure 1 (Z31F 5 TG OHEL [Si(G)-Si(A)F L TF Si(G)- Re(A)O)JyTT“]
pEINDL, PTIEZ %L%O)L{ZMK%E’J%%?% A-EHTSEE aldehyde T 5 AL 7- 32 AE R
IZOWTHEH L, diastereo BB LOARFFHFELZE L HTEY . UFRERR 2 2O
B OIS S 9,

CO,R

(RMH
Bn— : CO,R
Aril, route A N ‘1 )
rH/:O ( ) )<O (s)’Ar R/ \HAr
/ Me\N N/Me Bn/N(S).\;-|
(_Re(G)-Re(A) attack ) @ \—<
PR Ph
Me
N
H
% (S) (OO
Me B~y H
(R (S) ] «CO,R
(Si(G)-Si(A) attack ) Me Me H
route B =N N~ N
( PN < B (R)VAr
PR Ph (drans)
CO,R
(R) | H Ar COR
Bn— d 2!
Hiiy (route C) N H 4
e P .
Me\N N/Me Bn/N(R).\
(" Re(G)-Si(A) attack ) @ \—< - Ar
Ph Ph oS
— A .
/ \N (S) CO,R
(S) )73
Me B~y H
)< (S} "Ar (S) ] \CO,R
Si(G)-Re(A) attack > \
(_Si(G)-Re(A) attack ] (routeD) Me~N~ Sy—Me N AT

Figure 1. Supposed Pathways for the Formation of Chiral Aziridines

@® Aldehyde 2358VEFHEEVEEBILA F T 5555 (R=0"Bu, OMe)
VB AL A A 5 5 ER aldehyde 7a, 7Tb & VW24, B trans-diastereo 35 &
WY enantio BEREZ R LTS (Table 1), £, guanidinium i 5b & TMG & DOISIZ &
S>THER LT ylide 6b @ Re(G) & aldehyde @ Re(A) DSIJHIZ LY spiro A 14 A3
ARkT 5, Z @ guanidinium ylide ORI XV LT 2 aziridine 1238175 2 fLdAT
k725, £ LT aldehyde DHENEIRMEIZ I Y 3 MEDOSAKDRE 5, Aldehyde DI HFLRILE



BEDD, ylide 6b DANIFEFITELS , mEIMEILE L 20 | £ D FE E &\ aziridine O
WM IS NS, 29 LTERMLT spiro A 14 1% O-acetyl k&%) C 16 &
20 TR K VEBERFPNEEMEF D, ZOEEME ST 5729, imidazolidine B
EROBIGIZ L0 REM: benzyl ERENERK L. 205 benzyl ALIRFE~DREBEDE
Z V., BT aldehyde HIREESRE-RBER A DOBHADFIRFICE Z % Z & T, trans-(2R,3S)-1 73
BT D, ZOBRORF-IFEMEEORRIE, BFUERIZ Lo THRET 2 benzyl (ZRFEH
LBERESN TSRS, BRBICEZ D, Lo T, 2N THEMICHEABRR &k
BWENBZ Y S\ B CTKIELTWDH2®, spiro FHEA 14 ONENMEEIRD
(Scheme 6),

Me
Ph
./ Ve

Bt~ CHO Bn
b CO,'Bu Ph’(\/% +/
N I
Me-. )LN/Me + base AN - -, e CO,'Bu
(

N Re(G)-Re(A) approach 6b Me H )% very slow Q j
(S)\; (S) Br - (step 1) O'Bu
Ph Ph °' R
5b 7 7
a:R=0"Bu R
b: R =0Me
Me
Ph Y- BN\ N =CO2Bu
B CO,'Bu i_;

L
Ph .
I COztBu ACZO [\l Oﬁy &»
Y tenti
Ph )\ j very rap|d Me EJ > retention
|

(step 2)

AcO’ R
14 \) Me
16

R trans-(2R,3S)-1

Scheme 6. Mechanistic Consideration for the Formation of Aziridines with Electron-donating Aromatic Ring

@  Aldehyde 2FFWEFKEIVEE#ILZ AT S5HA (R =Cl, CO,Me)
FIWVE RS A AT 5T E % aldehyde 7e, 7f 2 V72354 . cis-diastereo JEEIRIME & 2
?fEET L 72 enantio BRMZRL T 5 (Tablel), Ziuid, EHILDOEFHIZIFIZ LY step
BT D HEEPFER L O step 2 OHSEBEDNBIDOKISIZE{L L T Dbt tEZ LR
5o ZDOZN—T0 aldehyde 1XFEFRKGIMEIIT L o TRISHEDSHE L TWDH 28, stepl O
HEEDNE < 7p o THE@EREITSAE TR TN L, BT % Re(G)-Re(A) approach (ZiE LU - T
Re(G)-Si(A) approach i = B #5 5%, trans-spiro TR 17 7217 T2 <, cis-spiro F1fE{& 17
LETAEKRT D, 295 L TAEKR LT spiro HRA 17 13, HKEERRIZ L D O-acetyl L%
BN, BRI AH T D7 benzyl cation £ aldehyde FSKERFE-IRFEFE G DAY
—HHEITE VI < RoTWVD, 1wz 1T, imidazolidine BREFE O HIZ XS
C(spiro)-N(oxazolidine) #&&DBHZIE, @ (R=0"Bu, OMe) ® X 5 IZWZ=A0IZ Sni BLD i
ELTIIEZ ST, F£9. BB L7 amidinium TFREK 19 252, FAICE VAR LK
EZMEEEFE anion 73, C (aldehyde)-C (ylide) & DIEIHAIZHEV T Sy2 KD back-attack % it =



I & CTHBRMNEITT 5, 2T k- TEE trans-(4R,5S)-0xazolidine spiro A 17 @
Cs D HRZE - T cis-(2R,3R)-1 MY L TAERKRT 5 Z &2/ 5 (Scheme 7),

Ph /Me Ph,  Me
Bt CHO
“co,Bu I )§+ / \/QJr/
J\ base - CO,'Bu
Me\~Sy-Me S 7 ph
©\{(s) Br- (step1) | 6b o » )ﬁ/ + 6b e » rapid
:. t
PR oh X O'Bu O'Bu
5b 1 1
trans > cis

Re(G)-Re(A) > Re(G)-Si(A)

BN\ N =CO5Bu

Ac,0 SN2 like
slow
(step 2)

inversion

X

cis-(2R,3R)-1 > trans-(2R,3S)-1

Scheme 7. Mechanistic Consideration for the Formation of Aziridine with Electron-withdrawing Group

Il . Aziridine-2-carboxylate D FEREZANZ X 2 BRER NS IZ DWW T

MithiX. 3-arylaziridine-2-carboxylate 1j 123\ CTHEHRKREANT X 5 BHIBREG 2 st L7
% (Table 2), filtfi & LT InCly £#7E . indole, pyrrole, furan Z£ D HBRLAM & AN D & |
BT HMO G FERMEA ST aziridine BIERIA2NS S 407= (entries 1, 3, 4),
(2. indole DIFAEITIX. Lewis FRTEIE L72< T%}imﬁ‘é & HIBDTZ (entry 2), FE7-.

1,3-dimethoxybenzene, N,N-dlmethylanlllne HOEEE R GTERICAEWZ KA & LTHN
el xIZh, PREDIETH E!’\JO) B ?%)\éhtﬁﬁiﬁﬁiﬁ) BohdZ xRN L/to
L L7eh 6, anisole & HWZIGA 121, ROSIFEHEL L BROOBRRKZ HEET 5 (12

Sipmnolz, Z0O 3—arylaz|r|d|ne-2-carboxylate 1j BHERIG T, ttiﬁ&ﬁﬁaﬁ?‘&.r@mb\ﬁ*
R & 5 2 & T, f#{# |2 2-amino-3,3-diarylpropanoate & A5 Z ENTEXHZ &
NhhroTz,



Table 2. InCl3 Catalyzed Ring-opening Reaction of Aziridine 1j with Aryl-nucleophiles by Manaka

WCO,'Bu BnNH._ .CO,'Bu
BnN InCl3
¢} + ArH —m— o
> CHaCl, Ar
o o
trans-1j 2-amino-3,3-diarylpropanoate
product
entry Ar-H InCl3 (eq.)  temp. (°C) time (h)
yield (%) dr
H
1 N\ 0.1 rt 20 87 single
2 - rt 168 73 single
N
H
3 Q\H 0.2 rt 5 66 4:1
H
4 @\H 0.4 rt 36 66 4:1
(0]
OMe
H
5 /©/ 05 30 12 75 2:1
MeO
H
6 /©/ 0.5 rt 12 70 3.6:1
MeoN
H
7 /©/ 0.3 35 12 a complex mixture -
MeO

—7% . Disadee %, aziridine 1k 1%t L. 7KIZ L 2B A HE LT\ 5 © (Scheme 8),
Aziridine 1k (T2 LT TsOH ZJZ, THF, H0 OREAEBECRIGEE D Z LIk Y,
B 72 03 diastereo R VPE TR 20 2% 7=, Zo0obonn 6 LEZKET
D-erythro-sphingosine, = 5(Z acetyl {3 % Z & T tri-acetyl-D-erythro-sphingosine (22) ~&
EAPRY

1) TIPSOTf, EtzN

g;;mz, 2°C,30min 1) Et (I\DIH37gq°.C .
o 50, - , 5 min
CO,'Bu BnHN__ ,CO,'Bu  2) LiAlH4 . ?—0 89% AcHN___,CH,0Ac
THF,25°C, 10 min  gnN 2) TBAF, THF
BN TSOH-H,0 82% i, 1.5
> HO AcO
THF/H,0 ’ 3) Imy,CO TIPSO 3) 2 N NaOH aq.
CiHy, 25°C. 35N CiaH,, CHoClp, 25°C, 12h | EtOH, 80 °C, 2.5 h CoH
R 1% 1827 97% 4) Ac,0, DMAP, py. i
1k 20 Ci3Hz2z " CH,Cly, 1t, 3 h 22
21 3 steps 93%

Scheme 8. Syntheses of D-erythro-Sphingosine and Tri-acetyl-D-erythro-Sphingosine (22) from the Aziridine 1k



III. Lignan %E<°> neolignan 822U\ C

Lignan FE1X, flix OBIRSOEE, RIEFEITH 45 phenyl propanoid 2 43 3 Z L ZE4LD 8
P THES LIz BALIRTH 0 | Bix RABIGEEZ T2 EBNbh> T D, I
~DERICEEN., FIRRILIERAZAT5 (+)-sesamin (23). R 7 4 L ABICE Eh, HUEE
EMA24A9 2% (-)-podophyllotoxin (24) 1ZAEH L LTEIF SN D (Figure 2),

OH phenylpropanoid

6 N0 Os P C6-C3 unit
iSs NG s or Tl SC
SR ! '

3
(+)-sesamin (23) OMe
(-)-podophyllotoxin (24)

lignan framework

Figure 2. Chemical Structure of (+)-Sesamin (23) and (-)-Podophyllotoxin (24)

(-)-Podophyllotoxin (24) IZEM{mAZK E L CHW S LZHEY Podophyllum pertatum o
(b BRI T DA T 1880 AEICHEE P &, 1930 AERICE O MEEHEE P, 1951
ISR E SN ), SO E LTiE, C2L e C7T° f)dfEa L7- 2,7-cyclolignan
T L, 4 ODufE L72AFHL (Cq, Cq, Co, Cp) ZFFD, 8 FEM. FERIHIEM .
Y U~TER. LU ANV AER e E SRR SRR 2 7R 328 FRICHUES TR PEIE5R < |
HLERPIBAF DOV — FMbEi & WiFE S, BIE, etoposide (25). teniposide (26). etopophos
(27) BHRAAIEL LTHEKETHO S TH S 0 (Figure 3),

OH
H
e (0]
(@) o -
H o) z o]
MeO ; OMe MeO ; OMe MeO ; OMe

OPO3H,
etoposide (25) teniposide (26) etopophos (27)

Figure 3. (-)-Podophyllotoxin-derived Anti-cancer Drugs

(-)-Podophyllotoxin (24) DA KBEEIILLFO L S I2E 2 b TS ™ (Scheme 9), =%
I EERRIE IR D coniferyl alcohol (28) 73 & T —E M b 51T, L& 8 fLlZ T radical 23
AL 32 725, ZOHLON “&@{kd 5 Z & T pinoresinol (33) & 721 NADPH % fiili#
F L L TiEot &4 secoisolariciresinol (34) & 72 U . matairesinol (35). yatein (36) .
deoxypodophyllotoxon (37) % #&H L THALHIIZ (-)-podophyllotoxin (24) ~& E#HaIiL b,



CH,OH CHZOH CH20H CHZOH CH,OH |

=
1 electron oxidation dimerization
-
from 32
OMe ® "OMe

OH
coniferyl alcohol (28) 30

OH
o, [LX
o OMe 2NADPH HO

pinoresinol (33) secoisolariciresinol (34) matairesinol (35)

oH
S SO0
° : W\< <o _ "’f\<o
0 0 S
I MeO ;OM OMe Meo/Q\OMe
e e

OMe
(-)-podophyllotoxin (24)

yatein (36) deoxypodophyllotoxin (37)

Scheme 9. Proposed Biosynthesis of (-)-Podophyllotoxin (24) from Coniferyl Alcohol (28)

—7J7.Scheme 9 (TR L7 L 9 12,8 fizlTradical 23%4: L7c 32 LISMZ & ZCE 72 radical 29,
30,31 FENFET D72, 8 (LS D S ZEBL LT b DR RKITIIE L AFEL TN D
Lignan 2%t L. 8 A LS CHEA L 81k L7= & @l neolignan 38 & MEIEL 5 12)0
Neolignan #81X radical OZEMEND LB LRI 51T, HFEFER LD 1 72013 3R L0
FEREDO L X 3MEMHETHD 8 MDA LI bONRE A b5, 1 CH, Piper
futokadzura (258 F A, M/IIEVELIRF (PAF) FLEIEM:% K-> kadsurenone (38). Magnolia
obovata 2@ £4v. FUXINHIVEA A FF-> honokiol (39), magnolol (40) 1ZAAFEHI & L TZHETH
% (Figure 4),

kadsurenone (38)
<3,8'-neolignan>

honokiol (39) R" = OH, R = H
magnolol (40) R' = H, R? = OH
<3,3"-neolignan>

Figure 4. Chemical Structures of Kadsurenone (38), Honokiol (39) and Magnolol (40)



—7J5. Chen 5% 1972 4EI2HWET Zanthoxylum wutaiense &% L7= ¥, Z. wutaiense I3
BIEFRIREAICAET D2HEBEBTHY . T E LTET . wutaiensol (41), wutaiensal
(42), wutaialdehyde (43), methyl demethoxywutaiensate (44) A3HiffE X4v, SHFZE=R CHEGE IR E
RiFbhi= ¥ (Figure 5),

R CHO
%““ \ %“h % X Cone
HO o} HO o} "
HO O

wutaiensol (41): R = CH,OH wutaialdehyde (43) methyl demethoxywutaiensate (44)
wutaiensal (42): R = CHO

Figure 5. Chemical Structures of Wutaiensol (41), Wutaiensal (42), Wutaialdehyde (43) and Methyl Demethoxywutaiensate (44)
from Z. wutaiense

T Z. wutaiense % & TAEK) 400 FEIZF VT Mycobacterium tuberculosis H37Rv %
W= HUREREIE ME A 23 i S Av, Z. wutaiense ([CHEDIERANH 2 Z EBRHL N E 572,
Chen HlE, Z OIEMFHIICE S &, HRDMPRRBRZAT o 725K, il 11 ok EMm %
BeEt 48 FOEY & B Lo, RO R, wutaiensal (42), 7-methoxyanodendroate (45),
7-methoxywutaifuranal (46), dictamnine (47), y-fagarine (48) (Z M. tuberculosis H37Rv (Zx%}3 %
TEMER B D = &b T- B (Table 3),

OMe
COyMe CHO compound MIC (ng/mL)
T / X N \

ud o _ 42 30
0 N~ O 45 35

OMe OMe R 46 35
7-methoxyanodendroate (45)  7-methoxywutaifuranal (46) ictamnine (47):R=H :; gg

-faganine (48): R = OMe
riag “8) ethambutol? 6.25

@ positive control

Table 3. Antitubercular Activities of Isolates from the Root Wood of Zanthoxylum wutaiense on M. tubercufosis H37Rv

M U< Z wutaiense 22 HBEIZE DFENF AL, — L FHFERITOIL T
(+)-wutaienin (49) N HPEXi17- (Figure 6), Z @ 49 |34 F TH A I TE 72 neolignan |2
IXIORE72 8,9 A A A L, FlEEICOWTUIHES N TS H 00, HkilEic
DWTIERIETH D, EHIT, ZOLDODOEFFEART MT—ZERLTHDE, H—D
HOTIE72< 2 D diastereomer EAW DO FEEMEN RE I T2, 72%, HPLC W TZ
DY DDGBEE T NT T L aEORkA RGEME TR, BUEE TITHBET 21213 E -
TV, F72, HEECIZE > T ZRWAS, 49 @ demethoxy K T&H 25 50 & IFERIIC Z.
wutaiense (ZfF/ET 5 B X HILTWND,

6’ 9’ 7 2
o
N 5 O 8 1 O 3
4
HO 2 9 6 4
3 5

8,9'-neolignan framework

(+)-wutaienin (49): R = OMe
demethoxywutaienin (50): R = H
Figure 6. Chemical Structures of (+)-Wutaienin (49) and Potential Natural Product 50

10



Al FEF T lignan FHOMREF & LTS TUW 5D (-)-podophyllotoxin (24) |2
3,3-diarylpropanoate f#i&23d 5 Z &2 H L, aziridine TERSUG &t < 7 B HEREZANC L 2
BIEBRSG Z 8RS & L THW, RN ARG ERER L LS ElAiz, 72, FiH
8,9’-neolignan 1% % FF> (+)-wutaienin (49) K NEEMICHFEL TWH EEZDLND
demethoxywutaienin (50) @ benzyl (ZIZKEEFESEA I TWD Z LIZFEH L., aziridine ¥
BB & e < K 22 sSREZAI & LT BRBRBUS Z2 8EROR & LTV, BB 2 & TS I E &
ITHZEHHBE L, REEE BT Z & & L7z (Scheme 10), AGmCTld, £ 5 OFEM
IZOWTiR~R 5,

OoH
GUNEERCCU SRR S o 0.
BnN CO,R o . /\<

I OMe H
__________ i = o
R
OMe Q\
OMe MeO OMe MeO OMe
51 OMe OMe
52

(-)-podophyllotoxin (24)

+ _CO,R
H,O
2 BnHN N
COZR
OH
R
54; R ; H 56: R ; H wutaienin (49): R = OMe

Demethoxywutaienin (50): R = H
Scheme 10. Synthetic Plan for (-)-Podophyllotoxin (24), (+)-Wutaienin (49) and Demethoxywutaienin (50) from 3-Arylaziridine-2-carboxylates
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13 ZNHETO (-)-podophyllotoxin D44 il
(-)-Podophyllotoxin DARFARIZZNETIC 7 flEESNTEBY . ZOWIKZ IR ~%

1. Meyers 512L% (-)-podophyllotoxin (24) OHIDRF LA 1© (Scheme 11)

F£9°. J5UE} naphthalene 57 725 3 TREIZ THFHAL7- naphthoic acid 58 (Z%f L., chiral 72
amino alcohol 59 % Kt &t C oxazoline 60 Z77=, Z D1 D% silyl ether 61 & L7274,
oxazoline %z RFAMENEL & L 7= 3,4,5-trimethoxyphenyl Z: D TARERAY 225N &4T 95 Z & T
dihydronaphthalene 62 % 15§7=, Z ® % ™ % (+)-B-apopicropodophyllin (63) ~ & ZEH#L L 7=,

DI DS, L AR T ketone 64 & L7-, Kende & DA ) 125V C8 LD AR
FEFHEL, lactone65 & L7, 3 LA T TBS 1K 66 ~LZAH L7z, HiTfix DL
a4 T (-)-podophyllotoxin (24) DG AL Z R LT,

OMe
HO
Me HoN
<0 OO 1)NBS AIBN CO OAllyl (+)-59 <0 OO OAllyl
—_—
0 COM 2)AIIyI alcohol, NaH CO,H PPhs, CCly, Et;N O 0
57 2% 3) NaOH, H,0, THF 60 I )iMe
80-85% N
3 steps 79%
OMe
< oTBS
< oTBS OMe ) TFA, NazSOy, H,0
1)W|Ik|nsonscatalyst '\Me 2 Ac,0, pyridine
\Me _—
2) KMnO4 t o
3 S BuLi, THF, -78 °C oMe 3) Ti(PrO)s, hot-EtOH
3 steps 62% OMe 70-80% (dr = 92 : 8) MeO OMe 3 steps 73%
OMe
62
<o
| o 1) NaOH, H,0 “otss
o . 2) CHaN, < ref) 17
H ol yTesc CO,Me 7% HCHO, NaOH
4) NBS, H,0 95%
2) AIBN, BugSnH
MeO OMe 3% PDC Ussn
MeO OMe
OMe 6 steps 61% OMe
(+)-B-apopicropodophyllin (63) 64

OTBS

OH
o :
1) xylene, 210 °C < e}
2) LIAI('BuO)sH 1) LiHMDS o _ ,\<
H o)
3) TBSOTH, 2,6-Iutid|ne 2) EtsNHF
3 steps 64% 2 steps 18%
MeO OMe  (44% recover) MeO OMe

OMe OMe
66 (-)-podophyllotoxin (24)

Scheme 11. First Asymmetric Total Synthesis of (-)-Podophyllotoxin (24) by Meyers et al.
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II. Zhang 51iZ X% (+)-podophyllotoxin (ent-24) 44k *® (Scheme 12)

% 5 1%, pseudoephedrine Z VN7 STARIEIREY Michael fHA0-allyl {b/)&%1T9 Z & T, 1
THERT2 SORZE-—REBE[LEAL 2 D OFRFFLE—FICEAL, ZEMWHA
(+)-podophyllotoxin (ent-24) OARFE M= ERK L7z, £9°. bromopiperonal (67) &
(S,5)-(+)-pseudoephedrine 7>5-& % L7= oxazolidine #5iEf& 68 % VT, il carboxylic
acid 69 2>5HE 7= ester 70~ enantio EERJ7L Michael £HINZ#E < allyl bromide % Fuv»
7= allyl LG 21T, (A 71 28 LT, 2O b 0% dialdehyde 72 ~ & Z5H#a L 7= %%,
L-proline Z# MW 7=BRALEISIZ L0 B-ALIE 73 2157, ZDOIRILIK 73 % MnO, 12XV
benzyl fif % fz{k L tetralone 74 & L. ester OMKGiE, T D% ZKT
(+)-podophyllotoxon (75) (ZFFE L. iE L9 5 Z & T (+)-podophyllotoxin (ent-24) % &% L7,

MeO OH BUOH, DCC MeO O'Bu
/ DMAP, CHyCly, rt /
MeO 0] > MeO 0]
86%
MeO 69 Med 70
’ Ph
o (S,S)-(+)-pseudoephedrine o "BuLi, THF, -78 °C, 0.5 h
'M

o | HOAC, toluene, reflux Y iMe TMDEA, then ester 70, 1.5 h
< 95% <O ' allyl bromide, rt, 2 h
e} Br o 5 Me then HOAc / H,O (1 : 1) in THF
r

bromopiperonal (67) 68 65%

0s04, NMO
‘BUOH / THF / H,O
then NalO, / SiO,

L-proline, CH,CI
CHoCly, rt P 22

then NaBHy4, MeOH

o

Y

80%

94%

HCI-H,0, CH3CN
then DCC in CH,Cl,

90%

OMe OMe
(+)-podophyllotoxon (75) (+)-podophyllotoxin (ent-24)

Scheme 12. Synthesis of (+)-Podophyllotoxin (ent-24) by Zhang et al.

. Bach 512k % (-)-podophyllotoxin (24) d4xErkk ¥ (Scheme 13)

oHiE, D TFEDIZIEE LWV 3 50 fragments 76, 71, 77 2 HEITEOZRMN 72
(-)-podophyllotoxin (24) D 4A Bk A L L 7=, (S)-B-Vinyl-y-lactone 76 & aldehyde 71 % Hi%& i
BEE LT, aldol SUGSIZ &0 AHIMA 78 24572, 2D H DI FeCly f#7E T, sesamol (77) 12 &
% Syl %Y Fridel-Crafts SJSIC &Y diaryl & 79 % diastereo i#INAJIZIS72, = OKEEIL %

13



triflate {t L triflate 80 & L/f:?&\ Heck SOl X 0B LA 81 & L. olefin #i\7% 0sO,.
NalOy IZ L VLB S &, BILT5H5Z & T (-)- podophyllotoxin (24) ~&HEWT,

OH

CHO

DA FeCI3

CH20|2
99% (dr =94 :6)

MeO OMe
0,
e} OMe 94%
76 71

OMe
= o
o o -
0504 NMO
NaIO4 | 0
Tf,0, NEt, _ ’\< _Pd(OAc)z, PPhy CH20'2 O ; ”\<
—_ > H o) = o
CH,Cl, OoTf MeCN
89% 58%
MeO OMe eO OMe

OMe
80 (-)-podophyllotoxin (24)

L|AIH(O Bu);
Et,O
2 steps 75%

Scheme 13. Synthesis of (-)-Podophyllotoxin (24) by Bach et al.

IV. Vandewalle 5|2 %% (-)-podophyllotoxin (24) & (-)-epipodophyllotoxin (82) ®4& ik 2
(Scheme 14)

5 1IN E @y menthyl 54 FF> butenolide (2x9° % dithian % V725005 % F1
95 Z & TYNAREHEEL L. (-)-podophylotoxin (24) & (-)-epipodophyllotoxin (82) MDA k%
R L7z, ¥, dithian 83 & chiral 72 butenolide 84 2>LAHIIA 85 Z# AL, ZOHL O
@ menthyl FEZFRFE L=, o it~ 3,4,5-trimethoxybenzaldehyde (71) ZfHnsw5Z & T
alcohol 86 %7157, fRi# I % Z#2 L T dimethylsilyl acetal 87 % &% L. alcohol (2 mesyl J&%
O UGB RS & L 7%, Fridel-Crafts Lo alkyl b5 & 0 STARERIR A 72 B2 b 2170, silyl
KA L S 2T (-)-epipodophyllotoxin (82) ~ & 7=, X 512, Gensler & DR 2
\ZHEW KR FE DR L5 % BOfin & (-)-podophyllotoxin (24) D &A% 2k L 7=,

Omenthyl
s s Omenthyl 1) NaBH4, KOH

"BuLi, THF R
ﬁ . | o ; EtOH
< 84% C 0 2) LDA, THF
o then CITi(NEty)s, 71

o) 9
85 2 steps 75%
\/
1) HgCly, CaCO3, MeOH oo
2) CH,=C(H)OEt, p-TSA 5
0
3) NaBHj, MeOH 1 MSCI, NEt, ,,” ref) )
4) KOH , _2)TBAF
> ! e O
5) NaH2P04 ) ZnC|2
6) CH,N 3 steps 88%
7; BULSIOT), Sieps 88 MeO OMe MeO OMe
8) PPTS OMe OMe
(-)-epipodophyllotoxin (82) (-)-podophyllotoxin (24)

8 steps 43%

Scheme 14. Synthesis of (-)-Epipodophyllotoxin (82) and (-)-Podophyllotoxin (24) by Vandewalle et a/.
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V. Berkowitz ©12 k% (-)-podophyllotoxin (24) ®44 % % (Scheme 15)

B 51X diacetate (ZxF L., BERIC X DS IRFF R A2 NS S ZFIH LT,
(-)-podophyllotoxin (24) DA k% M LTz, £3 . bromo & 88 A Z#2L alcohol 89 & L.
dimethyl acetylenedicarboxylate & A L, Eica#% T diester 90 & L7z, ZDOHDEIEIC L,
acetyl {bZ#%C diacetate 91 % &k L7=%. porcine pancreas lipase (2 & ¥ SERKFFAYIC
acetyl #%ZBFrZ L monoacetate 92 & L7z, fRELO LW, Bk, PLEEZ R T
dihydronaphthalene 93 % &/ L7-, SEM HZE AL, Efk L T carboxylic acid 94 & L.
oxazolidin-2-one ZfE& S8, X 5T trimethoxyphenyl FZ2AHNL. fHNfk 95 #457-, %
D%, TIPS #%ZBrE L., lactone 96 & L7=t% . #EM{b, SEM £%zkRE+T 5L T
(-)-podophyllotoxin (24) #1757z,

OMe OMe
o "BuLi, [CH,0], 1) DMAD, AcOH, A o) WCOMe
< OMe > <O OMe > <
82% 2)Hy, 10% Pd/C o} “/co.Me
o Br 0 OH 2
88 89

2 steps 92% 90
4’ : ’ :
2) Acz0, py. o) CH,OAG 50 mM KPO, 0 CH,OAc  3) (COCI),, DMSO, EtzN
2 steps 88% o1 66-83% (95% ee) 92 4) NaOMe, MeOH

OSEM 1) CDI, THF
1) SEMCI, DIPEA B 2) "BulLi, oxazolidin-2-one

OH
o) O CH,OTIPS .o ~ CH,OTIPS
< 2) NaCIO, < O‘ 3) (3,4,5-trimethoxyphenyl i i
4, yphenyl)magnesium bromide
0 CHO 0 COH
93 94

2 steps 93% CuCN, THF

OSEM OSEM OH

o _CH,OTIPS 0 © »
( //\ 4 O 1)LDA, py-HClI ( o
o N TBAF, THF o 46% (46% recover) O - "'\<

o L P

~_ 9 0 50 °C ~ ©° 2) EtSH, MgBr,-OEt, ~ ©
()
529% 81%
MeO OMe MeO OMe MeO OMe

OMe OMe OMe
95 96 (-)-podophyllotoxin (24)

Scheme 15. Synthesis of (-)-Podophyllotoxin (24) by Berkowitz et al.

VI. Jones 512 k% (-)-podophyllotoxin (24) ®4>& 5% 2 (Scheme 16)

## 513 Diels-Alder S Z2HFIH LT CERAZMELL, (-)-podophyllotoxin (26) DA [k A i
% L7=, £ lactone 97 & chiral butenolide 84 % Diels-Alder &G DSAFIAF L, BRALIK 98
15T, Z0b O EFEE T T L T carboxylic acid 99 1ZZ5#4 L, A= U 7= olefin #AZ % /K
W TEITL LIz, BH17 tetralin 100 Z FEREN TP 5 Z & T acetate 101 (2284 L7z,
ZDOHOEMERTUEET 5 & menthyl & acetyl FEABrET 2 & 3LZ, benzyl (70 ¥ 441b
DHER S NI, BRFER 102 BRI RIGETHE LN, T EMEEELSEEL, 2%
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L% CH,N, (2 Tester 103 (2L, X HIZ LiEtsBH 12 TiEIE L alcohol 104 L L7-, ZD 1
DD—J7 DEMEALZ ZnCl, % W TERAIL & H (-)-podophyllotoxin (24) ~ & &\ 7=, Alcohol
104 2B T 56 9 —FHFORMEKIZONWTITIERR TS 2 L BT N TE,
(-)- podophyllotoxm (24) ~LEHIZ ENTE S,

Omenthyl COH Omenthyl
I X
Omenthyl
e . O@ ¢ OQ
+ | 0O
MeCN AcOH
S 50°C,29h 49°C,13 h
MeO OMe 87%
Svte 84 79% MeO OMe ° MeO OMe
OMe OMe

97

COZH Omenthyl

Omenthyl
Pd/C, H2 "” Pb(OAc)4 "’/ HCI aq
AcOEt O AcOH THF d|oxane
20°C,40h Q\ 20°C,3h 42°C,3h
71% 80% a-OH, 39%
MeO OMe MeO OMe B-OH. 32%

OMe OMe OMe
100 101 102

OH OH
o) CHO o} 0
< < % oy © @c o
CH;,N, o) ~""'CO,Me LiEtsBH o} " """COMe ZnCl,, 4AMS O ,\<
_— z - -
Et,0-MeOH 2 THF 2 THF o]
0°C -78°C,1h 64°C,2.5h
85%
a-OH, 86% a-OH, 84% .
p-OH, 85% MeO OMe  5.oH; 83% ol aq. MeO OMe  on o-OH isomer
af=1:1

OMe THF OMe

103 20°C,35h 104 (-)- podophyllotoxm (24)
63%

Scheme 16. Synthesis of (-)-Podophyllotoxin (24) by Jones et a/.
VL. Bhat 512 % (-)-podophyllotoxin (24) ™44k ) (Scheme 17)
% 5 1%, chiral sulfoxide % MW Mo SEAREBRIREUMIINS 2 VN5 Z & T, (-)-podophyllotoxin
(24) DEEKAEER LTz, £, piperonal (7)) % NaBH, Ti®it L7-#. 4 U7z alcohol B
fZ% HBr {2 bromo 1. Z®# DIZ NaSPh % Ut & H72#%., Kagan HIC L > THESH
7= chiral sulfoxidation ¥ *® |2k ¥ sulfoxide 105 (Z L7, = @& DOICHEMSM T,
butenolide 106, 3,4,5- trlmethoxybenzaldehyde (71) ZEFAICAINEE 5 2 & TR 107 %
B LI, ZOb0% TFA H TGS 5 Z L TRIbSE, K#%IZ HgO (2 TLET 5
Z & T (-)-podophyllotoxin (24) D44k % =R L7z,

n-BuLi, THF Ph OH

then -
Q <°

o)
1) NaBH, < o) . . <
<0 CHO ) HBr aq. <0:©/\ ___160_ D0 1) TFA, 0 °C 0 - \O

z

o) NaSPh o) then 71 O 2)HgO, BF5-Et,0

sulfoxidation 105

3
7 4

MeO OMe MeO OMe
OMe OMe

107 (-)-podophyllotoxin (24)

Scheme 17. Synthesis of (-)-Podophyllotoxin (24) by Bhat et al.
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52 T ORI

o> Table 2 THl~7- k510, HEKRILAWZ KA & T HEHOHE D T, indole
2 REEFN O T2 A IR, diastereo BRI BREFRFERDHF LN TWD, ZOMOF
FEIRALEWY % REAN AW 72854121, diastereo BIRHIZEEIC L > TEL S BALND
2, PREEOIECTHRO aziridine BREARNIGA K Z 32 L 20D TE Y | HHEA UG
ELTHEBENICHANREE B2 DD, £ 2T, HHIIAH aziridine TBREUG & FHFEK
bWz KA L LERBARKSZHE#KIEE LT, LT OWE R ICHESE
(-)-podophyllotoxin (24) D& RAFZEIZE F79 5 Z L1Z L7 (Scheme 18),

(-)-podophyllotoxin (24) 1%, BEIZ Meyers & '© % Zhang & @ [t ko> THESNA TV S
AIEA 65 KON 72 ~ L8 Z L TRAMICERT D Z LI L. TR HHTEMEA 65 KUt 72

HI@O PR 108 22HFNFNEL Z 212 LT, PRIA 108 1T diarylester 109 @ a fif
~DORFBEHENZ LD EOND & %i diarylester 109 (% aminoester 110 D5 & BE~D LR35
P S ONE T CN S G RRZRIC X W 565 & B 2 7=, Aminoester 110 [XRTR D
D . (-)-podophyllotoxin (24) IZ& 415 3,4-methylenedioxyphenyl & F 721X
3,4,5-trimethoxyphenyl & (Ar') 733 A E#17- aldehyde 7 % IV 7= <75 aziridine JERLSCS & .
(-)-podophyllotoxin (24) IZ&Eh 5 b 9 —HFDOEEER (Ar) 1T X% diastereo B4R 172 B3 B Y
S ZEIT) Z I > TARTE D EE X7, £7-, aziridine1 & diarylester 109 & hkHFIC
FNENEIKT S urea2b & BnNH, 1%, JFUEHCT&H % guanidinium T 5b OARICHEFIHT
HIENTE, T haxza /) I—%2ZBXARREGHRIEICRYD 95 LB x7,

OH

: (C unit)
S @@ _ oo
0 7 “CO,'Bu 0 ~"C0o,Bu
literatures
MeO OMe MeO OMe MeO OMe
(0]

