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R
OMe O%e R |
i /: f /: 1: ; : -
X1 X2 X1 X2 X1 O Br O
OH O 0} X2 OH

Br
15:R=Me 18 19 : R = CH,OMe 21
16 : R = CH,OMe 20:R =Me
17 : R=CHO
R OMe OMe OMe R R
X1X1 || Br O O Br
OH O OH O OH OH
22 : R =CH,OMe 24 25:R=R'=Me
23:R=Me 26 : R=CH,OMe, R' = Me

27 :R=R'= CH,0Me
Table. 1 Electrochemical conversions of halogenated phenols
Substrates Products (%)
Entry X; X, Condiion | 15 16 17 18! 19 20! 21 22 23 24 25 26 27

a Br Br A1 28 87 28!
N 27 33 | 3 135

oo o A e s e e T
N 8 5 | 13 61

c 1 1A iomom 4l e 2408

4 o B A 1132 3 s a8

e B I A Ji__2_1""1_9""é ______ o s 0 2
A 16 18 1 59 8 37 4 3
Noi20 20 1 L2 9 10 7 5

Conditions: Substrates (0.25 mmol) in a solvent [MeOH (22.5 ml) - 60% HCIO4 (2.5 ml) for acidic conditions: MeOH
(25 ml) for neutral conditions] containing an electrolyte (ca. 540 mg, LiCIO4) was electrolyzed (C.C.E. at 0.13 mA /

cm2:1.4 F / mol), using a glassy carbon beaker as an anode and a platinum wire as a cathode.
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Posner 28
14 35

MeOH
LiClO4
referance

anode cathode
electrode

e N o
<ArOH 1/2H2>
ArO + H* H*

Fig. 20

OMe

Br
| OMe OAc
¢ OAc o
X1 Direct anodic oxidation a 29
OAc MeOH, 0.1 M LiCIO, ¢ Cl
HO — 0 OMe
pyridine, C.C.E. Br
OAc

X2 OAC
28 (X1 = X2 = H) Br
1) SO,Cl, 13 HO
2) Br2 30
—= 14 (X4 = Br, X2 = Cl) cl
Table 2. Electrochemical synthesis of dienone-aryl ether compound 13
yield (%)
entry  solvent anode additive conc.  electrochemical condtions 13 29+ 30
1 MeOH Carbon 10 5mA, 1.1-14V 17 23
2 MeOH Carbon 100 10 mA, 0.9-1.9V dec.
3 MeOH Platinum ) 10 10 mA, 1.0-1.2 V ;
4 MeOH Platinum 10 10 mA, 0.9-1.0 V 7
5 MeOH Platinum NaHCO3; 10 10 mA, 0.7-1.2V 9 3
6 MeOH Platinum Py. 50 10 mA, 0.9-1.2V 25 5
7 MeOH Platinum Py. 2 5mA, 1.1-1.4V 51 8
8 MeOH Platinum Py. 0.5 5mA, 1.0-1.4V 50 12
Boron doped
9 MeOH Diamond Py 10 10 mA, 2.1-2.5V 10 30
10 CF3CH,0OH Platinum Py. 10 10 mA, 0.9-1.0V dec.
11 CHsCN Platinum Py. 10 10 mA, 0.7-0.8 V dec.
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1
pyridine
13 37% (NaOH
K2COs3 ) Ac NaHCOs
2
50 mM
2 mM 0.5 mM 50-51%

13

refarence alectroda

refarence solvent

Fig. 21 Flow-cell system
Table 3 Dienone-aryl ether synthesis by flow system

yield (%)
entry conditions 13 29+ 30
1 Carbon, 10 mM, 3V, 0.4 mL/min. 62 0
2 Carbon, 2 mM, 1.9V, 0.4 mL/min. 61 0
2 1
2
36
(Fig. 21)
(F/mol) 14 3

F/mol
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Ax t= C

2 cm3 (mL/sec.) 2 cm3-=+X (sec.)
3 F/mol 2 cm3
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37
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Scheme 3 Zinc reduction
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;then Hy,O,, NaOH O:©\/\/ O\©\/\/
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12 81% 41 9%

Scheme 4 Regio-selective conversion of the bromine group to the

corresponding hydroxyl group.

12 Mel KsCOs
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Scheme 5 Regio-selective conversion of bromine group to hydroxyl
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Scheme 6 Total synthesis of verbenachalcone

27



2-2. Liattorachalcone
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Scheme 7 Total synthesis of littorachalcone
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3-2.

Cuny Ac Me
37

verbenachalcone littorachalcone

O OH O OH

Verbenachalcone 1 : R = OMe Chloro verbenachalcone 54
Littorachalcone 2 : R=H
O Ry

Ho/,/\/u\‘\og .
RO
MeO:‘\/\n/,/p-dehydroxy verbenachalcone 55 : R4 =OH, R, = H
o-dehydroxy verbenachalcone 56 : Ry = H, R, = OH

0O Ry

Fig. 22

littorachalcone 2 verbenachalcone 1
verbenachalcone 1
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3-3.
3-3-1. Chloro-verbenachalcone 54

Verbenachalcone 42 TBS

SOspy PDC 2

Weinreb 59 59
chlorober-venachalcone-MOM 60

chloro-verbenachalcone 54

cl OH
(MeO)MeNH-HCI,
42 TBAF MOMO Cl MOMO EDCI, Et3N, HOBt
97% O;@\/\/ 71% 65%
OH
MeO

Cl N _OMe Cl O O
Me
MOMO Cl 46 n-BulLi RO Cl O
o) 49% o) OR
I\N/Ie
MeO “OMe MeO

60 R = OMOM
Chloro-verbenachalcone 54 R = OH

X

59 TsOH quant. l:

Scheme 8. Reagents and conditions:

3-3-2. p-Dehydroxy-verbenachalcone 55, o-dehydroxy-verbenachalcone
56
Verbenachalcone Weinreb 11 o
p-dehydroxy-verbenachalcone-MOM 62 62
p-dehydroxy-verbenachalcone 55
11 p
o-dehydroxy-verbenachalcone-MOM 63

o-dehydroxy-verbenachalcone 56
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| b) 61b, n-BuLi (63: 84%) O O : quant.
N<
OMe OMOM OMOM
o} 0 Ry Br

11 62 : Ry =0OMOM, R, =H

63: Ry =H, R, = OMOM
6la Br 61

Scheme 9. Reagents and conditions:
3-4.
natural product type MOM protected weinreb type carboxiric type aldehyde type
T OH T OMOM
> 0 &
erbenachalcone t pe HO OH MOMO OMOM MOMO MOM MOM
v Yy o) o} OMOM o
|
MeO O O MeO MeZ:QW(N‘OMe MeoDWOH MeO
1 O OH 47 O OMOM 11 (o] 45 (o]
O OH o OMOM

o
w,OMe
MOMO

o

OH
MOM

m
64 ©
(o]

|
RGN
50 o

. MOMO OMOM
littorachalcone type o OH o OMOM
(dmetnony e oSS sBue ROV o
OMe
2 O OH 53 O OMOM 52 O 51 (o}
O OH O OMOM o o
cl O O cl O O cl h‘rorwe cl "
HO cl OH MOMO cl OMOM MOMO cl MOMO cl
chloro type 0. O O OH 0. O O OMOM :
MeO MeO MeO N‘OMe MeO OH
O OH O OMOM o] o]
54 59 58 57

(g
=

[*)
=

p-dehydroxy type 3 MOMO [
MeO MeO O O
O OH O OMOM
55 62
|
0-dehydroxy type Ho O O OH MOMO O OMOM
© OH O OMOM
Meo MeO
56 63 °

Table 4.
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MeOH DMSO PC12D

10pM 30pM
NGF S5HM NGF 48
Control
NGF PC12D NGF5u
M 30aM  PC12D
NGF 1%DMSO

1~3%MeOH PC12D

i

Photo 1. Ordinary PC12D cell Photo 2. Treated by 5 utM NGF

o ' PN O

Photo 3. Added sample 59 (10pM) Photo 4. Added sample 2 (30 pM)

(Inhibition) (enhancement)
Fig. 23 PC12D PC12D
10M 30uM
NGF PC12D 5aM NGF  PC12D 30pM NGF
PC12D (Table 5-6 )
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Neurite-growth enhancer conc. at 10 yM

100
90
80
70
60
50
40
30

Neurite-bearing cells (%)

20
10

NGF o| 5 30 (M)

Table 5 10uM

Neurite-growth enhancer conc. 30uM

100
90
80
70
60
50
40
30

Neurite-bearing cells (%)

20
10

NGF 0 | 5 30 (M)

Table 6 30pM

10uM littorachalcone 2 47, 45,
53, 54, 58, 57, 56 11, 64, 52, 51, 50, 63
59, 55, 62
MeOH DMSO
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10pmM

30M

1, 2, 51, 56

verbenachacone

2-

verbenachalcone

50

30M

DMSO

DMSO

PC12D NGF

Littorachalcone
51 2- 45

51
littorachalcone 64
10uM
30uM

2 o-dehydroxy verbenachalcone 56

pdehydroxy verbenachalcone 55
(10pM )

59, 55, 62, 63  3%DMSO
30M
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1.8V

Fig. 30 TIOAc

IR
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1-3. T1sO3

(Table 5)

10mM TIOAc, 0.5M TBANO,, CH,CN/H,0 (4 : 1),
3N HNO,, Pt-Pt

1.8V

43

electrode’

10mA

T+

Ag-AgCl

reference electrode

(CV 1)

Tsirlina

T1203

2 F/mol
TLC

NMR MS



X4

OH

65 : X4
66 : X4

entry

COOMe

1 eq. TIOAc, or 4 eq. Pb(OAc)
C.P.E., 2.0V vs. SCE.
X n-BuyNOAc or n-BuysNNO3,
2 anolyte : CH3CN / H,0 or MeOH / H,0
catholyte: 3 M HNO3 aq.

