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eupomatilone ¥d & THF U 7' 7 VO AR EF SR E Rt Uiz, 8IS & 72 5 A% (2,3]-Wittig
BN i lE, 88—91% ee FRE D o F A& THIT L, eupomatilones 1, 2, 5 DAFF
AR EER L=, —F, THF-U 7 80X, SR OGRS & et L7z fE R, &
FENAARBMERZGRRT H 2 LN TE T,

FIep R O (F3L) : We have investigated a syntheses of eupomatilones and
tetrahydrofuran lignans to develop antioxidant with lignan skeleton. As a result, we have
achieved a total synthesis of eupomatilones 1, 2, and 5 using asymmetric [2,3]-Wittig
rearrangement as a key reaction with high enantioselectivities (88—91% ee). We also

succeeded to synthesize stereoisomers of THF-lignan.
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Table 1. FEFERLF OB

t-BuLi, hexane
-78°C,2h

Entry  Bis(oxazoline) Yield (%)?  Ee (%)°

Chiral Ligands R' R2 R3

1 L1 t-Bu H  Me 92 68
2 L2 i-Pr H Me 72 38
3 L3 t-Bu Me Me 0

4 L4 i-Pr Me Me 38 22
5 L5 t-Bu H Et 43 12

2The reactions were carried out in the presence of chiral ligand (1 equiv)
and base (5 equiv) in dry solvent at —78 °C for 2 h under Ar atmosphere
unless stated otherwise. ? Isolated yield. ° Determined by chiral HPLC.
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Table 2. i & BEDRET

L1, base, solvent
-78°C,2h

Entry Conditions Yield (%)? Ee (%)°
1 t-BuLi, hexane 92 68
2 s-BuLi, hexane 50 71
3 n-BuLi, hexane 46 77
49 n-BuLi, hexane 77 77
5 n-BulLi, hexane/toluene (4/1) 92 80
6 n-BuLi, hexane/ether (4/1) 98 89
7 n-BuLi, hexane/THF (4/1) 7 5
8 n-BulLi, hexane/ether (1/1) 83 89
9 n-BulLi, ether 26 87

2The reactions were carried out in the presence of chiral ligand (1
equiv) and base (5 equiv) in dry solvent at —78 °C for 2 h under Ar
atmosphere unless stated otherwise. © Isolated yield. ° Determined by
chiral HPLC. ¢ The reaction was continued for 4 h.
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Z n-Buli, (S,S)-Box-t-Bu  TIPSO.
TIPSO/\(Me OMe hexane/THF (4/1)

O o
-78°C
MeO. OMe [ MeO.
9
MeO OMe (08%) MeO

OMe
9
cat. TEMPO
TBAF, THF Phi(OAc),
it CH,Cly, rt
(quant) (95%)

(+)-eupomatilone 2
[oJp?5= +12.02 (¢ 0.60, CHCl3)

@ (+)-Eupomatilone 5 DFFLEHK

TeEREQAD LR ALY, By
V7 iR(14) % 62%DINRTH-. “hz 8
TT7 UL, =—FE15)% 84%DIN =
T2, wiZ, (89-Box-+Bu (L1) % HW
L% [2,3]-Wittig #a(7 It DR E 24T -
7. ~EHr—xz—FL (4:1) BEEKT
—78°C T mBuli & (8.9-Box-#Bu % X
NS EE A, KISIMWEICHEITL, BB
AEIRAB) MUK T4 %, JFHE 91% ee
THELT.

Pd(OAc), HO OMe
(c-Hex),(Biphenyl)P C
n @B(OH)z K5POy oluene, 80°C < O Ome
OMe

(62/)

t-BuLi J=26-
TIPSO Me TIPSO <Me

/\(\ TIPSO " Me (S,5)-Box-t-Bu :) 2.80r’-\|llz
Br /\(C; OMe hexane-ether (4 : 1) HO™ O e

t-BuOK THF, rt O e .
- oMe ———————= < O T ove

(84%) o OMe (74%)
15

16 (syn only, 91% ee)

Ho L .Me cat. TEMPO oMe
TBAF OMe  Ph(OAc), O OMe
THF, 1t O CHCht O onte
Ik < £
(76%) OMe (90%) [} OMe

(+)-eupomatilone 5

®#IZ, eupomatilone 2 & FEEICZ LT,
(+)-eupomatilone 5 #4252 LN T/, 15
5N 7= (4)-eupomatilone 5 X7 k1 7 HEiE
Ko 1:1 BHEWTH -T2,