OMe Me OMe
(-)-podophyllotoxin (24) Meyers' intermediate (65) ent-Zhang's intermediate (72) 108

HT alkylation
2 NHBn i
GHO asymmetric B?\‘ ArH <o (C unit)
Ar' azirdination nng opening t
)>\CO2IBU CO2'Bu o cosBu

7 [ — Ar’ C:l C:l
1
. MeO OMe
. OMe MeO' I, OMe
e
BN \co,Bu 0 110
L R 109
MeN” “NMe MeN  NMe : *
>—‘._ Br /\ % ' E
pd  Ph P  Ph : 5 [BnNH; ]
5b 2b SNCE O\/ MeO g i
A ! ! o or OMe ! :
recyclable )

________________________________________________________________________________________________________________________________

Scheme 18. Retrosynthetic Analysis
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% 3 % (-)-Podophyllotoxin DB AE AL
%18 Aziridine &A%

AWFZETIZE T, ZMMiTH D achiral 72k W THEA1T 9 Z LI Lz, PHDTE
2 IZHEML L, CH.Cl, ' EtN f77EF. #ifli®> DMC (3a) & BnNH, % =i THS &+,
guanidine 111 ##537=, 35417z guanidine 111 2%} L. tert-butyl bromoacetate % K& S 4,

guanidinium ¥ 5a % f§7= (Scheme 19),

cl EtsN Bnay BrCH,CO,'Bu BN~ "> co,iBu
BaNHy -+ ME\N/KIJ\(I’Me Me~ )J\ ~Me Me~ ~Me
/o CH,Cly N\_/N MeCN N\_/N o
DMC (3a) i, 12 h i, 27 h
96% 111 91% 5a

Scheme 19. Preparation of Achiral Guanidinium Salt 5a

5 b 47 guanidinium £ 5a % NaH fF7E F. (-)-podophyllotoxin (24) =& £ 5
methylenedioxyphenyl % £5-> piperonal (7j) & 3,4,5-trimethoxyphenyl %5% F#-> aldehyde
7N ZROGSE5 2 L2 LY aziidine K 15, 11 22 E 7= (Table 4),

Table 4. Preparation of Achiral Aziridines 1j and 11

1) NaH, DMF
BN~ coyBu -20°C, 1h \COBu
+ Ar-CHO
Me\N)J\N’Me 7 2) S0,/ MeCN BnNiLxA
_ i e
\_/ Br 2 '
rt, 12-24 h 1
5a
yield (%)
entry aldehyde Ar =
trans-1 cis-1
O,
1 7 > 76 1
(¢}
OMe
2 71 83 2
OMe
OMe

@ trans : cis

MEEIC ., FmoHFE 2 iC4v ., chiral aziidine & &% L 7=, £ 7.
(R,R)-diphenylethylenediamine 112 & urea 113 % MEFSIS(E FIEAT 2 Z L1280 114 %245
T, &IZ methyl b5 Z LI2X D chiral urea 2b ~&ZEH#a L 7=, Z @ chiral urea 2b (Z
(COCI), Z{EH & T chloride 3b & L. glycine tert-butyl ester if&H 4 )i T chiral
guanidine 4b & L7z, Z ® chiral guanidine 4b (Z. benzyl bromide % iJ& &+, chiral
guanidinium salt 5b %5k L 72 (Scheme 20),
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O o

HoN  NH;p o Mel, NaH L (cocl),
. + - . WN N L Meniy-Me 7
PR Ph HN" 'NHz  200°C,2h 5 DMF, 1, 5 h Ju— benzene
12 13 85% PR Ph 98% Ph Ph reflux, 13 h
114 2b 94%
tBy- Bn_+
cl HoNCH,CO,'Bu-HCI N~ co,Bu N> co,Bu
EtaN BnBr
Me~ "X~ Me i M M
N N e~N N-Me —— > Me- Nn-Me
)—/ o CHyCly, 1t, 3h )—/ MeCN, rt, 1 d e
Ph Ph 93% 7T %
b PH Ph 91% PH Ph
3b 4b 5b

Scheme 20. Preparation of Chiral Guanidinium Salt 5b from Diamine 112 and Urea 113

%V T, chiral aziridine JER %17 > 7= (Table 5), Chiral guanidinium g 5b % v,
I L LT TMG., aldehyde & LT piperonal (7j) % O 3,4-5-trimethoxybenzaldehyde (71) %
ISSEHZ Lizk, DED cis KL & 1T trans-aziridine & 1j (IR 76%. JEFME
86% ee), 1l (UVZR 84%. Y AHE 82% ee) XN LT NFF7z, 1j 1T~ 1l OFN ee 2N
ETIRTFLTCLE-JEKE LT, aldehyde 71 @ 3,5 70> methoxy D FEAFKG MO
R IV | aldehyde DOFJSMEDE L 222727212, aziridine EAIZIHB W CEIRMEDME T
Li=boiEsEz2 65, ZOBR, guanidinium ¥ 5b OJFEEE 725 urea2b % EIVER T
L7,

Table 5. Preparation of Chiral Aziridines 1j and 11

Bn_*
N/\COZIBU 1) TMG, THF . o
rt, 24 h (8).CO2Bu )k
Me\N N/Me +  Ar-CHO BnN Me\N N/Me
" Br 7 2) SiO, / CHCl; Ar ",
Ph Ph rt 12-24 h Ph Ph
5b ' 1 2b
results
entry aldehyde Ar =
trans-1 cis-1 2b
O 0, 0, 0,
1 7 > 76% 1% 85%
] d (86% ee)  (91% ee)
OMe
) 7 84% 4% 83%
(82% ee) (84% ee)
OMe

OMe

T LN aziridine 1 OHaRIELE X, PHOHME LY 2. chiral guanidinium
(RR)-5b LV HFELTWDZ NG, trans-1 1T (2S,3R). cis-1 1% (25,3S) OM{AEFAH LT
WD EHERI L 72, FERHECEIZ OV T, Ak L7z aziridine L2322\ T C2, C3 fZiZE
T HKRFOREGTEE L 7% NOE JIEE1T-> CYRIE L7z (Table 6),

19



Table 6. NOE Enhancements of trans-Aziridines trans-1j, 11 and cis-Aziridine cis-11

Ar trans cis

3.2%
X

P VS
o Ph CI:I\Z 1 o0 H CO,'Bu no data
N

VR
OMe Ph_c'iZ H
T
OMe . 3 H
OMe Ar
11
J2’3 =22Hz

F 72, JeFEYE HPLC (DAICEL CHIRALCEL AD-H, A 254 nm, hexane/iPrOH 100/1, flow rate
1.0 mL/min) O4EEIZIV T, trans-1j (oW Tk, AARFRER] 1.1 min B XY 11.6 min @ 2
AKOE—7NEAGN, 2095 11.1 min OE—7 ™MESE L, cis-1j (oW TIE, [/—o
OB CARRER] 20.0 min BB XY 256 min @ 2 KO —7 BRL, DS H 200
mn OE—7 NENENEE L, TNHOE—27 OEEL XY 20N FME I,
(2R,3S)-trans-1j = 86% ee, (2R,3R)-cis-1j =91% ee & HFEHN7-,

R, JE2A0EM: HPLC (DAICEL CHIRALCEL OD-H, A 254 nm, hexane/iPrOH 100/1, flow
rate 1.0 mL/min) O43EEIZBV T, trans-11 (%, fREFIFRE 12.1min B XY 17.9min @ 2 K
DE—INELN, ZD5H 121 min OE—Z7 BEH L, cis-11 1T Tk, KAENE
HPLC (DAICEL CHIRALCEL OD-H, X 254 nm, hexane/iPrOH 50/1, flow rate 1.0 mL/min) @
VBBV CTEARRFER] 135 min B XY 156 min @ 2 KO —7 RRLN,. FDHH 156
min O — 7 RN ZFNEFNELE LT, TOE—7 OB LV Z 0670 I,
(2R,3S)-trans-11 = 82% ee. (2R,3R)-cCis-11=84% ee & RfEH 7=,

2 #i Lewisacid f£7E F T aziridine B2BIZUR G DR
% 1 H GERREAIORG

rf o ¥ %517 TE# 1L, podophyllotoxin (24) 128 £ 5 diaryl #i&% aziridine B3
BAEUGRIT K » THREES 2 720 12iE, )72 05 3 1 SR A O @I DR I KO diastereo
BPWEE & < T 272D TE L 5 2 72, Podophyllotoxin (24) (Z(Z. methylenedioxyphenyl
Hds L O trimethoxyphenyl &5 2 SO FEFEBENEEND, 2 CEHEHITL,
trimethoxyphenyl i~ & % 5 (38 T & 5 ifillkd 2,6-dimethoxyphenol (115) % 35 7 ff
REME LTEITBR L., £, LY EFIGMEOEVY phenol MoKEEHLZ £55
2,6-dimethoxyphenol (115) 72 51, Z 0 4 (73RN BB AU T 5% D TlERuyn
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EEZONTENLTHD, £, SHICEFHEENSE Y amino RE2 AT 5
2,6-dimethoxyaniline (116) IZOWTHPFETHRET L THLH Z &IZ L7z (Table 7), Aziridine
trans-1j (2% L. InCl; 774£ F. 2,6-dimethoxyphenol (115) Z V2% & UG ITEHEL L7273,
i ® major 72BN & LTI D VEBIBRIRIX. BERID 4 (L6 s LTz 6 O TlidZa < | phenol
PEKFEIE AN O B S U 72 BRERA 117 THh 7= (entry 1), 2,6-Dimethoxyaniline (116) D&
IZBWTH, @I T amino N ERBASKS CEA S ZBERIE 118 #5272 (entry 2),
INLOfRREZ T T, BrGMHEOROERLE AT EBRRKEAEZHNTH,
PLE R A 72 trimethoxyphenyl FEOE N XINEETH D & & 27,

Table 7. Preliminary Ring-opening Reaction of Aziridine 1j

\CO,'Bu Ar-H BnHN_ .CO,'Bu
BAN InCl3 (0.5 Meq.) j%
(0] R (@)
> CH,Cl, >
o [e]
1j
entry Ar-H temp (°C) time (h) result (%) dr
OMe OMe
HO O\
1 rt 3 R= (22)  5:1
MeO H OMe
115 117
OMe OMe H
H,N N
2 rt 1 R= (92)2  single
MeO H OMe
116 118

“Isolated yield

—7J7. podophyllotoxin (24) (Z& £415 & 9 —7F7 @ methylenedioxyphenyl LD A % Hi &
L C. KEZAIZ methylenedioxybenzene (119) & OV OFAZIA % KIS S5 Z L2 L7z (Table
8)., F 7. methylendioxybenzene (119) D D Z G EW7- & Z A, FUSITHEMEL L BB D
BRER IR Z BB D IITES o 72 (entry 1), & HICEEFEFREILNE A S 7z sesamol
benzyl ether (120) % s SH72 & Z A RIRZR 2N 6 HRYOALE TR IS Z - 72 4R
W) 121 ZHEET 2 Z LN TE= (entry 2), ZDOLDODOE#ELE allyl oLz 2 A, &
TFOURDE EAAR B3/ (entry 3), —77. phenol PEKEEIEAFSICEA G5 U 2 7 %
F 2. IO sesamol (77) D H DI TG EIT 72, L LAR S, PRICK L,
S FETTRDEV 91% DI T phenol MEKEEIED o TG L7 HEIDBERKR 124 %
D&MW TET (entry 4), F7o. HEBREEA OO & AL ERIRMEZ R~ BT,
3-methoxyphenol (125) & 3,4-methylenedioxyaniline (127) (Z2>W T H MG EIToT2 & 2 A,
3-methoxyphenol (125) {22 Tk phenol 1HKERILD o-f7 THUE L7ZBRERIA 126 3G 51
(entry 5). 3,4-methylenedioxyaniline (127) (=5 TiZ amino AN BE 5 L 7-BHER 1K 128
DL DHER & 72> 72 (entry 6), Sesamol (77) & 3-methoxyphenol (125) DfEHEME .
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phenol PE/KEEIED mALICIEREREEDFAET 2 & 6 ICHB T 2B EEN KT 5720,
phenol PEKEEIEDD DRISE LD b FERN S OSNELMICET T L E 2515,
%7z, aniline M amino JESFET DA, amino £ m(LICBIT HBRFE B RER O 5B
DB, amino D6 DORISMEERICHEIT T H B2 65D,

Table 8. Preliminary Ring-opening Reaction of Aziridine 11

\CO,Bu Ar-H BnHN_ .CO,'Bu

BnN InCl3 (0.5 eq.) )
OMe A OMe
CH,Cl, r
OMe OMe
11

OMe OMe

entry Ar-H temp (°C) time (h) result (%) dr

0]
1 < rt 24 a complex mixture
(e} H p
119
o] OBn 0 OBn
2 <o:©i 35 4 R= <oj©£ (55)7  5.6:1
H 7/
1 121

20
o) OAllyl <o OAllyl
3 < :@i 30 4 R= a :
= 60 5:1
o) H o) f (60)
122 123
0 OH <o OH
4 < D[ 30 4 R= I:[ a
= 91 4:1
0 H o) ‘;’ (91)
77 124
MeO OH MeO OH
s \©i 30 : R= \@ 89)%  4:1
H f (89) :

125 126

H
o) NH, o) N\;
6 <O:CEH 30 4 R= <o (94)?  single
127 128

?|solated yield

WL, FEBRETERRISICB N T, TOMEBERRNMEZ 7 2 0T ¢ 7 #0EBR Tl
LTS 2, 22T 85 2N D DOFEBRCEMITIT D UKD EERIEIC OV
TH%4 572912, sesamol (77), 2,6-dimethoxyphenol (115), 1,3-dimethoxybenzene,
3,4-methylendioxyaniline (127) {22\ T RHF 6-31G {EIZ L D =X A X —3HR 21T\ %ok
DEMOMHE L HOMO D434l %R L= (Figure 7), £, sesamol (77) TI% C6 fitic K& <
TRBALOENDTD, C6 (b DOKIGHEEZ o2 FEERFERE KT D, KRIT,
2,6-dimethoxyphenol (115) Ti% C4 iz & phenol PH/KERFLIC [RIFREE DAY B S 5 208, FBfaf
DA% B TH 5 &, phenol MKERFEDERFE DEMITAE < (-0.427), C4 (LOEMA/NE W
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(-0.156) Z &7~ phenol MEKEEI D DIEDEHE L TR Z 572D EE X LD RIT,
1,3-dimethoxybenzene Ti%. 2,6-dimethoxyphenol (115) O/ AilX &l K& < B7p 0 C4NMLD
SHBRRELROND, it BFoms 9 2B\, aziridine 1j 12k L, BAFZ2IR
T CANI D B EBREFBERSEZEZ LofER E—7 5 (Table 2, entry 5), #&IZ,
3,4-methylenedioxyaniline (127) ® HOMO D454z R CH 5 &, C6 it L W BHEJF+FIZ jt%’f AN
DAAVHERTE D, IHIT, ERFATOEM (-1.003) 73 C6(-0.261) LH HREWNEWD
ED bERFEAFORICERENZ PR TE D,

H
. H0227  H0.366
03050 427
ots5 0781

0.098 -0.361 0.053 -0 360 0. 106

H
0.12
H_-0.085 O
. 0.162 ’
H 0194 H .
0.098 [ . -0.156 0106 otsa
0. 0.220

3,4-Methylenedioxyaniline

2,6-Dimethoxyphenol 2,6-Dimethoxybenzene

Figure 7. Energy Calculation of Sesamol, 2,6-Di 10l and 2,6-Di 34 i iline by RHF 6-31G

FF 1L, 2D 3-arylaziridine-2-carboxylate ~D 5 FE EREAI O SOGHEE LLF O X 9 1255
fFiF7=,
1. HFER LIRS ZFO~T 0 R BEELRWEGE, 7 e 7 ¢ THEBRRICES & |
ZDOFEFED HOMO OFE DK E UMLED S 73 ﬁ?é
2. REMEZFFONT 2R FIMFET D56, FERICHORETEEND D & X3 ER
MOHEIGE L, &9 ThRWEEITREMSEZ R ~T mﬁ%ﬁ\%)ﬁm# EITT 5,
3. HER LR 2R o~T n i+ FEE T, HRRICEORETFBEBIAELRD
GE IS EME LT 5,

% 2 T Lewis acid DfiFt

INCls fF7E T, BFEMBREH L LT sesamol (77) Z W5 = & TR R < BRBA 2GS %
:ﬁ“’ EATHE) L7223, diastereo iERMED AN R > 7o, T ORIGTIRFN R EEIZE | ZE

ERRRE AR L, LRI 2 & 52 5 & TR S HL, Lewis acid (2 DWW TR

5_&:Lt(EWW%m@ﬂ%%ﬁb3ﬁ?%é&@ﬁh%%wt&:6\W$\@mﬁ
(4:1) IZEITR SN o 7= (entries 1, 2), BF; » ELO & V5 &L FH5T Tlidd 2 M3 ERME
WA EL72b 00, IEEME T L7 (entry 3), Zn(OTf), <° Cu(OTh), = =& = A, EiR
eix 10 : 1 L, Zn(OTf), O&%GAIFIERS mroT72 (entry 4, 5), 7235, Znl, Tl
HHUE, PEREITERS R DR R L 22572 (entry 6).
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Table 9. Optimization of Lewis Acid in the Ring-opening Reaction of Aziridine 1l with Sesamol (77)

o) OH
\CO,Bu { mmn
BnN o] ~""C0O,'Bu

Lewis acid

—_—
CH,CI
OMe e Ze
OMe MeO OMe
11 OMe
124

entry Lewis acid (eq.) conditions yield (%) dr
1 In(OTf)3 (0.1) 30°C,4h 93 4:1
2 Sc(OTf); (0.1) 30°C,4h 94 4:1
3 BF3-Et,0 (1.0) 0°C,1h 85 43:1
4 Zn(OTf), (0.1) 30°C,9h 89 10:1
5 Cu(OTf), (0.1) 30°C,9h 61 10:1
6 Znly (0.1) 30°C,24 h 79 3:1

% 3 TH PO

L. 2o aziridine BRERSUSIZI T DA AS 2 D diastereomer IBAMI L7252 &

Mo, ZORJSHEEZ LT O X 9I2BZ LT (Scheme 14), 725,

Lewis acid 3% # I

\ZHECAL L7z aziridine 11 13— FEERBAZEZ L = L. [RIFFIZ methoxy &7 D OE DO FIFL Z &I

X0 P2 E 7y cation FREMA 131 NS 31D, £ Felkin-Anh BLER R RE

132 128

WCEBE 7 sesamol (77) 728 Lewis acid EFHAAMER T2 Lo c8aa L., BIERIK 124 %

525,
LA
\CO,'Bu ﬁA \CO,Bu " \COBu A .oy
BnN LA BnN BnN OMe BnN
OMe U OMe + (, OMe
n. +
OMe OMe OMe OMe
OMe OMe OMe OMe
trans-11 129 130 131
0 OH OMe
< NHBn MeO MeO
o 7 "/CO,Bu o
= — MeO NHBn 7 -
o}
BuO,C— Q/O jS
AN
MeO OMe H H g o)
OMe HO > >
124 (major product) 1 - o

132 -

Scheme 21. Supposed Mechanism for Ring-opening Reaction of Aziridine 11 with Sesamol (77)

Z OROGHEREICHE D 72 HIX, ERE LT cis-ll Z Wz b [ Uik 2 A5 5 BHER IR
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124 BNEEFIE LTHOLNDITT TH D, EBEIC cis-1l & sesamol (77) % i ST
I TA, TREYBRIK 124 NEAERY L LTH LA, diastereo JEIFMEITL T
L7z (Scheme 22), JERPEDMK T L= BRHIE, BRBAZPCIR 8 — 5B Sn2 i TH AT L T
W5 Z & T TE 5, Lewis acid 2EIAL L7 cis-11 (ZIEHEIC sesamol (77) 73 Sy2 Btk
TR D & MARNEE L7 minor product Toh 5 epi-124 N6 5,
—J7, trans-1l DA Sy2 BRIV TS LTH major product ThH 2 124 15615
728, Z ZIZ diastereo SRIEDENEETND EE X TN D,
Trans-11 OFJHIZEBVT, InCly 735 Zn(OTf), (ITAE L7z & 1T diastereo EHUPEN
SNEEHEIZONWTIE, UTF2o08E2 65,
(D Scheme 21 TR L7ZEBRIREE 132 (28T, Zn(OTH), 2% InCly X v & 5@ [E 2 A/EM
i L7z,
© Zn(OTf), 23 InCly fF/E FCORISEE Y & Sy2 B CHEIEHIC RIS ST LTz,
ZOBHBIZOWVWTHRS =02, Cis-ll % Zn(OTf), FIE T RIL S THhIZEZ A,
diastero JERMENF o722 &0, O OFMEFELEEZ T D (Scheme 22), Sy2 gt T
BEEENHEETT L7256, cis-1l 2D OAERMIX epi-124 12720 . Zn(OTf), fF7E F CRIL S
DL, 128 DERLERITETT2LE26ND0LTH D,

OH o) OH
WCO,Bu O < NHBn
Ban < o neyt
. o 77 v~ "CO,'Bu

OMe
OMe CH,Cly
OMe 30°C,4h MeO OMe
cis-1l LA :InCl3, 88% (dr=3:1) OMe
LA : Zn(OTf)y, 87% (dr=8:1) 124
0 OH
\CO,/Bu LA WCO,'Bu major route < NHBn
77 5
BnN<I'l oMe Ban Ve o cogEn
“ LA Sn1 type
—
OMe OMe (Scheme 14)
OMe OMe MeO OMe
cis-11 1b OMe

124 (major) + epi-124 (minor)

minor route
77

SN2 type

OMe
epi-124 (only)

Scheme 22. Ring-opening Reaction of Aziridine cis-11 with Sesamol (77)

L AT, BHERIK 124 OFRRBLEIZ DWW T, YRS TER I NZBERED C2,C3
MAZBT DIEBTEREBEZICE L L ) LAz, LU, BIER{A 124 @ minor product (&
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AT ZIT-E Y LHAMD Z ENTEX o272 B8 L LI- TF{A 133 ([2oW\W Tkt
L7228, RV, Table 10 123 K 912, MBIMERREO GNTIRET HZ LITTEeho
=99 2T, RISK# A D LI, BIBRMR 124 OMXIELEIX (2S,3R) BLEAZA LTV
EHERI L. ROBUGIZHED D Z LT Lz,

Table 10. Relative Configuration of Diastereomeric Ring-opening Products Based on J Values

BnHN2S,c0,'Bu BnHN2S:c0O,'Bu

R= Ar = 1

R pAr R SAr
0
OH < Joz=5.1Hz Jo3=8.1Hz
e}
o}
OAc < Jo3=T7.3Hz Jo3=55Hz
e}
0
indol-3-yl 4 Joz=7.2Hz Jo3=8.4Hz
0 oTf  MeO
< j@/\ J213 =9.7Hz Jzyg =79Hz
(0] MeO' (major) (minor)
133 OMe

% 3 Hi s RO G

BAEBRIK 124 775 3 DD/L— MIZ LY, (-)-podophyllotoxin (24) ~[aliF TH RAFIE 2 1H D
5HZ T LT, BRI A pGEHE 2 DL FIZR T (Scheme 23), £3°, 124 @ phenol MK
%5 % Sonogashira coupling (24 ¥ propargyl #&FEIZEHL L, Z Db D& KFIERZ & Y ketone
135 [2Z5#a3 %, 135 ZWe{kiY coupling 45 *® 2R3 2 & T coupling 1K 136 ZAHL .
ZDOHLDNNS Meyers' intermediate (65) ~ L 9 L E 2 7o, £ REHFIE A DK Heck [
Jin& FWT acrylate 7EHEAE AL, 20O HODREIRNAYZR ester i#=T. epoxy {LZFTV Y, 6-exo
1795 Z & T tetralin 1K 139 # &k L. Meyers' intermediate (65) ~&tEZ H . EX -, &5
(21X, Stille coupling 12XV vinyl JZAE AL, [FEEIZ epoxy {1k, BRALEISIZ L U tetralin {£&
142 #Ep L. ZOH 05 Meyers' intermediate (65) ~& < Z LN TE D EE 2T,
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<O X o OH
0 o}
o ~~ C0,Bu < <
: ..~ © v~ SCOoBu .. O " >CO,Bu
MeO OMe
MeO OMe

OMe MeO OMe

OMe OMe \
A X \
! 141 142

_— OH ? i
a9 <°©( <°J©ff " <°J©©‘? >
COBu ..~ O =~ >C0,'Bu o < CO,'Bu O ="+ CO,/Bu
- z - = > z
MeO ; OMe MeQO’ :\r OMe MeO ; OMe MeO ; OMe

OMe OMe OMe OMe
124 134 135 136

*i
OH
X _COsMe 0
< 2 <omOH <0 OH
coBu 1T, © v~ SCo,Bu == O ~" C0,'Bu
MeO ; OMe MeO ; OMe MeO ; OMe Q\

OMe OMe OMe
137 138 139
Meyers' intermediate (65)

Scheme 23. Synthetic Plans for Meyers' Intermediate (65) from Ring-opened Product 124

£9° 124 & TffbL. ZDH D% Sonogashira coupling DA L., propargyl 7HkdD
HANERAT, LLRRNG, BIO coupling RITARY T, 431K amino {LEG A3 HEST
L indole 143 23R &5 & 72 > 7= (Scheme 24), Z @ indole 143 DAERIT, —fliDi 4%
Mz Z &2 K % amino fb-ZEXBEKIC L2 b D EE X BNLD,

/\

o OH o oTf
NHBn NHBn
< , < , Pd(PPh3);Cl < / CO,Bu
O . / t O ; /COZIBU

T CO2BU 1.0 pyridine _ CulEWN
: :
CH,Cla DMF, 120 °C, 2d O
MeO OMe 0°C,1h MeO OMe 21% MeO OMe
OMe 84% OMe OMe
124 133 143

Scheme 24. Trial for Introduction of Carbon Unit to Ring-opened Product 124 under Sonogashira's Condition

F7-. Z® indole 143 X, BABRIK 124 % AcOEt IZiAfiE L. Z2%F 2 ARHE#ET 5770
EEMIZELOND I Ebbholz, ZOSITE Ar FHA FCire<<EfT Lo T2
(Scheme 25),

27



Bn

o) OH
NHBn 0 N
<o Y ( )—C0,Bu
< ""coyBu o ition 143 (%)

entry  condition

AcOEt, 1t, 2 d O ! Alr 9
MeO OMe MeO OMe 2 Ar 0
OMe OMe
124 143

Scheme 25. Aerobic Conversion of Ring-opened Product 97 to Indole 143

INOOEBREING, £ 124 DEKILZ 1T quinone methide 4 145 L 720 | =2
(2 amine HINLKT 5 Z & C indole 143 NEKT 5 E5 2 T 5D (Scheme 26), Z D X 9
TR A M L L2 2-amino-3-(2-hydroxyphenyl)-propanoate 7>5 @ indole & ki3] T
DHITH %,

+OH,
n

B
N
t)
Q C02 Bu

o/\o

124 —> 2 —>» 143
MeO OMe MeO O OMe
-
146

Scheme 26. Proposed Mechanism for Formation of Indole 143 from Amino Phenol 124

Tf {& 133 @ Sonogashira coupling (22T, D FEN RIS 143 252 T b
I & &z Hhiz, 2T, Heck &= Stille coupling 2 AWTIRBHIEAZITH Z LI
L7 (Scheme 27), Heck iz TIFFEHENY E 721X @miRSIFIZ K D ester HALD 53 fiF 73
LoV, HOMESDITIIES 2> 7228, Stille coupling \Z& 0 vinyl FEoE AT
L7z LU, BCRITHRREICHE & o 72, Triflate 133 (Z831F 5 amino FEDHIMENY coupling
FOSZET COD RN & & 2 Sii-7=%, Heck JG<° Sonogashira coupling (22T,
triflate 133 NORGITAEHTE S NBoc & 149 ([THOWT a2 1T -7, L LR
BHL L., B ZBEET 2121360 o T,

CO,Me OTf ’
| <O Jrien BussI”N o NHBn
<O NHBn X -COMe o " coypy TAPPhak <o e
z LiCl CO,'Bu

0 -7 COBu ~—H——
z DMF, 90 °C, 8 h
MeO OMe 64%
MeO OMe
MeO OMe OMe OMe
OMe 133 148
147 l Pd/C, Hy
Boc,O
(C unit) = o OTf
<o NHBn or OH { mHBoc
o) S icopy N-C0Me 0 ~~'CO,Bu
: :
Meo/©\ow|e MeO ] OMe
OMe OMe
150 149

Scheme 27. Trial for Introduction of Carbon Unit to Triflates 133 and 149
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JElZ, Sml,, HMPA f7/E T, BHERIR 124 (Z3RItH) CN FEABRALIS 21TV, 3572k
amino {LIRIZxF U CRBELE A DG 21T 9 Z &1 L7z (Scheme 28), A% 51 Xk » THE
Sk @ 252, proton source |2 MeOH % AW TG AT 7228, O34 < AT
L7edyo7-, LU, proton source % MeOH 75 H,0 I %2 5 Z & TSI RAFIZHELT
L. BnNH, % &R THINT % & & b I amino {b& 151 % 457-, Triflate & 152 |ZZ54#
#%. Heck SUGCT CI-RFBHAEAZMAT L= & Z A, a,B-unsaturated ester 137 DG ALIZ KL
L7z, Z0H DD methyl ester 7 OBIRAVIEITC A RET L7, BUSIIEMEL L, HRYD
alcohol 153 Z HEfET HITIXE LR o T2,

OH OR
0 NHBn 0O
< . Smly, HMPA <
o " /CO,'Bu o CO,'Bu

proton source : entry proton 151 (%) BnNH; (%)
: :
THF, rt, 1 h 1 MeOH 0 .
MeO OMe MeO OMe 2 H20 93 93
OMe OMe
124 151: R=H Tf,0, py.
152: R =Tf CHyCl, 0°C, 1 h, 91%
CO,Me
X -COsMe o N o X-"oH
( piBALH
Pd(PPh3)s, NaHCO3 0 - >co,’Bu  LiBH4 0 ~">co,'Bu
152 H — H
DMF, 120 °C, 1 d
61%
MeO OMe MeO OMe
OMe OMe
137 153

Scheme 28. Sml,-mediated Deamination of Ring-opened Product 124 and Trial for Synthesis of Allyl Alcohol 153

% Z 7C.Stille coupling ZHWTHKEED D Z LI L7z (Scheme 29), Triflate 152 % Stille
coupling DEUSTIFIZAT L7z & Z A, vinyl 1K 140 Z SRS TERT 2 Z LTI LTz,
ZDObHDOILIEEFIEYE HPLC (DAICEL CHIRALCEL OD-H, A 254 nm, hexane/iPrOH 9/1, flow
rate 1.0 mL/min) D43 EEIZ BV THREFIFRFE 9.3 min BX Y 109 min @2 KD —7 BE S
., 2055 93min OE—7 MEJ LTz, ZOE—7 OEfEL X D 2 ONFHMEIL, 81%
ee & REED L, aziridine trans-11 £k 82% ee 72 - 7o SR MZITHERF S Q0D 2 &
Wohol-, IHIZZ D 140 % hexane : MeOH =10 : 1 A Tl AT o7& 2 A,
THEZ 99%ee ETHODZ LI LI, 2D 140 ZIL@EFHEEE LT, Meyers 55
Zhang HIC KXo THE SN TV DHEIEEME 65 KN 72 ~&BI Z LTl

BussSn” X
o oTf o N
e} r
0o 7~ "Co,'Bu Licl T COzBu 81% ee ———— 99% ee
~ DVF recrystallized
50°C. 7 h from hexane-MeOH (10 : 1)
MeO OMe 90% MeO OMe
OMe OMe
152 140

Scheme 29. Synthesis of Vinyl Inserted Product 140
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% 4 Fi Meyers’ intermediate DAk,

Vinyl f& 140 @ epoxy {b&#Et L7 & Z A, mCPBA X° DMDO % H\W\\7- E#19 7221k
S CiE, BUSITEL AT Uo7, £ Z T NIS (2T iodohydrin 141 & L. HiJECPRAER
T 5 &) BRI FEEZ WD Z & TOUEER < HUD epoxide 141 #1525 Z & IZpkEh L
72 ZOBR, benzyl (ZIZH1T % 2:1 ORMKDIEEHE L TR LN, BOILFERIZ
T benzyl fZD/KEEELIL ketone ~EZEH LI 4L, BMEKRIT 1 DICNRT 2 TEL 72720,
BAEVDEFROKIEEIT) Z LT Lz, LOLARBRL, ZOb OIS T, Bk
FOGaAT -7z L 2 A, BHEY) 142 TIEEELS | 5-exo BRLEUGSHEEST L7z indane 155 72534
e LT LN DHE L 7e o 72, lodohydrin 154 (22T b R EMESAE . BILUE %
Rt L7225, R T < indane 155 NFEAEMM & L TH LN DR L 72 - 7=, lodohydrin 154 7>
5 indane 155 23ERL L7=HIH & LC, HEMESMETICB TS epoxide 141 ZEEAY tetralin
142 £k 0 B2 epoxide 141 2NSEICAER L. 5-exo BRAUEUSSHEIT L. fif A9
indane 155 MEK L CLE-72DEEEZ LV, £ 2T, epoxide 141 DA EL < HM
& LT, £7 iodohydrin 154 DIk kL %A 2 bk L. iodoketone 156 & L 7= IZERILIIL ZAT 9
ZEZ LT, LvL72AY 5, iodoketone 156 ZMEHLVESRMICAH LTZ & 2 A, RISITHEME
fEL. HOBRILIKR 157 ZHBET 5 Z L 1XT&7eh o7 (Scheme 30),

o OH o
< m ¢ | C
o "~ >C0,Bu
: 2 NIS 0] . CO,Bu K,CO3 e} - CO,'Bu

—_— z —_—

THF : H,0 2 MeOH
4:1
MeO OMe 98% (dr=2:1)
95% (dr=2:1) MeO OMe MeO OMe
OMe
140 OMe OMe
154 141
DMP, NaHCO3 bases
CHzCIzort 8h L|HMDS, NaHMDS> 30%
83% KofBu, NaH
u@ii I e
cofeu PP bases < @i‘:\/ t :©:§
CO,Bu
MeO ; OMe - ; N
I MeO/Q\OMe MeO OMe
e OMe
157 OMe 155

156

Scheme 30. Chemical Manipulation Trials for Preparation of 4-Aryltetralin Systems

% Z T, iodohydrin 154 % TBS &I T{E# L silyl ether 158 & L7-#., HERLMUS 2R
e A, BEO tetralin 159 A =GR THE D Z L ITEE) L2 (Scheme 31), Z DFf,
%) 159 @ diastero btk (2:1) (%, JEEFCTH 5 silyl ether 158 @ diastero tb (2:1) 7 HAfERF
SNTEY . BSOS TH L AR L C3 MLDNMERH—DEDTH D Z ENbhoTz,
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Btk 159 @ TBS fzxfrEL, AU KBELZI(LT 52 LT, 2 DORMEEKIT 1 DITIY
WL, HEYOD tetralone 157 % HINE TS Z LI LT, &I, tetralone 157 %3 H::
ZM . HCHO KIEHE T35 = & T, dihydroxymethyl b & lactone 1b% —28 (2347
S, HAJO Meyers’ intermediate (65) ~&3E< Z LTI LTc, FEHENERK LT 65 Dl
JEEEIL, Meyers HIZ Lo THE SN DL —H L2 &b, EXNE LT 65 1
Meyers HIZ L > THEINT 65 LR UMIMEELZR SO EPHERINT,

" OTBS OTBS
0] | o | .
< TBSOTf < LiHMDS <
0 T CO,'Bu  2.6-lutidine HMPA

o <~ Co,Bu o <, 37CO,'Bu
= —_— z —_— z
CH,Cl, THF 2
MeO OMe rg?%/oh e 98%1 °"
MeO OMe MeO OMe
_OMe OMe OMe
154 (dr=2:1) 158 (dr=2:1) 159 (dr=2:1)
OH O (0] OH
o) o) 0 g
( omp - ( 37% HCHO aq.  { o)
TBAF o) - CO,'Bu NaHCO3 o - CO,'Bu NaOH o 5
s ey s O
THF CH,Cl; THF
rt, 8 h rt,3h rt, 1d
90% 92% 95%
MeO OMe MeO OMe MeO OMe
OMe OMe OMe
142 (dr=2:1) 157 (single) Meyers' intermediate (65)
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5 5 & ORBROH

General Procedures: All reactions were carried out using dry solvents under an argon
atmosphere and organic extracts were evaporated under reduced pressure after drying
over MgSQOy, unless otherwise noted. Melting points were measured on Yanaco MP-SI
and uncorrected. IR spectra were recorded on a JASCO IR-230E spectrophotometer.
Optical rotations were recorded on a JASCO P-1020 polarimeter. MS(ESI) and
HRMS(ESI) were obtained by JEOL JMS-T100LP spectrometer. MS(FAB) and
HRMS(FAB) were obtained by JEOL JMS-AX 500 and JEOL JMS-HX 110
spectrometers, respectively. *H and **C NMR spectra were obtained on JEOL JNM ECP
400 (400 MHz) or JEOL JNM ECA 600 (600 MHz) with chemical shifts being reported
as ppm from tetramethylsilane as an internal standard. For TLC was used SiO, 60 F254
(Merck), for column chromatography SiO, 60 (63-210 um) (Kanto-Cica), for flash
chromatography SiO; 60 (40-100 um) (Kanto-Cica), and NH-SiO, (100-200 mesh) (Fuji
Silysia).