=OMe,X2=H
=Xy =Br

conditions

O

oy

Table 5

M
0 0 " o
MeO OMe

704 O

Pm@

7147

R = (CH2)2COOM3

yield (%)
68 69 70 71

65, TIOAc, n-BuyNOAc, MeOH / H,0 (4 : 1)

65, TIOAc, n-BusNNO3, MeOH / H,0O (4 : 1)

66, TIOAC, n-BusNNO3, MeOH / HoO (4 : 1)

66, TIOAc, NaOMe / CF3COOCH (1 : 1), MeOH,/ H,O (4 : 1)

65, Pb(OAC)Z, n-Bu4NN03, CHgoN / Hzo (4 : 1)

Entry 1 2 5

Entry 1

66
n-BusNOAc

T1203

n-BusNNO3

Entry 3 1

66

Entry 2

Entry 4

NaOMe TFA

44

23
60 (a:b=51:09)
39

44 (conv. 88%)

65 entry3 4

68



Entry 5

Iv)

2 F/mol
T1203
65 66 TTN
1h T1203 10h

T1203

TTN T13+

aqueous condition
2 [TINM(OAC)(NO3),] + 3H0 —— 3 + 4 HNO3 + 2HOAC

-2e”
TI"0Ac ——  [TIMOAC)]?

[TIWOAC]2* + 2 TBANO; ————» [ T|(”')(OAC)(N03)2] +2TBA*

Scheme 11
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2-2.

T13+
TFE T1OAc THF MeOH
IR 3
72
17 73
(table 6, entry 1) T13+
OBn OBn
MeOOC.__N NHCbz MeOOC._ LN NHCbz
N TINO3, n-BusNNO;3 N
% anolyte (6]
Bl catholyte : 3 M HNOj aq. Br
B oy KO ! Br o HO |
72 73

Table 6 Oxidative cyclization using electroactivated thallium (ITI)

entry anolyte Tl (eq.) e- (F/mol) yield % (conv. %)
1 THF, MeOH, TFE 6 20 47 (62)
2 ISH_E;xvefGH’ TFE 6 20 21 (51)
3 THF, MeOH, TFE 12 20 57 (86)
4 CH3CN 6 6 49 (83)
5 CH4CN 6 20 50 (74)

6 40

entry 2

18- -6-
49

50



72

Entry 3
THF
entry 4 CH3;CN
THF MeOH
entry 5
MeOH / THF / TFE CH:3CN
T13+
100%  TI3*
entry 4 6% ( 12 F/mol(
6 ) 1 F/mol( 05 ) )

T1203 T1203

T+

T13+
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3-1.
(
CV
CV
(
)
10 mM T1IOAc 1.0M
CV
TIi+
09V
1M
1.4V
LiClOq4
CHsCN H-.0
1.4V CHsCN
1.8V ) CHs;CN
CH;sCN

0.6V
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King

(Fig. 34)
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Cv4
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o cV5
=
&
cve

Potential (V)

Fig. 34 Electrochemical behavior of thallium (I) under acidic / neutral
aqueous conditions (CV 4-6)
All conditions used 10 mM TIOAc, and 1 M supporting salt. (CV 4 )HNOs aq.; (CV 5)
HCIO4 aq.; (CV 10) LiClO4 aq.; potential sweep rate: 1 mV/sec, electrode: 1 x 1 cm'! Pt

plate anode, Pt wire cathode, and calomel reference electrode were used.

(T1203 )

3-2.

Cv
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TIOAc TIOAc TFE
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T10Ac
MeOH TFE CH3CN CH3;NOs DMF
CF3COONa
n-BuyNNOs n-BuysNOAc n-BuuNBF, LiOTf
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(Fig. 35)
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CV(Fig. 32)
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1.55 V (cv
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MeOH
(CV 8-10) LiOTf
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CV 11-12 n-BusNBF4
(CV 9)
CF3COONa
1.1V T+ (CV 8)

54



1 mA/cm? 10 mA/cm'?
Ccvs CVv5s
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\I '|
S

nBu,NBF,, MeOH-CF,CH,OH (10: 1) 1 M nBu,NBF,, CH,CN

I1 mA/cn! 1 mA/ m'1I /
cv 10 cv12 j

1
M LIOTF, MeOH-CF,CH,OH (10: 1) Vs 1M LIOTF, CF,CH,0H
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0

Fig. 35 Electrochemical behavior of thallium under organic solvent
conditions
All conditions used 10 mM TIOAc, and 1 M supporting salt; (CV 8) CFsCOONa,
MeOH-CFsCH20H (10 : 1); (CV 9) nBusNBF4, MeOH-CFsCHzOH (10 : 1); (CV 10)
CF3S0sLi, MeOH-CF3CH20H (10 : 1); (CV 5) HC104, H20; (CV 11) nBusNBF4, CH3CN;
(CV 12) CF3S0sLi, CFsCH20H; potential sweep rate: 1 mV/sec, electrode: 1 x 1 cm! Pt

plate anode, Pt wire cathode, and calomel reference electrode were used.

MeOH T+
MeOH
CF3COONa n 'BU4NBF4
CF3COONa T11+
n 'BU4NBF4 CF3COONa

55



T1OAc

Tl

AHA

Anion exchange
membrane

10 mM TIOAc, 0.1 M CF,COONa 3 M CE.COOMe
CF5CH,OH / MeOH / CH(OMe), 8

Fig. 36 Electro-generation of TI3* under organic solvent conditions

(using an anion exchange membrane)
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TTN 1,2-
51 Tayler

56



Table 7 Ring expansion reactions with exo-olefin compounds5?

TTN, ongeM
MeOH, CH({OMe); _ @ e
R

73a R=H 74a 87%
73b R = OMe 74b 81%
TTN, OMe
MeOH, CH(OMe)s @OOMe
75 76 96%
R
| S
TTN, MeOH
77aR = Me 78a 95%
77b R = Et 78b 96%
TTN, OMe
MeOH, CH(OMe); @OMG
S S
79 80 93%
0
Cb TTN, MeOH
81 82 82%
T13+ 3
C-TIz+
T2+
1 2-
. TIS*
g TIS
——
MeOH
OMe
OMe Rearrangement
e T ——)
MeOH
Fig. 37 Expected mechanisms of ring expansion reaction
Ferraz 52
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Table 8 Ring contraction reactions with endo-olefin compounds?2

MeQ, OMe OMe
OMe
TTN, MeOH
83 84 : 80% 85 : 8%
MeQ
OMe
TTN, MeOH
86 87 : 87%
MeO{_ome OMe
OMe
TTN, MeOH
OMe OMe OMe
88 89 : 72% 90 : 15%
MeO__ ome OMe
MeO l ‘ TTN, MeOH MeO Meom/OMe
91 92 : 68% 93:8%
OMe z, ,OMe
O ‘ TTN, MeOH Qé_\\om Qé,\\onvle
94 95 : 38% 96:31%
C-Tl 1,2-
2
TI®*
TIS*
cO —
MeOH
MeOQ,
OMe
Rearrangement
B SE———
MeOH

Fig. 38 Expected mechanism of ring contraction reaction
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3-4.

CvV MeOH CH3;CN
CF3COONa
1)10 mM TI10Ac Tl(acac) 15 mL 10 mA/cm!
3 F/mol
2) 10 mI( )
(1) 1.5 1h
3) (2)
Tl (1) salt (1.5 eq.) R
: H 0.2 M CF3COONa : ij
3 MTFAaq.
Solvent
C. C. E. 20 mA/cm vs. SCE.
sFimo i
Table 9 Optimization of electro-generation TI3* conditions
yield (%)
entry Tl salt solvent 74a T4c

1 TINO4 CH3CN, TFE (2: 1) 36

2 TIOAC CH3CN, TFE (2: 1) 72

3 Ti(acac) CH5CN, TFE (2: 1) 74

4 Tl(acac) MeOH 31 62

5 Tl(acac) CH3CN 70

6 Tl(acac) CH3CN, CH3NO, (3: 1) 65

7 TIOAC (1.4 eq.) MeOH, CH(OMe)s, TFE 100

(14 :14: 1)
qy TINOs
36% (entry 1)
TFE TIOAc Tl(acac)
72% T4%(entry

2 3) TFE TFE
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T1(acac) M THE

entry MeOH
2 93%
(entry 4) CH3;CN
(entry 5)
CH(OMe)3 TIOA
(entry 7) oV
3-5.
T+  T13+
1
OMe
Ejfi (0716&.5128@&), @@OMe
0.2 M CF3COONa
MeOH, CH(OMe)s, TFE,
L

LLLr T ".

i: 3

Curent magnitude | Fimoly

Fig. 39 Current Efficiency of electro-generation of TI3+
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0.5 F/mol 1.0 F/mol

(I11) 1 F/mol 50%
4] (I11)
3 F/mol 80% (D
(I11)
0.01 M
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(TTFA)

30 mM TIOAC WJM il

electrolysis condition———-

|
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TIOAC _ AN
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| |
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Fig. 40 IR spectrum of the electrochemical solution
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(MeOH CH(OMe); TFE) IR

CH3OH: 3347, 3336, 1460, 1030, 662 cm'!
CH(OMe)s: 2998, 1453, 1358, 1225, 1197, 1099, 985 cm'!
CFsCH2OH: 3374, 1280, 1166, 1088, 947, 830, 664 cm!
TIOAc CF3COONa

IR 1050cm!
TTFA IR 1050cm™?
1194cm™! 1751cm™? IR
IR
TTFA 1194cm? 1751cm™
1050cm™!
T1OAc CF3COONa
(I1D)
TTFA
3-6.
TTFA
(Table 10)
73a
(entries 2-3) 5
7
5:2
MeOH
entries4-7 OMe OTBS

81% 68%
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OTf

(entry 5)
(entry 6) 103
TBS
entry 4
1.4 eq. TIOAC
0.1M CF3COONa X
MeOH, CH(OMe)s, TFE, L A, o
(14:14: 1) R S !
3.0 M CF3COOH aq. GR// ) N
MeOH / CH(OM :
CC.E. 30 mAfom?, 3 Fimol eOH /€ 1§ e)s Acetal (R, = OMe)
Electrolysis rt. Ketone (R = -O-)
Table 10  Ring expansion reaction of exo-olefin compounds using electro-
generated T13+
entry entry

OMe

quant

82 R=-0- 20%

108 R = OMe 54%

OMe

D
D e
CD ——
LD ——

R

~

73b R = OMe 74b R = OMe, 81%
98 R=0TBS 99 R=O0TBS, 68%
104 C1,2
(entry 6)

63

OMe
t,
TfO 100 quan TfO 101
OMe
OMe
93%
OTBS OTBS
102 103
OMe
/[ I/é 52%
TfO 104 : TfO 105
OMe
MeO
g »
N 35% N
106Boc 107 Boc
105
106
107  35%



1.4 eq. TIOAC | x
0.1M CF3COONa 6 SNA )
MeOH, CH(OMe)s, TFE, R s MeOL_ome OMe
(14: 14 : 1) N OMe
3.0 M CF3COOH ag. l D +
C.C.E. 30 mA/cm?, 3 Fimol |~ MeOH (/10'%0""9)3 R RS
. 5
Electrolysis rt

Table 11 Ring contraction reaction of endo-olefin compounds using electro-
generated T13+

entry substrate yield (%)
MeOQ,

OMe OMe
OMe

:
|

2
8

88 84 77% 85 23%
(trans : cus = 15:8)
OMe
109 110 59%

(trans : cis = 25 : 34)
MeO
OMe

.
|
2

RO
111 R=Bn 112 R = Bn quant,

113R=TBS 114 R = TBS quant.