3 (+)-Eupomatilone 1 DFFLEEK

SCHkYE DN &> THAL L 72 18 2 DIBAL i
T LT7 aEEA9 L L%, Ro o fgb5)
DRSS Y v T R NI ER
(32%) ToHhot=. £ZT, 18 L 5 ZEHPEY
QAN T TEEREAD T

TERQDMINER L (94%) b, Zh’
DIBAL B34 L2k, ©7 U —LK
Q0PN ETHE ZERNTEXE., 2%

tBuOK f#1EF, 7V Lk L, =—F 11K(22)
EARR LT, £ OARE[2,3]-Wittig #5407 ik
1%, THETORE L A TRIGHIERICE
o=, mBuli 21 0 Y& T 8 HFH
Bt S5 2 & THANLR(23) DU % 54%
(ECEHEII B fE 77%) £ CTH#ETE, T



F U F AT 87% ee THHoT-. HHN
7B R (28) 2 -V C, (+)-eupomatilone 1
DARF G E R LT
Pd(OAc),
DIBAL (c-Hex)o(Biphenyl)P

(o}
toluene K3PO,, toluene HO O O)
MeO —78°C Hon > soc MO °©
o 0% Br MeO OMe
OMe MeO]@,B(OH) Med 20
MeO

MeO  (32%)

5, Pd(OAc),
(e-Hex)z(Bipheny)P MeO > DIBAL, toluene
K5PQy, toluene, 80°C MeO. _78°C

O OMe

MeO
(94%) (88%)
n-BulLi
TIPSO™ 7 Me (S.5)1Box-tBu pgo
8 Br 1ipso™~*"Me hexane-ether =
t-B 5:6
uOK o (5:6) Meo O
20 __THE MeO > _ 1C
_
(66%) OMe (54% 77% based MeO
MeOM ) on consumed 22) MeO 23
© 22 syn only (88% ee)
cat. TEMPO
TBAF PhI(OAc),
THF, rt CH,Cly, 1t

(92%) (85%)

(+)-eupomatilone 1

(2) THF ') 7+ VEZADERBIR

THF V 7> (7,7-epoxylignan) J&I%7
LAY — b7 v a (Larrea tridentata) X
WHEESNZV 78T, 7 e ka>r
7 VRO TOREBIRF LICRFRBIRF
b b, FEa ONAREE OGNS
TW% © . THF VU 7 I PiiibrEm
Ofth, MRELRFEER ®, LR Y X Y —<{F
P9, M/ IRTEMEALIN T (PAF) 7o & 5=
A NEM 10 R ERHDZ ERRE I T
5.

THF ) ' > DB IBILIARER

Ar'TNg” A Ar'™SNg” A ArT g7 A

all cis all trans cis-trans-cis
fragansin D, fragansin Ay, Bo, C,  saucernetin
tetrahydro- (-)-galbelgin
furoguaiacin B (-)-galbacin
(-)-grandisin
Me, Me Me, Me Me, s}Me
Ar ioj “Ar Ar' ““'Zgg‘Ar Ar' ’@‘Ar
trans-cis-trans  trans-cis-cis cis-trans-trans
fragansin B4, C4, Dy ganschisandrine astrolignin
galgravin henricine eupobennettin
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Table 3. £ (25)MD[2,3]-Wittigéz i & i5 D& &
Entry Base (equiv) Yield (%)
1 t-BuLi (10) 79
2 t-BuLi (6) 82
3 s-BulLi (6) 72
4 n-BuLi (6) 10

BT, ~FH o, (8.9 -Box-£#Bu % H
W D R (2,3]-Wittig B0z St & Mgt L 7=
(Table 4). (S,9-Box-tBu 5 Y &FET,
tBuli % 10 Y EIEH S D &, I 76% T
(1R289 DT /L =—/L1K(26)7) 85% ee T
L.

bis(oxazoline) L1
base, THF, -78°C, 2 h
25 26

Table 4. # (25)DFF(2,3]- Wittigz i R it D#

Entry  Conditions Yield (%)? Ee (%)

1 t-BuLi (10), (S,S)-Box-t-Bu (5), hexane 76 85
2 t-BuLi (10), (S,S)-Box-t-Bu (1), hexane 62 66
3 n-BuLi (5), (S,S)-Box-t-Bu (1), hexane / ether=4/1 41 89
4 n-BuLi (10), (S,S)-Box-t-Bu (1), hexane / ether=4/1 52 84

2 |solated Yield. ? Determined by chiral HPLC.
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Table 5. ¥-5 % b 4k (28) Dexo-olefinMiET