Preparation of compound 5a

A solution of DMC (3a) (1.653 g, 9.778 mmol) in CH.Cl, (9.5 mL) was added
dropwisely EtsN (3.1 ml, 22.24 mmol) at 0 °C, followed by addition of a solution of
benzylamine (0.6 ml, 5.493 mmol) at 0 °C. The mixture was stirred at room temperature
for 12 h, and the solvent was concentrated. After the residue was dissolved with H,O (4
mL), 5 N NaOH ag. was added to the mixture at 0 °C to adjust pH to 12. The mixture
was extracted with toluene (30 mL x 6), and the combined organic layer was washed
with H,0 (1 mL x 10) and brine (1 mL x 10), dried, and evaporated to afford guanidine
111 (528.9 mg, 96.3%) as a yellow oil; IR (ATR) 1662 cm™; 'H-NMR (400 MHz) &
2.85 (6H, brs,), 3.20 (4H, s), 4.67 (2H, s), 7.19 (1H, t, J=7.6 Hz), 7.30 (2H, t, J=7.6 Hz),
7.40 (2H, d, J=7.6 Hz).

A solution of guanidine 111 (3.265 g, 16.06 mmol) in MeCN (30 mL) was added
dropwisely tert-butyl bromoacetate (2.6 mL, 17.61 mmol) at 0 °C and the solution was
stirred at room temperature for 27 h. The solvent was concentrated in vacuo and the
residue was washed with a mixture of n-hexane and Et,O under cooling to solidify.
Then the solid was washed with a mixture of n-hexane and Et,O to afford guanidinium
salt 5a (5.790 g, 91 %) as colorless prisms, mp 69-72 °C: IR (ATR) 1735, 1580 cm™:;
'H-NMR (400 MHz) & 1.48 (9H, s), 3.21 (6H, s), 3.66 (2H, s), 4.03 (4H, s), 4.66 (2H, 3),
7.36-7.53 (3H, m), 7.53 (2H, dd, J = 8.2,1.6 Hz).
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Preparation of compound 5b

A mixture of diamine 112 (506.2 mg, 2.265 mmol), urea 113 (155.7 mg, 2.592 mmol)
was heated at 200 °C for 2 hours, the mixture was dissolved with CH,Cl, (50 mL), the
organic solutions were washed with H,O (10 mL x 2), brine (10 mL x 2), dried, and
evaporated, which were recrystallized from AcOEt to give chiral urea 114 (481.9 mg,
89.3%) as colorless needles, mp 200-201 °C: IR (ATR) 3181, 1698 cm™; *H NMR (400
MHz) & 4.60 (2H, s, C4-H, Cs-H), 4.94 (2H, brs, -NH), 7.26-7.40 (10H, m, Ph-H).

A gray suspension of 60% NaH (151.2 mg, 3.780 mmol ) in DMF (4.0 mL) was added
carefully asolution of urea 114 (382.8 mg, 1.607 mmol) in DMF (6.0 mL) at an ice-bath
temperature and Afterbeing stirred for 1 hour, the resulting gray suspention was added
Mel (0.25 mL, 4.014 mmol) andstirred at room temperature for 7 h. The reaction
mixture was acidified by the addition of 10% HClaqg. (10 mL) and extracted with AcOEt
(20 mLx2). The organic solutions were washed withsaturated Na,S,03 soluttion (3 mL
x2), H,O (5 mLx2) and brine (5 mLx2), dried, and evaporated, whichwere
recrystallized from n-hexane : AcOEt (4 : 1) to give chiral methylated urea 2b (420.7
mg, 98.3%) as colorless prisms, mp 149-151 °C: [o]*p = -42.0 (c 1.00, CHCIls); IR
(ATR) 1705 cm™; *H NMR (400 MHz) & 2.71 (6H, s), 4.08 (2H, s), 7.13 - 7.36(10H,
m).

A solution of urea 2b (1.901 g, 7.137 mmol) in benzene (20 mL) was added (COCI);
(3.2 ml, 36.68 mmol). The mixture was heated at 80 °C for 13 h, and concentrated to
give chloride 3b (2.269 g, 93.3%) as colorless solids, which was used in the next step
without purification (the percentage of conversion was estimated by *H-NMR analysis
to indicate the ratio of 3b : 2b = 94.3 : 5.7).3b: *H NMR (400 MHz) & 3.22 (6H, s), 5.30
(2H, s), 7.14-7.60 (10H, m).

A solution of chloride 3b (2.140 g, 6.662 mmol) in CH.Cl, (27 mL) was added EtsN
(5.4 mL, 38.74 mmol), glycine tert-butyl ester hydrochloride (902.2 mg, 5.990 mmol)
in CH,CI, (13 mL) at 0 °C. The mixture was stirred at room temperature for 3 h. The
mixture was cooled down under the ice-bath, acidified with 10% aqueous citric acid (60
mL), and washed with toluene (20 mL X4). The aqueous solutions were alkalized with
20% aqueous NaOH (30 mL), which was extracted with toluene (100 mL x 3). The
combined organic solutions were washed with H,O (20 mL x 2), brine (20 mL x 2),
dried over K,COg3, and evaporated to give guanidine 4b (2.195 g, 96.6%) as colorless
solids, mp 97-100 °C: IR (ATR) 1739, 1651 cm™; *H NMR (400 MHz) & 1.50 (9H, s),
2.71 (6H, brs), 3.89 (2H, s), 4.23, 4.33 (each 1H, d, J = 17.9 Hz), 7.12-7.30 (10H, m).

A solution of guanidine 4b (987.5 mg, 2.602 mmol) in MeCN (6.5 mL) was added
BnBr (0.35 mL, 2.943 mmol) at room temperature, the mixture was stirred at room
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temperature for 24 h and concentrated. The residue was washed with n-hexane - Et,0
(1 : 1) to give guabidinium salt 5b (1.306 g, 91.2%) as colorless prisms, mp
171-173 °C: IR (ATR) 1743 cm™; 'H NMR (400 MHz) & 1.51 [9H, s], 3.17 (6H, s), 4.28
(1H, d, J = 19.0 Hz), 4.47 (1H, d, J = 19.0 Hz), 4.68 (2H, s), 4.73 (1H, d, J = 14.7 Hz),
5.09 (1H, d, J = 14.7 Hz), 7.18-7.20 (4H, m), 7.34-7.36 (6H, m), 7.46-7.49 (3H, m),
7.70-7.72 (2H, m).

General Procedure for Aziridine Formation
(A) TMG/SIO; System.

To a solution of 7 (100 mg) and 5b (1.2 eq.) in an appropriate solvent (0.1 mL) was
added TMG (1.5 eq.) at 25 °C, and the whole was stirred at the same temperature for 24
h. After dilution with CHCI; either the mixture was added into a suspension of SiO; (3
g) in CHCI3; (10 mL) and stirred for 24 h. After removal of the SiO, through a Celite
pad, the filtrate was concentrated. The residue obtained was
purified by column chromatography to give 1 and 2b.

(B) NaH/SiO; System.

A suspension of 7 (100 mg), 5a (1.2 eq.) and NaH (1.6 eq.) in DMF (0.5 mL) was
stirred at -20 °C for 1 h. After dilution with CHCI; either the mixture was added into a
suspension of SiO; (3 g) in CHCI3 (10 mL) and stirred for 24 h. After removal of the
SiO, through a Celite pad, the filtrate was concentrated. The residue obtained was
purified by columnchromatography to give 1 and 2b.
trans-1j: Colorless needles, mp: 65-67 °C: IR (ATR) 1719 cm™; *H-NMR (400 MHz) &
1.39 (9H, s), 2.65 (1H, d, J = 2.2 Hz), 3.19 (1H, d, J = 2.0 Hz), 4.06 (1H, d, J = 14.1
Hz), 4.23 (1H, d, J = 14.1 Hz), 5.91 (2H, s), 6.71 (1H, d, J = 8.3 Hz), 6.86 (1H, dd, J =
8.3, 1.4 Hz), 6.92 (1H, d, J = 1.4 Hz), 7.24-7.44 (5H, m). HPLC (CHIRALCEL AD-H,
A 254 nm, hexane/'PrOH 100/1, flow rate 1.0 mL/min) tg for a major isomer 11.1 min,
tr for a minor isomer 11.6 min.
cis-1j: A colorless oil: IR (ATR) 1719 cm™; 'H-NMR (400 MHz) & 1.24 (9H, s), 2.48
(1H, d, J=7.0 Hz), 2.93 (1H, d, J = 6.8 Hz), 3.53 (1H, d, J = 14.0 Hz), 3.96 (1H, d, J =
14.0 Hz), 5.90 (2H, s), 6.71 (1H, d, J = 8.0 Hz), 6.86 (1H, s), 6.93 (1H, dd, J=7.9, 1.5
Hz), 7.25-7.27 (1H, dif.d, J = 7.4 Hz), 7.30-7.34 (2H, dif.t, J = 7.4 Hz), 7.42-7.43 (2H,
dif.d, J = 7.3 Hz). HPLC (CHIRALCEL AD-H, A 254 nm, hexane/'PrOH 100/1, flow
rate 1.0 mL/min) tg for a major isomer 20.0 min, tg for a minor isomer 25.6 min.
trans-11: Colorless needles, mp 130-133 °C: [a]*'p = +1.3 (¢ 1.00, CHCIl3); IR (ATR)
1719 cm™; *H NMR (400 MHz) & 1.40 (s, 9H), 2.69 (d, J = 2.2 Hz, 1H), 3.21 (d, J = 2.2
Hz, 1H), 3.82 (s, 3H), 3.84 (s, 6H), 4.08 (d, J = 14.0 Hz, 1H), 4.23 (d, J = 14.0 Hz, 1H),
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6.53 (s, 2H), 7.24 (t, J = 6.0 Hz, 1H), 7.31 (t, J = 7.4 Hz, 2H), 7.40 (d, J = 7.2 Hz, 2H);
3C NMR (100 MHz) & 28.0, 45.7, 48.1, 54.6, 56.1, 60.8, 81.8, 103.0, 126.9, 128.1,
128.2, 134.1, 137.3, 139.2, 153.3, 167.6; Anal. Calcd for C3H29NOs: C, 69.15; H, 7.32;
N, 3.51. Found: C, 69.37; H, 7.38; N, 3.51; HPLC (CHIRALCEL OD-H, A 254 nm,
hexane/'PrOH 100/1, flow rate 1.0 mL/min) tg for a major isomer 12.1 min, tg for a
minor isomer 17.9 min.

cis-11: A colorless oil: [a]*b= +3.3° (¢ 1.09, CHCIl3); IR (ATR) 1731 cm™; *H NMR
(400 MHz) 8 1.21 (s, 9H), 2.53 (d, J = 7.0 Hz, 1H), 2.93 (d, J = 7.0 Hz, 1H), 3.52 (d, J
= 13.8 Hz, 1H), 3.80 (s, 3H), 3.83 (s, 6H), 4.03 (d, J = 13.8 Hz, 1H), 6.63 (s, 2H),
7.26-7.46 (m, 5H); *C NMR (100 MHz) & 27.8, 46.8, 47.1, 56.0, 60.7, 63.1, 81.0, 104.6,
127.1, 127.9, 128.3, 131.1, 137.0, 137.9, 152.7, 167.0; HRMS (FAB) calcd for
C23H30NOs 400.2124, found 400.2123; HPLC (CHIRALCEL OD-H, A 254 nm,
hexane/'PrOH 50/1, flow rate 1.0 mL/min) t for a major isomer 17.9 min, tg for a
minor isomer 15.6 min.

Preparation of compound 117

A mixture of 1j (102 mg, 0.290 mmol), InCl; (6 mg, 0.029 mmol), and
2,6-dimethoxyphenol (67 mg, 0.433 mmol) in CH,CI; (3 mL) was stirred at 40 °C for
14 h, quenched by addition of saturated NaHCOj3 solution (1 mL), and extracted with
AcOEt (15 mL x 3). The combined organic solutions were washed with H,O (1 mL x 2)
and brine (1 mL x 2), dried, and evaporated. Column chromatography of the residue
(SiO;, hexane/AcOEt 8/1) gave 117 (32 mg, 22%) as a colorless oil: IR (ATR) 1729
cm™; *H NMR (400 MHz) & 1.20 (s, 9H), 3.658 (s, 6H), 3.660 (d, J = 6.7 Hz, 1H), 3.78
(d, J = 13.0 Hz, 1H), 3.94 (d, J = 13.0 Hz, 1H), 5.30 (d, J = 6.7 Hz, 1H), 5.90 (s, 2H),
6.44 (d, J = 8.4 Hz, 2H), 6.66 (d, J = 8.1 Hz, 1H), 6.83 (dd, J = 8.1, 1.6 Hz, 1H), 6.88 (t,
J = 8.4 Hz, 1H), 7.09 (d, J = 1.6 Hz, 1H), 7.18-7.36 (m, 5H); *C NMR (100 MHz) &
27.7,52.4,55.7, 67.9, 80.8, 84.5, 100.7, 105.2, 107.1, 109.1, 122.0, 123.5, 126.7, 128.2,
128.3, 132.9, 135.8, 140.3, 146.8, 147.1, 153.2, 171.2; HRMS (ESI) calcd for
Ca9H34NO7 508.23353, found 508.23178. An isomerized aziridine cis-1j was also given
as a colorless oil (32 mg, 31%).

Preparation of compound 118

A mixture of 1j (64 mg, 0.181 mmol), InCl; (2 mg, 0.01 mmol), and
2,6-dimethoxyaniline (27 mg, 0.178 mmol) in CH,Cl, (1.0 mL) was stirred at room
temperature for 1.5 h, quenched by addition of saturated NaHCO3 solution (3 mL), and
extracted with AcOEt (5 mL x 3). The combined organic solutions were washed with

37



H.O (2 mL x 2) and brine (2 mL x 2), dried, and evaporated. Column chromatography
of the residue (SiO,, hexane/AcOEt 4/1) gave 118 (83 mg, 92%), as colorless prisms,
mp 97-99 °C: IR (ATR) 3334, 1711 cm™; *H NMR (400 MHz) & 1.41 (s, 9H), 3.63 (d, J
= 4.0 Hz, 1H), 3.66 (d, J = 13.1 Hz, 1H), 3.82 (s, 6H), 3.91 (d, J = 13.1 Hz, 1H), 5.25
(brs, 1H), 5.71 (br, 1H, exchangeable), 5.82 (s, 2H), 6.45 (d, J = 8.2 Hz, 2H), 6.58 (d, J
= 8.1 Hz, 1H), 6.63 (dd, J = 8.1, 1.5 Hz, 1H), 6.69 (t, J = 8.2 Hz, 1H), 6.73 (d,J =15
Hz, 1H), 7.24-7.27 (m, 1H), 7.34 (t, = 7.5 Hz, 2H), 7.44 (d, J = 7.5 Hz, 2H); *C NMR
(100 MHz) 4 28.1, 53.1, 55.8, 60.0, 66.1, 81.4, 100.6, 104.7, 107.5, 107.9, 119.3, 121.0,
125.8, 127.0, 128.27, 128.29, 133.8, 140.4, 146.4, 147.1, 150.6, 171.9; HRMS (ESI)
calcd for Cy9H34N2NaOg 529.23146, found 529.23336.

Preparation of compound 121

A solution of trans-11 (104 mg, 0.259 mmol), InCl3 (27 mg, 0.122 mmol), and sesamol
benzyl ether (68 mg, 0.297 mmol) in CH,CI, (1.2 mL) was stirred at 35 °C for 2 h,
quenched by addition of saturated NaHCO3 solution (2 mL), and extracted with AcOEt
(10 mL x 3). The combined organic solutions were washed with H,O (1 mL x 2), brine
(1 mL x 2), dried, and evaporated. Column chromatography of the residue (SiO,,
hexane/AcOEt 4/1) gave 121 (89 mg, 55%, dr 5.6/1) as colorless prisms.
Recrystallization from hexane/Et,O (1/1) gave 121 (60 mg, 37%, a single isomer) as
colorless prisms, mp 125-126 °C: IR (ATR) 3676, 1721 cm™; *H NMR (400 MHz) &
1.18 (s, 9H), 3.61 (d, J = 13.4 Hz, 1H), 3.63 (s, 6H) 3.75 (s, 3H), 3.77 (d, J = 10.5 Hz,
1H), 3.85 (d, J = 13.4 Hz, 1H), 4.48 (d, J = 10.5 Hz, 1H), 4.85 (d, J = 11.5 Hz, 1H),
4.94 (d, J =11.5Hz, 1H), 5.89 (d, J = 1.5 Hz, 1H), 5.94 (d, J = 1.5 Hz, 1H), 6.38 (s, 2H),
6.54 (s, 1H), 6.73 (s, 1H), 7.23-7.33 (m, 10H); *C NMR (100 MHz) & 27.7, 47.6, 51.9,
55.8, 60.7, 64.1, 71.1, 80.8, 96.0, 101.0, 106.1, 107.6, 122.4, 127.0, 127.4, 127.8, 128.2,
128.4, 1285, 136.4, 136.8, 137.0, 139.6, 141.3, 146.3, 151.4, 152.6, 173.8; HRMS
(FAB) calcd for C37H42NOg 628.2911, found 628.2889; Anal. Calcd for C3;H4,NQOg: C,
70.79; H, 6.58; N, 2.23. Found: C, 70.67; H, 6.60; N, 2.26.

Preparation of compound 123

A solution of trans-11 (101 mg, 0.252 mmol), InCl; (18 mg, 0.08 mmol), and sesamol
allyl ether (195 mg, 1.10 mmol) in CH,Cl, (1.0 mL) was stirred at 30 °C for 3.5 h,
quenched by addition of saturated NaHCOj3 solution (2 mL), and extracted with AcOEt
(15 mL x 3). The combined organic solutions were washed with H,O (1 mL x 2) and
brine (1 mL x 2), dried, and evaporated. Column chromatography of the residue (SiO,,
hexane/AcOEt 4/1) gave 123 (87 mg, 60%, dr 4.3/1) as colorless prisms.
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Recrystallization of 123 from hexane/Et,O (1/ 1) gave 123 (46 mg, 32%, a single
isomer) as colorless prisms, mp 113-114 °C: IR (ATR) 3676, 1721 cm™; *H NMR (400
MHz) § 1.20 (s, 9H), 3.61 (d, J = 13.4 Hz, 1H), 3.75-3.81 (m, 10H), 3.84 (d, J = 13.4
Hz, 1H), 4.32-4.46 (m, 2H), 4.52 (d, J = 10.6 Hz, 1H), 5.19-5.40 (m, 2H), 5.88 (d, J =
1.5 Hz, 1H), 5.92 (d, J = 1.5 Hz, 1H), 5.92-6.03 (m, 1H), 6.47 (s, 1H), 6.49 (s, 2H), 6.71
(s, 1H), 7.16-7.33 (m, 5H); **C NMR (100 MHz) & 27.8, 51.9, 56.1, 60.7, 64.4, 65.8,
70.1, 80.9, 96.2, 101.5, 106.2, 107.7, 117.2, 122.7, 127.0, 128.2, 128.4, 133.5, 136.7,
139.8, 141.3, 146.4, 146.4, 151.4, 152.7, 173.9; Anal. Calcd. for C33H3NOg: C, 68.61;
H, 6.80; N, 2.42. Found: C, 68.56; H, 6.80; N, 2.29.

Preparation of compound 124

A solution of trans-11 (50 mg, 0.125 mmol), Zn(OTf); (4 mg, 0.011 mmol), and
sesamol (21 mg, 0.153 mmol) in CH.Cl, (1.2 mL) was stirred at 30 °C for 9 h,
quenched by addition of saturated NaHCO3 solution (2 mL), and extracted with AcOEt
(15 mL x 3). The combined organic solutions were washed with H,O (5mL x 2) and
brine (5 mL x 2), dried, and evaporated. Column chromatography of the residue (SiO,,
hexane/AcOEt 6/1) gave 124 (60 mg, 89%, dr 10/1) as colorless prisms, mp 145-147 °C,
which were twice washed with hexane/Et,0 (1/1): [a]*’b= +17.1° (c 1.09, CHCls); IR
(ATR) 3278, 1722 cm™; 'H NMR (400 MHz) & 1.29 (s, 9H,), 3.48 (d, J = 13.4 Hz, 1H),
3.54 (d, J = 13.4 Hz, 1H), 3.80 (s, 6H), 3.82 (s, 3H), 3.84 (d, J = 5.6 Hz, 1H), 4.41 (d, J
= 5.6 Hz, 1H), 5.85 (s, 2H), 6.42 (s, 1H), 6.52 (s, 1H), 6.56 (s, 2H), 7.09 (d, J = 6.8 Hz,
2H), 7.25-7.55 (m, 3H); *C NMR (100 MHz) & 27.7, 52.2, 54.4, 56.0, 60.9, 64.8, 82.6,
100.3, 100.9, 105.5, 111.2, 115.7, 127.7, 128.1, 128.7, 134.8, 136.8, 137.4, 140.2, 147.8,
152.4, 153.3, 170.1; HRMS (FAB) calcd for C3oH3sNOg 538.2441, found 538.2427.

Preparation of compound 126

A solution of aziridine 11 (100.1 mg, 0.2506 mmol), InCl; (5.5 mg, 0.0249 mmol), 125
(0.03 mL, 0.2733 mmol) in CH,CI; (1.3 mL) was stirred at room temperature for 12
hours under argon atmosphere, quenched by addition of sat. NaHCO3 solution (2 mL),
and extracted with AcOEt (15 mLx2). The organic solution was washed with H,O and
brine (each 2 mLx2), dried and evaporated. The residue was purified by column
chromatography on SiO; (n-hexane : ACOEt =4 : 1) to give 126 (111.2 mg, 84.7%, dr =
4 : 1) as a colorless oil: IR (ATR) 1724 cm™; *H NMR (400 MHz) Major isomer (4/5) &
1.26 (9H, s), 3.48 (1H, d, J = 13.4 Hz), 3.53 (1H, d, J = 13.4 Hz), 3.77 (3H, s), 3.79 (6H,
s), 3.82 (3H, s), 3.86 (1H, d, J = 5.0 Hz), 4.50 (1H, d, J = 5.0 Hz), 6.31 (1H, dd, J = 8.4,
2.6 Hz), 6.53 (1H, d, J = 2.6 Hz), 6.56 (2H, s), 7.09 (1H, d, J = 6.8 Hz), 7.20-7.36 (5H,
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m) Minor isomer (1/5) 1.26 (9H, s), 3.48 (1H, d, J =13.4 Hz), 3.53 (1H, d, J = 13.4 Hz),
3.72 (3H, s), 3.77 (6H, s), 3.79 (3H, s), 3.86 (1H, d, J = 5.0 Hz), 4.42 (1H, brs), 6.34
(1H, dd, J =5.9, 2.6 Hz), 6.53 (1H, d, J = 2.6 Hz), 6.55 (2H, s), 7.15 (1H, d, J = 6.6 Hz),
7.20-7.36 (5H, m); *C NMR (100 MHz) Major isomer (4/5) & 27.7, 52.09, 54.5, 55.1,
56.1, 60.9, 64.5, 82.7, 103.3, 105.4, 105.5, 116.4, 127.7, 128.1, 128.7, 133.7, 135.2,
136.8, 137.4, 153.3, 158.4, 160.5, 170.0. Minor isomer (1/5) 28.2, 52.14, 54.5, 55.2,
56.0, 60.7, 64.1, 82.6, 104.0, 105.3, 106.0, 120.1, 127.9, 128.2, 128.8, 132.5, 133.8,
137.1, 137.4, 153.0, 158.0, 160.3, 171.3; HRESIMS m/z: 524.2635 (Calcd. for
CaoH3sNO7: 524.2648).

Preparation of compound 128

A mixture of trans- 1l (100.2 mg, 0.2508 mmol), InCl; (5.6 mg, 0.0253 mmol),
3,4-methylenedioxyaniline (38.9 mg, 0.2837 mmol) in CH,ClI, (1.3 mL) was stirred at
room temperature for 1 hour under argon atmosphere, quenched by addition of sat.
NaHCOs solution (1 mL), and extracted with AcOEt (20 mLx2). The combined organic
solutions were washed with H,O and brine (each 2 mLx2), dried and evaporated. The
residue was purified by column chromatography on SiO, (n-hexane/AcOEt 6/1) to give
128 (126.3 mg, 93.8%) as a red oil.: IR (ATR) 3361, 1718 cm™; 'H NMR (400 MHz) &
1.38 (9H, s), 3.54 (1H, d, J = 4.6 Hz), 3.64 (1H, d, J = 13.1 Hz), 3.78 (6H, s), 3.80 (3H,
s), 3.88 (1H, d, J = 13.1 Hz), 4.59 (1H, d, J = 6.7 Hz), 5.78 (1H, d, J = 1.5 Hz), 5.79
(1H, d, J=1.5Hz),5.97 (1H, dd, J = 8.4, 2.4 Hz), 6.16 (1H, d, J = 2.4 Hz), 6.47 (2H, 3),
6.56 (1H, d, J = 8.4 Hz), 7.23-7.36 (5H, m); *C NMR (100 MHz) & 28.0, 52.2, 56.0,
59.6, 60.7, 65.3, 81.8, 96.4, 100.4, 104.3, 105.3, 108.5, 127.2, 128.2, 128.4, 134.7,
137.3, 139.4, 139.6, 142.3, 148.1, 153.0, 171.8; HRESIMS m/z: 537.2601 (Calcd. for
C3oH37N207: 537.2601).

Preparation of compound 133

Tf,0 (0.2 mL, 1.17 mmol) was dropwise added to a stirred solution of 124 (416 mg,
0.773 mmol) and pyridine (0.1 mL, 1.24 mmol) in CH,CI, (4.0 mL) at 0 °C, and the
whole was stirred at 0 °C for 5 h. After addition of saturated NaHCOj; solution (10 mL),
the mixture was extracted with AcOEt (30 mL x 3). The combined organic solutions
were washed with H,O (5 mL x 2) and brine (5 mL x 2), dried, and evaporated. Column
chromatography of the residue (SiO,, hexane/AcOEt 8/1) gave 133 (436 mg, 84%) as a
colorless prisms, mp 133-134 °C: IR (ATR) 1726 cm™; *H NMR (400 MHz) & 1.26 (s,
9H), 3.62 (d, J = 13.5 Hz, 1H), 3.64 (d, J = 9.9 Hz, 1H), 3.78 (s, 3H), 3.80 (s, 6H), 3.85
(d, J =13.5 Hz,1H), 4.39 (d, J = 9.9 Hz, 1H), 6.00 (d, J = 1.3 Hz, 1H), 6.05 (d, J = 1.3
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Hz, 1H), 6.52 (s, 2H), 6.73 (s, 1H), 6.78 (s, 1H), 7.16-7.32 (m, 5H); *C NMR (100
MHz) § 27.7, 47.1, 51.6, 56.1, 60.7, 64.5), 81.5, 102.4, 102.6, 105.9, 108.0, 116.9, 120.0,
127.1, 128.2, 135.0, 137.1, 139.3, 141.3, 146.8, 147.3, 153.0, 172.7; HRMS (ESI) calcd
for CaiHssFsNNaO1oS 692.17532, found 692.17329.

Preparation of compound 143

Propargyl alcohol (0.03 mL, 0.5202 mmol) was dropwise added to a stirred mixture of
the triflate 133 (52.8 mg, 0.0788 mmol), Pd(PPh3),Cl; (5.6 mg, 0.0080 mmol), and Cul
(3.8 mg, 0.0200 mmol), and EtsN (0.1 mL, 0.7175 mmol) in DMF (1.0 mL) at room
temperature, and the whole was stirred at 120 °C for 2 days. After addition of a mixed
solution of n-hexane : AcOEt (20 mL, 1 : 1) at room temperature, the mixture was
washed with H,O (1 mLx3) and brine (1 mLx3), dried and evaporated. The residue was
purified by column chromatography on SiO; (n-hexane : AcCOEt =6 : 1) to give 143 (8.8
mg, 21.6%) as pale yellow needles, mp 201-203 °C: IR (ATR) 1692 cm™; *H NMR (400
MHz) 5 1.25 (9H, s), 3.87 (6H, s), 3.91 (3H, s), 5.72 (1H, s), 5.93 (2H, s), 6.61 (2H, 3),
6.75 (1H, s), 6.86 (1H, s), 7.15 (2H, d, J = 6.8 Hz), 7.23-7.31 (3H, m); *C NMR (100
MHz) & 27.8, 48.3, 56.1, 61.0, 81.0, 90.9, 98.8, 101.0, 107.4, 121.1, 124.9, 126.5, 127.2,
128.6, 131.1, 133.8, 137.0, 138.0, 144.2, 147.8, 152.7, 161.5; HRFabMS m/z: 517.2091
(Calcd. for C3H31NO7: 517.2101).

A solution of 124 (101.3 mg, 0.1884 mmol) in AcOEt (2.0 mL) was vigorously stirred
at room temperature for 2 days under air. After addition of AcOEt (20 mL), the mixture
was washed with brine (1 mLx2), dried and evaporated. The residue was purified by
recrystallization (n-hexane : ACOEt =1 : 1) to give 143 (97.0 mg, 99.4%) as pale yellow
needless, mp 201-203 °C.

Preparation of compound 148

Vinyltributyltin (0.1 mL, 0.3422 mmol) was dropwise added to a stirred mixture of the
triflate 133 (200.0 mg, 0.2987 mmol), Pd(PPh3),4 (34.7 mg, 0.0300 mmol), LiCl (25.4
mg, 0.5992 mmol) in DMF (3.0 mL) at room temperature at room temperature, and the
whole was stirred at 90 °C for 8 hours. After addition of 10%KF aqueous solution (2
mL), the mixture was stirred for 30 min and filtered through Celite, which was washed
with AcOEt (10 mL). The filtrate was extracted with AcOEt (20 mLx2), washed with
H,0 (2 mLx2) and brine (2 mLx2), dried and evaporated. The residue was purified by
column chromatography on SiO, (n-hexane : AcOEt = 6 : 1) to give 148 (104.6 mg,
64%) as colorless prisms, mp 145-147 °C: IR (ATR) 3671, 1716 cm™; *H NMR (400
MHz) & 1.22 (9H, s), 3.58 (1H, d, J = 13.0 Hz), 3.73 (1H, d, J = 9.9 Hz), 3.77 (3H, s),
3.78 (6H, s), 3.81 (1H, d, J = 13.0 Hz), 4.39 (1H, d, J = 9.9 Hz), 5.22 (1H, dd, J = 10.8,
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1.3 Hz), 5.45 (1H, dd, J = 17.2, 1.3 Hz), 5.92 (1H, d, J = 1.5 Hz), 5.97 (1H, d, J = 1.5
Hz), 6.43 (2H, s), 6.80 (1H, s), 6.92 (1H, s), 7.05 (1H, dd, J = 17.2, 10.8 Hz), 7.18-7.33
(5H, m); *C NMR (100 MHz) § 27.8, 49.3, 52.0, 56.1, 60.8, 65.1, 81.2, 101.0, 106.0,
106.5, 107.2, 115.4, 127.0, 128.2, 128.4, 131.6, 132.3, 134.6, 136.5, 139.5, 146.4, 147.4,
152.9, 173.5; HRESIMS m/z: 548.2666 (Calcd. for C3,HsgNO7:548.2648).

Preparation of compound 149

A mixture of 133 (202 mg, 0.301 mmol), Pd/C (21 mg), Boc,O (0.15 mL, 0.653
mmol) in AcOEt (2.0 mL) was vigorously stirred at room temperature for 6 h under
hydrogen atmosphere. The mixture was filtered through celite, which was washed with
AcOEt. After evaporation of the filtrate, column chromatography of the residue (SiO»,
hexane/AcOEt 4/1) gave 149 (204 mg, 100%) as colorless prisms, mp 65-67 °C: IR
(ATR) 3649, 1734, 1716 cm™; *H NMR (400 MHz) § 1.22 (s, 9H), 1.35 (s, 9H), 3.80 (s,
3H), 3.83 (s, 6H), 4.44 (d, J = 9.9 Hz, 1H), 4.90 (t, J = 9.9 Hz, 1H), 4.97 (d, J = 9.5 Hz,
1H), 6.01 (s, 2H), 6.56 (s, 2H), 6.72 (s, 1H), 7.03 (s, 1H); *C NMR (100 MHz) & 27.5,
28.1, 47.6, 56.0, 56.8, 60.8, 80.1, 82.1, 102.5, 102.8, 105.6, 108.1, 115.3, 117.4, 119.5,
121.6, 127.0, 133.8, 137.3, 140.9, 147.3, 147.6, 153.1, 155.1, 170.3; HRMS (FAB)
calcd for Cy9HssF3sNNaO;,S 702.18080, found 702.17793.

Preparation of compound 151

A 0.1 M solution of Sml, in THF (125 mL, 12.3 mmol) was prepared by CHzl, (1.0
mL, 12.3 mmol), Sm (2.132 g, 14.2 mmol), and THF (125 mL) at room temperature. To
the solution was successively added HMPA (2.2 mL, 12.4 mmol), H,O (0.3 mL, 16.7
mmol), and a solution of 124 (1.36 g, 2.52 mmol) in THF (7 mL), and the whole was
stirred at room temperature for 1 h and then for 10 min under air after addition of H,O
(20 mL). The ppt was removed by filtration through Celite and repeatedly washed with
AcOEt. After evaporation of the combined filtrates, the residue was diluted with AcOEt
(200 mL). The organic solution was washed with 10% HCI solution (20 mL x 3), H,O
(10 mL x 2), and brine (10 mL x 2), dried, and evaporated. Column chromatography of
the residue (SiO,, hexane/AcOEt 3/1) gave 151 (1.01 g, 93%). The aqueous layer was
made alkaline (pH >12) by addition of 10% NaOH solution and extracted with AcOEt
(50 mL x 2). The combined organic solutions were washed with H,O (10 mL x 2) and
brine (10 mL x 2), dried (K,COs3), and evaporated. Column chromatography of the
residue (NH-SiO,, hexane/CHCl3 1/1) gave BnNH, (250 mg, 93%) as a colorless oil
151: Colorless needles, mp 175-177 °C; [a]*'b = -22.2° (c 1.01, CHCIl5); IR (ATR) 3422,
1716 cm™; *H NMR (400 MHz) & 1.39 (s, 9H), 2.92 (dd, J = 16.4, 10.4 Hz, 1H), 3.02
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(dd, J = 16.4, 4.8 Hz, 1H), 3.82 (s, 3H), 3.83 (s, 6H), 4.66 (dd, J = 10.4, 4.8 Hz, 1H),
5.85 (d, J = 1.4 Hz, 1H), 5.86 (d, J = 1.4 Hz, 1H), 6.43 (s, 2H), 6.45 (s, 1H), 6.48 (s,
1H), 6.70 (s, 1H); *C NMR (100 MHz) §27.9, 39.1, 41.4, 56.1, 60.8, 82.0, 100.0,
101.0, 104.8, 107.2, 123.2, 136.6, 139.0, 141.8, 146.4, 148.0, 153.2, 173.4; Anal. Calcd
for C3H,50g: C, 63.88; H, 6.53. Found: C, 63.50; H, 6.56.