%

no reaction
TfO
115
MeOQ, OMe OMe
OMe
s O ——
OBn OBn OBn
116 117 59% 118 40%
(trans : cis = 27 : 13)
MeO, OMe OMe
OMe
: _—
OTBS OTBS OTBS
119 120 65% 121 33%

(trans : cis =18 : 15)

7 O‘ _— no reaction
OTf
122
88 TTFA
84 T7%
85 tranc / cis 15% 8%
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5 109

110
C-Tl1 C-Ar
(entry 3-4)
OBn OTBS
112 114
TfO
(entry 5-6)

24
59% 65%
OBn 118 40%(trans : cis =
2:1) OTBS 119 33%(trans:cis=18:15)
6 TO 122

FEndo

Markovnikov

TfO

Exo-
C-Tl C-Ar
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(CF3COO0)sT1(I1D)

(CF3COO0)sTI(IID)

OTf
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FExperimental Section
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verbenachalcone

General

IR spectra were recorded on a JASCO Model A-202 spectrophotometer.
1H-NMR and 13C-NMR spectra were obtained on JEOL JNM EX-270 and
JEOL JNM GX-400 spectrometers in CDCls using tetramethylsilane as an
internal standard, unless otherwise stated. High-resolution mass spectra
were obtained on a Hitachi M-80 B GC-MS spectrometer operating at an
ionization energy of 70 eV. Melting points were measured on a Yanaco
MP-S3 and were uncorrected. Silica gel column chromatography was
carried out using Kanto Chemical silica 60N (sherical, neutral, 63-210 pum).
Preparative and analytical thin-layer chromatography (TLC) were carried
out on silica gel plates (Kieselgel 60 Fss4, E. Merck AG, Germany). The
reaction was monitored by UV (254 nm) light and/or stained with 5 %
phosphomolybdic acid in ethanol as a colorizing agent, followed in the latter
case by heating on an electric plate. A flow cell apparatus of HX-201
(Hokuto-Denko) was used.

Workup procedure: a mixture was partitioned between EtOAc or CHCIs and
H20. The organic layer was washed with brine, dried (NazSO4), and then

evaporated.

OAc
HO
Cl 28-Cl

A mixture of 283 (21 mg, 0.11 mmol) and SO2Cls (41 mL, 0.53 mmol) was
stirred at 0 °C for 5 h under an Ar atmosphere. After the addition of sat. aq.
NaHCOs, the mixture was worked up. Purification by preparative TLC
(Hex / EtOAc = 3:1) afforded 28-Cl (15.6 mg, 64%) as a colorless oil: IR (film)
3402, 2956, 1714 cm'}; 'H NMR § 1.90 (dt, 2H, <&~ 6.4, 7.7 Hz), 2.06 (s, 3H),
2.60 (t, 2H, & 7.7 Hz), 4.07 (t, 2H, &~ 6.4 Hz), 5.73 (s, 1H), 6.92 (d, 1H, J= 8.4
Hz), 6.96 (dd, 1H, J= 8.4, 1.5 Hz), 7.13 (d, 1H, J= 1.5 Hz); 13C NMR § 21.0,
30.2, 31.1, 63.6, 116.1, 119.6, 128.1, 128.5, 134.2, 149.5, 171.1; HRMS calcd
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for C11H1335C103 (M*) 228.0552, found m/z 228.0592.

Br OAc
Hoj@/\/\

Cl 14
A mixture of the 28-Cl (62 mg, 0.27 mmol) and PyreHBr; (148 mg, 0.46
mmol) in CHCls (3 mL) - pyridine (2 mL) was stirred at 0 °C for 3 h. The
mixture was worked up, and the residue was purified by silica gel column
chromatography (Hex / EtOAc = 3:1) to give 14 (88.1 mg, 100%) as colorless
needles: mp 79.5 - 80 °C (Et20); IR (KBr) 3367, 1714 cm'’; 'H NMR 6 1.91 (dt,
2H, = 6.4, 7.7 Hz), 2.06 (s, 3H), 2.59 (t, 2H, = 7.7 Hz), 4.07 (t, 2H, J/~ 6.4
Hz), 5.76 (br, 1H), 7.12 (d, 1H, &= 1.7 Hz), 7.24 (d, 1H, <& 1.7 Hz); 13C NMR §
21.0, 30.0, 30.9, 63.4, 110.0, 120.4, 128.6, 130.9, 135.0, 146.7, 170.9; HRMS
caled for C11H127Br35C103 (M*) 305.9658, found m/z 305.9616.

OAc

OMe
AcO o Br PR oac o' OAc
/V\@Eo Cl OI;AA HO
Cl o) 18 Cl 29 Cl 30
Anodic oxidation of 14
A mixture of 14 (31 mg, 0.1 mmol) and LiCl1O4 (0.1 M) in MeOH (200 mL) was
electrolyzed (CCE at 10 mA, in an undivided cell using a glassy carbon
beaker or a platinum net as anodes, a platinum wire as a cathode, 3 F/mol),
under an Ar atmosphere. After evaporation and work-up, the residue was
separated by silica gel column chromatography using (Hex / EtOAc=3:1) to
afford 13 (14 mg, 50%), and a 3:1 mixture  of
3-(5-bromo-3-chloro-4-hydroxyphenyl)-3-methoxypropyl acetate 29 and
3-(3-bromo-5-chloro-1-methoxy-4-oxocyclohexa-2,5-dienyl)propyl acetate 30
(4 mg, 12%, 3:1 =29/ 80, determined by 'H NMR).
13: IR (film) 2939, 1738, 1693 cm'’; 'H NMR § 1.59 (m, 2H), 1.79 (m, 2H),
2.00 (t, 2H, & 7.8 Hz), 2.03 (s, 3H), 2.08 (s, 3H), 2.70 (t, 2H, J= 7.8 Hz), 3.22
(s, 3H), 4.00 (t, 2H, &= 6.4 Hz), 4.13 (t, 2H, J= 6.4 Hz), 5.31 (d, 1H, J= 2.9 H2),
6.95 (d, 1H, &&= 2.9 Hz), 7.28 (d, 1H, 2.0 Hz), 7.40 (d, 1H, &= 2.0 Hz); 13C NMR
6 20.86, 20.89, 23.0, 29.6, 31.3, 36.7, 53.1, 63.3, 63.7, 117.3, 121.0, 128.1,
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129.8, 130.1, 132.0, 133.4, 141.7, 144.5, 147.0, 148.4, 170.7, 170.8, 172.7;
HRMS calcd for Cs3Hzs79Br35Cls07; (M-CD 527.0470, found m/z 527.0450.
29: TH NMR § 1.68 (t, 2H, J= 6.4 Hz), 1.85 (t, 2H, J= 6.4 Hz), 2.06 (s, 3H),
3.27 (s, 3H), 4.06 (t, 2H, J= 6.4 Hz), 6.97 (d, 1H, J= 2.8 Hz), 7.23 (d, 1H, J=
2.8 Hz). 380: 'H NMR § 1.90 (m, 1H), 2.03 (m, 1H), 2.05 (s, 3H), 3.20 (s, 3H),
4.11-4.22 (complex, 3H), 5.91 (s, 1H), 7.25 (d, 1H, J= 2.0 Hz), 7.36 (d, 1H, J=
2.0 Hz).

Anodic oxidation under flow cell conditions

A mixture of 14 (2.94 g, 9.6 mmol), pyridine (0.78 mL, 9.6 mmol) and LiClO4
(51.9 g, 0.49 mol) in MeOH (960 mL) was electrolyzed (CCE at 20 mA, flow
rate: 0.4 mL/min., 3.0 V, 3.0 F/mol) by using a flow cell apparatus. After the
addition of aq. NaHCOs and CHCls, the mixture was evaporated to give a
residue, which was worked up. A crude was separated by a silica gel
column (Hex / EtOAc = 3:1) to afford 13 (1.67 g, 62%) as a colorless oil:

2 Verbenachalcone littorachalcone

Br OAc
(0]
HO:©\CI/\/
cl OAc 3 7

A mixture of 13 (1.91 g, 3.4 mmol) and Zn powder (8.9g) in THF (34 mL) -
AcOH (11 mL) was stirred at 0 °C overnight. The mixture was filtered
through a Celite pad, and the filtrate was evaporated. Purification by a
silica gel column (Hex / EtOAc = 3:1) afforded 37 (1.26 g, 70%) and unreacted
13 (0.145 g, 8%).