Entry  Conditions Yield
29 (a/B) 30
1 Rh(PPh3)sCl (0.24 eq), Hy, toluene, rt 89 % (o)
65 % (or) 19%
2 PtO, (3% wiw), Hp, AcOEt 48 % () 15%
3 NaBH, (1 eq), MeOH, rt 61% (o)
4 L-Selectride® (1.2 eq), THF, -78 °C 30 % (30:1)
5 p-toluenesulfonylhydrazide (10 eq), quant. (1.8:1)

sodiumacetate (11 eq),
water-dimethoxyethane, reflux, 6.5 hr




@ Friedel-Crafts #7 1) —JLIL RIS ZE#H
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29a%, DIBAL &7t L7-1%, 81 & 32 (i
W7=. &IZ, Friedel-Crafts 7 U —/ kL&
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Lewis acid
(MeO),CCH; (8 equiv) Me, ~ Me <Oj©
p-TsOH (0.8 equiv) D OMe o)
MeOH, rt MeO"™"~g” ™ 33
OMe
(94%) OMe Table 6
DIBAL > 3 (dr=3.7:1)
290 — Me, Me
Ac,0 (1.1 equiv) " OMe o
pyridine, rt AcO”’[ o 3o Lewis acid, 33
OMe
(42%) Sne Table 7
32 (sole isomer)
Me, Me Me, Me

o OMe o M\ OMe
Hegnis WIRERS o S I
0 OMe o OMe
b OMe 34d OMe
OMe o Me
wo 2w LYY owe
O‘ o “Me MeO Me
P es
O MeO Me
O MeO' OMe
o e 37
35 0 36

Table 6. 74 —JL (31) MFriedel-Crafts 7 ') —)LILDIRET
Yield (%)

Ently Conditions
34b 34d 35 36 37
1 SnCly (1 eq), 23 (7 eq) 39 12
CH,Cly, —78 °C, 45 min
2 SnCly (1 eq), 23 (7 eq) 2 2

CH,Cl, , 78 to ~40°C, 1 h

3 BF; " OEt; (0.9 eq), 23 (7 eq)

CHyCly, 7810 0 °C, 2 hr 2% 20 35

Table 7. 75— bk (32) MFriedel-Crafts 7 ') —)LIL DI&RET

Ently Conditions Yield (%)
35 36 37
1 SnCly (1.1 eq), 33 (2.1 eq) 41
CH,Cl,, =78 °C, 1 hr
2 SnCl, (1.1 eq), 33 (2.1 eq) 84

CH,Cl,, 0°C, 3 hr

3 BF;- OEt, (6 eq), 33 (5 eq) 0 9 23
CH,Clp, 78 t0 —20 °C, 2 hr

@ NI T7EF—IIDOIIRBIRIET EHEH
ERY A% )

v-F7 FARQIV) LV ELNTIZAAIT T
K — JLAR(88) D SRR AR T & MR L7
(Table 8). L&KM a2E 25 & T, 387
5THF V 75 @)D T AT LA~ —
DH Y 34 ZFR< b FEAG-. B RIIIER
RN ERT 2D TIE72<, 2~ 3HMIZRE
STV, KRR EZHEBET 52 13T
Mo TN, FOAERIZIZS DFEE DR
PEMFRD BTz,

Li\©iOMe
Me, Me
% &
OMe ol

OMe MeO, Me Table 9
290 —————~ /R —_

o
(53%) MeOWOMe

\
MeO 38(dr=7:1) OMe

THF lignans (34)

(Ar = 3,4 5-trimethoxyphenyl)

Me, sMe Me, ;Me Me, Me Me, ~ Me
Ar <o> “Ar Ar’@ “Ar AR ZO> """ Ar Ar’Q‘Ar
34a 34b 34c 34d

Me  ~ Me Me Me MeO, «Me
Ar‘”‘ZlAr Ar’4 >"”Ar MeO ; ; “"Me
o o MeO Ar
34e 34f 0

Table 8. NI 7H4—ILik(38) DiET

Entry Conditions Yield (%) 34a:34b:34c:34d:34e

1 BFgeEt0 (3 eq), NaBHLCN (2 eq)
CH,Cl,-CH5CN, -78°C, 1.5 h

2 BF3; Et,0 (4 eq), EtzSiH (4 eq)
CH,Cly, -78 °C t0 -20°C, 5 h

3 Pd(OH),/C (0.20 g/mmol), Hy
AcOEt, rt, 40 min

4 NaBHCN 95 % (3 eq),
Toluene, AcOH (5 %), rt, 4.5 h

5 Formic acid 98 % (20 eq), Toluene, rt, 4 h
then NaBHCN 95 % (4 eq), rt, 2.5 h 63

* 24% of neolignan 39 was produced (single isomer)

87 3:1:0:0:0

*
42 0:1:0:25:0
60 37:0:1:0:0
64 39:1:0:0:0

0:1:1:0:4
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