Preparation of compound 152

T,0 (0.03 mL, 0.175 mmol) was dropwise added to a stirred solution of 151 (50 mg,
0.116 mmol) and pyridine (0.03 mL, 0.372 mmol) in CH,Cl, (1.2 mL) at -40 °C, and the
whole was stirred at 0 “C for 1 h. After addition of saturated NaHCO; solution (1 mL),
the mixture was extracted with AcOEt (15 mL x 2). The combined organic solutions
were washed with H,O (1 mL) and brine (1 mL x 2), dried, and evaporated. Column
chromatography of the residue (SiO,, hexane/AcOEt 6/1) gave 152 (60 mg, 92%) as a
colorless oil: [0]*°p = -10.4° (¢ 1.02, CHCl3); IR (ATR) 1718 cm™; *H NMR (400 MHz)
§1.32 (s, 9H), 2.81 (dd, J = 15.2, 7.8 Hz, 1H), 2.89 (dd, J = 15.2, 8.8 Hz, 1H), 3.81 (s,
3H), 3.83 (s, 6H), 4.72 (t, J = 8.2 Hz, 1H), 6.01 (d, J = 1.2 Hz, 1H), 6.02 (d, J = 1.2 Hz,
1H), 6.48 (s, 2H), 6.74 (s, 1H), 6.75 (s, 1H); *C NMR (100 MHz) & 27.6, 40.4, 41.4,
56.0, 60.7, 80.8, 102.4, 102.8, 104.7, 107.5, 116.8, 120.0, 129.9, 136.8, 136.9, 140.1,
146.8, 147.5, 153.1, 169.8; HRMS (ESI) calcd for Cy4H27F3NaO10S 587.11747, found
587.11510.

Preparation of compound 137

Methyl acrylate (0.05 mL, 0.555 mmol) was dropwise added to a stirred mixture of
152 (50 mg, 0.0893 mmol), Pd(PPh3)s (17 mg, 0.015 mmol), and NaHCO3; (39 mg,
0.458 mmol) in DMF (1.0 mL) at room temperature, and the whole was stirred at 120
°C for 24 h. After addition of H,O (2 mL), the mixture was extracted with AcOEt (15
mL x 3). The combined organic solutions were washed with H,O (2 mL x 3) and brine
(2 mL x 3), dried, and evaporated. Column chromatography of the residue (SiO,,
hexane/AcOEt 3/1) gave 137 (27 mg, 61%) as colorless prisms, mp 168-170 °C: IR
(ATR) 1717 cm™; *H NMR (400 MHz) & 1.31 (s, 9H), 2.85 (dd, J = 15.2, 8.1 Hz, 1H),
2.92 (dd, J = 15.2, 8.1 Hz, 1H), 3.78 (s, 3H), 3.80 (s, 3H), 3.81 (s, 6H), 4.79 (t, J = 8.1
Hz, 1H), 5.98 (d, J = 1.3 Hz, 1H), 5.99 (d, J = 1.3 Hz, 1H), 6.18 (d, J = 15.7 Hz, 1H),
6.41 (s, 1H), 6.79 (s, 1H), 7.01 (s, 1H), 8.17 (d, J = 15.7 Hz, 1H); *C NMR (100 MHz)
827.9,42.2,42.8,51.6, 56.1, 60.8, 80.9, 101.5, 104.7, 106.4, 107.2, 118.0, 126.8, 136.5,
137.8, 138.4, 141.8, 146.6, 149.6, 153.2, 167.3, 170.4; HRMS (FAB) calcd for
C,7H3204 500.2046, found 500.2043.
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Preparation of compound 140

Vinyltributyltin (0.5 mL, 1.71 mmol) was dropwise added to a stirred solution of 152
(769 mg, 1.36 mmol, 81% ee), Pd(dppf)Cl,*CH,CI, (110 mg, 0.135 mmol), and LiCl
(118 mg, 2.79 mmol) in DMF (7.7 mL) at room temperature, and the whole was stirred
at 50 °C for 7 h. After addition of 10% KF solution (5 mL), the mixture was stirred at
room temperature for 30 min and filtered through celite, which was washed with AcOEt.
After separation of the organic solution the aqueous solution was extracted with AcOEt
(50 mL x 2). The combined organic solutions were washed with H,O (5 mL x 2) and
brine (5 mL x 2), dried, and evaporated. Column chromatography of the residue (SiO,,
hexane/AcOEt 6/1) gave 140 (541 mg, 90%, 81% ee) as colorless needles, mp
115-116 °C, which were twice recrystallized from hexane/MeOH (10/1) to give an
optically pure 140 (338 mg, 56%, 99% ee) as colorless needles, mp 115-116 °C: [a]*p
=-20.2° (¢ 1.02, CHCIl5); IR (ATR) 1717 cm™; *H NMR (400 MHz) & 1.31 (s, 9H), 2.81
(dd, J =15.3, 7.7 Hz, 1H), 2.88 (dd, J = 15.3, 8.4 Hz, 1H), 3.80 (s, 9H), 4.72 (t, J = 8.0
Hz, 1H), 5.26 (dd, J = 11.2, 1.3 Hz, 1H), 5.51 (dd, J=17.2, 1.3 Hz, 1H),5.92 (d,J =15
Hz, 1H), 5.93 (d, J = 1.5 Hz, 1H), 6.41 (s, 2H), 6.66 (s, 1H), 6.96 (s, 1H), 7.09 (dd, J =
17.2, 11.2 Hz, 1H); **C NMR (100 MHz) § 27.9, 42.1, 42.5, 56.1, 60.8, 80.7, 101.0,
104.8, 106.3, 107.2, 115.2, 130.4, 134.3, 134.7, 136.5, 138.8, 146.3, 147.5, 153.1,
170.9; HRMS (ESI) calcd for CysHzNaO; 465.18892, found 465.18783; HPLC
(CHIRALCEL OD-H, A 254 nm, hexane/'PrOH 9/1, flow rate 1.0 mL/min) tg for a
major isomer 9.3 min, tg for a minor isomer 10.9 min.

Preparation of compound 141

A solution of 140 (100 mg, 0.226 mmol) and NIS (61 mg, 0.270 mmol) in THF/H,O
(4/1, 1.0 mL) was stirred at room temperature for 4 h. After addition of K,CO3 (81 mg,
0.589 mmol) and MeOH (1.0 mL), the mixture was stirred at room temperature for 1 h,
quenched by addition of saturated Na,S,03 solution (1 mL), and extracted with AcOEt
(20 mL x 2). The combined organic solutions were washed with H,O (1 mL x 2), dried,
and evaporated to give 141 (97 mg, 93%, dr 2/1) as pale yellow needles, mp 78-82 °C,
which were used in the next reaction without further purification: IR (ATR) 1717 cm™:;
'H NMR (400 MHz) for a major isomer & 1.33 (s, 9H), 2.39 (dd, J = 5.7, 2.7 Hz, 1H),
2.92 (d, J =8.1Hz, 2H), 2.95 (dd, J = 5.7, 4.1 Hz, 1H), 3.79 (s, 6H), 3.803 (s, 3H), 4.12
(dd, J=4.1,2.7 Hz, 1H), 4.74 (t, J = 8.1 Hz, 1H), 5.92-5.95 (m, 2H), 6.38 (s, 2H), 6.758
(s, 1H), 6.79 (s, 1H); *H NMR (400 MHz) for a minor isomer & 1.31 (s, 9H), 2.70 (dd, J
= 5.8, 2.7 Hz, 1H), 2.88 (dd, J = 8.0, 7.0 Hz, 2H), 3.17 (dd, J = 5.8, 4.2 Hz, 1H), 3.801
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(s, 6H), 3.81 (s, 3H), 4.01 (dd, J = 4.2, 2.7 Hz, 1H), 4.75 (t, J = 8.0 Hz,1H), 5.92-5.95
(m, 2H), 6.46 (s, 2H), 6.75 (s, 1H), 6.762 (s, 1H); *C NMR (100 MHz) for a major
isomer & 27.9, 42.2, 42.6, 50.3, 50.4, 56.1, 60.8, 80.8, 101.1, 104.8, 105.4, 106.9,
129.34, 135.1, 136.6, 138.9, 146.4, 147.25, 153.1, 170.78; *C NMR (100 MHz) for a
minor isomer & 27.9, 42.3, 42.5, 50.3, 50.4, 56.1, 60.7, 80.7, 101.1, 104.9, 105.4, 107.0,
129.28, 135.2, 136.7, 138.5, 146.3, 147.27, 153.2, 170.81; HRMS (ESI) calcd for
CasH3zpNaOg 481.18384, found 481.18400.

Preparation of compound 155

The reaction flask was dried by heat gun under reduced pressure for 1 h. A 1.6 M
solution of LIHMDS in THF (0.16 mL, 0.256 mmol) was dropwise added to a stirred
solution of 141 (50 mg, 0.109 mmol, dr 2.5/1) in THF (2.2 mL) at -78 °C, and the whole
was stirred at -78 °C for 18 h. After addition of saturated NH,CI solution (1 mL) at 0 °C,
the mixture was extracted with AcOEt (20 mL x 2). The combined organic solutions
were washed with H,O (1 mL x 2) and brine (1 mL x 2), dried, and evaporated. Column
chromatography of the residue (SiO,, hexane/AcOEt 3/1) gave 155 (15 mg, 30%) as a
colorless needles, mp 66-68 °C: IR (ATR) 3504, 1723 cm™; *H NMR (400 MHz) & 1.45
(s, 9H), 3.10 (t, J = 9.2 Hz, 1H), 3.47-3.54 (m,1H), 3.81 (s, 6H), 3.85 (s, 3H), 3.96 (dd,
J=11.2, 6.2 Hz, 1H), 4.06 (dd, J = 11.2, 4.2 Hz, 1H), 4.48 (d, J = 9.2 Hz, 1H), 5.92 (d,
J = 1.3 Hz, 1H), 5.95 (d, J = 1.3 Hz, 1H), 6.40 (s, 1H), 6.43 (s, 2H), 6.74 (s, 1H); **C
NMR (100 MHz) & 28.1, 49.9, 53.6, 56.1, 59.2, 60.8, 65.3, 81.4, 101.2, 103.6, 105.3,
105.6, 133.9, 136.9, 138.2, 139.4, 147.5, 147.7, 153.2, 173.6; HRMS (ESI) calcd for
CasH3zoNaOg 481.18384, found 481.18273.

Preparation of compound 154

A solution of 140 (200 mg, 0.452 mmol) and NIS (121 mg, 0.537 mmol) in THF/H,O
(4/1, 2.0 mL) was stirred at room temperature for 7 h under air, quenched by addition of
saturated Na,S,03 solution (1 mL), and extracted with AcOEt (20 mL x 2). The
combined organic solutions were washed with saturated Na,S,03 solution (1 mL), H,O
(1 mL x 2), and brine (1 mL x 2), dried, and evaporated. Column chromatography of the
residue (SiO,, hexane/AcOEt 3/1) gave 154 (253 mg, 95%, dr 2/1) as colorless prisms,
mp 182-184 °C: [0]**°p = +22.1° (¢ 1.08, CHCI); IR (ATR) 3508, 1723 cm™; *H NMR
(400 MHz) for a major isomer 6 1.32 (s, 9H), 2.71 (dd, J = 10.3, 3.2 Hz, 1H), 2.90 (d, J
= 8.0 Hz, 2H), 3.00 (d, J =2.4 Hz, 1H, exchangeable), 3.13 (t, J = 9.8 Hz, 1H), 3.796 (s,
3H), 3.83 (s, 6H), 4.61 (t, J = 8.0 Hz, 1H), 5.30 (dt, J = 9.3, 3.2 Hz, 1H), 5.96 (s, 2H),
6.40 (s, 2H), 6.81 (s, 1H), 7.00 (s, 1H); *H NMR (400 MHz) for a minor isomer & 1.34
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(s, 9H), 2.57 (d, J =3.1 Hz, 1H, exchangeable), 2.89 (d, J = 8.0 Hz, 2H), 3.30 (t, J =
10.0 Hz, 1H), 3.55 (dd, J = 10.3, 3.0 Hz, 1H), 3.803 (s, 3H), 3.81 (s, 6H), 4.54 (t, J =
8.0 Hz, 1H), 5.11 (dt, J = 9.6, 2.8 Hz, 1H), 5.96 (s, 2H), 6.37 (s, 2H), 6.83 (s, 1H), 7.03
(s, 1H); *C NMR (100 MHz) for a major isomer & 13.1, 27.9, 42.2, 42.8, 56.2, 60.8,
70.1, 81.1, 101.2, 104.6, 106.0, 106.6, 133.0, 133.5, 136.7, 139.0, 146.5, 147.5, 153.3,
171.1; 3C NMR (100 MHz) for a minor isomer & 13.9, 27.9, 42.4, 42.5, 56.1, 60.7, 70.9,
81.0, 101.2, 104.8, 106.4, 107.2, 133.0, 133.2, 136.7, 138.6, 146.5, 147.4, 153.2, 170.8;
HRMS (ESI) calcd for Cp5H311KOg 625.07007, found 625.07091.

Preparation of compound 156

A mixture of 154 (50 mg, 0.085 mmol, dr 2/1), DMP (54 mg, 0.128 mmol), and
NaHCO3 (22 mg, 0.256 mmol) in CH,Cl, (0.9 mL) was stirred at room temperature for
4 h. After addition of saturated NaHCO3 solution (1 mL) under ice-cooling, the mixture
was extracted with AcOEt (20 mL x 2). The combined organic solutions were washed
with H,O (1 mL x 2) and brine (1 mL x 2), dried, and evaporated. Column
chromatography of the residue (SiO,, hexane/AcOEt 4/1) gave a labile 156 (43 mg,
85%) as colorless prisms, mp 116-118 °C: *H NMR (400 MHz) & 1.31 (s, 9H), 2.85 (dd,
J=15.6, 8.8 Hz, 1H), 2.93 (dd, J = 15.6, 7.3 Hz, 1H), 3.80 (s, 3H), 3.83 (s, 6H), 4.23 (d,
J=10.8 Hz, 1H), 4.30 (d, J = 10.8 Hz, 1H), 5.05 (t, J = 8.1 Hz, 1H), 5.99 (d, J = 1.3 Hz,
1H), 6.01 (d, J = 1.3 Hz, 1H), 6.53 (s, 2H), 6.78 (s, 1H), 7.04 (s, 1H).

Preparation of compound 158

TBSOTT (0.03 mL, 0.128 mmol) was dropwise added to a stirred solution of 154 (50
mg, 0.086 mmol, dr 2/1) and 2,6-lutidine (0.03 mL, 0.259 mmol) in CH,Cl, (0.9 mL) at
0 °C, and the whole was stirred at room temperature for 8 h. After addition of saturated
NaHCO3 solution (1 mL) at 0 °C, the mixture was extracted with AcOEt (20 mL x 2).
The combined organic solutions were washed with H,O (1 mL x 2) and brine (1 mL x
2), dried, and evaporated. Column chromatography of the residue (SiO,, hexane/AcOEt
6/1) gave 158 (55 mg, 92%, dr 2/1) as a colorless oil: [0]®p = +104.1° (c 0.954,
CHCIy); IR (ATR) 1731 cm™; *H NMR (400 MHz) for a major isomer & -0.08 (s, 3H),
0.21 (s, 3H), 0.91 (s, 9H), 1.35 (s, 9H), 2.77-2.93 (m, 4H), 3.783 (s, 3H), 3.83 (s, 6H),
452 (t,J =7.8 Hz, 1H), 5.15 (dd, J = 9.6, 1.7 Hz, 1H), 5.96 (d, J = 1.5 Hz, 1H), 5.99 (d,
J = 1.5 Hz, 1H), 6.35 (s, 2H), 6.87 (s, 1H), 7.00 (s, 1H); *H NMR (400 MHz) for a
minor isomer & -0.24 (s, 3H), 0.10 (s, 3H), 0.79 (s, 9H), 1.35 (s, 9H), 2.34 (dd, J = 10.2,
1.9 Hz, 2H), 3.15 (dd, J = 10.4, 9.6 Hz, 1H), 3.57 (dd, J = 10.4, 2.0 Hz, 1H), 3.78 (s,
3H), 3.81 (s, 6H), 4.36 (dd, J = 9.4, 6.5 Hz, 1H), 4.96 (dd, J = 9.6, 2.0 Hz, 1H), 5.96 (d,
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J =15 Hz, 1H), 6.01 (d, J = 1.5 Hz, 1H), 6.37 (s, 2H), 6.88 (s, 1H), 7.06 (s, 1H); **C
NMR (100 MHz) for a major isomer & -4.77, -4.63, 14.3, 18.2, 25.8, 28.0, 43.1, 43.4,
56.2, 60.9, 71.0, 80.8, 101.1, 104.6, 106.3, 107.0, 132.0, 135.4, 136.7, 139.3, 146.4,
147.1, 153.4, 170.6; **C NMR (100 MHz) for a minor isomer & -5.43, -3.61, 14.1, 18.1,
25.7, 28.0, 43.0, 43.3, 56.1, 60.7, 67.9, 80.9, 101.1, 105.3, 106.2, 106.7, 131.4, 135.8,
136.8, 138.6, 146.3, 147.0, 153.4, 170.5; HRMS (ESI) calcd for CziHssINaOgSi
723.18261, found 723.18485.

Preparation of compound 159

The reaction flask was dried by heat gun under reduced pressure for 1 h. A 1.6 M
solution of LHMDS in THF (0.1 mL, 0.16 mmol) was dropwise added to a stirred
solution of 158 (65 mg, 0.092 mmol, dr 2/1) and HMPA (0.05 mL, 0.282 mmol) in THF
(1.0 mL) at -78 °C, and the whole was stirred at -78 °C for 10 h. After addition of
saturated NH4ClI solution (1 mL) at -78 °C, the mixture was extracted with AcOEt (20
mL x 2). The combined organic solutions were washed with H,O (1 mL x 2) and brine
(1 mL x 2), dried, and evaporated. Column chromatography of the residue (SiO,,
hexane/AcOEt 6/1) gave 159 (47 mg, 90%, dr 2/1) as colorless needles, mp 69-74 °C:
[0]%%°5 = +34.0° (¢ 1.04, CHCly); IR (ATR) 1727 cm™; *H NMR (400 MHz) for a major
isomer 6 0.18 (s, 3H), 0.24 (s, 3H), 0.98 (s, 9H), 1.27 (s, 9H), 1.96-2.11 (m, 2H), 2.82
(ddd, J = 13.2, 11.2, 2.0 Hz, 1H), 3.78 (s, 3H), 3.795 (s, 6H), 4.09-4.15 (m, 1H), 4.94
(dd, J = 11.2, 4.8 Hz, 1H), 5.86-5.90 (m, 2H), 6.22 (s, 1H), 6.33 (s, 2H), 6.95 (s, 1H); 'H
NMR (400 MHz) for a minor isomer & 0.15 (s, 3H), 0.18 (s, 3H), 0.92 (s, 9H), 1.32 (s,
9H), 2.25 (dd, J = 5.3, 2.6 Hz, 1H), 2.28 (dd, J = 5.5, 2.4 Hz, 1H), 3.18 (dt, J = 10.7, 3.4
Hz, 1H), 3.799 (s, 3H), 3.83 (s, 6H), 4.09-4.15 (m, 1H), 4.75 (t, J = 3.7 Hz, 1H),
5.86-5.90 (m, 2H), 6.32 (s, 1H), 6.37 (s, 2H), 6.67 (s, 1H); *C NMR (100 MHz) for a
major isomer 6 -4.68, -3.92, 18.1, 25.9, 27.8, 36.7, 49.2, 49.5, 56.1, 60.9, 69.6, 80.5,
100.8, 106.0, 106.3, 108.8, 131.8, 133.6, 136.8, 139.5, 146.3, 146.6, 153.1, 173.1; °C
NMR (100 MHz) for a minor isomer & -4.45, -4.26, 18.0, 25.8, 27.9, 35.1, 45.0, 47.9,
56.0, 60.8, 67.7, 80.2, 101.0, 106.2, 108.1, 109.3, 131.7, 132.0, 136.9, 139.5, 145.9,
147.2, 153.0, 174.5; HRMS (ESI) calcd for Cs3;H4sNaOgSi 595.27031, found:
595.27072.

Preparation of compound 142

A 1.0 M solution of TBAF in THF (0.67 mL, 0.67 mmol) was added to a solution of
159 (192 mg, 0.335 mmol, dr 2/1) in THF (3 mL) at room temperature, and the whole
was stirred at the same temperature for 8 h under air. After addition of H,O (3 mL), the
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mixture was extracted with AcOEt (30 mL x 2). The combined organic solutions were
washed with H,O (2 mL x 2) and brine (2 mL x 2), dried, and evaporated. Column
chromatography of the residue (SiO,, hexane/AcOEt 3/1) gave 142 (139 mg, 90%, dr
2/1) as colorless needles, mp 65-67 °C: [0]*p = +24.6° (c 0.97, CHCIs); IR (ATR) 3733,
1717 cm™: *H NMR (400 MHz) for a major isomer & 1.31 (s, 9H), 2.01 (ddd, J = 13.2,
10.0, 8.0 Hz, 1H), 2.35 (ddd, J = 13.2, 6.0, 3.2 Hz, 1H), 2.45 (d, J = 8.8 Hz, 1H), 2.85
(ddd, J = 10.0, 8.4, 3.2 Hz, 1H), 3.78 (s, 6H), 3.83 (s, 3H), 4.22 (d, J = 8.0 Hz, 1H),
4.80-4.86 (m, 1H), 5.90 (d, J = 1.2 Hz, 1H), 5.91 (d, J = 1.2 Hz, 1H), 6.26 (s, 2H), 6.39
(s, 1H), 7.08 (s, 1H); *H NMR (400 MHz) for a minor isomer & 1.25 (s, 9H), 1.89 (d, J
= 4.0 Hz, 1H), 2.13 (ddd, J = 13.6, 12.3, 3.2 Hz, 1H), 2.24 (dt, J = 13.6, 3.2 Hz, 1H),
3.13 (ddd, J =12.3, 11.0, 2.8 Hz, 1H), 3.80 (s, 6H), 3.84 (s, 3H), 4.01 (d, J = 10.4 Hz,
1H), 4.80-4.86 (m, 1H), 5.90 (s,2H), 6.30 (s, 2H), 6.31 (s, 1H), 6.81 (s, 1H); *C NMR
(150 MHz) for a major isomer 6 27.9, 34.48, 48.0, 48.7, 56.15, 60.87, 67.8, 81.0, 101.0,
106.1, 106.9, 108.9, 130.9, 132.8, 136.80, 139.5, 146.7, 147.1, 153.1, 173.9; *C NMR
(150 MHz) for a minor isomer 6 27.8, 34.52, 44.6, 49.3, 56.17, 60.89, 67.1, 80.4, 101.1,
106.5, 108.5, 109.2, 130.4, 132.6, 136.85, 139.1, 146.4, 147.7, 153.1, 174.2; HRMS
(ESI) calcd for C,sH3oNaOg 481.18384, found 481.18239.

Preparation of compound 157

A mixture of 142 (52 mg, 0.114 mmol, dr 2/1), DMP (66 mg, 0.155 mmol), and
NaHCO3 (25 mg, 0.299 mmol) in CH,Cl, (1.1 mL) was stirred at room temperature for
3 h. After addition of saturated NaHCO3 solution (1 mL) under ice-cooling, the mixture
was extracted with AcOEt (20 mL x 2). The combined organic solutions were washed
with H,O (1 mL x 2) and brine (1 mL x 2), dried, and evaporated. Column
chromatography of the residue (SiO,, hexane/AcOEt 4/1) gave 157 (48 mg, 92%) as
colorless prisms, mp 116-118 °C: [a]*p = +41.7° (c 1.01, CHCIs); IR (ATR) 1721, 1666
cm™; *H NMR (400 MHz) & 1.24 (s, 9H), 2.78 (dd, J = 17.0, 4.6 Hz, 1H), 2.87 (dd, J =
17.0, 9.0 Hz, 1H), 3.22 (ddd, J = 9.0, 8.0, 4.6 Hz, 1H), 3.79 (s, 6H), 3.84 (s, 3H), 4.40 (d,
J = 8.0 Hz, 1H), 6.00 (brs, 1H), 6.01 (brs, 1H), 6.34 (s, 2H), 6.41 (s, 1H), 7.52 (s, 1H);
B3C NMR (100 MHz) & 27.7, 38.7, 48.6, 49.3, 56.2, 60.9, 81.4, 101.8, 105.8, 106.1,
108.8, 127.2, 136.9, 137.2, 140.8, 147.4, 152.5, 153.3, 171.8, 193.9; HRMS (ESI) calcd
for CasHpsNaOg 479.16819, found 479.16635.

Preparation of Meyers’ Intermediate (65)
A mixture of 157 (30 mg, 0.066 mmol), 37% HCHO solution (1.0 mL) and 1N NaOH
solution (0.14 mL, 0.14 mmol) in THF (1.0 mL) was stirred at room temperature under
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air, and the whole was stirred at room temperature for 1 day. After addition of saturated
NH,4CI solution (1 mL), the mixture was extracted with AcOEt (20 mL x 2). The
combined organic solutions were washed with H,O (1 mL x 2) and brine (1 mL x 2),
dried, and evaporated. Column chromatography of the residue (SiO,, hexane/AcOEt
3/1) gave 65 (28 mg, 95%) as colorless prisms, mp 106-108 °C (lit."* mp 105-108 °C):
[0]®p = -23.9° (¢ 0.98, CHClI5) {lit."® [a]**5 = -23.7° (c 0.38, CHCI3)}: IR (ATR) 3505,
2921, 1770, 1659, 1593, 1474 cm™; *H NMR (400 MHz) & 3.26 (br d, J = 11.4 Hz, 1H),
3.36 (d, J = 2.2 Hz, 1H), 3.64 (d, J = 11.4 Hz, 1H), 3.74 (s, 6H), 3.81 (s, 3H), 4.35 (d, J
= 9.4 Hz, 1H), 4.59 (d, J = 9.4 Hz, 1H), 4.78 (d, J = 2.2 Hz, 1H), 6.07 (s, 1H), 6.10 (s,
1H), 6.15 (s, 2H), 6.70 (s, 1H), 7.47 (s, 1H); *C NMR (100 MHz) & 42.8, 48.0, 54.0,
56.3, 60.9, 64.2, 72.7, 102.3, 105.1, 106.3, 109.7, 127.2, 137.3, 137.9, 138.8, 148.6,
153.6, 154.0, 176.0, 196.8; HRMS (ESI) calcd for C,3H,NaOg 465.11615, found
465.11565.

Preparation of compound 159

The reaction flask was dried by heat gun under reduced pressure for 1 h. A 1.6 M
solution of LHMDS in THF (0.15 mL, 0.24 mmol) was dropwise added to a stirred
solution of 140 (50 mg, 0.113 mmol) in THF (2.2 mL) at -78 °C, and the whole was
stirred at -78 °C for 30 min. After addition of allyl bromide (0.03 mL, 0.344 mmol) at
-78 °C, the whole was stirred at -78 °C to room temperature for 3.5 h. After addition of
saturated NH,4Cl solution (2 mL) under ice-cooling, the mixture was extracted with
AcOEt (15 mL x 3). The combined organic solutions were washed with H,O (1 mL x 2)
and brine (1 mL x 2), dried, and evaporated. Column chromatography of the residue
(SiO,, hexane/AcOEt 6/1) gave 159 (50 mg, 92%, dr 3.3/1) as a colorless oil: IR (ATR)
1724 cm™; 'H NMR (400 MHz) for a major isomer & 1.19 (s, 9H), 2.24 (t, J = 7.0 Hz,
1H), 3.05-3.15 (m, 1H), 3.79 (s, 3H), 3.83 (s, 6H), 4.27 (d, J = 11.6 Hz, 1H), 4.96-5.05
(m, 2H), 5.27 (dd, J = 10.9, 1.2 Hz, 1H), 5.44 (dd, J = 17.1, 1.2 Hz, 1H), 5.67-5.81 (m,
1H), 5.88 (d, J = 1.3 Hz, 1H), 5.92 (d, J = 1.3 Hz, 1H), 6.47 (s, 2H), 6.87 (s, 1H), 6.97
(s, 1H), 7.19 (dd, J = 17.1, 10.9 Hz, 1H); 'H NMR (400 MHz) for a minor isomer 6 1.21
(s, 9H), 2.24 (t, J = 7.0 Hz, 1H), 3.05-3.15 (m, 1H), 3.76 (s, 3H), 3.83 (s, 6H), 4.39 (d, J
= 11.7 Hz, 1H), 4.96-5.05 (m, 2H), 5.30 (dd, J = 10.7, 1.2 Hz, 1H), 5.44 (dd, J = 16.8,
1.2 Hz, 1H), 5.67-5.81 (m, 1H), 5.90 (d, J = 1.2 Hz, 1H), 5.95 (d, J = 1.2 Hz, 1H), 6.51
(s, 2H), 6.80 (s, 1H), 6.92 (s, 1H), 7.18-7.22 (m, 1H); *C NMR (100 MHz) for a major
isomer & 27.7, 36.0, 48.5, 51.5, 56.1, 60.7, 80.5, 100.9, 105.0, 106.6, 106.9, 115.4, 116.8,
130.8, 134.1, 135.04, 135.1, 136.60, 137.4, 146.2, 147.3, 153.2, 172.7; *C NMR (100
MHZz) for a minor isomer & 27.8, 35.6, 48.0, 51.4, 56.0, 60.7, 80.6, 101.1, 105.2, 106.2,
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106.5, 115.6, 116.8, 131.3, 133.5, 134.8, 134.96, 136.56, 138.2, 146.3, 147.8, 152.9,
173.5; HRMS (ESI) calcd for CgH3sNaO7 505.22022, found 505.21875.

Preparation of ent-Zhang’s Intermediate (72)

A solution of 159 (31 mg, 0.064 mmol, dr 3/1), NalO4 (82 mg, 0.384 mmol), and 0.1
M OsQ, solution (0.06 mL, 0.006 mmol) in 1,4-dioxane/H,O (4/1, 2.0 mL) was stirred
at 50 °C for 8 h under air, quenched by addition of saturated Na,S,0O3 solution (2 mL)
under ice-cooling, and extracted with AcOEt (15 mL x 3). The combined organic
solutions were washed with H,O (1 mL x 2) and brine (1 mL x 2), dried, and evaporated.
Column chromatography of the residue (SiO,, hexane/AcOEt 6/1) gave 72 (15 mg,
49%) as a colorless oil: [a]p®” +94.74° (c 1.03, CHCIs) {lit.'® [a]p®" -95.38° (c 1.66,
CHCI3)}; IR (ATR) 1724, 1676 cm™; *H NMR (400 MHz) & 1.19 (9H, s), 2.60 (1H, dd,
J=18.3,3.7 Hz), 2.88 (1H, ddd, J = 18.3, 10.0, 1.3 Hz), 3.56-3.64 (1H, m), 3.79 (3H, s),
3.84 (6H, s), 5.23 (1H, d, J = 11.7 Hz), 6.02 (1H, d, J = 1.6 Hz), 6.06 (1H, d, J = 1.6 Hz),
6.52 (2H, s), 7.14 (1H, s), 7.24 (1H, s), 9.67 (1H, s), 10.3 (1H, s); *C NMR (100 MHz)
8275,44.9, 455, 45.6, 56.2, 60.7, 81.3, 102.1, 105.1, 108.3, 110.2, 128.2, 136.1, 137.2,
141.2, 146.9, 152.2, 153.5, 172.2, 189.6, 199.4; HRMS (ESI) calcd for CysH3oNaOqg
509.17875, found 509.17731.
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TR~ DSIEIR A 72 epoxy LI X Y chiral epoxide 168 (or 169) Z &k L. #:< MBRK
JSICE DL DN TED EEZT,

enolate alkylat/on
AN
S O S
HO ( ) e} OH 0 (S) oH coszu

162: R OMe
_ 163: R = 164 R= OMe
= 165: R =

50: R = H
. ring-opening
/ Heck reaction “ CN cleavage
Br Br aziridination
&— &=
OH CO,'Bu
R

R
common intermediate
170: R = OMe 168: R = OMe 166: R = OMe m K=
171:R=H 169: R =H 167:R=H 1n.R=H

Scheme 36. Retrosynthetic Analysis
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B3 E TV VUERA LA
8 LET SLmt RO ARk
£, UAFEERICHIT D (+)-wutaialdehyde (43) D&M %3 ¥ (Scheme 37), JFELE

L Criflk® methyl vanillate (172) % V>, propargyl 1., Lindlar i#5c, Claisen #&f7iZ &Y
phenol 174 Z157=, Z DL DD olefin #BAL%Z MCPBA THgflk L7=#. LML/, phenol

M5O SN2 BBV SIZ L Y 7-methoxyanodendroate (45) ~& & & X 52 vitride T ester
WAL ZE L L, A U7z benzyl alcohol #8{7% —fgfb~ o H o TR+ 252 & T,

(#)-wutaialdehyde (43) ~&E T 5,

MeO,C MeO,C MeO,C =

1)Pd/CaCO3 Hy 1) mCPBA
B — —_—_—
2) A OH 2) K,CO3, EtzN
OMe OMe OMe
methyl vanillate (172) 173 174
MeO,C OHC
1) vitride
—_—
(e} (¢}
OH 2) MO, OH
OMe OMe

7-methoxyanodendroate (45) (¥)-wutaialdehyde (43)

Scheme 37. Synthesis of (+)-Wutaialdehyde (43)
EHIT, ZORBICE- THaEPREA 166 & 167 OAEEIT - 7o, FENIBEM O K&
I TERKT % = &3 TE 5 4-bromo-2-methoxyphenol (170) % & ik 4-bromophenol (171)
L. ZObHD% propargyl {k., Lindlar i#5c, Claisen #5712 ¥ phenol 180, 181 % %2

VR 7R IR TH3 72 (Scheme 38),

Br
I|terature 33 DBU CuCI2 J< Lindlar's cat. j<
for 170 OH MeCN AcOEt/H,0
R

OMe 0°C,7~14h rt, 24 h
175 170: R = OMe 176: R = OMe (86%) 178: R = OMe (95%)
171:R=H 177: R = H (96%) 179: R = H (99%)
Br =
—_—
DMF
reflux, 48 h OH

180: R = OMe (79%)
181: R =H (82%)
Scheme 38. Syntheses of 2-Prenylphenols 180, 181

Iz, epoxy (LG ZHET L7z (Table 12), 181 @ olefin #3{7.%2 mCPBA TH&{b L7z & =

A, HBYD epoxide 169 #1556 Z LN TE T, ZOLDIIRNLE Th oo/, T ITHI
ZXDBHARKISEITV, BRABIK 167 IZZE# L7- (entry 1), RICAFSSIZRER3<< | 181
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a5 il 182 %1833 % v T Shi epoxidation }iﬁi\%ﬁotk A, TREOINERTH
B epoxide 169 1%, & HIZHERIC CHBRMIGEIT O 2 . BAbIK 167 2457-, L)
LN, ZOLODONFHMEEITZNEIL 7T3% ee, 80%ee (T F > 7= (entries 2, 3),

Table 12. Epoxidation and Cyclization of 2-Prenylphenol 181

Br reagents  Br | K,CO;  Br O)(
= - - . o e}
conditions 0 MeOH o  OH e
OH OH rt, 1h RO

181 169 167 H ©
OR
182: R = -C(CH3)2-
167 183: R=Ac
entry reagents solvents conditions

yield ee
1 mCPBA CH,Cl, rt,2h 95 -
2 182, "BUNHSO4, K,CO3 DMM/MeCN/pH 6 buffer 0°C,48h 68 73
3 183, "BUNHSOy4, K,CO3 DMM/MeCN/pH 6 buffer 0°C,48h 72 80