37 mp 97-98 °C (colorless needles from Hex / EtOAc): IR (KBr) 3531, 3519,
2960, 1732 cm'’; 'H NMR § 1.80 (dt, 2H, &~ 6.5, 7.7 Hz), 2.01 (dt, 2H, J= 6.3,
7.8 Hz), 2.01 (s, 3H), 2.08 (s, 3H), 2.48 (t, 2H, &= 7.7 Hz), 2.70 (t, 2H, J 7.8
Hz), 4.00 (t, 2H, = 6.5 Hz), 4.12 (t, 2H, <= 6.3 Hz), 6.04 (s, 1H), 6.12 (d, 1H,
J= 1.4 Hz), 6.88 (d, 1H, & 1.4 Hz), 7.28 (d, 1H, = 1.7 Hz), 7.41 (d, 1H, &~ 1.7
Hz); 13C NMR § 21.0 (x2), 29.7, 30.0, 31.3, 31.4, 63.35, 63.42, 112.0, 118.1,
120.4, 123.4, 128.9, 129.7, 132.0, 133.1, 140.0, 141.2, 144.2, 145.7, 170.81,
170.84; HRMS calcd for C22H247Br35Cl:0¢ (M+H) 533.0132, found m/z
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533.0164.
Br OAc
o)

cl OAc 38

A mixture of 37 (29.2 mg, 0.055 mmol), MOMCI (0.01 mL, 0.11 mmol), and
DIPEA (0.04 mL, 0.22 mmol) in CH2Cl; (0.5 mL) was stirred under an Ar
atmosphere overnight. The reaction was quenched by the addition of
NH4Cl, and the mixture was worked up. A crude was purified by a silica gel
column (Hex / EtOAc = 3:1) to afford a MOM-ether 38 (36.5 mg, 100%) as a
colorless oil: IR (film) 2956, 1738 cm'; 'H NMR § 1.80 (dt, 2H, J= 6.5, 7.7 Hz),
2.01 (dt, 2H, = 6.4, 7.8 Hz), 2.01 (s, 3H), 2.08 (s, 3H), 2.49 (¢, 2H, J= 7.7 Hz),
2.71 (¢, 2H, J= 7.8 Hz), 3.71 (s, 3H), 4.00 (t, 2H, = 6.5 Hz), 4.12 (t, 2H, = 6.4
Hz), 5.35 (s, 2H), 6.04 (d, 1H, <~ 1.8 Hz), 6.91 (d, 1H, = 1.7 Hz), 7.28 (d, 1H,
J=1.8 Hz), 7.41 (d, 1H, &~ 1.7 Hz); 13C NMR § 20.97, 21.00, 29.8, 29.9, 31.3,
31.6, 57.9, 63.3, 63.4, 98.9, 112.1, 118.2, 123.4, 129.0, 129.8, 132.0, 137.8,
139.9, 141.0, 145.3, 149.9, 170.8 (x2); HRMS calcd for C24H2779Br35Cls07 (M)
576.0315, found m/z 576.0296.

Br OH

o)

MOMO@?Q:/\
cl OH 39

A mixture of the ether 39 (308 mg, 0.53 mmol) and K2CO3 (221 mg, 1.6 mmol)
in MeOH (5 mL) was stirred at room temperature overnight; the reaction
mixture was filtered, and the filtrate was evaporated. The residue was
worked up. Purification by silica gel column chromatography (Hex / EtOAc
= 1:1) afforded diol 40 (270 mg, 100%) as a colorless oil: IR (film) 3375, 2939
cm’; 'H NMR § 1.67 (dt, 2H, J= 6.2, 7.1 Hz), 1.84 (dt, 2H, J= 6.2, 7.1 H2),
2.30 (br, 2H), 2.44 (t, 2H, J= 7.1 Hz), 2.66 (t, 2H, &~ 7.1 Hz), 3.51 (t, 2H, J~
6.2 Hz), 3.61 (t, 2H, & 6.2 Hz), 3.67 (s, 3H), 5.30 (s, 2H), 6.03 (br, 1H), 6.87
(br, 1H), 7.25 (br, 1H), 7.36 (br, 1H); 13C NMR § 31.0, 31.4, 33.5, 33.7, 57.8,
61.3, 61.5, 98.8, 112.0, 118.0, 123.3, 128.7, 129.8, 132.0, 138.5, 139.5, 141.8,
144.9, 149.8; HRMS calcd for C20H2379Br35C1205(M) 492.0104, found m/z
492.0082.
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Br OTBS

o)

cl OTBS 40

A mixture of the diol 39 (236 mg, 0.48 mmol), imidazole (487 mg, 7.2 mmol),
and TBSCI (360 mg, 1.2 mmol) in DMF (5 mL, 0.1 M) was stirred for 6 h
under an Ar atmosphere. After the addition of H2O, the mixture was
worked up. The residue was purified by silica gel column chromatography
(Hex / EtOAc = 20:1) to afford siloxy ether 40 (375 mg, 100%) as a colorless
oil: IR (film) 2929, 2858 cm™; 'H NMR § 0.00 (s, 6H), 0.07 (s, 6H), 0.85 (s, 9H),
0.92 (s, 9H), 1.67 (dt, 2H, = 6.1, 7.8 Hz), 1.84 (dt, 2H, &~ 6.1, 7.8 Hz), 2.47 (t,
2H, = 7.8 Hz), 2.69 (t, 2H, J~ 7.8 Hz), 3.53 (t, 2H, &~ 6.1 Hz), 3.64 (t, 2H, J~
6.1 Hz), 3.71 (s, 3H), 5.35 (s, 2H), 6.05 (d, 1H, &~ 1.7 Hz), 6.90 (d, 1H, J~ 1.3
Hz), 7.26 (d, 1H, J= 1.3 Hz), 7.39 (d, 1H, J= 1.7 Hz); 13C NMR § -5.19 (x2),
18.38, 18.40, 25.8, 26.0, 31.2, 31.5, 33.8, 34.1, 57.9, 61.7, 61.8, 98.9, 112.2,
118.1, 123.5, 128.71, 128.74, 129.9, 132.2, 138.8, 139.6, 142.0, 145.0, 149.9;
HRMS calced for 032H5179Br35012058i2 (M'BI‘) 641.2649, found m/z 641.2692.
HO oTBS oTBS
0 0

MOMO@\CIA/ MOMO:©\C|/\/
B OTBS
cl OTBS 49 cl 41

To a solution of the siloxy ether 40 (390 mg 0.54 mmol) in dry THF (2 mL)
was added n-Buli (0.41 mL, 1.58 M solution in hexane, 0.65 mmol) under an
Ar atmosphere at -78 °C. After 3 min, B(OMe)s (0.6 mL, 5.4 mmol) was
added to the mixture. After being stirred for 2h, the reaction mixture was
treated with 3 M NaOH (1.0 mL, 13 mmol) and 30% H20: (1.0 ml, 35 mmol)
at 0 °C, and further stirred overnight. The reaction was quenched with
NH4Cl aq., and worked up. Purification by a silica gel column (Hex /
EtOAc= 8:1) afforded 12 (226 mg, 64%) as a colorless oil, along with 41 (89
mg, 14%) as a colorless oil.

12: IR (film) 3336, 2929, 2858 cm'; 'H NMR § 0.05 (s, 6H), 0.06 (s, 6H), 0.86
(s, 9H), 0.91 (s, 9H), 1.68 (dt, 2H, = 6.1, 7.7 Hz), 1.84 (dt, 2H, = 6.1, 7.7 H2),
2.49 (t, 2H, = 7.7 Hz), 2.63 (t, 2H, &= 7.7 Hz), 3.54 (t, 2H, J= 6.1 Hz), 3.64 (¢,
2H, = 6.1 Hz), 3.64 (s, 3H), 5.26 (s, 2H), 6.28 (d, 1H, = 1.7 Hz), 6.77 (d, 1H,
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J=2Hz), 6.84 (d, 1H, J= 1.7 Hz), 6.93 (d, 1H, &~ 2 Hz), 7.39 (s, 1H); 13C NMR
§-5.21, -5.17, 18.36, 18.40, 26.00, 26.03, 31.5, 31.7, 33.9, 34.0, 57.5, 61.8, 62.0,
98.8, 113.3, 116.2, 121.1, 123.9, 128.0, 135.8, 139.6, 141.5, 149.7, 150.4;
HRMS calcd for Cs2H5235Cl206Si2: (M+H), 659.2755, found m/z 659.2772.

41: IR (film) 2929, 2858 cm'’; 'H NMR § 0.00 (s, 6H), 0.04 (s, 6H), 0.86 (s, 9H),
0.90 (s, 9H), 1.71 (dt, 2H, J=6.6, 7.7 Hz), 1.80 (dt, 2H, J= 6.6, 7.7 Hz), 2.52 (t,
2H, J=17.7Hz), 2.64 (t, 2H, J= 7.7 Hz), 3.55 (t, 2H, J= 6.6 Hz), 3.59 (s, 3H),
3.61 (t, 2H, J=6.6 Hz), 5.19 (s, 2H), 6.5 (br, 1H), 6.77 (d, 1H, J= 8.3 Hz), 6.98
(br, 1H), 7.00 (d, 1H, J= 8.3 Hz), 7.24 (br, 1H); 13C NMR § -5.21, -5.18, 18.4
(x2), 26.00, 26.02, 31.2, 31.4, 34.0, 34.2, 57.7, 61.8, 61.9, 99.0, 117.6, 119.2,
124.3, 125.0, 128.0, 128.6, 130.4, 138.9, 139.3, 141.8, 149.8, 149.9; HRMS
calced for C32H5235C1205S12: (M-C1), 607.3039, found m/z 607.3083.

MeO oTBS
(0)

cl OTBS 49

To a solution of 12 (10.4 mg, 0.016 mmol) in DMF (500 L, 30 mM) were
added K2COs3 (21.8 mg, 0.16 mmol) and Mel (10 uL, 0.16 mmol) under Ar
atmosphere at 0 °C. After being stirred overnight, reaction mixture was
quenched with H2O and extracted with EtOAc (20 mL x 3). The organic layer
was washed with brine, dried (NaSO4), and evaporated. The residue was
separated by column chromatography on silica gel using Hex / EtOAc (40 : 1)
to afford 42 (10.7 mg, quant.) as a colorless oil.