Z 2T, mlids Sivic 2-Prenylphenol §5E RIS TS Shi epoxy BB A AR
(Scheme 39), Coster 5L/ &EV tert-butyldiphenylsilylethyl ether 184 (Zxf L, fififi: 182 %
FHUNT epoxidation &% 4TVY, & 512 TBAF (2T TBDPSE JZ[RET S Z & THEEKED
R, M THRORILIR 185 268K L., 200D 2 TREZRE T (+)-angelmarin
(186) DAL Z R LT\ 5 %9 EH &I TBS ether 165 (2% L. fillit 183 # 5 =
LT, 97%ee &V O EVOLTFHMEE THRIDRILIK 185 245, ZDH DG 2 TRZRT
186 DAEAWEER L TWD ¥, F7-, 4513t 183 % M\ /= K7 epoxidation Fi%
B R &\ silyl ether (RICHEIGTE 5 2 & 2R L TWS P, 3B 513 TBS ether 188 |
fiffhE 182 Z T, MU T epoxide 189 %45, Z D& Db 2 TF2 T rhinacanthin A (190)
DEBREER LTS 39,

182, "/BUNHSO,
| o) OXONE, K,COj

= DMM/MeCN
0.05 M Na,B407 in 0.004 M Na,EDTA agq.
OTBDPSE . then
184 TBAF, THF, 50 °C, 16 h
2 steps 71%, 75% ee

183, "/BUNHSO,
o OXONE, K,CO3

= DMM/MeCN
0.1 M KOH aq./0.1 M KH,PO, aq.
oTBS 0°C,23h
187 then TBAF, THF, 0 °C, 30 min
2 steps 88%, 97% ee

OMe 182, "BUNHSO, OMe
OO % OXONE, K,COg3 2 steps OO OH
—_—
OTBS DMM/MeCN 78% o
0.05 M NayB,407 in 0.004 M Nay,EDTA aq.
OMe 10°C. 2h OMe
188 93%, 83% ee rhinacanthin A (190)

Scheme 39. Asymmetric Epoxidation of silyl ethers 184, 187 and 188
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D DOE BN, phenol 181 4 TBS JEIZ TR L TH 5. epoxidation SR 1T 5
Z LT L7z (Table 13), TBS {k L7z silylether 192 (2% L. mCPBA % AW TG EIT- 72
& A, (2)-epoxide 194 Z SR TRz, WIS, il 182 Z MWz & 25, 82%, 83%ee T
HAJD (+)-epoxide 194 #4525 Z LN T&E 7= (entry 2), filf 183 # =t Z A, X 5ITIY
£ enantio JEIUEII E L. 89%, 96% ee T (+)-epoxide 194 %1525 Z LR TX 7= (entry 3),
[FIEEIZ, 180 % )i S, (+)-epoxide 193 %7457- (entries 4, 5),

Table 13. TBS Protection and Epoxidation of 2-Prenylphenols 180, 181

B TBSCI Br Br
' = imidazole = reagents
—_— >
OH CH,Cl, oTBS conditions
rt,2h
R R
180: R = OMe 191: R = OMe (96%) 193: R = OMe
181:R=H 192: R = H (99%) 194:R=H
results
entry SM reagents solvents conditions
product vyield ee
1 181 mCPBA CH,Cl, rt,2h 194 95
2 181 182, "BUNHSO,, K,CO; DMM/MeCN 0°C,48h 194 82 83
0.1 M K;HPO,4 aq./0.1 M KH,;POy4 aq.
3 181 183, "BUNHSO,, K,CO; DMM/MeCN 0°C,48h 194 89 96
0.1 M K;HPO,4 aq./0.1 M KH,POy4 aq.
4 180 mCPBA CH,Cl, rt,2h 193 93
5 180 183, "BUNHSO,, K,CO3 DMM/MeCN 0°C,48h 193 68 91

0.1 M K,HPO,4 aq./0.1 M KH,PO, ag.

I ZTEBNE (+)-epoxide 193, 194 OiffaxktElE X, Coster &, EH O, D OHE X
V. (2R) FLE TH D L HEH L7z, 193,194 | TBAF #{ER &85 Z & T, BILIK 166, 167
~LEX | formyl (L9252 LT, BEAIO (+)-(S)-wutaialdehyde (43) KON 195 (ZZH# L7-,
o7 43 OFEEE T Scheme 34 (278 L= KIRD (+)-wutaienin (49) Doy Rk 43
DOFENE EFEN—E LT Z 05, TAEE D epoxide 194 7% 2R BLETH D Z & 2B L

7= (Scheme 40),
Br 1) "BuLi, THF OHC
TBAF m -78 °C, 30 min \©j><é
—_— —_—
d  OH d OoH
THF 2) DMF

,2h R -78°C,3h R
166: R = OMe
193: R = OMe 167:R=H (+)-wutaialdehyde (43): R = OMe (67%)

194:R=H [0]o3P = +67.4 (c 0.84, CHCl3)

degradated product 43

[a]ogP = +64.0 (c 0.31, CHCl3)
195: R =H (75%)

[a]1gP = +110.6 (c 0.49, CHCl3)

Scheme 40. Syntheses of Cyclized Products 166, 167 and Aldehydes 43, 170

7235, JeFTEME HPLC (DAICEL CHIRALCEL OD-H, A 254 nm, hexane/'PrOH 2071, flow rate
0.5 mL/min) OyEEICIBWT, 194 [ZOW L, FREFIER] 8.6 min 33X TY 105 min @ 2 A
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DE—IBRELI, ZD55 86 min ODE—Z BB LT, oo —7 OmfElk kv
ZOIFHEIL, 194=96%¢ee & RELNT-,

F7-. JFIEM HPLC (DAICEL CHIRALCEL OD-H, & 254 nm, hexane/PrOH 20/1, flow rate
0.5 mL/min) O43BEIZIBWNT, 193 (Z2OWTHE, FREFIFRE 8.4 min J3 XY 10.8 min @ 2 K
DE—IPREALN, TD9H 84min OE—7BEHR L, 26O —7 OEMELEE Y
ZOIEEMEE L, 193=91%ee & RFEDNIZ,

il L 7=l 182 35 LU0 183 13, Nieto HIZ Lo TG Sni-akiE Dz mnwT, i
iR D-fructose (196) 7°5 4 LFETARL L 7= (Scheme 41),

o Ojg RuCls-Hy0, NalOy 1) AcOH/H,0 O/k
sto4 ) Et3BnNCI K,CO3 E/\\L, s rt 12h o 6

Rv4
acetone O\\‘ - OH CHCI3 H,O 2) ZnCly, Acy,O -

rt,4h

+ = r, 17 h 40°C,3h AcO® Y O
52% %/o 96% 2 steps 55% Snc

D- fructose (196)
183

197 182
Scheme 41. Syntheses of Shi Catalyst 182 and 183

% 2 fi p-Hydroxy ester D& K

F9°. G517 aldehyde 195 % VT aziridine L %1T - 7= (Scheme 42), L2>L 73
NoH, B Im 3e<monT, EEZEIRT /R E R oTc, RUSBEIT L2207
P & LT, 195 OIEPE proton 23 aziridine {LIGZI T D5 —BEEOHEILIZ L 5
guanidinium ylide “ERZ 15T T\ A7 B 2 Hivlz, & 2T, alcohol FLZ{Ri#ET 5 Z
LT L7z, Alcohol OFRFERIE, #4ITAT 9 IS TOBEILEIFICLER MOM HIZR
w\iﬁﬁw5@M0MM%ﬁ&tw\ﬁﬁﬂ@%kbktw\E%%aws%%%?@:
LIXTE e ole, £ T, bromo f& 167 Z MOM fR#IZXY 199 L L, ZOHD%
formyl k9% Z & T aldehyde 198 & L 7=, aziridine {LICDOFEMEIZ T Z & THRID
aziridine 10 % trans EEIRAJIZET-,

MOMCI 5b BnN

OHC\@f\ DIPEA OHC\@f\ 1) base/solvent X)/
d  OMOM CH.Cl o on  2) SiO, CHCIs Cong[ Io> <OH

base/solvent u

198 195 TMGITHF m
NaH/DMF
MOMCI 1) "BuLi, THF
Br\@j\ DIPEA Br\@f\ 78 °C, 30 min OHCW
Jd  on CH,Cly O OMOM 2)DMF o  omoM
reflux, 8 h o
167 93% 199 -78°C,3h 198
62%
21 N N
1) TMG, THF BN 5 )NL CO,'Bu
/t, 24 h ZFW Me~y” “p-Me
2) Si0,, CHCI -
)rtl ah CO,Bu o OMOM B
e ! Ph
82% (trans : cis >20: 1) 1o 56

Scheme 42. Synthesis of Aziridine 10
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Z 2T LN aziridine 1o ONAEIE X, FHOMHE LY P, chiral guanidinium H
(RR)-5b Z MW\ TWNDH Z Ldb, (2S) DYNAEZEA LTV D LHER L7z, AHXRBLEICSWT
%, ARk L7z aziridine @ C2, C3 fLIZH1T KB DREGEEN Jop =16 Hz LD /hE72
EERLTWEZ EnG, Table6 OF —& Ll L, trans BLE 7S & RE LTz,

WIZ, fFH4L7z 1o 1Tk L. KIZK DBREBREUGA21T > 72 (Table 14), £ 9", Disadee DF5
%O ERWCRISEIToTe L 25, IERPBIA 200 2135 2 LT, R
"[HE72 5: 4 @ diastereomer JEAWTZ o 7= (entry 1), = Z T, SUNRE # K F S TR0,
BIRMEICZRIT A G20 o 72 (entry 2), FE% HCI, H,SO, (T 2 TAHTZH, P, YL
I BV RIIE LN o 7= (entries 3, 4), Zn(OTf),. In(OTf); <> N-tosyl-aziridine (2%}
L diastereo BIREITKEEL A HAT S Z ENTE D CANY ZANTHEMN, BUOKERIT
BoN7ehyo 72 (entries 5-7), HEEMESAE T CORIG A T2 23, BOmIE4 < T8 (entry
8). WERT CIIRAFZRINET acetate 201 #4525 Z &N TE b DD, BRIEIT R HALR D>
S7 (entry 9), ZHHDFER LV | diastereo BIRPEIZ A G0y IEERE < BHAYY 200 %
BHZENTED entryl OFGEZRAVTROKIGEED HZ LIZ LT,

Table 14. Ring-opening Reaction of Aziridine 10

BnN OR

", reagent BnHN
o solvent
CO,'Bu OMOM conditions Co,Bu o OMOM
To 200: R = H
201: R=Ac
results
entry reagent (eq.) solvent conditions
200 201

1 TsOH-H,O (1.0 eq.)  THF/H,0 4/1 0°C,1h 94%
22 (o eq 2 : (dr=5:4)

o 91%
2 TsOH-H,O (1.0 eq.) THF/H,O 10/1 -781t0-40°C, 15h dr=5:4)

o, o 93%
3 THF/5% HCl aq. 4/1 0°C,1h @r=1:1)

85%
4 H2SO4 (1.0 eq.) THF/HL0 4/1 0°C,1h (dr= 1°: 1)
5 CAN (0.1eq.) MeCN/H,010/1 0°Cto70°C,24h no reaction
6 Zn(OTf), (1.0eq.)  THF/H,0 4/1 0°C,15h (dr?’f:/"_ 1)

o 36%
7 In(OTf)3 (1.0 eq.) THF/HL0 4/1 0°C,24h (@dr=1:1)
8 LiOH (1.0 eq.) THF/HL0 4/1 0to 50 °C, 24 h no reaction

0,
9 AcOH 0°C,2h 78%

dr=1:1)

BONTZBIBRIK 200 % CDI LSS E 2 A, BIFRIERTHRER 202, 203 355
AL, 26 1E column chromatography T/rEfEd % Z & 23 T& 7= (Scheme 43), Zd 5 5, 202
Z KA R L . EE— diastereomer & L T amino alcohol 200 #/52 Z L R TX /-,
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(6] (6]

OH >¥ >¥
o} o K
BnHN CDI BAN + BN ’ 2CO3
S CH,Cl, “ EtOH
t OMOM rt,8h  'BuO,C BuO,C reflux, 3 h
CO2Bu -2 o omom U2 o  OMOM  44%

on 202
200 (dr=5:4) 202 (42%) 203 (40%)
OH
BnHN. /k : .
CO,'Bu (¢] OMOM
200

Scheme 43. Synthesis of B-Hydroxy-aminoester 200

AR L72 202, 203 OAXELEIZOWTIE, FIENIZDOWT C2, C3 fLIZBIT 5 KED
FEATER N OFE NOE HIE %17\, Disadee 1= L - TARK S47- oxazolidinone 204, 205 © &
e d 2% Z & T 202 A cis ElfE. 203 78 trans BOE 7S L PRE L7 (Table 15),

Table 15. NOE Enhancements of Oxazolidinone Derivatives

cis trans

J=54Hz

0
BnN H

T4
¢ o
BuO,C
2 o OMOM
203
o}
o)
H
BnN
e ( J=52Hz
‘BuO,C
205

WIZ, 200 O CN FEABAZ IS 23 7= (Table 16), A% H1C & - THE S Cik »© %
£E1Z, Sml,, HMPA 127 . proton source & LC PivOH Z#fWi=& 2 A, HED
B-hydroxyester 206 %152 Z & BN TX 7223, hydroxyl FE3ETTT 472 ester 207 DAL E fife
L7z (entry 1), MUGREZK FESETAIZEZ A PNROYUGEN ST (entry 2), Proton
source % 'BuOH,DMAE,H,0/MeOH ZZEH L7275, B W VRS R ITAS S 7~ 72 (entries 3-5),
HMPA FE1EAE FRUS S B THTZE 25,207 OERERDPEINT 5458 L 7220 entry 2 (206:
66%) LA EICihEIX T 220 o 72 (entry 6),
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Table 16. Reductive CN Bond Cleavage of B-Hydroxy-aminoester 200

OH Smly, HMPA OH
BnHN proton
_—
THF W
CO,'Bu o OMOM conditions CO,'Bu O OMOM CO,Bu o OMOM
200 206 207
results
entry proton conditions 206 207
1 PivOH rt, 1h 30% 24%
2 PivOH -40°C,1h 66% 20%
3 ‘BUOH -40°C,1h 61% 22%
4 DMAE -40°C,1h 56% 15%
5 MeOH/H,0 -40°C,1h 43% 13%
62 PivOH -40°C,1h 5% 44%

2 without HMPA

% 3 i Cinnamyl halide (or sulfonate) &% Dk

tPREA 199 725 cinnamyl halide (sulfonate) MDA %% k7~ 7- (Scheme 44), 199 % Heck <
JRDEAEITAT L, ester 208 % 157-%%. DIBAL (ZCTAEL L. HHBYD cinnnamyl alcohol 209 %
Bz, ZDOHOD halogen 1bx HRY & LT, 7 Apper & 2 2 HW TS &EAT > 72703,
CBr, X CCly; TII L ML HESIT L2 > 7= (entries 1, 2), PBr; <° SOCI,, triphosgene.
cianuric chloride Z M= & Z A, BUSIFEML L7270z, BROMZHBEST 22 LA TE
7272 (entries 3-6), Sulfonate &z HAYE LT TsCl X° MsCl Z W TR ZAT 2 7273,
FOSIEA < EAT Lehr > 72 (entries 6, 7).

methyl acrylate, EtzN

(j@/Br Pd(OAc),, P(o-toryl)s (D/\/COZME DIBAL (D/\/\OH
%Ill- _— > %..., _ > %u--

0 DMF o CHxCl, MomMO  ©

MOMO MOMO 78°C. 1h

90 °C, 12 h
199 84% 208 98% 209
reagents % (D/\/\X
[ —— e
solvent MOMO e}
conditions 210

X =0QOTs, OMs, Br, Cl

entry reagents solvent conditions results
1 CBry4, PPhg CH,Cl, 0°Ctort,8h no reaction
2 CCly, PPh3 - reflux, 24 h no reaction
3 PBrg Et,O 0°C,1h a complex mixture
4 SOCly, EtzN CH,Cl, 0 °C, 30 min a complex mixture
5 triphosgene, EtsN CHCl, 0°C,3h a complex mixture
6 cianuric chloride, EtzN MeCN 0 °C to reflux, 24 h a complex mixture
7 TsCl, NaH CH,Cl, -20°Ctort, 24 h no reaction
8 MsCl, EtzN CH,Cl, -20t00°C, 24 h no reaction

Scheme 44. Synthesis of Cinnamyl Alcohol 209 and Trials for Synthesis of Cinnamyl Halide or Sulfonate 210
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% 4 Hi BePERYZR C6-C3 HALDIEAIZ L5 demethoxywutaienin D&%

Cinnamyl halide (or sulfonate) 210 MDA RkIZWIE L. B-hydroxyester 206 (Zxf L — T
phenylpropanoid % A9 25O TiE<, £9 C3IHEAZEAL, KT C6 AL ZEAT D
LD BRREG 2 B R RIS T demethoxywutaienin (50) ~ & < Z L2 L7z (Scheme 45),
B-Hydroxyester 206 % HiEMESME T, allyl bromide Z/Ef &85 Z & T, allyl {bik 211 %
diastereo BIRAYICIG/-%, 2D b O L HEAR 199 & D Heck b Zat L& Z A, Pd fil
B2 Pd(dppf)Cly, HEIEIZ Na,CO3 & W55 1T, BUGH BAFIZHEST L, HAYD coupling &
212 ZHREEOINETHSL Z LN TE- (entry4), 2O H DD C8, CONLIZEIT HKFE DR
BEBEWELIZEZA, J=15THz LW I REQREARLTWZ &b, trans FlE
PREWRE LT, 212 & LiAIH, TR L& Z A, HIO diol 213 % RAFRINETHS
EINTE T,

Jg-ygv =15.7 Hz
OH allyl bromide OH 199t o OH
LHMDS reagents A
\/%Ar _— Ar Ar
THF . DMF H
CO,'Bu o] OMOM 40 °C, 24 h CO;Bu 120°C, 2d CO,'Bu
206 66% 211 212
OH results
LiAIH, entry reagents 212 211
—> Ar X Ar
THF 1 Pd(PPh3)s, EtsN 12% 55%
refg‘;%z h OH 2 PdCIy(PPhg),, EtsN 3% 89%
213 3 Pd(dppf)Cla, EtsN 2%  21%
4 Pd(dppf)Cl,, Na,COs 55% trace

o<
Ar =
o OMOM

Scheme 45. Synthesis of MOM Protected Demethoxywutaienin 213

oL EFLNE allyl bk 211 OSZRELE L, Dias HOHE ) LVLITFD L) K
JEFE TS T 27280, (2S) BlEZA LT\ 25 EHEJITX 7= (Scheme 46), J72b b, F
206 7% LIHMDS (2L Y enolate Z4ERT 525, 2D & = hydroxyl A& Li 2R3 5
72Dz 6 BREBIREBAEKT D5, 0L ESRMIZZENTND Ar &[5 allyl
bromide 723t 572, (2S) BLE A K allyl bk 211 NEAEB & L THE LN
EEZHND,

OH BN _Lis OH

LIHMDS 9 O| ?
—>I )\/K — )\/‘\ — X 2
rk©f>~é B T P
= t,
CO,'Bu ol OMOM Br COzBu

| m 211

Scheme 46. Supposed Mechanism for Allylation of B-hydroxyester 206

206

60



B%I1Z. MOM BEOBREICHOWTHE 21T -7 (Table 17), £9°. HCI /KA h CTHLEL L
72 & A BUSHEHE L L. demethoxywutaienin (50) % BiEfEd 2 IZIXE S 72 o 72 (entry 1),
TSOH 1F(E FIC TR EIT o7& 2 A, TREDIE THIY 50 2155 2 LN TE 24,
benzyl 17D FMEALDHEZR S 7= (entry 2), B-Bromocatecholborane % v /=& Z A, {KILR
RING 50 BFFLH T ENTEIN, RIT 0 B LD fERE S vz (entry 3),

Table 17. Synthesis of Demethoxywutaienin (50)

reagents
X X
|\/|0|\/|o OMOM conditions (o] OH

Demethoxywutalenln (50)

entry reagents solvent conditions 50
1 6 N HCl aq. THF 0°C,4h a complex mixture
TsOH-H,O toluene 50°C,8h 69% (dr=1:1)
3 B-bromocatecholborane CH,Cl, 0°C,24h 13% (dr=4:3)

517 (2S,8R,9R,2°S)-50 & (25,85,9R,2°S)-50 DIRA#IZxt L, column chromatography (2

SHEE NS OO E W TRARTZN, SHET 2 2 ENTE e olc, KRR

W2\ T, demethoxywutaienin (50) #1525 Z LN TEX 7DD, ISR T TORIGIZEN
T benzyl ALK LITHEZMAGT D &9 IR - T2,
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% 4 % Evansaldol SOt % i & L= & R gt

% 1 fHi (+)-Wutaienin DA

% 3 #|Z T demethoxywutaienin (50) <°% D FEEIZERICK LAREZETHD LV 9 FH
NEBILZ, F 2T (+)-wutaienin (49) & %IZ3V\TiE, Evansaldol i * 8IS E L
AR EER L, TNIHE- TERERED D Z L2 L7z (Scheme 47), $72bb, i
AR LT-HEIR 166 705 S K, R (AZ 1 oxazolidinone 214 Z &KL, ZOHLDL
(+)-wutaialdehyde (43) % Evans aldol S DSMEIAT4 2 & T, 214 (4S) 7>5 1% syn &
215d (2S,3S) & anti & 215b (2R,3S) % . 214 (4R) 75 1E syn {& 215¢ (2R,3R) & anti 1K
215a (2S,3R) #A A L. 4 fE4To diastereomer # &+ 5, LT, &ZIETLTHIL,
(+)-wutaienin (49) ~&3EL Z LN TE D EE 272, Benzyl MLONAEH L ARG LI=14IT,
RIS DT (+)-wutaienin (49) ~EZEHT5H Z LN TEX 5728, benzyl (B 5
AREMEMEWN E B 2 BT,

Br
}/ r, OMe OMe 215 OMe
T
+)-wutaialdehyde (43 ,
HO © * “ +y “ ' reduction
N o o ¥

OMe
A
166
> s i
" *
7 e
o ST >
OMe HO (6] OH o OH

214 OMe OMe

(+)-wutaienin (49)

Scheme 47. New Synthetic Plan for (+)-Wutaienin (49)

7. Wk 166 % oxazolidinone 214 ~ & 254 L 7= (Scheme 48), 166 & fiflx® ethyl
4-pentencate % Heck SUGODSRMEIZATF 2 & T ester 216 & 4537=14 . MK/ fi# L T carboxylic
acid 217 ~&ZEHa L 7=, Z D DT oxazolidinone 218 (4S) & 218 (4R) & TN ZFALG &4
%z &T, HWYD oxazolidinone 214 #4522 LN TE -,

ethyl 4-pentenoate

EtsN
Br Pd(OAC), X A
%.... P(o-toryl)s %..., LiOH %-..,
_ COEt —— CO,H
HO  © DMF Ho © THFH,0 HO O
OMe 90°C,24h OMe 4an OMe
166 216 rt, 24 h 217

(0] o

1) PivCl, Et3N

THF, -20°C, 1 h s A NJJ\Q

T

2) (S) or (R)-4-benzyloxazolidin-2-one (218) HQo e} 4/\ 3

LiCl, rt, 10 h Bn

OMe
214

4 steps 82%

Scheme 48. Synthesis of Chiral Oxazolidinones 214
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F7-. 166 LREEDOKISIZ TERTX % oxazolidinone 2194 735, 1 TFET 214 % &K
T5Z LIZH R L2 (Scheme 49),

o 1) PivCl, EtsN o j\

THF,-20°C, 1h M
M N N 0
X OH  2)(S) or (R)-4-benzyloxazolidin-2-one (218)

4

o LiCl, rt, 10 h Bn
4-pentenoic acid
2 steps 92% 219
Br Pd(OAc),, P(o-toryl)s
%.... . (45)219 EtsN . 214 (4S) (87%)
HO e} (4R)-219 DME 214 (4R) (80%)
OMe 90°C, 24 h

166

Scheme 49. Concise Synthesis of Chiral Oxazolidinones 214

Foiic 214 Z MW T aldol SDOETE21T > 72 (Table 18), £ 731X syn KDOAREAE H
fg& LT, 214 (4S) & 43 Z—fikH7% Evans aldol SO ToH %5 Bu,BOTF, DIPEA )
EHWCRIGEIT T8 2 A, BIFRIEETHRIO syn (K 215 (25,3S) #1552 L Tx
7= (entry 1), &IZ. anti (KOEREZBRIE LT, 214 (4S) & 43 % TMSCI, Et;N, MgCl, %
FNT=ZE O TS 2T > 7208, BOSITa < EITH T (entry 2), ¥4 LIHMDS (24 #
L7228, JFUBE 214 (4S) DRI & & 1T 214 (4S) 2B BKEEEES TMS fLEizh D2
BNDHDOHTH -7 (entry 3), E-Enolate Z#H L T anti KEE®RTH LN TXD
Cy,BOTf, Et;N *7 Z -4t Tld, TR & LT anti & 215 (2R,3S) #4525 Z LR T
XD, OSHEMEL LT T2 DIRIRIZE £ - 72 (entry 4), ¥IAIE LT ERAICE 2w
T4k % CiE, BRI & LT osyn K 215 (25,35) B SIS KER L 7257 (entry 5), 214
(4R) % entry 1 SR UELMHETRIGESEZEZ A, BREFRINETHRO® syn & 215 (2R,3R)
BRLH T ENTER,

Table 18. Aldol Reaction of Oxazolidinones 214 and Aldehyde 43

i reagents
HO o] - "
solvent HO
conditions
entry 214 reagents solvent conditions products

144 214 (45) Bu,BOTf, DIPEA CH,Cl, -78°C, 24 h syn-215 (2S,3S) (81%)
2 46) 214 (4S) TMSCI, Et3N, MgCl, THF rttoreflux, 7h no reaction
3 214 (45) TMSCI, LHMDS, MgCl, THF rtto reflux, 7h 214 + sillylated 214
447 214 (45) Cy,BOTf, EtsN CH,Cl, -78°C,48h anti-215 (2R,3S) (36%)
548) 214 (45) Bu,BOTf, DIPEA, Et,AICI CH,Cl, -78°C, 24 h syn-215 (2S,3S) : anti-215 (2R,3S)=5: 1
6 214 (4R) Bu,BOTf, DIPEA CH,Cl, -78°C, 24 h syn-215 (2R,3R) (81%)
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ZZTHELNTE 215 (25,35) ONLAELEIL Evans SO L 0 DLUF O USRS T
Ji LT D EHERJI L 7= (Scheme 49), 372> oxazolidinone 214 (S) 2% Bu,BOTf & )id™
% Z &T, Zenolate ZTERLT A, DL X5 FND 2 DD carbonyl FDBfGfE— A
FAWAEICRD X OICEESND, ZOBE 4 LD benzyl EDONAKZRET D K 912,
aldehyde 43 2% 214 (S) @ Si HNHITOL Z LKV AERMD 2S BEENRET D, /k e
aldehyde o> Ar 2 equatrial MNZALET D RZER 6 BREBREBLRATLZ LI
D OGS HEITT 572012 38 BL@E N RE L, i RAIZ 215 (25,35) ﬁ>$5}2ﬁ“%’> E N
Cy,BOTf at»)ir“éw_k% 1% E-enolate ZJEET % 0 7=, 6 BEEBIREICHNT
R ONLENS equatorial fZ TGS D Z &1720 . fER L LT 215 (2R,3S) M ﬁéﬁkéhé
. WINFIE LT ELAICIH % V72460 Clk, Heathcock B D¥#4E “® L v | i@% ¢ Evans
aldol SUix & 1372 5B RE A #% T aldol FUGHEITL TWD EB X LD, T72Db,
214 (S) » Bu,BOTf LK) d 5 Z & T, Z-enolate ZKT 5723, ELAICI 2425 2 &
C. aldehyde 43 (Zxt L ELAICI OENZAMES L CHEATT D721, FEREBIRREZ R Hh
T 5, ZORKE, aldehyde 43 1% benzyl ZEDSTARZBET 5 K 51 O< 7212, enolate @ Re
DS RS EITT 2 720 AR O 2R BEENIE L., E5I12 ELAl F5& R YLk Z
J 5 XSGR HEITT B2, fERE LT215(2R3S) RSN D, LnLeish, o
DEMITB N TIT ARSI L 215 (25,3S) MEARM E L THELNDIFERE -7 (entry
5), ZOHMLE LTI, 214 O4FWNIC alcohol ERLAFEIET 57212, alcohol FRALIZ
ELAICI OFEMINEIEAINCK Z > TLEW, +4212 aldehyde ~EL S 4L72h o 727281
WHEO6 BIREBRELZRH L TENETL T LEs DB LN,

(0]
e
BBu2 o%\ ""IBn
o o0 Bu,BOTf 0 N Ie) OH
)L )K/ DIPEA )L )\/R ArCHO /U\ J\/\
o N - N (3s)Ar
— 4 R
Bn Bn \—{
214
Z-enolate 215 (2S,3S)

/BCYQ

o
BoN N ArCHO
214 . 0 N)ﬁ -

Bn

O o OH
/U\ (@R)
o N (3s) Ar
X

E-enolate 215 (2R,3S)

Bu,
B
,BBuz  Et,AICI ZON
BLuBOTE ArCHO O ar
DIPEA )k J\/ )\\ G R
R
214 — o N X — 0 <0
\ < |
AlEt,
Bn B
Z-enolate

Scheme 50. Supposed Mechanism for Aldol Reaction of Oxazolidinones 214 and Aldehyde 43
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Table 18 TH&JK L= s yn Ms 215(25,3S) & 215 (2R,3R) ZHW T, RDOISIZHED H = &
{2 L7= (Scheme 51), 4. syn-215 (2S,3S) @ oxazolidinone Ei(7%E T4 5 Z & T,
(25,85,9R,2'5)-49d DA R AN L7z, F 7=, HHERIEZ VT syn-215 (25,35) O benzyl fif
DR % [ifin S, 4 U7z ester ¥z & oxazolidinone #BA7% LiBH, 12 C—282E 095 2
& T (2S8RIOR,2S)-49b % & Ak L 7=, [REE DK G % v T, syn-215 (2R,3R) 7 &
(2S,8R,95,2'S)-49c & (25,85,95,2')-49a % TN ENEK LT~

OH OH
- R
% O ™ O NaBH,4 % O A ( S O
Thee Thee
HO © O OH MeOH HO (S) © 0 (S oH
oxz” o 50°C. 2 h OH
OMe OMe 80% OMe OMe
215 (2s 39) (2S,8S,9R,2'S)-49d
4-NO,CgH4CO,H
PPhg, DIAD
THF, 1t, 8 h
85%
OCOAr OH
R
e e
Thee
OH THF (S) o OH o (S) oH
rt,8h
OMe 62% OMe OMe
220b: Ar = 4- N0206H4 (2S,8R,9R,2'S)-49b
OH
5
NaBH, % O N (»)(R) O
T z
OH MeOH Ho ) o ~OH 0 on
50°C, 2 h
81% OMe OMe
215 (2R,3R) (2S,8R,95,2'S)-49¢
4-NO,CgH4COH
PPhs, DIAD
THF, rt, 8 h
83%
OCOAr OH
S B e (S)~
> = WCOTTEC
HO O oxz” o d  on THF HO (S) O “oH S o
rt, 8 h
OMe OMe 66% OMe OMe
220a: Ar = 4-NO,CgHs (2S,8S,9S,2'S)-49a

Scheme 51. Synthesis of (+)-Wutaienin (49)

NS 4FED diastereomer Ol % D AR W LT — IR D H D & ERITIT—E L
7o 7o A8, (25,85,95,2'S)-49a & (2S,8R,9R,2'S)-49b A LSS LT 5 (Table 19,
20, Figure 8, 9), (25,8R,95,2'S)-49¢c & (2S,8S,9R,2'S)-49d %, *H-NMR (Table 19) 23T,
C8 (L DIKFE DAL shift RO LD L VK 03 ppm 1L, % LT CLO LDKFEDILF
shift & KM OHD LV 0.1 ppm 1F EIEBLSHICBEI L T\ 5, £7-. C-NMR (Table 20)
IZBWTH, C8 Db shift NRAMO LD X VK 2 ppm 1F X, £ LT CI0°HLDOL shift
L Lppm I ZERBHIZBEI L CWAHZ LMD, REMEIIRES BRDL Z L 2MBL
7=
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Table. *H NMR Data of Natural (+)-Wutaienin (49) and Synthetic Specimens (49a-49d)

#

2-H
2-CMe;
3-H;
4-H
6-H
7-OMe
8-H
9-H
10-H;

2’-H
2’-CMe;
3'-H,
4-H
6-H
7°-OMe
8"-H
9-H
10°-H,

wutaienin (49)

4.66 (t, J=9.5)
1.21,1.22 (each s)
3.08-3.25 (m)

6.68 (1H, s)

6.76 (1H, s)

3.87 (s)
4.63(dd,J=78,1.2)
1.95-2.00 (m)

3.74 (ddd, J = 12, 7, 1.8)
3.89(dd,J=12,2.4)
467 (t,J=95)

1.36, 1.38 (each s)
3.08-3.25 (m)

6.79 (1/2H, s)

6.80 (1/2H, s)

3.88(s)

6.25 (dd, J = 15.6, 3.6)
5.92 (dt, J =15.6,7.2)
2.04-2.10 (m)
2.14-2.19 (m)

(25,85,95,2°S)-49a
4.67 (t, J=9.0)
1.22,1.23 (each s)
3.08-3.25 (m)
6.68 (s)

6.76 (s)

3.88 (s)

4.65-4.69 (m)
2.00 (brs)
3.75-3.78 (m)
3.87-3.94 (m)
4.68 (t, J=9.0)
1.37,1.38 (each s)
3.08-3.25 (m)
6.77 (s)

6.81(s)

3.89(s)

6.25 (d, J = 15.0)
5.93 (ddd, J = 15.0,7.8,7.2)
2.05-2.12 (m)
2.15-2.21 (m)

(25,8R,9R,25)-49b
467 (t,1=9.2)
1.22,1.23 (each s)
3.08-3.25 (m)

6.68 (s)

6.77 (s)

3.88 (s)

4.64-4.68 (m)

2.00 (brs)

3.76 (dd, J = 11.4, 6.0)
3.90-3.93 (m)
4.68(t,J=9.2)
1.37,1.39 (each s)
3.08-3.25 (m)

6.77 (s)

6.80 (s)

3.89(s)

6.26 (d, J=15.0)
5.93 (ddd, J = 15.0,7.8,7.2)
2.04-2.10 (m)
2.14-2.20 (m)

(2S,8R,95,2°S)-49¢c
4.67 (t, J=9.0)
1.22,1.23 (each s)
3.08-3.26 (M)

6.70 (s)

6.78 (s)

3.88 (s)

4.94 (brs)
1.98-2.00 (m)
3.73-3.78 (2H, m)

468 (t,J=9.0)

1.37,1.39 (each s)
3.08-3.26 ()

6.78 (s)

6.81 ()

3.89 (s)

6.33 (d, J = 15.6)

6.00 (ddd, J = 15.6, 7.8, 7.2)
1.98-2.04 (m)

2.27-2.31 (m)

(2S,8S,9R,2°S)-49d
4.66 (t, J=8.8)
1.22,1.23 (each s)
3.08-3.23 ()

6.69 (s)

6.77 (s)

3.86 ()

4.93 (brs)

2.01 (brs)
3.72-3.77 (2H, m)

467 (t,J=8.8)
1.36, 1.38 (each s)
3.08-3.23 ()

6.74 (s)

6.80 ()

3.86 (s)

6.32 (d, J = 15.6)
5.98 (dt, J = 15.6, 7.3)
2.00-2.04 (m)
2.18-2.32 (m)
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Table 20. *C NMR Data of Natural (+)-Wutaienin (49) and Synthetic Specimens (49a-49d)

#

C()
C(2)C(OH)Me,
C@)
C(3a)
C(4)

C(5)

C(6)

c()
C(7)OMe
C(7a)
o))

C@)
C(10)
C2%)
C(2’)C(OH)Me,
(3%
C(3’a)
C“)
C(s”)
C(6”)
a(7)
C(7’)OMe
C(7’a)
()
C©”)
C(10%)

wutaienin (49)
90.3
71.7,24.1, 26.15
31.0

136.7

109.2
128.4(128.5)
115.0

143.9

56.0

147.3

78.6

47.1

64.5

90.3
71.7,24.2, 26.23
311

136.7
109.7(109.9)
128.6
115.4(115.5)
143.9

56.1

147.5
131.4(131.7)
125.7

32.2

(25,85,98,2°5)-49a
90.3
71.7,24.0,26.3
311

131.3

109.0

1285

114.9

143.9

55.9

147.3

78.9

471

64.7

90.4
71.7,24.1,26.4
312

136.7

109.6

1285

115.3

144.0

56.1

147.4

131.7

125.6

32.2

(2S8R 9R,2’S)-49b
90.3
71.7,24.0,26.3
31.0

1313

109.0

1285

114.9

144.0

55.9

1473

78.9

471

64.7

90.4
71.7,24.1,26.4
311

136.7

109.5

1286

1155

144.1

56.1

1475

1318

125.6

322

(25,8R 9S,2S)-49¢
90.3
71.7,24.0,26.2
311

1314

109.1

1284

114.9

143.9

56.0

147.2

76.5

472

63.9

90.3
71.7,24.1,26.3
31.2

135.9

109.4

128.6

115.0

144.0

56.1

147.3

1316

126.3

311

(25,85,9R,2S)-49d
90.3
71.7,24.0,26.3
311

1314

109.1

1284

114.9

143.9

56.0

147.2

76.6

472

63.9

90.3
71.7,24.1,26.4
31.2

135.9

109.5

128.6

114.9

144.0

56.1

147.3

1316

126.4

31.2
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Figure 8. 'H NMR Chart of Natural Wutaienin (49) and Synthetic Specimens (49a, 49b)
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Figure 9. 'H NMR Chart of Natural Wutaienin (49) and Synthetic Specimens (49c, 49d)
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F 72, HPLC (Waters 4.6 X250 mm, 5C18 X AR-1I, A 254 nm, MeCN/H,O 4/6, flow rate 1.0
mL/min) OGHTIZEBWNT, KIRY) (+)-wutaienin (49) & AR L7- 49a & 49b DOIREFEFHEIAN
7.6min THYH, TBRIC—HTDHZ LR LI,

L AT, ZO (+)-wutaienin (49) OLZEMEZFT D HHIE LT, (2S,8R,9R,2'S)-49b %
Si0, FAE T, BEW A MRS Lo 50 °C 12T 3 W@ L= & = A, benzyl iz Fil,
L7z 49d DIFENTER S 7= (Scheme 52), 45 i17- 49b & 49d DEAWIT column
chromatography T/y#fd 2 2 E N TE 72 - 7273, CDIl Z Bt & T carbonate 221 &35
LT, T ENTE, BN 221 D C8, 9 (LICEBIT HKFEDREE EE A Lk
Lzl 24, 221b 7 Jgo=93Hz, # LT 221d 7 Jgo=34Hz &R L7z, 2D END,
C8,9 NLiZH T B /KFE ) diaxial FlE % & % 221b % (8R9R) BLE CTH D LIE LT, 72,
221b, 221d FH % LiBH, ([CBWTETLTHZ & T, 490, 49d (CEHTEH LD

R LT\ 5, on

o : O ) O
(XK
OH soills - HO O OH O OH

99% OMe OMe
49b:49d = 1: 1
[e) (o]
ngg =9.3Hz Jg’g =34 Hz
L Ao
N OMe V OMe
8 /
H7:°
CH2C|2 o | P
r,2h
HO> N Ho>l--- N
OH 0 OH
OMe OMe
221b: 35% 221d: 35%

Scheme 52. Epimerization and Separation of (2S,8R,9R,2'S)-49b and (2S,8S,9R,2'S)-49d
% 2 Hi Demethoxywutaienin D&%

(+)-Wutaienin (49) Ak & FIER O T, demethoxywutaienin (50) Z &7 5 Z iz L7z
(Scheme 53), £ 9" Bi{b.{& 167 & oxazolidinone 219 *? % Heck Kb DE&IEICA4 2 LT, B
I 72U C coupling K 222 (4S) & 222 (AR)Z ZNZE Nt ZDH D % aldehyde 195 & )i
XH 25 Z LT C8,Co-syn fHAN{A 200 (8S,95) & 200 (8R,9R) ZZNZENAIK L7,

Pd(OAc),, P(o-toryl)s
Br \/\)I\ J\ EtsN
e + X N (o)
HO © 9—-/ DMF }3__/
167 B 90°C, 24 h HO
219 222 (4S): 83%
222 (4R): 75%
195
Bu,BOTY oH o oo
DIPEA x JJ\ % H
e —— z T
CHoCl, %' O N O —f\N ol ld o
78°C, 24 h HO  © oxz” o o oH |OXZ= )—/ 105
Bn

223 (2S,35): 91%
223 (2R,3R): 90%

Scheme 53. Syntheses of syn-Aldol Products 223
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oA 223 (8R,9R) & 223 (8R,9S) Z VT, demethoxywutaienin (50) (Z351) 5
4 FE? diastereomer T A AR L7 (Scheme 54),

—_—

OH OH
e 2~ NaBH,4 e A~(RLA
. 3 o (S
MeOH
HO O oxz” Xo O  OH t,1h HO (S) © OH 0 (S) oH
0,
223 (25,39) 85% (25,85,9R,2'S)-50d
4-NO,CgH4COLH
PPha, DIAD
THF, 1t, 27 h
84% (dr=6:1)
OCOAr
. LiBH4
%"" O O MeOH
HO e} OXZ o O OH rt,2 h
224b: Ar = 4-NO,CgHy 88%
OH
e -
E NaBH,
HO OXZAO OH
223 (2R,3R) MeoH (25,8R,9S,2'S)-50¢
4-NO,CgH,COzH 85%
PPhs, DIAD
THF, tt, 24 h
83% (dr=6:1)
OCOAr OH
X (S)A
1 : LiBH %n.. O : (S) O
I 4 <
HO HO (S) O ~oH d (S oH
N MeOH
224a: Ar = 4-NOCgHy i, 2 h (25,85,9S,2'S)-50a
86%

Scheme 54. Syntheses of Demethoxywutaienin (50)
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% 5 W g

b X Hic, EHIE HH 8,9 -neolignan ‘B & A9 5 (+)-wutaienin (49) KO
demethoxywutaienin (50) DO#ExIFLE 4 & EekiE P E 2 HAY & L, aziridine TERG & fE < 7K
(2 L BBABRBOR E SRR & LT B 72 % 1T > 7= (Scheme 55), BEFIOD SGIZ TERTE 5
4-bromo-2-methoxyphenol (170) & iflix® 4-bromophenol (171) ZFEEE L, ZOHL D% 3 T
FE(ZC 2-prenylphenol 180, 181 (ZZ8#at% . /E U7=/klis 5% TBS 1k L. Shiepoxy {biUi, #¢
SBALBIRIZ K 0 BRODOBR(LIR 166, 167 % T EILRIF/RINER, SFME TR, Boh
72 167 % MOM f£# L. formyl k. #:< aziridine {LEUZ X Y | aziridine 1o % trans i3
RN, ZO b DIZKIEIEDEANZR AT L Z 5, diastereo BARPEIZR L2 0EH DD
IWHERAKBEZEAL, ZOH 0L CDI & Kk SHELRE 202 & 203 &35 2 & Ch
BEd 2 2 &N TET, 155072 202 2K L, ZEITHIIC CN #E & ZBHA L 721%. allyl {k
T5HZ LT, oallyl 1K 211 287, ZoObo LK 199 L Heck ., ester JLoiE T
TR T %I MOM EDOBREEMEST L2 L Z A benzyl MOBEMALDZHEER S HIZH DD,
demethoxywutaienin (50) @D FIREZeHEERNEIZH 722 50b & 50d ZEpKT 5 2 &N TET-,
LU D, Ttttk 27z,

1) TBSCI, imidazole

CH,Cly, rt, 2 h
1) 3-chloro-3-methyl-1-butyne 2) Shi catalyst, "BUNHSO,4

EAZ(L:JNCS(% 4h OXONE, K2COs
Br 2) Lindlar"s cat’alyst, Hp Br P DMM/MeCN = 1/2, pH 6 buffer Br

ACOEYH,0 =40/1, 1t, 4 h 0°C,2d

OH  3) DMF, reflux, 3 d OH 3) TBAF ° o
R’ 3 steps 180: 80% R! THF, rt, 2 h R’

170 (R1 = OMe) 181: 65% 180 (R" = OM 3 steps 166: 61%, 91% ee 166 (R1 = OMe)
171 R'= H) (R" = OMe) 167: 84%, 96% ee 167 (R' = H)

181 (R'=H)

1) "BuLi, THF then DMF
-78 °C, 3 h, 62%
MOMCI, DIPEA Br 2) (R,R)-guanidinium salt gnN 1) TSOH, THF/H,0 = 4 : 1

CHCly \@\ TMG, THF, 1t, 1d F i, 1 h, 94% (dr=5:4)
—_—————
reflux, 8 h O OMOM 3) Si0,, CHCls coszuC:o OMOM  2) CDI, CHyCl,
i, 8h

93% (on 167)
199 rt, 1d, 82%

10

1) K,CO3, EtOH
reflux, 3 h, 44%
o) (on 202)
2) Sml,, HMPA, PivOH OH 1) 199, Pd(dppf)Clp, Na,CO5

Yo ; )
BnN . THF, -40 °C, 1 h,66% X DMF, 120 °C, 2 d, 55%
3) allyl bromide, LIHMDS 2) LiAlHy4, THF
BuO,C THF, -40 °C, 24 h CO,'Bu (¢} OMOM  reflux, 2 h, 82%

o} OMOM 66%

202: 42% 21
203: 40%
OH OH
- = T T
e —_— e
mMomo O OH O owmom THF HO O OH O OH
r, 8 h
213 69% (dr = 1: 1) (25,8R,9R,2'S)-50b + (25,85,9R,2'S)-50d

Scheme 55. Synthetic Studies of Dimeric Phenylpropanoid 50
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BIi&, Evans aldol FUGSZ RIS & LA ABR L, TAUES> TEREZED S Z
LIz L7z (Scheme 53), JEicA Rk L7-FfEfA 166 % formyl (k9% Z & T (+)-wutaialdehyde
(43) £ L. R 166 2k L, BEFHIDOKIGIZTARMTE % oxazolidinone 219 % )i S,
*Phiad % coupling & 214 ZZhENfG7-, AL LT (+)-43 & 214 % Evans aldol &0
R LIZ & 2 A IR, BRVER AL 215 288 T 22N TE, Z0b0%
ﬁfm“é: LT (25,85,9R,2°S)-49d % T} (2S,8R,95,2°S)-49c DAKITHKTI L7=73, ZibIE

BMDOFEFEARY MLT—H LT~ Uiehotz, T T, MK 215 ZiESEic
benzyl AL DK % R X & ester 220 #4572k, ZObLDEETLTHI LT
(2S,8R,9R,2’S)-49b J}z I} (25,85,95,2°S)-49a D EKAEIT o1z, 2 H Dl # D AT f LT —
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General Procedures: All reactions were carried out using dry solvents under an argon
atmosphere and organic extracts were evaporated under reduced pressure after drying
over MgSQOy, unless otherwise noted. Melting points were measured on Yanaco MP-SI
and uncorrected. IR spectra were recorded on a JASCO IR-230E spectrophotometer.
Optical rotations were recorded on a JASCO P-1020 polarimeter. MS(ESI) and
HRMS(ESI) were obtained by JEOL JMS-T100LP spectrometer. *H and *C NMR
spectra were obtained on JEOL JNM ECP 400 (400 MHz) or JEOL JNM ECP 400 (600
MHZz) or JEOL JNM ECA 600 (600 MHz) with chemical shifts being reported as ppm
from tetramethylsilane as an internal standard. For TLC was used SiO, 60 F254 (Merck),
for column chromatography SiO, 60 (63-210 um) (Kanto-Cica), for flash
chromatography SiO; 60 (40-100 um) (Kanto-Cica), and NH-SiO, (100-200 mesh) (Fuji
Silysia).

Preparation of compound 170

A solution of NBS (7.2 g, 40.45 mmol) in DMF (15 mL) was dropwise added to a
stirred solution of 2-methoxyphenol (5.0 g, 40.28 mmol) in DMF (20 mL) at 0 °C. After
being stirred for 1 hour, the mixture was quenched with saturated Na,S,03 solution (10
mL), and extracted with Et,O (100 mLx2). The organic solutions were washed with
H.O (20 mLx2), brine (20 mLx2), dried, and evaporated. Column chromatography of
the residue (SiO,, n-hexane : AcOEt =5 : 1) gave 170 (7.02 g, 86%) as a colorless oil:
IR (ATR) 3292 cm™; 'H NMR (400 MHz) & 3.87 (3H, s), 5.58 (1H, s), 6.80 (1H, d, J =
8.2 Hz), 6.96 (1H, d, J =2.2 Hz), 6.98 (1H, dd, J = 8.2, 2.2 Hz).
Judging from comparison of the *H NMR and IR, this synthesized compound was
identical to the reported in the literature.
Fujikawa, N.; Ohta, T.; Yamaguchi, T.; Fukuda, T.; Ishibashi, F.; Iwao, M. Tetrahedron
2006, 62, 594-604.

Preparation of compound 176

DBU (30.0 mL, 197 mmol) and 3-chloro-3-methyl-1-butyne (97%, 22.0 mL, 190
mmol) were successively added to a mixture of phenol 170 (31.3 g, 154 mmol) and
CuCl; (6.0 mg, 0.045 mmol) in MeCN (155 mL) at 0 °C. The mixture was stirred at
0 °C for 24 h and evaporated. After addition of AcOEt (500 mL), the mixture was
washed with 5% HCI solution (50 mLx3), 5% NaOH solution (50 mLx3), H,O (50 mL)
and brine (50 mL), dried, and evaporated to give 176 (12.18 g, 96%) as a yellow oil: IR
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(ATR) 3294 cm™; 'H NMR (400 MHz) § 1.64 (6H, s), 2.53 (1H, s), 3.80 (3H, s),
6.98-7.02 (2H, s), 7.29 (1H, dd, J = 7.3, 2.2 Hz); *C NMR (100 MHz) 5 29.2, 55.9,
73.7,74.3, 86.0, 115.5, 116.3, 123.1, 124.5, 143.8, 153.7; HRMS (ESI) calcd. for
C12H14BrO,: 269.0177, found 269.0190.

Preparation of compound 177

DBU (12.0 mL, 78.64 mmol) and 3-chloro-3-methyl-1-butyne (8.0 mL, 69.08 mmol)
were successively added to a mixture of 4-bromophenol (171) (9.18 g, 53.06 mmol) and
CuCl; (10.0 mg, 0.074 mmol) in MeCN (92 mL) at 0 °C. The mixture was stirred at
0 °C for 4 hours and evaporated. After addition of AcOEt (500 mL), the mixture was
washed with 5% HCI aq. (50 mLx2), 5% NaOH ag. (50 mLx2), H,O (50 mL) and brine
(50 mL), dried and evaporated to give 177 (12.18 g, 96%) successively as a yellow oil:
IR (ATR) 3294 cm™; 'H NMR (400 MHz) & 1.63 (6H, s), 2.57 (1H, s), 7.09 (2H, d, J =
9.0 Hz), 7.37 (2H, d, J = 9.0 Hz); *C NMR (100 MHz) & 29.5, 72.5, 74.9, 85.7, 115.5,
123.1, 131.9, 154.7; HRESIMS m/z: 239.0073 (Calcd. for C11H1,"°BrO: 239.0072).

Preparation of compound 178

A mixture of alkyne 176 (1.229 g, 4.567 mmol) and Lindlar catalyst (123 mg) in
AcOEt (6 mL) was hydrogenated at room temperature for 24 hours under atmosphere
pressure with vigorous stirring. After filtered through Celite, the filtrate was evaporated
to give 178 (1.189 g, 96%) as a pale yellow oil: IR (ATR) no characteristic peak; 'H
NMR (400 MHz) & 1.43 (6H, s), 3.80 (3H, s), 5.09 (1H, d, J =10.8 Hz), 5.13 (1H,d,J =
17.6 Hz), 6.12 (1H, dd, J = 17.6, 10.8 Hz), 6.88 (1H, d, J = 8.4 Hz), 6.92 (1H, dd, J =
8.4, 2.2 Hz), 6.98 (1H, d, J = 2.2 Hz); *C NMR (100 MHz) & 26.3, 55.8, 81.0, 113.5,
115.5, 122.9, 124.6, 143.7, 144.1, 153.8; HRMS (ESI) calcd. for Ci,H;15BrNaO,:
293.0153, found 293.0156.

Preparation of compound 179

A mixture of 177 (20.0 g, 83.64 mmol), Lindlar cat. (2.13 g, 11w/w%) in AcOEt/H,O
(20/1, 200 mL) was vigorously stirred at room temperature for 24 h under hydrogen
atmosphere, and filtered through Celite. The filtrate was evaporated under reduced
pressure to give 179 (19.9 g, 98.7%) as a pale yellow oil: IR (ATR) no characteristic
peak; *H NMR (400 MHz) & 1.43 (s, 6H), 5.14 (dd, J = 10.8, 0.7 Hz, 1H), 5.15 (1H, dd,
J=17.6,0.7 Hz), 6.09 (1H, dd, J = 17.6, 10.8 Hz), 6.86 (1H, d, J =9.2 Hz), 7.31 (2H, d,
J =9.2 Hz); **C NMR (100 MHz) § 26.9, 79.9, 113.9, 114.8, 123.4, 131.7, 143.8, 155.1;
HRFABMS m/z: 240.0149 (Calcd. for Cy;1Hi3"°Br O: 240.0150).
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Preparation of compound 180

A solution of ether 178 (7.90 g, 29.14 mmol) in DMF (79 mL) was stirred under reflux
for 2 days under air, and evaporated. Column chromatography of the residue (SiO,
n-hexane : ACOEt =40 : 1) gave 180 (6.21 g, 79%) as a pale yellow oil: IR (ATR) 3523
cm™; *H NMR (400 MHz) & 1.71 (3H, s), 1.74 (3H, s), 3.31 (2H, d, J = 7.4 Hz), 3.86
(3H, s), 5.25-5.30 (1H, m), 5.61 (1H, s), 6.83 (1H, d, J=2.2 Hz), 6.87 (1H, d,J = 2.2
Hz); *C NMR (150 MHz) & 17.8, 25.8, 27.8, 56.2, 111.1, 111.8, 121.4, 124.5, 129.2,
133.4, 142.4, 146.9; HRMS (ESI) calcd. for C1,H16BrO,: 271.0334, found 271.0326.

Preparation of compound 181

A solution of 179 (13.21 g, 54.79 mmol) in DMF (240 mL) was stirred at reflux for 2
days under air, and evaporated under reduced pressure. The residue was purified by
column chromatography on SiO, (n-hexane : AcOEt = 10 : 1) to give 181 (10.85 g,
82.1%), as a pale yellow oil: IR (ATR) 3411 cm™; *H NMR (400 MHz) & 1.77 (3H, s),
1.78 (3H, d, J = 1.3 Hz), 3.31 (2H, d, J = 7.3 Hz), 5.09 (1H, s), 5.24-5.31 (1H, m),
6.65-6.70 (1H, m), 7.19 (1H, d, J = 2.4 Hz), 7.21 (1H, s); **C NMR (150 MHz) & 17.8,
25.7, 29.3, 112.7, 117.3, 120.8, 129.2, 130.1, 132.4, 135.5, 153.3; HRFABMS m/z:
240.0150 (Calcd. for C1;H13BrO: 240.0150).

Preparation of compound 191

Imidazole (1.25 g, 18.36 mmol) and TBSCI (2.26 g, 14.99 mmol) were added to a
solution of 180 (3.90 g, 14.44 mmol) in CH,Cl; (39 mL) under air at 0 °C and the whole
was stirred at 0 °C for 4 hours. After dilution with CH,CI, (100 mL), the mixture was
washed with H,O (10 mLx2), brine (10 mL), dried, and evaporated. Column
chromatography of the residue (SiO,, n-hexane) gave 191 (5.36 g, 96%) as a colorless
oil: IR (ATR) no characteristic peak; *H NMR (400 MHz) & 0.17 (6H, s), 0.99 (9H, ),
1.67 (3H, s), 1.75 (3H, d, J = 0.9 Hz), 3.30 (2H, d, J = 7.1 Hz), 3.76 (3H, s), 5.21-5.28
(1H, m), 6.81 (1H, d, J = 2.4 Hz), 6.84 (1H, d, J = 2.4 Hz); *C NMR (100 MHz) & -3.9,
17.8,18.9, 25.7, 26.0, 28.3, 55.0, 112.5, 112.7, 121.8, 124.1, 133.3, 134.6, 141.9, 150.6;
HRMS (ESI) calcd. for C1gH30BrO,Si: 385.1198, found 385.1195.

Preparation of compound 192

Imidazole (4.112 g, 60.40 mmol), TBSCI (7.284 g, 48.33 mmol) were added to a
solution of 181 (9.711 g, 40.27 mmol) in CH,CI, (200 mL) under air at 0 °C. The
mixture was stirred at 0 °C for 2 hours, and diluted with CH,Cl, (300 mL), and the
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mixture was washed with H,O (50 mLx2), brine (50 mL), dried and evaporated. The
residue was purified by column chromatography on SiO; (n-hexane) to give 192 (14.13
g, 98.7%), as a colorless oil: IR (ATR) no characteristic peak; *H NMR (400 MHz) &
0.217 (3H, s), 0.218 (3H, s), 1.00 (9H, s), 1.68 (3H, s), 1.76 (3H, s), 3.26 (2H, d, J =7.1
Hz), 5.22-5.29 (1H, m), 6.64 (1H, d, J = 8.4 Hz), 7.14 (1H, dd, J = 8.4, 2.2 Hz), 7.20
(1H, d, J = 2.2 Hz); *C NMR (100 MHz) & -4.2, 26.9, 79.9, 113.9, 114.8, 123.4, 131.7,
143.8, 155.1; HRMS (ESI) m/z: 355.1093 (Calcd. for C17H,sBrOSi: 355.1093).

Preparation of compound 193

A solution of OXONE (11.0 g, 17.89 mmol) in K;HPO4/KH,PO, buffer solution (pH 6,
70 mL) and an aqueous solution of K,CO3 (3.72 g, 26.92 mmol) in H,O (70 mL) were
simultaneously and slowly added to a solution of 191 (4.35 g, 11.29 mmol), Shi catalyst
(1.01 g, 3.341 mmol) and "BusNHSO, (175.0 mg, 0.492 mmol) in a 2 : 1 mixture of
dimethoxymethane and acetonitrile (220 mL) containing K,HPO4/KH,PO, buffer
solution (pH 6, 40 mL) at 0 °C for 2 hours. The mixture was stirred at 0 °C for 2 days,
diluted with H,O (100 mL), and concentrated to ca. 300 mL and extracted with AcOEt
(200 mL x 2). The organic solutions were washed with H,O (20 mL x 2) and brine (20
mL x 2), dried, and evaporated. Column chromatography of the residue (SiO,,
n-hexane : AcOEt = 20 : 1) gave 193 (3.66 g, 81%, 91% ee) as a colorless oil: [a]*/p=
+13.90 (c 0.502, CHCls); IR (ATR) no characteristic peak; *H NMR (400 MHz) & 0.17
(3H, s), 0.18 (3H, s), 0.99 (9H, s), 1.33 (3H, s), 1.36 (3H, s), 2.83 (1H, dd, J = 15.1, 6.0
Hz), 2.86 (1H, dd, J = 15.1, 6.0 Hz), 2.97 (1H, t, J = 6.0 Hz), 3.78 (3H, s), 6.86 (1H, d, J
= 2.2 Hz), 6.95 (1H, d, J = 2.2 Hz); **C NMR (100 MHz) 5 -3.89, -3.85, 18.8, 18.9, 24.7,
26.0, 29.5, 55.0, 58.3, 63.1, 112.8, 113.3, 124.3, 131.1, 142.2, 150.6; HRMS (ESI)
Calcd. for C1gH29BrNaOsSi: 423.0967, found 423.0956.

HPLC (CHIRALCEL OD-H, A 254 nm, hexane : 'PrOH = 20 : 1, flow rate 0.5 mL/min)
tr for a major isomer 8.4 min, tg for a minor isomer 10.8 min.

Preparation of compound 194

A solution of OXONE (11.18 g, 18.19 mmol) in K;HPO4/KH,PO, buffer solution (pH 6,
70 mL) and an aqueous solution of K,CO3 (3.72 g, 26.92 mmol) in H,O (70 mL) were
simultaneously and slowly added to a solution of 192 (4.04 g, 11.37 mmol), Shi catalyst
(1.03 g, 3.407 mmol) and "Bus;NHSO, (175.0 mg, 0.492 mmol) in a 2 : 1 mixture of
dimethoxymethane and acetonitrile (220 mL) containing K,HPO,/KH,PO, buffer
solution (pH 6, 40 mL) at 0 °C for 2 hours. The mixture was stirred at 0 °C for 2 days,
diluted with H,O (100 mL), and concentrated to ca. 300 mL and extracted with AcOEt
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(200 mL x 2). The organic solutions were washed with H,O (20 mL x 2) and brine (20
mL x 2), dried, and evaporated. Column chromatography of the residue (SiO,,
n-hexane : AcOEt = 20 : 1) gave 194 (3.659 g, 86.9%, 96% ee) as a colorless oil: [o]"*°p
= +9.05 (c 1.012, CHCI3); IR (ATR) no characteristic peak; *H NMR (400 MHz) &
0.233 (3H, s), 0.234 (3H, s), 1.01 (9H, s), 1.34 (3H, s), 1.37 (3H, s), 2.78 (1H, dd, J =
15.0, 6.2 Hz), 2.83 (1H, dd, J = 15.0, 6.2 Hz), 2.99 (1H, t, J = 6.2 Hz), 6.68 (1H, d, J =
8.6 Hz), 7.21 (1H, dd, J = 8.6, 2.6 Hz), 7.31 (1H, d, J = 2.6 Hz); -4.2, 26.9, 79.9, 113.9,
114.8, 123.4, 131.7, 143.8, 155.1; HRFABMS m/z: 371.1050 (Calcd. for C17H2gBrO,Si:
371.1042).

HPLC (CHIRALCEL OD-H, A 254 nm, hexane : 'PrOH = 20 : 1, flow rate 0.5 mL/min)
tr for a major isomer 8.6 min, tg for a minor isomer 10.5 min.

Preparation of compound 166

A 1.0 M solution of TBAF in THF (10 mL, 10 mmol) was added to a solution of silyl
ether 193 (3.827 g, 9.534 mmol) in THF (38 mL) at 0 °C, and the whole was stirred at
the same temperature for 1 hour under air. The mixtures were evaporated. Column
chromatography of the residue (n-hexane : ACOEt =4 : 1) gave 166 (2.56 g, 94%) as
colorless prisms, mp 105-107 °C: [o]%p = +43.62 (¢ 1.020, CHCl5): IR (ATR) 3434
cm™; 'H NMR (400 MHz) & 1.21 (3H, s), 1.35 (3H, s), 2.10 (1H, brs), 3.12 (1H, dd, J =
15.7,9.3 Hz), 3.18 (1H, dd, J = 15.7, 9.0 Hz), 3.85 (3H, s), 4.65 (1H, t, J = 9.2 Hz), 6.84
(1H, d, = 0.9 Hz), 6.91 (1H, d, J = 0.9 Hz); *C NMR (100 MHz) § 24.0, 26.1, 31.0,
56.1, 71.5,90.3, 112.2, 114.4, 120.0, 129.9, 144.6, 147.1; HRMS (ESI) Calcd. for
C12H16BrO3: 287.0283, found 287.0284.

Preparation of compound 167

A 1.0 M solution of TBAF in THF (12 mL, 12 mmol) was added to a solution of silyl
ether 194 (3.965 g, 10.71 mmol) in THF (40 mL) at 0 °C, and the whole was stirred at
the same temperature for 3 hours under air. The mixtures were evaporated. The residue
was purified by column chromatography on SiO; (n-hexane : ACOEt =6 : 1) to give 167
(2.652 g, 96%) as colorless prisms, mp 105-107 °C: [o]**p = +110.6 (c 0.4900, CHCIs);
IR (ATR) 3433 cm™; 'H NMR (400 MHz) & 1.20 (3H, s), 1.33 (3H, s), 1.84 (1H, brs),
3.12 (1H, dd, J = 15.9, 9.3 Hz), 3.18 (1H, dd, J = 15.9, 8.6 Hz), 4.62 (1H, t, J = 9.3 Hz),
6.65 (1H, d, J = 8.6 Hz), 7.17-7.22 (1H, m), 7.24-7.27 (1H, m); **C NMR (100 MHz) &
24.0, 26.1, 31.0, 56.1, 71.5, 90.3, 112.2, 114.4, 120.0, 129.9, 144.6, 147.1; HRESIMS
m/z: 278.9995 (Calcd. for C1;H13BrNaO,: 278.9997).
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Preparation of compound 43

The reaction flask was dried by heat gun under reduced pressure for 1 hour. A 2.21 M
solution of n-BuLi in THF (2.0 mL, 4.42 mmol) was dropwise added to a stirred
solution of the bromide 166 (574.1 mg, 1.999 mmol) in THF (17 mL) in the flask at
-78 °C under argon atmosphere, and the whole was stirred at -78 °C for 30 min. After
addition of DMF (0.6 mL, 7.749 mmol) at -78 °C, and the whole was stirred at -78 °C
for 24 hours. After addition of H,O (10 mL) at -78 °C, the organic solvent was
evaporated, and the residual solution was extracted with AcOEt (30 mLx3). The organic
solutions were washed with H,O (4 mLx2) and brine (4 mLx2), dried, and evaporated.
Column chromatography of the residue (SiO,, n-hexane : AcOEt 2 : 1) gave aldehyde
43 (371.5 mg, 79%) as a colorless oil: [a]*p = +67.35 (c 0.8433, CHCI5); IR (ATR)
3426, 1678 cm™; 'H NMR (400 MHz) & 1.25 (3H, s), 1.39 (3H, s), 2.07 (1H, brs), 3.22
(1H, dd, J = 15.7, 9.7 Hz), 3.30 (1H, dd, J = 15.7, 8.8 Hz), 3.93 (3H, s), 4.80 (1H, t, J =
9.2 Hz), 7.31 (1H, s), 7.34 (1H, s), 9.79 (1H, s); *C NMR (100 MHz) & 24.2, 26.1, 30.3,
56.0, 71.6, 91.5, 111.2, 121.5, 128.8, 131.2, 144.7, 153.7, 190.6; HRMS (ESI) Calcd.
for C13H16Na0,: 259.0946, found 259.0945.

Preparation of compound 195

The reaction flask was dried by heat gun under reduced pressure for 1 hour. A 2.21 M
solution of n-BuLi in THF (2.7 mL, 5.967 mmol) was dropwise added to a stirred
solution of the bromide 167 (506.0 mg, 1.97 mmol) in THF (15 mL) in the flask at
-78 °C under argon atmosphere, and the whole was stirred at -78 °C for 1 hour. After
addition of DMF (0.5 mL, 6.458 mmol) at -78 °C, and the whole was stirred at -78 °C
for 1 hour. After addition of sat. NH4Cl ag. (10 mL) at -78 °C, the mixture was
evaporated under reduced pressure. And the mixture was extracted with ethyl acetate
(30 mLx2). The organic solutions were washed with H,O (4 mLx2) and brine (4 mLx2),
dried over MgSQ, and evaporated under reduced pressure. Column chromatography of
the residue (SiO2 n-hexane/AcOEt 2/1) gave aldehyde 195 (303.5 mg, 75%) as a
colorless prisms, mp 80-85 °C: [a]*®; = +110.6 (c 0.4900, CHCl5): IR (ATR) 3487,
1675 cm™; *H NMR (400 MHz) & 1.24 (3H, s), 1.36 (3H, s), 2.10 (1H, brs), 3.19 (1H,
dd, J=15.9,9.3 Hz), 3.24 (1H, dd, J = 15.9, 8.6 Hz), 4.73 (1H, dd, J = 9.3, 8.6 Hz),
6.87 (1H, d, J = 8.2 Hz), 7.65 (1H, dd, J = 8.2, 1.8 Hz), 7.71 (1H, d, J = 1.8 Hz); ©*C
NMR (100 MHz) 6 24.2, 25.9, 29.7, 71.6, 90.7, 109.4, 125.9, 128.7, 130.4, 132.9, 165.1,
190.7; HRMS (ESI) Calcd. for C1,H14NaO3: 229.0841, found 229.0864.

Preparation of compound 182
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Acetalization. A suspension of D-fructose (196) (36.0 g, 200 mmol) in dry acetone
(700 mL) and concentrated H,SO,4 (3.5 mL) was stirred at room temperature for 4 hours,
10% NaOH solution (100 mL) was gradually added with stirring. The acetone was
removed under reduced pressure, and the residue was extracted with CH,Cl, (300
mLx2). The organic solutions were washed with H,O (30 mLx2) and brine (30 mL),
dried, and evaporated. Recrystallization of crude from ether gave
197 (26.9 g, 52%).

Oxidation. 197 (20.5 g, 78.9 mmol), Et;BzNCI (910 mg, 4.00 mmol), NalO4 (25.3 g,
118.5 mmol), and K,CO3 (1.66 g, 12.0 mmol) were vigorously stirred in a mixture of
CHCI3 (100 mL) and H,O (100 mL). RuCl; monohydrate (377 mg, 1.67 mmol) were
added, and the reaction mixture was stirred at room temperature. 2-Propanol (23 mL)
was added after 17 hours, and the suspension was further stirred for 2 hours. The
reaction mixture was filtered through a Celite, and this material was washed with
CH,Cl, (70 mLx2). This solution was mixed with the filtrate, the organic layer was
separated, and the aqueous layer was extracted with CH,Cl, (80 mLx2). The combined
organic solutions were washed with saturated Na,SOj3 solution (80 mLx2), H,O (40
mL), brine (40 mL). The solid 182 (19.6 g, 96%), which was obtained afterdrying and
evaporating the solvents, was not purified further.

182: mp 100-102 °C; IR (ATR) 1749 cm™; 'H NMR (400 MHz) & 1.40 (6H, s), 1.46
(3H, s), 1.55 (3H, s), 3.99 (1H, d, J = 9.5 Hz), 4.12 (1H, d, J = 13.6 Hz), 4.38 (1H, dd, J
=13.6,2.2 Hz), 4.55 (1H, ddd, J=5.7, 2.2, 1.0 Hz), 4.61 (1H, d, J = 9.5 Hz), 4.73 (1H,
d, J=5.7 Hz).

Judging from comparison of the *H NMR and IR, this synthesized compound was
identical to the reported in the literature.

Wang, Z.-X.; Tu, W; Frohn, M.; Zhang, J.-R.; Shi, Y. J. Am. Chem.

Soc. 1997, 119, 11224.

Preparation of compound 183

Selective deketalization. AcOH (160 mL) and water (40 mL) were added at once to the
oxidation raw material from the previous step (19.6 g, 38.42 mmol). The resulting
solution was stirred for 12 hours at room temperature. The solvents were removed in
vacuo at room temperature, and the residue was dissolved in CH,Cl, (50 mL). The solid
(10.9 g, 66%), which was obtained after drying and evaporating, was not purified
further.