IR (film) 2928, 2857 cm-1; 'H NMR § 0.00 (s, 6H), 0.07 (s, 6H), 0.86 (s, 9H),
0.92 (s, 9H), 1.66 (dt, 2H, J= 6.2, 7.6 Hz), 1.86 (dt, 2H, J= 6.2, 7.6 Hz), 2.45 (t,
2H, J=17.6 Hz), 2.68 (t, 2H, J= 7.6 Hz), 3.53 (t, 2H, J= 6.2 Hz), 3.66 (t, 2H, J
= 6.2 Hz), 3.72 (s, 3H), 3.73(s, 3H), 5.35 (s, 2H), 6.11 (d, 1H, J= 1.6 Hz), 6.72
(d, 1H, J=1.5Hz), 6.85 (d, 1H, J= 1.6 Hz), 6.90 (d, 1H, J= 1.5 Hz); 13C NMR
5-5.28, -5.24, 18.3 (x2), 25.9, 26.0, 31.4, 31.9, 34.0, 34.0, 56.0, 57.7, 61.7, 61.8,
98.8, 111.5, 112.2, 121.6, 122.8, 128.2, 128.2, 136.8, 138.5, 139.6, 140.7, 150.8,
and 152.8; HRMS calcd for C32H5:35Cl205S1s: (M-OMe), 641.2598, found m/z
641.2623.
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O
MOMO
OTBS 48

A mixture of 42 (232 mg, 0.34 mmol), Pd-C (100 mg), and HCO2NH, (200 mg,
3.4 mmol) in EtOH (50 mL, 7 mM) was stirred at 60 °C for 5 h under an Ar
atmosphere. The reaction mixture was filtered and the filtrate was
evaporated. The residue was worked up, and purified by silica gel column
chromatography (Hex / EtOAc = 10:1) to afford 43 (174 mg, 84%) as a
colorless oil: IR (film) 2929, 2856 cm'; H NMR § 0.00 (s, 6H), 0.04 (s, 6H),
0.86 (s, 9H), 0.90 (s, 9H), 1.71 (dt, 2H, = 6.3, 7.7 Hz), 1.82, (dt, 2H, /&= 6.3,
7.7 Hz), 2.52 (t, 2H, J= 7.7 Hz), 2.64, (t, 2H, J= 7.7 Hz), 3.44 (s, 3H), 3.56 (¢,
2H, J= 6.3 Hz), 3.63 (t, 2H, J= 6.3 Hz), 3.82 (s, 3H), 5.16 (s, 2H), 6.63 (d, 1H,
J=2.0 Hz), 6.66 (dd, 1H, /= 1.7, 8.6 Hz), 6.72 (d, 1H, J= 7.9 Hz), 6.79 (d, 1H,
J=1.7Hz), 6.81 (dd, 1H, J=2.0, 7.9 Hz), 7.08 (d, 1H, J/= 8.3 Hz); 13C NMR &
-5.15, -5.14, 18.4 (x2), 26.0, 31.4, 31.9, 34.5, 34.5, 55.9, 56.1, 62.3, 95.7, 112.8,
117.6, 118.7, 118.9, 120.4, 123.8, 136.9, 137.9, 143.8, 145.6, 147.0, 150.1;
HRMS calcd for Cs2H5004Si2: M-OMe), 537.3447, found m/z573.3438.

(0]
MOMO
OH 44

A mixture of 43 (65.6 mg, 0.110 mmol) and TBAF (1 M in THF, 0.325 ml,
0.330 mmol) in THF (1 mL) was stirred at 0 °C for 3 h under an Ar
atmosphere. After evaporation and work-up, a crude product was purified
by a silica gel column (CHCls/ MeOH = 15:1) to afford a diol 44 (48.4 mg,
quant.) as a colorless oil: IR (film) 3367, 2937 cm'’; 1TH NMR & 1.59 (brs, 2H),
1.76 (dt, 2H, J= 6.4, 7.7 Hz), 1.90 (dt, 2H, J= 6.4, 7.7 Hz), 2.56 (t, 2H, & 7.7
Hz), 2.69 (t, 2H, & 7.7 Hz), 3.46 (s, 3H), 3.60 (t, 2H, J= 6.4 Hz), 3.68 (t, 2H,
J= 6.4 Hz), 3.83 (s, 3H), 5.18 (s, 2H), 6.64 (d, 1H, = 2.0 Hz), 6.86 (dd, 1H, =
1.7, 8.1 Hz), 6.75 (d, 1H, = 1.7 Hz), 6.81 (d, 1H, &~ 1.7 Hz), 6.83 (dd, 1H, &~
2.0, 8.2 Hz ), 7.11 (d, 1H, = 8.2 Hz); 13C NMR § 31.4, 31.9, 34.2, 34.3, 56.0,
56.2, 62.1, 62.2, 95.6, 112.8, 117.7, 118.7, 118.9, 120.4, 123.2, 136.4, 137.6,
143.8, 145.7, 147.0, 150.2; HRMS caled for Co0Hg2505 (M), 345.1751, found
m/z 346.1726.
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Mer@/\/COOH
o)
MOMO\©\/\
COOH 45

A mixture of 44 (70.6 mg, 0.19 mmol) and PDC (708 mg, 1.9 mmol) in DMF (2
mL, 0.1 M) was stirred at room temperature overnight. After the addition
of H20, the mixture was worked up. Purification by a silica gel column
(CHCl3/ MeOH = 15:1) to afford 45 (39.4 mg, 52%) as a colorless oil: IR (film)
3300-3000 (br), 2933, 1709 cm'}; 1H NMR § 2.55 (t, 2H, =-6.9 Hz), 2.71 (2H,
J=17.3 Hz), 2.81 (t, 2H, J=6.9 Hz ), 2.95 (t, 2H, J=-7.3 Hz), 3.48 (s, 3H), 3.79
(s, 3H), 5.21 (s, 2H), 6.56 (s, 1H), 6.72 (d, 1H, = 8.4 Hz), 6.80-6.82 (complex,
3H), 7.11 (d, 1H, J= 8.2 Hz), 10.0 (br, 2H); 13C NMR § 29.9, 30.6, 35.7, 35.7,
55.9, 56.2, 95.6, 113.0, 117.6, 117.6, 120.0, 120.6, 122.9, 134.9, 136.1, 140.3,
143.7, 145.7, 150.5, 178.9, 178.9;

o) 11

Compound 45 (16.4 mg, 0.041 mmol) was treated at room temperature with
EtsN (0.25 mL), HOBt (60 mg, 0.45 mmol), WSCI (86 mg, 0.22 mmol), and
(MeO)MeNH - HC1 (43.6 mg, 0.22 mmol) in CH2Clz (0.8 mL, 50 mM). After
being stirred overnight, the reaction mixture was treated with 0.5M HCI,
and then the mixture was worked up. The residue was purified by a silica
gel column (EtOAc) to give 11 (19.0 mg, 96%) as a colorless oil: IR (film) 2937,
1662 cm'; TH NMR § 2.64 (t, 2H, J= 7.6 Hz), 2.75 (t, 2H, J= 7.6 Hz), 2.82 (¢,
2H, = 7.8 Hz), 2.94 (t, 2H, J~ 7.8 Hz), 3.15 (s, 3H), 3.19 (s, 3H), 3.46 (s, 3H),
3.59 (s, 3H), 3.63 (s, 3H), 3.84 (s, 3H), 5.18 (s, 2H), 6.68 (d, 1H, = 2.0 Hz),
6.72 (dd, 1H, J= 2.5, 7.8 Hz), 6.75 (d, 1H, J= 7.8 Hz), 6.86 (d, 1H, <= 1.5 Hz),
6.88 (dd, 1H, &~ 2.0, 8.3 Hz), 7.12 (d, 1H, & 8.3 Hz); 13C NMR § 30.0, 30.5,
32.2, 33.8, 56.0, 56.1, 61.2, 61.2, 95.6, 112.9, 117.8, 118.8, 118.9, 120.4, 123.3,
135.9, 137.2, 144.0, 145.9, 147.0, 150.2, 173.4;
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0 OMOM

MeO
0 OMOM
MOMO\‘\/\”/,/! ! OMOM
0

OMOM 47

To a stirring solution of 46 (168 mg, 0.61 mmol) in dry THF (1.5 mL, 0.4 M)
was added n-Buli (1.58 M solution in hexane, 0.35 mL, 0.55 mmol) under an
Ar atmosphere at -78 °C. A solution of 11 (19.0 mg, 0.0388 mmol) in dry
THF was added (1 mL, 7 mM), and the mixture was stirred for further 30
min. After the addition of aq. NH4Cl, the mixture was worked up, and
purified by a silica gel column (Hex / EtOAc = 5:1) to afford 47 (19.2 mg, 64%)
as a colorless oil: IR (film) 2933, 1666 cm'’; 1TH NMR § 2.88 (t, 2H, = 7.8 Hz),
2.99 (t, 2H, J= 7.8 Hz), 3.14 (t, 2H, = 7.4 Hz), 3.30 (t, 2H, = 7.4 Hz), 3.43 (s,
3H), 3.46 (s, 3H), 3.48 (s, 9H), 3.83 (s, 3H), 5.18 (s, 2H), 5.19 (s, 2H), 5.19 (s,
2H), 5.20 (s, 2H), 5.25 (s, 2H), 6.69-6.74 (complex, 4H), 6.81 (d, 1H, &~ 2.0 Hz),
6.82 (d, 1H, &= 2.0 Hz), 6.86 (d, 1H, &~ 1.5 Hz), 6.88 (dd, 1H, J= 2.0, 8.4 Hz),
7.11 (d, 1H, J= 8.4 Hz), 7.70 (d, 1H, <&~ 8.8 Hz), 7.75 (d, 1H, J= 8.8 Hz); 13C
NMR & 30.0, 30.3, 45.3, 55.9, 56.2, 56.3, 56.5, 56.6, 94.1, 94.3, 94.5, 95.6,
102.7, 102.8, 108.8, 108.9, 112.9, 117.7, 118.8, 120.3, 122.3, 122.4, 123.3,
132.1, 132.2, 136.4, 137.6, 143.9, 145.8, 147.0, 150.1, 157.8, 161.5, 199.4,
199.5;

O OH verbenachalcone 1

A solution of 47 (8.4 mg, 0.0011 mmol) in MeOH (0.5 mL, 22 mM) in the
presence of TsOH-H20 (18 mg) was stirred at room temperature overnight.
After evaporation, the mixture was worked up, and purified by preparative
TLC (Hex / EtOAc = 3:2) to afford verbenachalcone 1 (6.8 mg, quant.) as a
yellow oil: IR (film) 3353, 2925, 1712, 1633 cm'}; 1H NMR & 2.89 (t, 2H, J= 7.2
Hz), 3.06 (t, 2H, J= 7.2 Hz), 3.12 (t, 2H, J= 7.2 Hz), 3.22 (t, 2H, J= 7.2 Hz),
3.80 (s, 3H), 5.97 (s, 2H), 6.33 (complex, 4H), 6.58 (d, 1H, <~ 2.0 Hz), 6.75 (dd,
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1H, &~ 2.0, 8.3 Hz), 6.81 (d, 1H, = 2.0 Hz), 6.84 (dd, 1H, J~ 2.0, 8.3 Hz), 6.90
(d, 1H, o= 8.3 Hz), 7.55 (d, 1H, = 8.8 Hz), 7.59 (d, 1H, J= 8.8 Hz), 12.61 (s,
1H), 12.76 (s, 1H); 13C NMR & 29.9, 30.3, 39.4, 39.6, 55.8, 103.3, 103.3, 108.0,
108.0, 112.8, 113.0, 113.1, 115.8, 117.8, 120.4, 120.6, 123.7, 132.0, 132.7,
137.9, 143.4, 144.6, 145.4, 150.4, 163.9, 163.9, 165.1, 165.1, 203.1, 203.4.;

(@)
MOMO
oTBS 48

A mixture of 41 (267 mg, 0.42 mmol), Pd-C (100 mg), and HCO2NH, (78.4 mg,
1.3 mmol) in EtOH (5 mL) was stirred at 60 °C for 5 h under an Ar
atmosphere. The reaction mixture was filtered and the filtrate was
evaporated. The residue was worked up, and purified by silica gel column
chromatography (Hex / EtOAc = 10 : 1) to afford 48 (220 mg, 92%) as a
colorless oil: IR (film) 2929, 2857 cm'; 'H NMR § 0.00 (s, 6H), 0.06 (s, 6H),
0.86 (s, 9H), 0.88 (s, 9H), 1.71-1.84 (complex, 4H), 2.52-2.64 (complex, 4H),
3.38 (s, 3H), 3.55-3.62 (complex, 4H), 5.11 (s, 2H), 6.78 (d, 1H, J= 1.7 Hz),
6.83 (d, 1H, <~ 8.6 Hz), 6.87 (dd, 1H, &~ 1.7, 8.2 Hz), 7.07 (d, 1H, J= 8.2 H2),
7.09 (d, 1H, = 8.6 Hz); 13C NMR § -5.21, -5.18, 18.4 (x2), 26.0 (x2), 31.27,
31.30, 34.4, 34.6, 56.1, 62.1, 62.2, 95.5, 117.0, 117.7, 121.0, 124.2, 129.2, 136.0,
137.0, 146.1, 146.5, 155.8; HRMS calcd for Cs2H5405Si2: (M-C4Ho), 517.2803,
found m/z517.2843

/©/\/\OH
o)
MOMO
OH 49

A mixture of 48 (219 mg, 0.63 mmol) and TBAF (1 M in THF, 1.9 ml, 1.9
mmol) in THF (5 mL) was stirred at 0 °C for 3 h under an Ar atmosphere.
After evaporation and work-up, a crude product was purified by a silica gel
column (CHCIls/MeOH = 15 : 1) to afford a diol 49 (113 mg, 86%) as a colorless
oil: IR (film) 3348, 2935 cm'’; 1TH NMR § 1.53 (br, 2H), 1.76-1.92 (complex,
4H), 2.60 (t, 2H, &= 7.8 Hz), 2.67 (t, 2H, & 7.8 Hz), 3.42 (s, 3H), 3.63 (t, 2H,
J= 6.5 Hz), 3.66 (t, 2H, = 6.5 Hz), 5.13 (s, 2H), 6.80 (d, 1H, <~ 1.8 Hz), 6.86
(d, 1H, J= 8.6 Hz), 6.90 (dd, 1H, J= 1.8, 8.4 Hz), 7.11 (d, 1H, J= 8.4 Hz), 7.13
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(d, 1H, & 8.6 Hz); 13C NMR § 31.3 (x2), 34.2, 34.3, 56.2, 62.1, 62.2, 95.5,
117.2, 117.8, 120.9, 124.2, 129.3, 135.8, 136.7, 146.1, 146.6, 155.9; HRMS
caled for C2oHa605: (M), 346.1777, found m/z 346.1737

0 50

A mixture of the diol 49 (22.1 mg, 0.064 mmol), EtsN (0.29 mL), and SOs-Pyr
(162 mg, 1 mmol) in a 1 : 1 mixture of DMSO and CH:Cl: (1 mL) was stirred
at room temperature for 2 h. After the addition of H2O, the mixture was
worked up. The residue was separated by a silica gel column (Hex / EtOAc
=3:1) to afford 50 (18.4 mg, 84%) as a colorless oil: IR (film) 2924, 1721 cm'};
1H NMR: & 2.69-2.79 (complex, 4H), 2.83-2.95 (complex, 4H), 3.41 (s, 3H),
5.13 (s, 2H), 6.80 (br, 1H), 6.86 (d, 1H, J= 8.2 Hz), 6.91 (d, 1H, = 8.6 Ha),
7.11 (d, 1H, J= 8.6 Hz), 7.14 (d, 1H, &~ 8.2 Hz), 9.78 (s, 1H), 9.81 (s, 1H); 13C
NMR & 27.4 (x2), 45.2, 45.4, 56.2, 95.4, 117.3, 117.8, 120.9, 124.3, 129.2, 134.3,
135.1, 146.0, 147.0, 156.1, 201.1, 201.4; HRMS caled for Cz0H32205: (M),
342.1465, found m/z 342.1422.

(0]

(@)
MOMO
OH

o 51
A mixture of 50 (54.1 mg, 0.16 mmol) and PDC (476 mg, 1.3 mmol) in DMF (2

mL, 0.1 M) was stirred at room temperature overnight. After the addition
of H20, the mixture was worked up. Purification by a silica gel column
(CHCls/MeOH = 15 : 1) to afford 51 (48.2 mg, 82%) as a colorless oil: IR (film)
3300-3000 (br), 2925, 2854, 1711 cm'’; TH NMR § 2.60-2.65 (complex, 4H),
2.82-3.00 (complex, 4H), 3.41 (s, 3H), 5.14 (s, 2H), 6.79 (br, 1H), 6.86 (d, 1H,
J= 8.2 Hz), 6.90 (br, 1H), 7.12 (d, 1H, J= 7.9 Hz), 10.1 (br, 2H); 13C NMR §
29.8, 30.0, 35.7, 35.9, 56.2, 95.4, 117.5, 117.7, 120.7, 124.1, 129.3, 134.2, 135.0,
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146.3, 146.9, 156.1, 178.7, 178.8; HRMS calcd for C20H2207: (M), 374.1363,
found m/z 374.1342.

o)

_.OM
N e
|
O
MOMO
I
N.
OMe

o 52

Compound 51 (48.2 mg, 0.13 mmol) was treated at room temperature with
EtsN (0.22 mL), HOBt (214 mg, 1.3 mmol), WSCI (121 mg, 0.52 mmol), and
(MeO)MeNH-HC1 (61.7 mg, 0.52 mmol) in CHxCly (2 mL). After the
addition of 0.5 M HCI, the mixture was worked up. The residue was
purified by a silica gel column (EtOAc) to give 52 (35.7 mg, 60%) as a
colorless oil: IR (film) 2937, 2825, 1662 cm'’; 1TH NMR & 2.67 (t, 2H, J= 7.6 Hz),
2.72 (t, 2H, J= 7.6 Hz), 2.86 (t, 2H, & 7.8 Hz), 2.92 (t, 2H, = 7.8 Hz), 3.16 (s,
3H), 3.18 (s, 3H), 3.42 (s, 3H), 3.61 (s, 3H), 3.63 (s, 3H), 5.13 (s, 2H), 6.83 (d,
1H, J= 2.0 Hz), 6.87 (d, 1H, /= 8.8 Hz), 6.95 (dd, 1H, = 2.0, 8.3 Hz), 7.14 (d,
1H, = 8.3 Hz), 7.15 (d, 1H, J= 8.8 Hz); 13C NMR § 29.7, 29.9, 32.2 (x2), 33.7,
33.8, 56.1 (x2), 61.2, 95.5, 117.2, 117.8, 120.9, 124.3, 129.3, 135.3, 136.1,
146.0, 146.8, 156.0, 173.5 (x2); HRMS, caled for C24sH32N2O7: (M), 460.2207,
found m/z 460.2160.

o OMOM

MOMOOMOM

O OMOM 53

To a stirring solution of 46 (138 mg, 0.5 mmol) in dry THF (2 mL) was added
mBuli (1.58 M solution in hexane, 0.3 mL, 0.48 mmol) under an Ar
atmosphere at -78 °C. A solution of 52 (21.7 mg, 0.047 mmol) in dry THF
was added (1 mL), and the mixture was stirred for further 30 min. After
the addition of aq. NH4Cl, the mixture was worked up, and purified by a
silica gel column (Hex / EtOAc = 5 : 1) to afford 53 (22.2 mg, 64%) as a
colorless oil: IR (film) 2929, 1666 cm'!; 'H NMR & 2.92 (t, 2H, &~ 7.4 Hz), 2.99
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(t, 2H, &~ 7.4 Hz), 3.22 (t, 2H, &~ 7.8 Hz), 3.27 (t, 2H, J= 7.8 Hz), 3.42 (s, 3H),
3.43 (s, 3H), 3.47 (s, 3H), 3.47 (s, 3H), 3.48 (s, 3H), 5.13 (s, 2H), 5.19 (s, 2H),
5.20 (complex, 4H), 5.24 (s, 2H), 6.70 (dd, 1H, &~ 2.0, 8.8 Hz), 6.73 (dd, 1H, J=
2.0, 8.8 Hz), 6.80 (d, 1H, J~ 2.0 Hz), 6.82 (d, 1H, &~ 2.0 Hz), 6.84 (d, 1H, &~
2.0 Hz), 6.86 (d, 1H, &~ 8.8 Hz), 6.95 (dd, 1H, J= 2.0, 7.6 Hz), 7.13 (d, 1H, =
7.6 Hz), 7.15 (d, 1H, &~ 8.8 Hz), 7.70 (d, 1H, .~ 8.8 Hz), 7.74 (d, 1H, J= 8.8
Hz); 13C NMR § 29.76, 29.85, 45.1, 45.3, 56.0, 56.2, 56.3, 56.47, 56.52, 94.1,
94.4, 94.46, 94.50, 95.53, 102.7, 102.8, 108.9, 117.2, 117.8, 120.9, 122.4, 122.5,
124.3, 129.3, 132.12, 132.14, 135.8, 136.6, 146.1, 146.7, 155.9, 157.8, 157.9,
161.47, 161.49, 199.3, 199.5; HRMS calcd for C40H46013: (M), 734.2938. found
m/z734.2931.