Acetylation. ZnCl; (135 mg, 0.99 mmol) was added to a suspension of diol from
previous step (3.72 g, 17.04 mmol) in Ac,0O (8 mL), and the mixture was stirred at
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40 °C for 3 h. The reaction mixture was diluted with AcOEt (20 mL), and the solution
was passed through a neutral silica gel pad (15 g). SiO, was washed with AcOEt (100
mL), the combined organic solutions were gathered, AcOEt was removed. Column
chromatography of the residue (neutral SiO,, n-hexane: ACOEt=1:0to 7 : 3) gave
Shi’s cataryst (4.26 g, 83%) as a colorless oil: IR (ATR) 3466 cm™; *H NMR (400
MHz) 6 1.39 (3H, s), 1.54 (3H, s), 3.29 (2H, m), 3.98 (1H, dd, J = 12.9, 2.4 Hz), 4.00
(1H, d, J=9.6 Hz), 4.32 (1H, d, J = 12.9 Hz), 4.39 (1H, m), 4.68 (1H, d, J = 9.6 Hz),
4.74 (1H, d, J = 4.2 Hz).

Judging from comparison of the 'H NMR and IR, this synthesized compound was
identical to the reported in the literature.

1) Wu, X.-Y.; She, X.; Shi, Y. J. Am. Chem. Soc. 2002, 124, 8792-8793.

2) Nieto, N.; Molas, P.; Benet-Buchholz, J.; Vidal-Ferran, A. J. Org. Chem. 2005, 70,
10143-10146.

Preparation of compound 199

MOMCI (0.9 mL, 11.86 mmol) was dropwise added to a stirred solution of the
bromide 167 (2.65 g, 10.31 mmol), DIPEA (3.6 mL, 20.67 mmol) in CH.Cl, (26.5 mL)
in the flask at 0 °C, and the whole was stirred under reflux for 8 hours. After addition of
saturated NaHCO3 solution (10 mL) at room temperature, and extracted with CH,Cl,
(50 mLx2). The organic solution was washed with H,O (4 mLx2) and brine (4 mLx2),
dried and evaporated. Column chromatography of the residue (SiO,, n-hexane : AcOEt
6 : 1) gave ether 199 (2.89 g, 93.1%) as colorless oil: [a]**5 = +49.61 (c 1.050, CHClI5);
IR (ATR) no characteristic peak; *H NMR (400 MHz) & 1.27 (3H, s), 1.31 (3H, s), 3.15
(1H, dd, J = 16.3, 9.7 Hz), 3.22 (1H, dd, J = 16.3, 8.1 Hz), 3.36 (1H, s), 4.67 (1H, dd, J
=95, 8.2 Hz), 472 (1H, d, J = 7.5 Hz), 4.81 (1H, d, J = 7.5 Hz), 6.64 (1H, d, J = 8.4
Hz), 7.15-7.20 (1H, m), 7.23-7.26 (1H, m); *C NMR (100 MHz) & 21.3, 22.9, 30.7,
55.3, 77.0, 89.0, 91.3, 110.6, 111.9, 127.7, 129.5, 130.6, 159.0; HRMS (ESI) Calcd. for
Ci3H17BrNaOs: 323.0259, found 323.0252.

Preparation of compound 198

The reaction flask was dried by heat gun under reduced pressure for 1 hour. A 2.21 M
solution of n-BuLi in THF (6.0 mL, 13.26 mmol) was dropwise added to a stirred
solution of the bromide 199 (2.01 g, 6.674 mmol) in THF (20 mL) in the flask at -78 °C
under argon atmosphere, and the whole was stirred at -78 °C for 1 hour. After addition
of DMF (1.2 mL, 15.50 mmol) at -78 °C, and the whole was stirred at -78 °C for 12
hours. After addition of sat. NH,Cl ag. (10 mL) at -78 °C, the mixture was evaporated.
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And the mixture was extracted with AcOEt (50 mLx2). The organic solutions were
washed with H,O (5 mLx2) and brine (5 mLx2), dried and evaporated. Column
chromatography of the residue (SiO, n-hexane/AcOEt 8/1) gave aldehyde 198 (1.483 g,
88.8%) as a colorless oil: [o]*®p = +69.61 (c 0.2333, CHCIl3); IR (ATR) 1684 cm™; 'H
NMR (400 MHz) 6 1.24 (3H, s), 1.27 (3H, s), 3.16 (1H, dd, J = 16.7, 9.7 Hz), 3.24 (1H,
dd, J = 16.7, 8.6 Hz), 3.28 (3H, s), 4.66 (1H, d, J = 7.3 Hz), 4.72 (1H, dd, J =9.7, 8.1
Hz), 4.75 (1H, d, J = 7.3 Hz), 6.80 (1H, d, J = 8.2 Hz), 7.59 (1H, dd, J = 8.2, 1.6 Hz),
7.65 (1H, d, J = 1.6 Hz), 9.75 (1H, s); *C NMR (100 MHz) & 21.2, 22.6, 29.7, 55.1,
76.7, 89.9, 91.1, 109.1, 125.5, 128.4, 130.2, 132.7, 165.2, 190.4; HRMS (ESI) Calcd.
for C14H18Na0,: 273.1103, found 273.1078.

Preparation of compound 10

TMG (0.02 mL, 0.1597 mmol) was dropwise added to a stirred solution of the
aldehyde 198 (25.0 mg, 0.999 mmol) and (R,R)-guanidinium salt 5b (60.1 mg, 0.1092
mmol) in THF (0.1 mL) at 0 °C. The mixture was stirred at room temperature for 1 day
and then SiO; (1.0 g) was added after dilution with CHCI3 (2.0 mL). The resulting
slurry was stirred at room temperature for 1 day. The SiO, was filtered through Celite
and washed with AcOEt. After evaporation of the filtrate, the residue was purified by
column chromatography on SiO; (n-hexane : AcOEt 6 : 1) to give aziridine 10 (37.2 mg,
82.1%) as colorless needles, mp 105-107 °C, urea 2b (21.2 mg, 72.9%) as colorless
prisms, mp 149-151 °C, respectively.
10: [a]?p = +36.64 (c 1.140, CHCI3); IR (ATR) 1717 cm™; *H NMR (400 MHz) 5 1.26
(3H, s), 1.30 (3H, s), 1.37 (1H, brs), 2.66 (1H, d, J = 1.6 Hz), 3.06-3.21 (3H, m), 3.34
(3H, s), 4.07 (1H, d, J = 14.1 Hz), 4.25 (1H, d, J = 14.1 Hz), 4.65 (1H, t, J = 8.8 Hz),
4,72 (1H,d, J=7.5Hz), 4.81 (1H, d, J = 7.5 Hz), 6.69 (1H, d, J = 8.2 Hz), 7.03 (1H, d,
J=8.2Hz),7.07 (1H, s), 7.21 (1H, d, I =7.3 Hz), 7.28 (2H, t, J = 7.3 Hz), 7.21 (2H, d,
J = 7.3 Hz); ®C NMR (100 MHz) & 21.3, 22.9, 27.9, 30.7, 45.7, 48.1, 54.6, 55.2, 56.1,
77.1, 81.5, 88.6, 91.3, 108.7, 122.4, 126.3, 126.7, 127.2, 128.0, 128.1, 130.3, 139.4,
159.5, 167.8; HRMS (ESI) Calcd. for C,;H3sNNaOs: 476.2413, found 476.2442.

Preparation of compound 200 (from 10)

TsOH-H,0 (400 mg, 2.103 mmol, 1.0 eq.) was added to a stirred solution of aziridine
10 (920.8 mg, 2.030 mmol) in THF/H,0 (4/1, 10 mL) at 0 °C. The mixture was stirred
at 0 °C for 1 hour, quenched by addition of 10% NaOH solution (2 mL), and extracted
with AcOEt (50 mLx3). The organic solutions were washed with H,O (4 mLx2) and
brine (4 mLx2), dried and evaporated to give 200 (902.8 mg, 94%, 3°S:3’R=5:4) as
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colorless prisms, mp 123-126 °C: IR (ATR) 1717 cm™; 'H NMR (400 MHz) Major
isomer (5/9) 6 1.21 (9H, s), 1.25 (3H, s), 1.31 (3H, s), 3.05-3.23 (2H, m), 3.21 (1H, d, J
= 8.4 Hz), 3.36 (3H, s), 3.69 (1H, d, J = 13.0 Hz), 3.81 (1H, d, J = 13.0 Hz), 4.39 (1H, d,
J=8.4Hz),4.68 (1H,t, J =9.0 Hz), 4.73 (1H, d, J = 7.3 Hz), 4.82 (1H, d, J = 7.3 Hz),
6.70 (1H, d, J = 8.2 Hz), 7.03 (1H, dd, J = 8.2, 1.5 Hz), 7.15 (1H, s), 7.23-7.36 (5H, m);
Minor isomer (4/9) 6 1.26 (9H, s), 1.30 (3H, s), 1.35 (3H, s), 3.05-3.23 (3H, m), 3.35
(3H, s), 3.51 (1H, d, J = 5.5 Hz), 3.66 (1H, d, J = 13.0 Hz), 3.87 (1H, d, J = 13.0 Hz),
4.65 (1H, dd, J = 9.7, 8.4 Hz), 4.73 (1H, d, J = 7.3 Hz), 4.81 (1H, d, J = 7.3 Hz), 4.86
(1H, d, J=5.5Hz), 6.68 (1H, d, J = 8.2 Hz), 6.98 (1H, dd, J = 8.2, 1.5 Hz), 7.06 (1H, s),
7.23-7.36 (5H, m); *C NMR (100 MHz) Major isomer (5/9) & 21.2, 22.7, 27.8, 30.7,
52.4,55.2, 68.7, 74.7, 77.14, 81.5, 88.5, 91.3, 108.5, 123.6, 126.2, 126.8, 127.3, 128.2,
128.5, 131.7, 139.2, 159.8, 172.2; Minor isomer (4/9) & 21.3, 22.8, 28.0, 30.7, 52.5, 55.2,
66.3, 72.8, 77.13, 81.8, 88.6, 91.3, 108.5, 122.8, 126.2, 126.7, 127.2, 128.3, 128.4,
132.3, 139.4, 159.5, 171.5; HRMS (ESI) Calcd. for Cy;H3sNOg: 472.2699, found
472.2712.

Preparation of compound 202, 203

A mixture of 200 (105.3 mg, 0.223 mmol) and CDI (54.3 mg, 0.3349 mmol) in CHCl,
(1.0 mL) was stirred at room temperature for 8 h. After evaporation, the residue was
purified by column chromatography (SiO,, n-hexane : AcOEt 4 : 1) to afford the
oxazolidinone 202 (46.8 mg, 42.1%) as colorless prisms, mp 57-59 °C, 203 (44.0 mg,
39.6%) as a colorless oil, respectively.
202: [a]**p = +76.49 (c 0.6700, CHCI3); IR (ATR) 1776, 1722 cm™; *H NMR (400
MHz) 6 1.2
1.06 (9H, s), 1.25 (3H, s), 1.29 (1H, s), 3.15 (2H, d, J = 9.7 Hz), 3.36 (3H, s), 4.05 (1H,
d, J=14.6 Hz), 4.13 (1H, d, J =9.2 Hz), 4.69 (1H, t, J = 8.8 Hz), 472 (1H,d,J=7.3
Hz), 4.81 (1H, d, J = 7.3 Hz), 5.02 (1H, d, J = 14.6 Hz), 5.53 (1H, d, J = 9.2 Hz), 6.71
(1H, d, J = 8.4 Hz), 6.99 (1H, d, J = 8.4 Hz), 7.03 (1H, dd, J = 8.4 Hz), 7.17 (1H, s),
7.25-7.38 (5H, m); **C NMR (100 MHz) & 21.2, 22.6, 27.4, 30.5, 47.4, 55.2, 62.3, 76.5,
77.0, 82.5, 88.8, 91.2, 108.5, 123.2, 126.0, 127.1, 127.3, 128.2, 128.7, 128.9, 135.1,
157.7, 160.5, 166.2; HRMS (ESI) Calcd. for CygH3sNNaO7: 520.2311, found 520.2319.
203: [0]%%5 = -23.90 (c 0.1033, CHCIs); IR (ATR) 1776, 1722 cm™; 'H NMR (400
MHz) & 1.26 (3H, s), 1.30 (1H, s), 1.48 (9H, s), 3.10 (1H, dd, J = 16.1, 9.7 Hz), 3.17
(1H, dd, J = 16.1, 8.1 Hz), 3.35 (3H, s), 3.81 (1H, d, J = 5.5 Hz), 4.25 (1H, d, J = 14.8
Hz), 4.67 (1H, dd, J = 9.7 Hz), 4.72 (1H, d, J = 7.3 Hz), 4.81 (1H, d, J = 7.3 HZz), 5.00
(1H, d, J = 14.8 Hz), 5.32 (1H, d, J = 5.5 Hz), 6.69 (1H, d, J = 8.2 Hz), 6.95 (1H, dd, J
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= 8.2, 1.8 Hz), 6.99 (1H, d, J = 1.8 Hz), 7.23-7.36 (5H, m); *C NMR (100 MHz) & 21.2,
22.7,27.8,30.4, 47.2, 5.1, 64.1, 76.9, 77.4, 83.4, 88.8, 91.2, 108.9, 122.0, 125.9, 127.9,
128.0, 128.4, 128.7, 129.8, 135.1, 157.2, 160.4, 168.1; HRMS (ESI) Calcd. for
CasH3sNNaO7: 520.2311, found 520.2318.

Preparation of compound 200 (from 202)

A mixture of 202 (23.3 mg, 0.0468 mmol) and K,CO3 (32.3 mg, 0.2337 mmol) in EtOH
(3.0 mL) was stirred under reflux for 8 h. After filtered through Celite, the filtrate was
evaporated. The residue was purified by column chromatography (SiO,, n-hexane :
AcOEt 1 : 1) to afford the 200 (9.7 mg, 43.9%) as colorless prisms, mp 123-124 °C: IR
(ATR) 1717 cm™; 'H NMR (400 MHz) & 1.21 (9H, s), 1.25 (3H, s), 1.31 (3H, s),
3.05-3.23 (2H, m), 3.21 (1H, d, J = 8.4 Hz), 3.36 (3H, s), 3.69 (1H, d, J = 13.0 Hz), 3.81
(1H, d, J = 13.0 Hz), 4.39 (1H, d, J = 8.4 Hz), 4.68 (1H, t, J = 9.0 Hz), 4.73 (1H, d, J =
7.3 Hz), 4.82 (1H, d, J = 7.3 Hz), 6.70 (1H, d, J = 8.2 Hz), 7.03 (1H, dd, J = 8.2, 1.5
Hz), 7.15 (1H, s), 7.23-7.36 (5H, m); *C NMR (100 MHz) § 21.2, 22.7, 27.8, 30.7, 52.4,
55.2,68.7, 74.7,77.14, 81.5, 88.5, 91.3, 108.5, 123.6, 126.2, 126.8, 127.3, 128.2, 128.5,
131.7, 139.2, 159.8, 172.2; HRMS (ESI) Calcd. for Cy7;H3sNOg: 472.2699, found
472.2712. HRMS (ESI) Calcd. for C,7H3sNOg: 472.2699, found 472.2712.

Preparation of compound 206

A 0.1 M solution of Sml; in THF (25 mL, 2.46 mmol) was prepared by CHzl, (0.2 mL,
2.46 mmol), Sm (426.4 mg, 2.84 mmol), and THF (25 mL) at room temperature. To the
solution was successively added HMPA (0.5 mL, 2.82 mmol), H,O (0.1 mL, 5.55
mmol), and a solution of 200 (266.1 mg, 0.564 mmol) in THF (2 mL) at -40 °C, and the
whole was stirred at -40 °C for 1 h and then for 10 min under air after addition of H,O
(2.0 mL). The precipitation was removed by filtration through Celite and repeatedly
washed with AcOEt. After evaporation of the combined filtrates, the residue was diluted
with AcOEt (200 mL). The organic solution was washed with 10% HCI solution (5
mLx3), H,O (4 mLx2), and brine (4 mLx2), dried, and evaporated. Column
chromatography of the residue (SiO,, hexane/AcOEt 2/1) gave 206 (136.6 mg, 66%) as
a colorless oil, 207 (38.9 mg, 20%) as a colorless oil. The aqueous layer was made
alkaline (pH >12) by addition of 10% NaOH solution and extracted with AcOEt (10 mL
x 2). The combined organic solutions were washed with H,O (3 mLx2) and brine (3
mLx1), dried (K,CO3), and evaporated. Column chromatography of the residue
(NH-SiO,, hexane/CHCI3 1/1) gave BnNH, (54.3 mg, 89.9%) as a colorless oil.
206: [a]*p = +30.22 (c 1.013, CHCls); IR (ATR) 3459, 1727 cm™; *H NMR (400 MHz)
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§1.27 (3H, s), 1.31 (3H, s), 1.44 (9H, s), 2.58 (1H, dd, J = 16.1, 3.8 Hz), 2.67 (1H, dd, J
= 16.1, 9.2 Hz), 3.11-3.24 (2H, m), 3.36 (3H, s), 4.67 (1H, t, J = 8.4 Hz), 4.73 (1H, d, J
= 7.3 Hz), 4.82 (1H, d, J = 7.3 Hz), 4.99 (1H, dd, J = 9.2, 3.8 Hz), 6.71 (1H, d, J = 8.2
Hz), 7.03-7.09 (1H, m), 7.20 (1H, s); 3C NMR (100 MHz) § 21.3, 22.7, 28.0, 30.7, 44.3,
55.2, 70.3, 77.1, 81.3, 88.6, 91.3, 108.7, 122.3, 125.6, 127.1, 134.6, 159.4, 171.9;
HRMS (ESI) Calcd. for CaoH3oNaOs: 389.1940, found 389.1958.

Preparation of compound 208

A mixture of the bromide 199 (50.0 mg, 0.1660 mmol), methyl acrylate (0.05 mL,
0.555 mmol), Pd(OACc), (1.9 mg, 0.0085 mmol), P(o-toryl)s (5.3 mg, 0.0174 mmol) in
DMF (1.0 mL) and EtzN (0.12 mL, 0.8610 mmol) was stirred at 90 °C for 12 hours.
After addition of H,O (5 mL) at room temparature, the whole was filtered through
Celite, which was rinsed with AcOEt (10 mL) and mixed solution obtained. The
mixture was extracted with AcOEt (20 mLx2). The combined organic solutions were
washed with H,O (2 mLx2) and brine (2 mLx2), dried over MgSQO,, and evaporated.
Column chromatography of the residue (SiO,, n-hexane : AcOEt 2 : 1) gave product
208 (42.7 mg, 84.0%) as a colorless oil: [0]*p = +84.70 (c 1.022, CHCI3): IR (ATR)
1710, 1634 cm™; 'H NMR (400 MHz) & 1.29 (3H, s), 1.32 (3H, s), 3.18 (1H, dd, J =
16.1, 9.7 Hz), 3.24 (1H, dd, J = 16.1, 8.4 Hz), 3.36 (3H, s), 3.79 (3H, s), 4.73 (1H, t, J =
8.4 Hz), 4.73 (1H, d, J = 7.3 Hz), 4.82 (1H, d, J = 7.3 Hz), 6.26 (1H, d, J = 15.9 Hz),
6.77 (1H, d, J = 8.2 Hz), 7.28 (1H, dd, J = 8.2, 1.5 Hz), 7.20 (1H, d, J = 1.5 Hz), 7.63
(1H, d, J = 15.9 Hz); **C NMR (100 MHz) & 21.4, 22.8, 30.4, 51.5, 55.3, 76.6], 89.4,
91.3,109.4, 114.4, 124.3, 127.1, 128.1, 129.5, 145.0, 162.0, 167.9; HRMS (ESI) Calcd.
for C17H230s: 307.1546, found 307.1542.

Preparation of compound 209

DIBAL (26 mL, 2.6 mmol) was added to a stirred solution of 208 (333.2 mg, 0.8712
mmol) in CH,Cl, (1.7 mL) at -78 °C, and the whole was stirred at -78 °C for 1 hour.
After addition of sat. KNaC4H4Og solution (3 mL), the mixture was filtered through
Celite and repeatedly washed with AcOEt. The organic solutions were washed with
H.0 (2 mLx2) and brine (2 mLx2), dried over MgSQ,, and evaporated. Column
chromatography of the residue (SiO2, n-hexane : AcOEt 4 : 1) gave 209 (239.2 mg,
98.6%) as a colorless oil: IR (ATR) 3345 cm™; "H NMR (400 MHz) & 1.28 (3H, s), 1.32
(3H, s), 3.15 (1H, dd, J = 15.9, 9.5 Hz), 3.24 (1H, dd, J = 15.9, 8.2 Hz), 3.36 (3H, s),
4.28 (2H, dd, J =6.0, 1.5 Hz), 4.69 (1H, dd, J = 9.5, 8.2 Hz), 4.74 (1H, d, J = 7.3 Hz),
4.83 (1H, d, J =7.3 Hz), 6.19 (1H, dt, J = 15.9, 6.0 Hz), 6.53 (1H, d, J = 15.9 Hz), 6.72

85



(1H, d,J = 8.2 Hz), 7.11 (1H, dd, J = 8.2, 1.6 Hz), 7.22 (1H, d, J = 1.6 Hz); *C NMR
(100 MHz) 6 21.3, 22.8, 30.7, 55.3, 63.9, 77.1, 88.8, 91.3, 109.0, 122.5, 125.5, 126.9,
127.5, 127.5, 129.3, 131.5, 159.8; HRMS (ESI) Calcd. for C16H,,NaO,: 301.1416,
found 301.1411.

Preparation of compound 211

The reaction flask was dried by heat gun under reduced pressure for 1 hour. A 1.0 M
solution of LIHMDS in THF (1.0 mL, 1.0 mmol, 3.0 eq.) was dropwise added to a
stirred solution of the ester 206 (110.0 mg, 0.3391 mmol) in THF (1.1 mL) in the flask
at -78 °C under argon atmosphere, and the whole was stirred at -78 °C for 30 min. After
addition of allyl bromide (0.12 mL, 1.389 mmol, 4.1 eq.) at -78 °C, and the whole was
stirred at -40 °C at 24 h. After addition of sat. NH4Cl ag. (2 mL) at under ice-cooling,
the mixture was extracted with AcOEt (20 mLx2). The organic solutions were washed
with H,O (2 mLx2) and brine (2 mLx2), dried over MgSO, and evaporated under
reduced pressure. The residue was purified by column chromatography on SiO,
(n-hexane : AcOEt = 4 : 1) to give 211 (90.3 mg, 65.5%) as a colorless oil: [o]''p =
+42.48 (c 1.015, CHCI3); IR (ATR) 3459, 1727 cm™; *H NMR (400 MHz) & 1.27 (3H,
s), 1.31 (3H, s), 1.44 (9H, s), 2.08-2.17 (1H, m), 2.19-2.29 (1H, m), 2.68 (1H, ddd, J =
9.2, 7.8, 5.1 Hz), 3.07-3.23 (2H, m), 3.35 (3H, s), 4.67 (1H, dd, J = 9.5, 8.4 Hz),
4.65-4.70 (1H, m), 4.72 (1H, d, J = 7.3 Hz), 4.81 (1H, d, J = 7.3 Hz), 4.97-5.06 (2H, m),
5.64-5.77 (1H, m), 6.71 (1H, d, J = 8.1 Hz), 7.03 (1H, dd, J = 8.1, 1.5 Hz), 7.13 (1H, s);
B3C NMR (100 MHz) & 21.3, 22.8, 28.0, 30.7, 34.0, 53.2, 55.2, 74.6, 77.1, 81.2, 88.6,
91.3, 108.7, 116.8, 122.9, 126.3, 127.1, 134.0, 134.7, 159.5, 174.0; HRMS (ESI) Calcd.
for Co3H3sNaOg: 429.2253, found 429.2281.

Preparation of compound 212

A mixture of 211 (30.1 mg, 0.100 mmol), 199 (40.7 mg, 0.102 mmol), Pd(dppf)Cl,
(8.1 mg, 0.0099 mmol), Na,CO3 (31.8 mg, 0.303 mmol) in DMF (1.0 mL) was stirred at
120 °C for 48 hours. After addition of H,O (5 mL) at room temparature, the whole was
filtered through Celite, which was rinsed with AcOEt (10 mL) and mixed solution
obtained. The mixture was extracted with AcOEt (20 mLx2). The combined organic
solutions were washed with H,O (2 mLx2) and brine (2 mLx2), dried, and evaporated.
Column chromatography of the residue (SiO,, n-hexane : AcOEt 2 : 1) gave product
212 (34.5 mg, 55%) as a colorless oil: [a]*’p = +13.6 (c 0.1333, CHCIs); IR (ATR) 3433,
1710 cm™; *H NMR (400 MHz) & 1.27 (6H, s), 1.31 (3H, s), 1.32 (3H, s), 1.39 (9H, s),
2.25-2.39 (2H, m), 2.70-2.78 (1H, m), 3.07-3.23 (4H, m), 3.359 (3H, s), 3.363 (3H, 9),
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4.67 (1H, dd, J = 8.5, 4.7 Hz), 4.68 (1H, dd, J = 9.2, 4.7 Hz), 4.65-4.70 (1H, m), 4.73
(1H, d, J = 7.3 Hz), 4.74 (1H, d, J = 7.3 Hz), 4.82 (1H, d, J = 7.3 Hz), 4.83 (1H, d, J =
7.3 Hz), 5.90 (1H, dt, J = 15.7, 7.7 Hz), 6.28 (1H, d, J = 15.7 Hz), 6.68 (1H, d, J = 8.1
Hz), 6.73 (1H, d, J = 8.1 Hz), 7.01 (1H, d, J = 8.1 Hz), 7.06 (1H, d, J = 8.1 Hz), 7.12
(1H, s), 7.16 (1H, s); *C NMR (100 MHz) & 21.3, 21.4, 22.8, 22.9, 28.0, 30.7, 30.8,
34.0, 53.2, 55.3, 55.4, 74.4, 74.6, 76.8, 77.1, 81.3, 88.6, 88.7, 91.3, 91.4, 109.1, 109.3,
122.9, 123.0, 126.1, 126.2, 127.1, 127.2, 131.3, 132.4, 134.7, 135.0, 159.1, 159.3,
174.0; HRMS (ESI) Calcd. for CagHsoNaOy: 649.3353, found 649.3348.

Preparation of compound 213

LiAIH, (9.6 mg, 0.2530 mmol) was added to a stirred solution of 212 (31.3 mg, 0.0499
mmol) in THF (1.0 mL) at 0 °C, and the whole was stirred under reflux for 2 h. After
addition of sat. KNaC4H;Og solution (3 mL), the mixture was filtered through Celite
and repeatedly washed with AcOEt. The organic solutions were washed with H,O (2
mLx2) and brine (2 mLx2), dried and evaporated. Column chromatography of the
residue (SiO,, n-hexane: AcOEt 1 : 1) gave 213 (22.8 mg, 82.1%) as a colorless oil: IR
(ATR) 3246 cm™; '"H NMR (400 MHz) & 1.27 (3H, s), 1.28 (3H, s), 1.31 (3H, s), 1.32
(3H, s), 1.96-2.20 (3H, m), 3.09-3.24 (4H, m), 3.36 (6H, s), 3.75 (1H, dd, J = 10.8, 6.0
Hz), 3.90 (1H, d, J = 10.8 Hz), 4.67 (1H, t, J = 8.1 Hz), 4.69 (1H, t, J = 8.1 Hz), 4.73
(1H, d, J =7.3 Hz), 4.74 (1H, d, J = 7.3 HZz), 4.82 (1H, d, J = 7.3 Hz), 4.83 (1H, d, J =
7.3 Hz), 5.91 (1H, dt, J = 15.9, 7.0 Hz), 6.26 (1H, d, J = 15.9 Hz), 6.68 (1H, d, J = 8.2
Hz), 6.75 (1H, d, J = 8.1 Hz), 7.01 (1H, d, J = 8.2 Hz), 7.08 (1H, d, J = 8.1 Hz), 7.13
(1H, s), 7.17 (1H, s); *C NMR (100 MHz) & 21.3, 21.4, 22.8, 22.9, 29.4, 30.5, 30.6,
46.9, 55.3, 55.4, 63.7, 71.7, 77.0, 77.1, 89.5, 91.3, 91.4, 108.6, 108.9, 122.2, 123.0,
125.9, 126.2, 126.3, 127.1, 127.3, 130.5, 131.4, 134.7, 158.9, 159.0; HRMS (ESI) Calcd.
for CogH3sNaOg: 491.2410, found 491.2435.

Preparation of compound 50

TsOH-H,0 (19.2 mg, 0.1009 mmol) was added to a stirred solution of 213 (22.4 mg,
0.0402 mmol) in THF (1.0 mL) at 0 °C, and the whole was stirred at room temperature
for 8 h. After addition of sat. NaHCO; solution (3 mL), AcOEt (30 mL). The organic
solutions were washed with H,O (2 mLx2) and brine (2 mLx2), dried and evaporated.
Column chromatography of the residue (SiO,, n-hexane : AcOEt 1 : 1) gave 50b and
50d (13.0 mg, 1 : 1) as a yellow oil: [a]**5= +40.85 (c 0.1037, CHCI5); IR (ATR) 3245
cm™; 'H NMR (400 MHz) & 1.20 (6H, s), 1.22 (6H, s), 1.33 (6H, s), 1.35 (6H, s),
1.96-2.36 (6H, m), 3.05-3.19 (8H, m), 3.64-3.78 (4H, m), 4.60 (2H, t, J = 9.0 Hz), 4.61
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(2H, t, J = 9.0 Hz), 4.66 (1H, d, J = 7.3 Hz), 4.93 (1H, dd, J = 4.8, 2.4 Hz), 5.87-6.01
(2H, m), 6.26 (1H, d, J = 15.7 Hz), 6.32 (1H, d, J = 15.7 Hz), 6.68 (1H, d, J = 8.2 Hz),
6.75 (1H, d, J = 8.1 Hz), 7.02 (2H, d, J = 8.2 Hz), 7.04 (1H, d, J = 8.6 Hz), 7.06 (2H, d,
J=8.6 Hz), 7.09 (2H, d, J = 8.6 Hz), 7.14 (1H, s), 7.15 (1H, s), 7.18 (1H, s), 7.20 (LH,
s); °C NMR (100 MHz) § 23.9, 24.0, 26.1, 26.2, 29.4, 30.4, 30.5, 30.6, 46.9, 63.8, 71.8,
76.7, 78.7, 89.5, 108.6, 108.9, 122.2, 122.9, 125.9, 126.1, 126.2, 127.3, 127.5, 130.5,
131.4,134.7, 158.9, 159.0; HRESIMS m/z: 491.2433 (Calcd. for C,3H3sNaOs: 491.2410).

Preparation of compound 219

PivCl (0.4 mL, 3.088 mmol) was dropwise added to a stirred solution of 4-pentenoic
acid (200.0 mg, 1.998 mmol) and Et;N (0.6 mL, 4.305 mmol) in THF (4.0 mL) at
-20 °C under air, and the whole was stirred at -20 °C for 30 min. After addition of
(S)-4-benzyloxazolidin-2-one (389.8 mg, 2.200 mmol), LiCl (169.8 mg, 4.006 mmol) at
room temperature, and the whole was stirred at room temperature for 24 hours. After
addition of saturated NaHCOj3 solution (4 mL), the organic solvent was evaporated. The
residue was extracted with AcOEt (20 mLx2). The organic solutions were washed with
H.O (4 mLx2) and brine (4 mLx2), dried and evaporated. Column chromatography of
the residue (SiO,, n-hexane : AcCOEt = 9 : 1) gave (S)-214 (477.3 mg, 92.1%) as a
colorless oil: [a]*p= +64.83 (c 1.013, CHCI3); IR (ATR) 1778, 1699 cm™; 'H NMR
(400 MHz) 6 2.42-2.50 (2H, m), 2.76 (1H, dd, J = 13.6, 9.7 Hz), 3.02 (1H, dt, J = 17.2,
7.3 Hz), 3.10 (1H, dt, J = 17.2, 7.3 Hz), 3.30 (1H, dd, J = 13.6, 3.3 Hz), 4.17 (1H, dd, J
=9.2,3.2 Hz), 4.20 (1H, t, J = 9.2 Hz), 4.64-4.72 (1H, m), 5.04 (1H, ddt, J = 10.3, 1.8,
1.1 Hz), 5.11 (1H, ddt, J =17.2, 1.8, 1.5 Hz), 5.83-5.95 (1H, ddt, J = 17.2, 10.3, 6.6 Hz),
7.19-7.37 (5H, m); 3C NMR (150 MHz) & 28.2, 34.8, 37.9, 55.1, 66.2,
115.7,127.4, 129.0, 129.4, 135.3, 136.7, 153.5, 172.5.

(R)-214: a colorless oil: [a]*°5 = -63.99 (c 1.000, CHCIs); IR (ATR) 1778, 1699 cm™;
'H NMR (400 MHz) & 2.42-2.50 (2H, m), 2.76 (1H, dd, J = 13.6, 9.7 Hz), 3.02 (1H, dt,
J=17.2, 7.3 Hz), 3.10 (1H, dt, J = 17.2, 7.3 Hz), 3.30 (1H, dd, J = 13.6, 3.3 Hz), 4.17
(1H, dd, J=9.2,3.2 Hz), 4.20 (1H, t, J = 9.2 Hz), 4.64-4.72 (1H, m), 5.04 (1H, ddt, J =
10.3, 1.8, 1.1 Hz), 5.11 (1H, ddt, J = 17.2, 1.8, 1.5 Hz), 5.83-5.95 (1H, ddt, J = 17.2,
10.3, 6.6 Hz), 7.19-7.37 (5H, m); *C NMR (150 MHz) & 28.2, 34.8, 37.9, 55.1, 66.2,
15.7,127.4,129.0, 129.4, 135.3, 136.7, 153.5, 172.5.

Judging from comparison of the *H, *C NMR and IR, this synthesized compound was
identical to the reported in the literature.
Kerhervé, J.; Botuha, C.; Dubois, J. Org. Biomol. Chem. 2009, 7, 2214.
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Preparation of compound 214 (4S)

A mixture of the bromide 166 (50.0 mg, 0.174 mmol), (S)-4-Benzyl-3-(pent-4-enoyl)
oxazolidin-2-one (54.1 mg, 0.2086 mmol), Pd(OAc), (1.9 mg, 0.0085 mmol),
P(o-toryl); (5.3 mg, 0.0174 mmol) in DMF (1.0 mL) and Et3N (0.12 mL, 0.861 mmol)
was stirred at 90 °C for 24 hours. After addition of H,O (5 mL) at room temparature, the
whole was filtered through Celite, which was rinsed with AcOEt (10 mL) and mixed
solution obtained. The mixture was extracted with AcOEt (20 mLx2). The combined
organic solutions were washed with H,O (2 mLx2) and brine (2 mLx2), dried, and
evaporated. Column chromatography of the residue (SiO,, n-hexane : AcOEt 3 : 1) gave
product 214 (4S) (70.1 mg, 87%) as colorless prisms, mp 107-108 °C; [a]p** +84.91 (c
0.522, CHCls); IR (ATR) 3527, 1777, 1689 cm™; *H NMR (600 MHz) & 1.21 (3H, ),
1.37 (3H, s), 2.00 (1H, s), 2.59 (2H, dd, J = 14.3, 7.1 Hz), 2.76 (1H, dd, J = 13.5, 9.8
Hz), 3.05-3.21 (4H, m), 3.30 (1H, dd, J = 13.5, 3.2 Hz), 3.88 (3H, s), 4.14-4.22 (2H, m),
4.67 (1H,t,J =7.2 Hz), 4.65-4.71 (1H, m), 6.10 (1H, dt, J = 15.7, 7.0 Hz), 6.39 (1H, d,
J =15.7 Hz), 6.74 (1H, s), 6.81 (1H, s), 7.20 (2H, d, J = 7.2 Hz), 7.27 (1H,d, J=7.2
Hz), 7.33 (2H, t, J = 7.2 Hz); *C NMR (150 MHz) & 24.0, 26.2, 27.6, 31.1, 35.4, 37.9,
55.2, 55.9, 66.2, 71.7, 90.3, 109.1, 115.0, 126.2, 127.4, 128.5, 129.0, 129.4, 131.1,
131.3, 135.2, 144.0, 147.3, 153.5, 172.6; HRMS (ESI) Calcd. for Cy;H31NNaOg:
488.2049, found 488.2036.