O OH
OOH
HOOH
O OH

A solution of 53 (11.1 mg, 0.0015 mmol) in MeOH (1 mL) in the presence of

TsOH (20 mg) was stirred at room temperature overnight. After

Littorachalcone 2

evaporation, the mixture was worked up, and purified by preparative TLC
(Hex / EtOAc = 3 : 2) to afford littorachalcone 2 (6.8 mg, 88%) as a colorless
oil: IR (film) 3348, 2925, 1707 cm'}; 'TH NMR & 2.82 (t, 2H, J= 7.6 Hz), 2.85 (t,
2H, &~ 7.6 Hz), 3.13 (t, 2H, J= 7.6 Hz), 3.18 (t, 2H, = 7.6 Hz), 6.20 (s, 2H),
6.28 (dd, 1H, J= 2.0, 8.8 Hz), 6.30 (dd, 1H, &~ 2.0, 8.8 Hz), 6.65 (d, 1H, &~ 2.0
Hz), 6.67 (d, 1H, &~ 2.0 Hz), 6.76 (d, 1H, .~ 2.0 Hz), 6.79 (d, 1H, J~ 8.8 Hz),
6.86 (dd, 1H, o~ 2.0, 7.6 Hz), 7.11 (d, 1H, &~ 7.6 Hz), 7.11 (d, 1H, &~ 8.8 H2),
7.67 (d, 1H, = 8.8 Hz), 7.72 (d, 1H, J= 8.8 Hz); 13C NMR § 40.03, 40.05, 60.5
(x2), 103.4, 108.57, 108.62, 113.7, 113.8, 117.3, 117.7, 121.8, 125.8, 130.2,
133.48, 133.54, 133.8, 135.8, 143.6, 148.0, 157.1, 165.2, 165.3, 166.00, 166.02,
204.6, 204.7; HRMS calcd for C30H260s: (M), 514.1625, found m/z514.1625.

3 PC12D
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A mixture of 41 (99.2 mg, 0.15mmol) and TBAF (1 M in THF solution, 0.44
mL, 0.45 mmol) in THF (3 mL) was stirred for 2 h, and then evaporated.
The residue was worked up and purified by a silica gel column (EtOAc) to
afford a diol 57 (63.6 mg, 97%) as a colorless oil: IR (film) 3365, 2937 cm'!; 'H
NMR & 1.71 (dt, 2H, &= 6.3, 7.4 Hz), 1.91 (dt, 2H, /&= 6.3, 7.4 Hz), 2.07 (br, 2H),
2.47 (t, 2H, J= 7.4 Hz), 2.71 (t, 2H, & 7.4 Hz), 3.56 (t, 2H, J= 6.3 Hz), 3.70 (¢,
2H, &~ 6.3 Hz), 3.70 (s, 3H), 3.72 (s, 3H), 5.35 (s, 2H), 6.13 (br, 1H), 6.74 (br,
1H), 6.86 (br, 1H), 6.91 (br, 1H); 13C NMR & 31.4, 31.9, 33.77, 33.81, 56.1, 57.8,
61.7 (x2), 98.8, 111.4, 112.2, 121.6, 122.7, 128.26, 128.31, 136.8, 138.2, 139.7,
140.5, 150.8, 152.9; HRMS calcd for C21Hg¢35Cl206: (M), 444.1104, found m/z
444.1101.

MeO
© OH

o)

MOMO Cl
cl OH

o 58

The diol 57 (9 mg, 0.02 mmol) was treated with PDC (76 mg, 0.2 mmol) in
DMF (0.5 mL) for 3.5 h. After the addition of H20, the mixture was worked
up and purified by silica gel column chromatography (EtOAc) to afford 58
(6.8 mg, 71%) as a colorless oil: IR (film) 3300-3000 (br), 2929, 1709 cm'!; 1H
NMR § 2.50 (t., 2H, & 6.6 Hz), 2.75 (complex, 4H), 2.97 (t, 2H, J= 7.1 Hz),
3.70 (s, 3H), 3.71 (s, 3H), 5.35 (s, 2H), 6.11 (br, 1H), 6.74 (br, 1H), 6.85 (br, 1H),
6.93 (s, 1H); 13C NMR § 29.7, 30.6, 35.2, 35.3, 56.1, 57.9, 98.9, 111.7, 111.9,
121.7, 123.1, 128.49, 128.51, 136.9, 137.5, 138.4, 140.3, 151.2, 152.8, 178.6,
178.8; HRMS caled for Ca1H2235C1 20s: (M), 472.0689, found m/z 472.0687.
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Compound 58 (29.8 mg, 0.063 mmol) was treated with EtsN (0.4 mL), HOBt
(94 mg, 0.69 mmol), WSCI (132 mg, 0.25 mmol), and MeONHMeeHCI (67.6
mg, 0.25 mmol) in CH2Cle (3 mL), as described in the case of 52 to afford 59
(23 mg, 65%) as a colorless oil: IR (film) 2937, 1731 cm'’; 'H NMR § 2.61 (t,
2H, &~ 7.8 Hz), 2.73 (t, 2H, = 7.8 Hz), 2.79 (t, 2H, J~ 7.6 Hz), 2.99 (t,. 2H, J~
7.6 Hz), 3.14 (s, 3H), 3.21 (s, 3H), 3.59 (s, 3H), 3.68 (s, 3H), 3.70 (s, 3H), 3.74
(s, 3H), 5.35 (s, 2H), 6.17 (d, 1H, J= 2.0 Hz), 6.79 (d, 1H, = 1.2 Hz), 6.89 (d,
1H, &= 2.0 Hz), 6.94 (d, 1H, J= 1.2 Hz); 13C NMR § 30.1, 30.4, 32.2 (x2), 33.3,
33.4, 56.1, 57.8, 61.2, 61.3, 98.8, 111.6, 112.3, 121.5, 122.8, 128.38, 128.44,
137.0, 137.7, 140.0, 140.1, 150.9, 153.0, 173.0 (x2); HRMS calcd for
Ca5H3235Cl1 9N2Osg: (M), 558.1633, found m/z 558.1531.

o OMOM

OO
O OMOM
MOMO O Cl ‘ OMOM
Cl

O OMOM 60

Compound 59 (23.9 mg, 0.043 mmol) was reacted with a lithiated 46 (190 mg,
0.69 mmol) in dry THF (2 mL), essentially the same procedure as in the case
of 47 to afford 60 (17.6 mg, 49%) as a colorless oil: IR (film) 2954, 1666 cm';
1H NMR § 2.79 (t, 2H, = 7.8 Hz), 3.03 (t, 2H, &~ 7.3 Hz), 3.13 (t, 2H, = 7.8
Hz), 3.33 (t, 2H, J= 7.3 Hz), 3.45 (s, 3H), 3.48 (s, 3H), 3.48 (s, 3H), 3.50 (s, 3H),
3.70 (s, 3H), 3.72 (s, 3H), 5.16 (s, 2H), 5.19 (s, 2H), 5.21 (s, 2H), 5.27 (s, 2H),
5.35 (s, 2H), 6.18 (br, 1H), 6.71 (dd, 1H, = 2.0, 8.8 Hz), 6.74 (dd, 1H, J~ 2.0,
8.8 Hz), 6.90 (br, 1H), 6.94 (br, 1H), 7.69 (d, 1H, &~ 8.8 Hz), 7.76 (d, 1H, &~ 8.8
Hz); 13C NMR & 30.1, 30.2, 44.7, 44.9, 56.0, 56.1, 56.3, 56.5, 56.6, 57.9, 94.1,
94.3, 94.5, 94.6, 98.9, 102.7, 102.8, 108.7, 108.86, 108.94, 111.7, 112.3, 121.5,
122.1, 122.2, 122.8, 128.30, 128.33, 128.4, 129.7, 132.2, 138.2, 139.9, 140.6,
150.9, 153.0, 157.9, 161.6, 161.7, 198.8, 198.9; HRMS caled for
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C41H4601435C1sNa: (M + Na), 855.2162, found m/z 855.2187.

O OH
BOARe
O OH
HO. i]n Cl i]n OH
Cl
O OH

A mixture of 60 (8 mg, 0.01 mmol) and TsOH (30 mg) in MeOH (0.4 mL) was
stirred at room temperature overnight to afford 54 (6.2 mg, 100%) as a yellow
oil: IR (film) 3355, 2927, 1699 cm'l; 1TH NMR § 2.69 (t, 2H, J= 7.3 Hz), 2.77 (br,
2H), 2.93 (t, 2H, J~ 7.6 Hz), 3.06 (t, 2H, &~ 7.3 Hz), 3.29 (t, 2H, J= 7.6 Hz),
3.62 (s, 3H), 6.19 (d, 1H, J= 2.4 Hz), 6.20 (d, 1H, = 2.0 Hz), 6.21 (d, 1H, &~
2.4 Hz), 6.28 (dd, 2H, J= 2.4, 8.8 Hz), 6.32 (dd, 2H, J~ 2.4, 8.8 Hz), 6.84 (d, 1H,
J= 2.0 Hz), 6.96 (br, 1H), 6.97 (br, 1H), 7.64 (d, 1H, &= 8.8 Hz), 7.75 (d, 1H, &=
8.8 Hz), 12.57 (s, 1H), 12.62 (s, 1H); 3C NMR & 29.4, 29.6, 38.9, 39.2, 56.1,
103.27, 103.33, 108.05, 108.10, 111.5, 112.8, 113.0, 114.7, 120.0, 121.5, 123.0,
128.2, 131.89, 131.93, 132.6, 139.8, 140.5, 145.4, 152.9, 164.00, 164.05, 165.1,
202.6, 202.9; HRMS, calcd for Cs1H260935Cle: (M), 612.0954, found m/z
612.0955.