Preparation of compound 214 (4R)

A mixture of the bromide 166 (48.8 mg, 0.170 mmol),
(R)-4-Benzyl-3-(pent-4-enoyl)oxazolidin-2-one (53.0 mg, 0.2044 mmol), Pd(OAc), (2.0
mg, 0.0089 mmol), P(o-toryl); (5.3 mg, 0.0174 mmol) in DMF (1.0 mL) and Et3N (0.12
mL, 0.861 mmol,) was stirred at 90 °C for 24 hours. After addition of H,O (5 mL) at
room temparature, the whole was filtered through Celite, which was rinsed with AcOEt
(10 mL) and mixed solution obtained. The mixture was extracted with AcOEt (20
mLx2). The combined organic solutions were washed with H,O (2 mLx2) and brine (2
mLx2), dried, and evaporated. Column chromatography of the residue (SiO,, n-hexane :
AcOEt 3 : 1) gave product 214 (4R) (63.0 mg, 80%) as colorless prisms, mp
118-120 °C; [o]p** -10.05 (¢ 0.906, CHCIs); IR (ATR) 3508, 1777, 1698 cm™; *H NMR
(600 MHz) 6 1.22 (s, 3H), 1.36 (s, 3H), 1.99-2.03 (m, 1H), 2.59 (dd, J = 14.2, 7.1 Hz,
2H), 2.76 (dd, J = 13.5, 9.6 Hz, 1H), 3.05-3.21 (4H, m),3.30 (1H, dd, J = 13.5, 3.2 Hz),
3.88 (3H, s), 4.14-4.22 (2H, m), 4.67 (1H, t, J = 7.2 Hz), 4.65-4.71 (1H, m), 6.10 (1H,
dt, J=15.7, 7.0 Hz), 6.39 (1H, d, J = 15.7 Hz), 6.74 (1H, s), 6.81 (1H, s), 7.20 (2H, d, J
= 7.2 Hz), 7.27 (1H, d, J = 7.2 Hz), 7.33 (2H, t, J = 7.2 Hz); *C NMR (150 MHz) &
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23.9, 26.2, 27.6, 31.0, 35.4, 37.9, 55.1, 55.9, 66.2, 71.7, 90.3, 109.0, 115.0, 126.1, 127.3,
128.5, 128.9, 129.4, 131.0, 131.3, 135.2, 143.9, 147.3, 153.5, 172.6; HRMS (ESI) Calcd.
for C,7H31NNaOg: 488.2027, found 488.2036.

Preparation of compound 215 (2S,3S)

A 1.0 M solution of "Bu,BOTf in CH,Cl, (2.0 mL, 2.0 mmol) was dropwise added to a
stirred solution of 214 (4S) (464.8 mg, 0.998 mmol) and DIPEA (0.4 mL, 2.30 mmol) in
CH,Cl, (10 mL) at -78 °C, and the whole was stirred at -78 °C for 1 hour. After addition
of a solution of 43 (255.1 mg, 1.08 mmol) in CH,Cl; (1.0 mL), the mixture was stirred
at -78 °C for 24 hours. After the mixture was stirred with 30% H,0, ag. (2 mL) at room
temperature for 30 minutes, H,O (4 mL) was added and extracted with AcOEt (20
mLx3). The organic solutions were washed with H,O (5 mLx2) and brine (5 mLx2),
dried, and evaporated. Column chromatography of the residue (SiO,, n-hexane : AcOEt
1:2) gave product 215 (2S,3S) (570.3 mg, 81.4%) as colorless prisms, mp 97-98 °C;
[o]p? +14.78 (c 0.8100, CHCIs): IR (ATR) 3473, 1776, 1729, 1695 cm™; *H NMR
(600 MHz) & 1.20 (6H, s), 1.36 (3H, s), 1.37 (3H, s), 2.00 (1H, brs), 2.02 (1H, brs), 2.47
(1H, dd, J = 13.5, 9.6 Hz), 2.69-2.80 (3H, m), 3.03-3.22 (5H, m), 3.80 (3H, s), 3.88 (3H,
s), 3.89 (1H, t, J = 8.0 Hz), 3.97 (1H, dif. d, J = 9.1 Hz), 4.45 (1H, m), 4.54 (1H, ddd, J
=10.4,5.2,5.2 Hz), 4.64 (1H, t, J = 8.8 Hz), 4.65 (1H, t, J =8.8 Hz), 4.94 (1H,d, J =
4.9 Hz), 6.07 (1H, ddd, J = 15.4, 8.8, 6.6 Hz), 6.36 (1H, d, J = 15.4 Hz), 6.67 (1H, s),
6.75 (1H, s), 6.83 (1H, s), 6.84 (1H, s), 7.04 (2H, d, J = 6.0 Hz), 7.18-7.21 (3H, m); *C
NMR (150 MHz) 6 24.0, 24.1, 26.2, 26.4, 31.0, 31.1, 31.7, 37.9, 50.0, 55.3, 55.8, 55.9,
65.8, 71.66, 71.73, 74.6, 90.3, 109.1, 109.3, 115.09, 115.13, 124.5, 127.3, 128.2, 128.5,
128.9, 129.3, 131.3, 132.4, 134.7, 135.0, 143.8, 144.0, 147.3, 147.4, 153.1, 175.0;
HRMS (ESI) Calcd. for C4oH47NNaO1,: 724.3098, found 724.3078.

Preparation of compound 215 (2R,3R)

A 1.0 M solution of "Bu,BOTf in CH,Cl, (2.0 mL, 2.0 mmol) was dropwise added to a
stirred solution of 214 (4R) (466.0 mg, 1.00 mmol) and DIPEA (0.4 mL, 2.30 mmol) in
CH,Cl, (10 mL) at -78 °C, and the whole was stirred at -78 °C for 1 hour. After addition
of a solution of 43 (250.3 mg, 1.06 mmol) in CH,Cl; (1.0 mL), the mixture was stirred
at -78 °C for 24 hours. After the mixture was stirred with 30% H,0, ag. (2 mL) at room
temperature for 30 minutes, H,O (4 mL) was added and extracted with AcOEt (20
mLx3). The organic solutions were washed with H,O (5 mLx2) and brine (5 mLx2),
dried, and evaporated. Column chromatography of the residue (SiO,, n-hexane : AcOEt
1: 2) gave product 215 (2R,3R) (571.3 mg, 81.3%) as colorless prisms, mp 100-102 °C;
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[o]p? +17.93 (c 1.343, CHCI); IR (ATR) 3419, 1775, 1687 cm™; *H NMR (600 MHz)
§1.20 (3H, s), 1.21 (3H, s), 1.36 (3H, s), 1.37 (3H, ), 1.96 (1H, brs), 1.97 (1H, brs),
2.43 (1H, dd, J = 13.5, 9.9 Hz), 2.70-2.80 (2H, m), 3.03-3.22 (5H, m), 3.80 (3H, s), 3.88
(3H, s), 3.89 (1H, t, J = 8.1 Hz), 3.97 (1H, dd, J = 9.2, 2.7 Hz), 4.43-4.50 (1H, m,), 4.57
(1H, ddd, J = 9.3, 5.3, 5.3 Hz), 4.655 (1H, t, J = 9.3 Hz), 4.659 (1H, t, J = 9.3 Hz), 4.95
(1H, dd, J = 6.0, 2.7 Hz), 6.07 (1H, ddd, J = 15.7, 8.8, 6.4 Hz), 6.36 (1H, d, J = 15.7
Hz), 6.67 (1H, s), 6.75 (1H, s), 6.84 (1H, s), 6.85 (1H, s), 7.02-7.06 (2H, m), 7.20-7.23
(3H, m); *C NMR (150 MHz) 6 23.9, 24.0, 26.16, 26.21, 31.0, 31.1, 31.8, 37.9, 49.8,
55.3, 55.8, 55.9, 65.7, 71.69, 71.70, 74.5, 90.3, 109.0, 109.3, 115.1, 115.2, 124.5, 127.3,
128.2,128.5, 128.9, 129.2, 131.2, 132.4, 134.7, 135.0, 143.8, 144.0, 147.3, 147.4, 153.1,
175.1; HRMS (ESI) Calcd. for C4oHs7NNaOso: 724.3098, found 724.3087.

Preparation of compound 49d

LiBH, (9.6 mg, 0.441 mmol) was added to a stirred solution of 215 (2S,3S) (21.1 mg,
0.026 mmol) in THF (1.0 mL) at 0 °C, and the whole was stirred at room temperature
for 12 hours. After addition of H,O (4 mL), the mixture was extracted with AcOEt (20
mLx2). The organic solutions were washed with H,O (2 mLx2) and brine (2 mLx2),
dried, and evaporated. Column chromatography of the residue (SiO,, CHCIl3: AcOEt 1 :
9) gave 49d (8.5 mg, 62%) as a colorless prisms, mp 85-86 °C; [o]p?* +33.08 (c 0.2050,
CHCIy); IR (ATR) 3413 cm™; 'H NMR (600 MHz) & 1.22 (3H, s), 1.23 (3H, s), 1.37
(3H, s), 1.39 (3H, s), 1.99 (2H, brs), 2.05-2.11 (1H, m), 2.14-2.19 (1H, m), 2.66-2.76
(1H, br), 3.09-3.26 (4H, m), 3.74-3.79 (1H, m), 3.81-3.87 (1H, m), 3.88 (3H, s), 3.89
(3H, s), 4.67 (1H, t, J = 8.8 Hz), 4.68 (1H, t, J = 8.8 Hz), 4.65-4.70 (1H, m), 5.93 (1H,
ddd, J=15.1, 15.1, 7.6 Hz), 6.26 (1H, d, J = 15.1 Hz), 6.69 (1H, s), 6.768 (2H, s), 6.774
(1H, s), 6.80 (1H, s); *C NMR (150 MHz) & 24.0, 24.1, 26.3, 26.4, 31.0, 31.1, 32.2,
47.1, 55.9, 56.1, 64.7, 71.7, 78.9, 90.3, 90.4, 109.0, 109.5, 114.9, 115.5, 125.6, 128.5,
128.6, 131.3, 131.8, 136.7, 144.0, 144.1, 147.3, 147.5; HRMS (ESI) Calcd. for
CsoH4oNaOg: 551.2621, found 551.2597.

Preparation of compound 220b

A 1.9 M solution of DIAD in toluene (0.4 mL, 0.76 mmol) was added to a stirred
solution of 215 (2S,3S) (105.0 mg, 0.1496 mmol), 4-nitrobenzoic acid (126.1 mg,
0.7545 mmol) and PPh3 (200.6 mg, 0.7648 mmol) in THF (1.5 mL), and the whole was
stirred at room temperature for 8 hours. After addition of sat. NaHCO3 aqg. (6 mL), the
mixture was extracted with AcOEt (20 mLx2). The organic solutions were washed with
H,0 (2 mLx2) and brine (2 mLx2), dried, and evaporated. Column chromatography of
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the residue (SiO,, n-hexane : AcOEt 1 : 1) gave 220b (108.2 mg, 85%) as pale yellow
prisms, mp 158-159 °C: [a]p®® +13.05 (c 1.058, CHCI5): IR (ATR) 3456, 1777, 1727,
1698 cm™; *H NMR (600 MHz) & 1.21 (3H, s), 1.22 (3H, s), 1.36 (3H, s), 1.38 (3H, s),
2.30 (1H, br dt, J = 12.5, 4.4 Hz), 2.45 (1H, dd, J = 13.5, 9.9 Hz), 2.56 (1H, dt, J = 13.5,
9.6 Hz), 3.02-3.28 (5H, m), 3.80 (3H, s), 3.87-3.92 (1H, m), 3.91 (3H, s), 4.03 (1H, dd,
J=9.1,2.7 Hz), 4.57-4.63 (1H, m), 4.65 (1H, t, J = 9.3 Hz), 4.66 (1H, t, J = 9.3 Hz),
5.02 (1H, ddd, J = 10.0, 10.0, 3.7 Hz), 5.96 (1H, ddd, J = 15.4, 8.9, 5.5 Hz), 6.13 (1H, d,
J=10.0 Hz), 6.30 (1H, d, J = 15.4 Hz), 6.64 (1H, s), 6.73 (1H, s), 6.93 (1H, s), 7.01
(1H, s), 7.02-7.06 (2H, m), 7.19-7.22 (3H, m), 8.16 (2H, d, J = 8.7 Hz), 8.26 (2H, d, J =
8.7 Hz); *C NMR (150 MHz) & 24.0, 24.1, 26.2, 26.4, 31.01, 31.04, 33.4, 38.0, 47.7,
55.3, 55.9, 56.2, 65.9, 71.66, 71.73, 79.0, 90.4, 90.6, 109.3, 111.4, 115.2, 116.7, 122.7,
123.6, 127.4, 128.7, 128.9, 129.0, 129.2, 130.2, 130.7, 130.9, 133.2, 134.9, 135.5, 144.0,
144.1, 147.6, 148.6, 150.7, 153.6, 163.1, 173.5; HRMS (ESI) Calcd. for
Cu7HsoN,NaO43: 873.3211, found 873.3185.

Preparation of compound 49b

LiBH,4 (9.6 mg, 0.441 mmol) was added to a stirred solution of 220b (21.1 mg, 0.026
mmol) in THF (1.0 mL) at 0 °C, and the whole was stirred at room temperature for 12
hours. After addition of H,O (4 mL), the mixture was extracted with AcOEt (20 mLx2).
The organic solutions were washed with H,O (2 mLx2) and brine (2 mLx2), dried, and
evaporated. Column chromatography of the residue (SiO,, CHCI3;: AcOEt 1 : 9) gave
49b (8.5 mg, 62%) as a colorless prisms, mp 85-86 °C; [o]p® +33.08 (c 0.2050,
CHCIy); IR (ATR) 3413 cm™; 'H NMR (600 MHz) & 1.22 (3H, s), 1.23 (3H, s), 1.37
(3H, s), 1.39 (3H, s), 1.99 (2H, brs), 2.05-2.11 (1H, m), 2.14-2.19 (1H, m), 2.66-2.76
(1H, br), 3.09-3.26 (4H, m), 3.74-3.79 (1H, m), 3.81-3.87 (1H, m), 3.88 (3H, s), 3.89
(3H, s), 4.67 (1H, t, J = 8.8 Hz), 4.68 (1H, t, J = 8.8 Hz), 4.65-4.70 (1H, m), 5.93 (1H,
ddd, J=15.1, 15.1, 7.6 Hz), 6.26 (1H, d, J = 15.1 Hz), 6.69 (1H, s), 6.768 (2H, s), 6.774
(1H, s), 6.80 (1H, s); *C NMR (150 MHz) & 24.0, 24.1, 26.3, 26.4, 31.0, 31.1, 32.2,
47.1, 55.9, 56.1, 64.7, 71.7, 78.9, 90.3, 90.4, 109.0, 109.5, 114.9, 115.5, 125.6, 128.5,
128.6, 131.3, 131.8, 136.7, 144.0, 144.1, 147.3, 147.5; HRMS (ESI) Calcd. for
CsoH4oNaOg: 551.2621, found 551.2597.

Preparation of compound 49c

NaBH, (21.5 mg, 0.568 mmol) was added to a stirred solution of 215 (2R,3R) (51.3
mg, 0.073 mmol) in MeOH (1.0 mL) at 0 °C, and the whole was stirred at 50 °C for 2
hours. After addition of H,O (4 mL), the mixture was extracted with AcOEt (20 mLx2).
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The organic solutions were washed with H,O (2 mLx2) and brine (2 mLx2), dried and
evaporated. Column chromatography of the residue (SiO,, CHCI3: MeOH 30 : 1) gave
5¢ (31.3 mg, 81%) as a colorless prisms, mp 65-69 °C; [o]o?? +20.93 (c 0.3100, CHCls);
IR (ATR) 3412 cm™; *H NMR (600 MHz)  1.22 (3H, s), 1.23 (3H, s), 1.37 (3H, s,
-C(CHg3)y), 1.39 (3H, s, -C(CHg3)y), 1.99 (1H, brs), 2.00 (1H, brs), 2.01-2.06 (1H, m),
2.27-2.31 (2H, m), 3.08-3.26 (4H, m), 2.65 (1H, brs), 3.71-3.79 (2H, m), 3.88 (3H, s),
3.89 (3H, s), 4.67 (1H, t, J = 8.8 Hz), 4.68 (1H, t, J = 8.8 Hz), 4.94 (1H, brs), 6.00 (1H,
ddd, J=15.7, 15.7, 7.0 Hz), 6.32 (1H, d, J = 15.7 Hz), 6.70 (1H, s), 6.78 (2H, s), 6.81
(1H, s); B3C NMR (150 MHz) 6 24.0, 24.1, 26.2, 26.3, 29.3, 31.1, 31.2, 47.2, 56.0, 56.1
63.9, 71.7, 76.5, 90.3, 109.1, 109.4, 114.9, 115.0, 126.3, 128.4, 128.6, 131.4, 131.6,
135.9, 143.9, 144.0, 147.2, 147.3; HRMS (ESI) Calcd. for C3oHzoNaOg: 551.2621,
found 551.2605.

Preparation of compound 220a

A 1.9 M solution of DIAD in toluene (0.4 mL, 0.76 mmol) was added to a stirred
solution of 215 (2R,3R) (105.1 mg, 0.150 mmol), 4-nitrobenzoic acid (126.0 mg, 0.754
mmol) and PPh3 (200.0 mg, 0.763 mmol) in THF (1.5 mL), and the whole was stirred at
room temperature for 8 hours. After addition of sat. NaHCO3 ag. (6 mL), the mixture
was extracted with AcOEt (20 mLx2). The organic solutions were washed with H,O (2
mLx2) and brine (2 mLx2), dried, and evaporated. Column chromatography of the
residue (SiO2, n-hexane : AcOEt 1 : 1) gave 220a (108.1 mg, 85%) as pale yellow
prisms, mp 159-160 °C; [a]p** +16.75 (c 1.020, CHCI5); IR (ATR) 3514, 1777, 1727,
1698 cm™; "H NMR (600 MHz) & 1.20 (3H, s), 1.21 (3H, s), 1.35 (3H, s), 1.37 (3H, s),
1.94 (1H, brs), 1.98 (1H, brs), 2.29 (1H, br dt, J = 13.6, 4.4 Hz), 2.43 (1H, dd, J = 13.5,
9.9 Hz), 2.49-2.59 (1H, m), 3.05-3.27 (5H, m), 3.79 (3H, s), 3.87-3.94 (1H, m), 3.91
(3H,s), 4.02 (1H, dd, J = 9.2, 2.6 Hz), 4.58-4.63 (1H, m), 4.66 (2H, t, J = 9.3 Hz), 5.01
(1H, ddd, J = 10.3, 10.0, 4.0 Hz), 5.95 (1H, ddd, J = 15.4, 9.2, 5.9 Hz), 6.13 (1H, d, J =
10.3 Hz), 6.27 (1H, d, J = 15.4 Hz), 6.63 (1H, s), 6.73 (1H, s), 6.93 (1H, s), 7.01 (1H, s),
7.02-7.07 (2H, m), 7.20-7.24 (3H, m), 8.15 (2H, d, J = 8.8 Hz), 8.26 (2H, d, J = 8.8 Hz);
B3C NMR (150 MHz) & 24.0, 24.1, 26.2, 26.3, 31.0, 33.4, 38.0, 47.7, 55.3, 55.9, 56.1,
65.9, 71.6, 71.7, 79.1, 90.3, 90.5, 109.2, 111.4, 115.1, 116.7, 122.6, 123.6, 127.4, 128.6 ,
128.9, 129.2, 130.1, 130.6, 130.7, 133.2, 134.9, 135.5, 144.0, 144.1, 147.6, 148.6, 150.7,
153.6, 163.1, 173.5; HRMS (ESI) Calcd. for C47Hs0N2NaO13: 873.3211, found
873.3183.

Preparation of compound 49a
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LiBH, (9.1 mg, 0.418 mmol) was added to a stirred solution of 220a (20.3 mg, 0.024
mmol) in THF (1.0 mL) at 0 °C, and the whole was stirred at room temperature for 12
hours. After addition of H,O (4 mL), the mixture was extracted with AcOEt (20 mLx2).
The organic solutions were washed with H,O (2 mLx2) and brine (2 mLx2), dried, and
evaporated. Column chromatography of the residue (SiO,, CHCl3: AcOEt 1 : 9) gave
49a (8.3 mg, 66%) as a colorless prisms, mp 89-91 °C; [o]p* +17.58 (c 0.2700,
CHCIy); IR (ATR) 3424 cm™; *H NMR (600 MHz) & 1.22 (3H, s), 1.23 (3H, s), 1.37
(3H, s), 1.38 (3H, s), 2.00 (3H, brs), 2.05-2.12 (1H, m), 2.16-2.20 (1H, m), 2.75 (1H,
brs), 3.08-3.25 (4H, m), 3.76-3.78 (1H, m), 3.87-3.94 (1H, m), 3.88 (3H, s), 3.89 (3H, s),
4.67 (1H,t,J=8.8 Hz), 4.68 (1H, t, J = 8.8 Hz), 4.64-4.70 (1H, m), 6.00 (1H, ddd, J =
15.5,15.5, 6.9 Hz), 6.32 (1H, d, J = 15.5 Hz), 6.68 (1H, s), 6.76 (2H, s), 6.77 (1H, 3),
6.81 (1H, s); **C NMR (150 MHz) & 24.0, 24.1, 26.3, 26.4, 31.1, 31.2, 32.2, 47.1, 55.9,
56.1, 64.7, 71.68, 71.71, 78.9, 90.3, 90.4, 109.0, 109.6, 114.9, 115.3, 125.6, 128.48,
128.55, 131.3, 131.7, 136.7, 143.9, 144.0, 147.3, 147.4; HRMS (ESI) Calcd. for
CsoH4oNaOg: 551.2621, found 551.2645.

Preparation of compound 222 (4S)

A mixture of the bromide 167 (50.0 mg, 0.1945 mmol), 219 (60.5 mg, 0.2333 mmol),
Pd(OACc), (2.2 mg, 0.0098 mmol), P(o-toryl); (6.0 mg, 0.0197 mmol) in DMF (1.5 mL)
and EtzN (0.15 mL, 1.076 mmol) was stirred at 90 °C for 24 hours. After addition of
H.O (5 mL) at room temperature, the whole was filtered through Celite, which was
rinsed with AcOEt (10 mL) and mixed solution obtained. The mixture was extracted
with AcOEt (20 mLx2). The combined organic solutions were washed with H,O (2
mLx2) and brine (2 mLx2), dried and evaporated. Column chromatography of the
residue (SiO;, n-hexane : AcOEt 3 : 1) gave product 222 (4S) (70.2 mg, 82.9%) as
colorless prisms, mp 136-137 °C; [a]p®* +84.91 (c 0.522, CHCl5); IR (ATR) 3516, 1766,
1704 cm™; *H NMR (400 MHz) & 1.20 (3H, s), 1.33 (3H, s), 1.94 (1H, brs), 2.58 (2H,
dd, J=14.3,7.1 Hz), 2.76 (1H, dd, J = 13.5, 9.8 Hz), 3.05-3.18 (4H, m), 3.29 (1H, dd, J
= 13.4, 3.3 Hz), 4.14-4.20 (2H, m), 4.59 (1H, t, J = 7.2 Hz), 4.65-4.71 (1H, m), 6.09
(1H, dt, J = 15.7, 7.0 Hz), 6.40 (1H, d, J = 15.7 Hz), 6.70 (1H, d, J = 8.2 Hz), 7.07 (1H,
d, J = 8.2 Hz), 7.20 (3H, m), 7.27 (1H, d, J = 7.2 Hz), 7.33 (2H, t, J = 7.2 Hz); °C
NMR (150 MHz) & 23.9, 26.1, 27.6, 30.5, 35.5, 37.9, 55.1, 66.2, 71.7, 89.5, 108.9,
122.2, 125.7, 126.3, 127.3, 127.5, 128.9, 129.4, 130.4, 130.9, 135.2, 153.4, 159.0,
172.6; HRESIMS Calcd. for C,sH29NNaOs: 458.1943, found: 458.1962.

222 (4R): mp 131-133 °C: [o]p?® +41.45 (c 1.003, CHCIl3); IR (ATR) 3516, 1766, 1704
cm™; *H NMR (400 MHz) & 1.20 (3H, s), 1.33 (3H, s), 1.94 (1H, brs), 2.58 (2H, dd, J =
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14.3, 7.1 Hz), 2.76 (1H, dd, J = 13.5, 9.8 Hz), 3.05-3.18 (4H, m), 3.29 (1H, dd, J = 13.4,
3.3 Hz), 4.14-4.20 (2H, m), 4.59 (1H,t, J = 7.2 Hz), 4.65-4.71 (1H, m), 6.09 (1H, dt, J =
15.7, 7.0 Hz), 6.40 (1H, d, J = 15.7 Hz), 6.70 (1H, d, J = 8.2 Hz), 7.07 (1H, d, J = 8.2
Hz), 7.20 (3H, m), 7.27 (1H, d, J = 7.2 Hz), 7.33 (2H, t, J = 7.2 Hz); **C NMR (150
MHz) 6 23.9, 26.1, 27.6, 30.5, 35.5, 37.9, 55.1, 66.2, 71.7, 89.5, 108.9, 122.2, 125.7,
126.3, 127.3, 127.5, 128.9, 129.4, 130.4, 130.9, 135.2, 153.4, 159.0, 172.6; HRESIMS
Calcd. for CysH29NNaOs: 458.1943, found: 458.1944.

Preparation of compound 223 (2S,3S)

A 1.0 M solution of "Bu,BOTf in CH,Cl, (1.0 mL, 1.0 mmol) was dropwise added to a
stirred solution of (4S)-222 (217.8 mg) and DIPEA (0.2 mL, 1.148 mmol) in CH,Cl;
(5.0 mL) at -78 °C, and the whole was stirred at -78 °C for 1 hour. After addition of a
solution of 195 (113.4 mg, 0.5498 mmol) in CH,CI; (0.5 mL), the mixture was stirred at
-78 °C for 24 hours. After the mixture was stirred with 30% H,0; ag. (1 mL) at room
temperature for 30 minutes, H,O (2 mL) was added and extracted with AcOEt (20
mLx3). The organic solutions were washed with H,O (5 mLx2) and brine (5 mLx2),
dried over MgSO,, and evaporated. Column chromatography of the residue (SiOy,
n-hexane : AcOEt 1 : 2) gave product (8S, 9S)-223 (292.3 mg, 91.1%) as colorless
prisms, mp 111-115 °C: [a]p®® +24.78 (c 0.1000, CHCIs); IR (ATR) 3473, 1776, 1729,
1695 cm™; *H NMR (400 MHz) & 1.188 (3H, s), 1.191 (3H, s), 1.317 (3H, s), 1.323 (3H,
s), 1.96 (2H, brs), 2.47 (1H, dd, J = 13.5, 9.6 Hz), 2.67-2.80 (2H, m), 2.83 (1H, brs),
3.03-3.17 (5H, m), 3.85 (1H, t, J = 8.2 Hz), 3.96 (1H, dd, J = 8.9, 2.4 Hz), 4.44-4.46
(1H, m), 4.50 (1H, ddd, J = 10.4, 5.2, 5.2 Hz), 4.570 (1H, t, J = 8.8 Hz), 4.571 (1H, t, J
= 8.8 Hz), 4.93 (1H, d, J = 6.1 Hz), 6.04 (1H, ddd, J = 15.7, 8.8, 6.6 Hz), 6.36 (1H, d, J
= 15.7 Hz), 6.66 (1H, d, J = 8.4 Hz), 6.75 (1H, d, J = 8.2 Hz), 7.00-7.05 (3H, m), 7.10
(1H, d, J = 8.4 Hz), 7.13 (1H, s), 7.16-7.20 (3H, m), 7.25 (1H, s); **C NMR (150 MHz)
5 23.88, 23.94, 26.1, 26.2, 30.50, 30.53, 31.6, 37.8, 50.1, 55.3, 65.7, 71.7, 71.8, 74.4,
89.5, 89.6, 108.6, 108.9, 122.3, 123.0, 124.0, 126.2, 126.4, 127.2, 127.4, 127.5, 128.8,
129.3, 130.3, 132.1, 133.7, 135.1, 153.0, 159.0, 159.2, 175.0; HRESIMS m/z: 664.2902
(Calcd. for C3gHs3NNaOg: 664.2886).

223 (2R,3R): Colorless prisms, mp 113-116 °C: [o]p® +24.53 (c 1.060, CHCIy); IR
(ATR) 3445, 1772, 1710 cm™; *H NMR (400 MHz) & 1.19 (3H, s), 1.20 (3H, s), 1.31
(3H, s), 1.32 (3H, s), 1.96 (2H, brs), 2.47 (1H, dd, J = 13.5, 9.6 Hz), 2.66-2.80 (2H, m),
3.03-3.17 (5H, m), 3.85 (1H, t, J = 8.2 Hz), 3.96 (1H, dd, J = 8.9, 2.4 Hz), 4.44-4.46
(1H, m), 4.49 (1H, ddd, J = 10.4, 5.2, 5.2 Hz), 4.57 (1H, t, J = 8.8 Hz), 458 (1H, t, J =
8.8 Hz), 4.93 (1H, d, J = 6.1 Hz), 6.03 (1H, ddd, J = 15.7, 8.8, 6.6 Hz), 6.36 (1H, d, J =
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15.7 Hz), 6.66 (1H, d, J = 8.4 Hz), 6.75 (1H, d, J = 8.2 Hz), 7.00-7.05 (3H, m), 7.09 (1H,
d, J = 8.4 Hz), 7.13 (1H, ), 7.15-7.22 (3H, m), 7.23 (1H, s); *C NMR (150 MHz) &
23.9, 24.0, 26.1, 26.2, 30.5, 30.6, 31.6, 37.8, 50.1, 55.3, 65.8, 71.7, 71.8, 74.4, 89.5,
89.6, 108.6, 108.9, 122.3, 123.1, 124.2, 126.3, 126.4, 127.2, 127.3, 127.5, 128.9, 129.3,
130.3, 132.1, 133.7, 135.1, 153.0, 159.0, 159.2, 175.1; HRESIMS m/z: 664.2999 (Calcd.
for CasHasNNaOg: 664.2886).

Preparation of compound 50d

NaBH, (10.3 mg, 0.2723 mmol, 8.1 eq.) was added to a stirred solution of (2S,3S)-223
(21.6 mg, 0.0337 mmol) in MeOH (1.0 mL) at 0 °C, and the whole was stirred at 50 °C
for 2 hours. After addition of H,O (4 mL), the mixture was extracted with AcOEt (20
mLx2). The organic solutions were washed with H,O (2 mLx2) and brine (2 mLx2),
dried over MgSO,, and evaporated. Column chromatography of the residue (SiO»,
CHCI3: MeOH 20 : 1) gave (2S,8S,9R,2S)-50d (13.4 mg, 84.9%) as a colorless oil: IR
(ATR) 3385 cm™; *H NMR (600 MHz) & 1.20 (3H, s), 1.22 (3H, s), 1.33 (3H, s), 1.35
(3H, s), 1.96-2.09 (3H, m), 2.26-2.36 (2H, m), 3.08-3.19 (4H, m), 3.64-3.78 (2H, m),
4.60 (1H,t,J=9.0 Hz), 4.61 (1H, t, J = 9.0 Hz), 4.93 (1H, d, J = 4.5 Hz), 5.94 (1H, dd,
J =155, 7.5 Hz), 6.32 (1H, d, J = 15.5 Hz), 6.69 (1H, d, J = 8.2 Hz), 6.76 (1H, d, J =
8.2 Hz), 7.02 (1H, d, J = 8.2 Hz), 7.07 (1H, d, J = 8.8 Hz), 7.15 (1H, s), 7.20 (1H, s);
3C NMR (150 MHz) & 23.9, 24.0, 26.1, 26.2, 29.4, 30.5, 30.6, 46.9, 63.8, 71.8, 76.7,
89.5, 108.6, 108.9, 122.2, 122.9, 125.9, 126.1, 126.2, 127.3, 127.5, 130.5, 131.4, 134.7,
158.9, 159.0; HRESIMS m/z: 491.2433 (Calcd. for CygH3sNaOg: 491.2410).

50c: A colorless oil: IR (ATR) 3386 cm™; *H NMR (600 MHz) & 1.20 (3H, s), 1.22 (3H,
s), 1.33 (3H, s), 1.35 (3H, s), 1.96-2.09 (3H, m), 2.26-2.36 (2H, m), 3.08-3.19 (4H, m),
3.64-3.78 (2H, m), 4.61 (1H,t,J =9.0 Hz), 4.61 (1H,t, J =9.0 Hz), 4.94 (1H,d, J=4.5
Hz), 5.94 (1H, dd, J = 15.5, 7.5 Hz), 6.32 (1H, d, J = 15.5 Hz), 6.69 (1H, d, J = 8.2 Hz),
6.77 (1H, d, J =8.2 Hz), 7.04 (1H, d, J = 8.2 Hz), 7.07 (1H, d, J = 8.8 Hz), 7.14 (1H, s),
7.18 (1H, s); *C NMR (150 MHz) & 23.9, 24.1, 26.1, 26.2, 29.4, 30.5, 30.6, 46.9, 63.8,
71.8, 76.7, 89.5, 108.6, 108.9, 122.2, 122.9, 125.9, 126.1, 126.2, 127.3, 127.5, 130.5,
131.4, 134.7, 158.9, 159.0; HRESIMS m/z: 491.2420 (Calcd. for CysH3sNaOg:
491.2410).

50b: A colorless oil: [a]p®® +33.89 (c 0.1053, CHCI3); IR (ATR) 3245 cm™; 'H NMR
(600 MHz) & 1.20 (3H, s), 1.22 (3H, s), 1.33 (3H, s), 1.35 (3H, s), 1.96-2.09 (3H, m),
2.14-2.21 (2H, m), 3.08-3.23 (4H, m), 3.66-3.73 (2H, m), 4.60 (1H, t, J = 9.0 Hz), 4.61
(1H,t, J=9.0 Hz), 4.66 (1H, d, J = 7.3 Hz), 5.90 (1H, dd, J = 15.5, 7.5 Hz), 6.25 (1H, d,
J=15.5Hz), 6.69 (1H, d, J =8.2 Hz), 6.74 (1H, d, J = 8.2 Hz), 7.03 (1H, d, J = 8.2 Hz),
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7.09 (1H, d, J = 8.8 Hz), 7.14 (1H, s), 7.18 (1H, s); *C NMR (150 MHz) & 24.0, 24.1,
26.2, 26.3, 30.4, 30.5, 30.6, 46.9, 63.8, 71.8, 78.6, 89.6, 108.7, 108.9, 122.2, 122.9,
125.5, 126.0, 126.2, 127.3, 127.5, 130.5, 131.4, 134.7, 158.9, 159.0; HRESIMS m/z:
491.2413 (Calcd. for CogH3sNaOs: 491.2410).

50a: A colorless oil: IR (ATR) 3245 cm™; *H NMR (600 MHz)  1.20 (3H, s), 1.22 (3H,
s), 1.33 (3H, s), 1.35 (3H, s), 1.96-2.09 (3H, m), 2.14-2.22 (2H, m), 3.06-3.24 (4H, m),
3.66-3.73 (2H, m), 4.60 (1H, t, J = 9.0 Hz), 4.61 (1H, t, J = 9.0 Hz), 4.66 (1H,d, J = 7.3
Hz), 5.90 (1H, dd, J = 15.5, 7.5 Hz), 6.25 (1H, d, J = 15.5 Hz), 6.69 (1H, d, J = 8.2 Hz),
6.74 (1H, d, J = 8.2 Hz), 7.03 (1H, d, J = 8.2 Hz), 7.09 (1H, d, J = 8.8 Hz), 7.15 (1H, s),
7.17 (1H, s); *C NMR (150 MHz) & 23.9, 24.0, 26.2, 26.3, 30.3, 30.5, 30.6, 46.9, 63.8,
71.8, 78.6, 89.6, 108.7, 108.9, 122.2, 122.9, 125.5, 126.0, 126.2, 127.3, 127.5, 130.5,
131.4, 134.7, 158.9, 159.0; HRESIMS m/z: 491.2422 (Calcd. for CaHasNaOg:
491.2410).
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