54

O OMOM
MeO
(0)
MOMO
o}

OMOM 62

Compound 11 (24.9 mg, 0.051 mmol) was reacted with a lithiated 61a (117
mg, 0.54 mmol) in dry THF (2 mL), essentially the same procedure as in the
case of 47 to afford 62 (21.9 mg, 67%) as a colorless oil: IR (film) 2933, 1674
cm'l; TH NMR § 2.89 (t, 2H, & 7.6 Hz), 3.02 (t, 2H, &~ 7.6 Hz), 3.21 (t, 2H, &~
7.6 Hz), 3.33 (t, 2H, J~ 7.6 Hz), 3.43 (s, 3H), 3.45 (s, 3H), 3.47 (s, 3H), 3.82 (s,
3H), 5.18 (s, 2H), 5.19 (s, 2H), 5.25 (s, 2H), 6.70 (d, 1H, J= 8.3 Hz), 6.72 (br,
1H), 6.73 (d, 1H, = 7.8 Hz), 6.85 (br, 1H), 6.88 (d, 1H, = 8.3 Hz), 7.03-7.07
(complex, 2H), 7.11 (d, 1H, &~ 7.8 Hz), 7.16 (d, 1H, J= 8.3 Hz), 7.18 (d, 1H, &~
8.3 Hz), 7.39-7.44 (complex, 2H), 7.59 (d, 1H, &~ 6.3 Hz), 7.63 (d, 1H, J= 6.3
Hz); 13C NMR & 29.8, 30.2, 45.3, 45.4, 55.9, 56.2, 56.38, 56.44, 94.3, 94.5, 95.6,
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112.9, 114.7, 114.8, 117.7, 118.81, 118.84, 120.3, 121.70, 121.75, 123.3, 129.0,
129.1, 129.9, 130.0, 133.1, 133.2, 136.1, 137.4, 143.9, 145.8, 147.0, 150.2,
155.8, 201.6, 201.7; HRMS caled for C37H41010° M + H, 645.2700, found m/z
645.2700.

O OH 55

Protecting groups of 62 (10.6 mg, 0.016 mmol) were removed with TsOH (20
mg) in MeOH (1 mL) as in the case of 1 to afford 55 (7.9 mg, 94%) as a yellow
oil: IR (film) 3423, 2927, 1639 cm'}; 1TH NMR & 2.92 (t, 2H, J= 7.6 Hz), 3.06 (t,
2H, &~ 7.6 Hz), 3.23 (t, 2H, J= 7.6 Hz), 3.35 (t, 2H, &~ 7.6 Hz), 3.85 (s, 3H),
6.06 (s, 1H), 6.73 (d, 1H, &~ 1.5 Hz), 6.79 (dd, 1H, &~ 1.5, 6.4 Hz), 6.84-7.00
(complex, 8H), 7.44-7.49 (complex, 2H), 7.70 (d, 1H, &~ 6.8 Hz), 7.76 (d, 1H,
J=6.8 Hz), 12.28 (s, 1H), 12.29 (s, 1H); 13C NMR & 29.5, 29.9, 40.1, 40.2, 56.0,
112.9, 115.9, 118.0, 118.46, 118.53, 118.8, 118.9, 119.2, 120.7, 120.8, 123.9,
129.7, 129.8, 132.6, 136.3, 136.4, 137.9, 143.5, 144.7, 145.5, 150.6, 162.3,
205.0, 205.3; HRMS calcd for C31H2507: (M), 512.1832, found m/z512.1829.

o)
0 OMOM
MOMOOMOM
o)

Compound 11 (24.9 mg, 0.051 mmol) was reacted with a lithiated 61b (123
mg, 0.57 mmol) in dry THF (2 mL), essentially the same procedure as in the
case of 47 to afford 63 (27.4 mg, 84%) as a colorless oil: IR (film) 2933, 2827,
1678cm’l; 'H NMR § 2.91 (¢, 2H, J= 7.8 Hz), 3.03 (t, 2H, &~ 7.6 Hz), 3.15 (4,
2H J= 7.8 Hz), 3.26 (t, 2H, J= 7.6 Hz), 3.46 (s, 3H), 3.48 (s, 3H), 3.48 (s, 3H),
3.83 (s, 3H), 5.18 (s, 2H), 5.23 (s, 2H), 5.23 (s, 2H), 6.70 (d, 1H, J= 2.0 Hz),
6.74 (complex, 2H), 6.86 (br, 1H), 6.90 (dd, 1H, = 2.0, 8.3 Hz), 7.05 (d, 1H, J~
8.8 Hz), 7.07 (d, 1H, .~ 8.8 Hz), 7.13 (d, 1H, &~ 8.3 Hz), 7.89 (d, 1H, J= 8.8

63
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Hz), 7.95 (d, 1H, &~ 8.8 Hz); 13C NMR & 29.7, 30.1, 40.16, 40.24, 55.9, 56.2,
56.3 (x2), 94.0 (x2), 95.6, 112.8, 115.6, 115.7, 117.7, 118.8, 118.9, 120.3, 123.3,
130.08, 130.11, 130.66, 130.70, 135.9, 137.2, 143.9, 145.9, 147.0, 150.2,
160.88, 160.91, 197.69, 197.74; HRMS calcd for C37H41010° M + H, 645.2700,
found m/z 645.2690.

O
MeO
(@) OH
HOOH
O

Protecting groups of 63 (15.8 mg, 0.025 mmol) were removed with TsOH (23
mg) in MeOH (1 mL) to afford 56 (13.9 mg, 100%) as a yellow oil: IR (film)
3334, 2927, 1660 cm'l; 'H NMR & 2.89 (t, 2H, J= 7.8 Hz), 3.04 (t, 2H, &~ 7.3
Hz), 3.14 (t, 2H, J= 7.8 Hz), 3.24 (t, 2H, = 7.3 Hz), 3.80 (s, 3H), 6.27 (br, 1H),
6.65 (br, 1H), 6.76 (d, 1H, &~ 8.3 Hz), 6.83-6.91 (complex, 7H), 7.84 (d, 1H, &~
8.3 Hz), 7.86 (d, 2H, &= 8.3 Hz), 8.34 (br, 1H), 8.43 (br, 1H); 13C NMR & 29.9,
30.6, 39.7, 40.1, 55.9, 112.9, 115.3, 115.7, 117.6., 120.5, 120.7, 123.6, 129.0,
129.2, 130.5, 133.1, 138.3, 143.3, 144.6, 145.2, 150.4, 161.19, 161.24, 198.3,
198.5; HRMS caled for C31H2s07: M+H), 513.1911, found m/z513.1938.

56

Bioassay

PC12D cells were trypsinized for dissociation, and seeded on 48-well culture
plates (2x10% cells/well). After 24 h, the medium was replaced with fresh
medium containing 12% FBS and 2% CS. NGF at final concentration of 5
ng/mL, and verbenachalcone or its congeners at 10 and 30 M were added to
the medium. After 48 h, the morphology of PC12D cells was observed by
microscope. Cells with processes with length of more than twice the

diameter of a cell body were scored as neurite-bearing cells.
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CV 1: CV experiments under aqueous condition using TIOAc, and
mBusNOAec. The undivided electrode system consisted of a, Pt plate electrode as an
anode, and Pt wire as a cathode, Ag/AgCl as a reference electrode respectively. The
0.01 M TIOAc in acetonitrile / HoO (4 : 1) with 0.5 M n-BusNOAc as
supporting salts was used, and the potential was swept between 0.0 and +2.5
V at a rate of 200 mV/sec.

General procedure for phenolic oxidation, by the electrogenerated trivalent
thallium under aqueous condition.

The 100 mL beaker and divided cell with 4G grass filter were used. The
anodic compartment was charged with a solution of TIOAc (75 mg, 0.29
mmol), and z-BusNOAc (754 mg, 2.5 mmol) in organic solvent / H2O (4 : 1, 25
mL). The cathodic compartment was charged with 3 M HNOj3 a4 (0.5 mL).
A platinum disk (1 cm?) electrode, a platinum wire electrode, and a Ag/AgCl
electrode were used as the working anode, cathode, and reference electrode,
respectively. The electrolysis was performed at 20 mA at room temperature
and was stopped when the cell current passed 60 C. After anodic oxidation,
the solution was added the phenol derivatives 65 or 66 (0.29 mol) solved in
acetonitrile or MeOH (3 mL). After being stirred for 5 - 10 h, the reaction
was quenched. The solution was evaporated, and then the residue was

separated by silica gel column chromatography.

Entry 1

Substrate: 65 Thallium salt: TIOAc

Solvent: MeOH / H20 (4 : 1) Supporting salt: nBusNOAc

After being stirred for 5 h, the reaction was quenched with Zn powder (500
mg), filtered, and evaporated. The residue was separated by silica gel
column chromatography using EtOAc / Hex (4 : 1) to afford 67 (2.2 mg, 2%),
69 (8 mg, 7%), and 70 (31 mg, 54%).
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COOMe

COOMe
. O/Q/\/

OH OMe 67

IR (film) 3436, 2952, 1734, 1598, 1511 cm'’; 'H NMR (CDCls) § 2.54 (t, 2H, =
7.8 Hz), 2.63 (t, 2H, J= 7.7 Hz), 2.81 (t, 2H, J= 7.8 Hz), 2.93 (t, 2H, &~ 7.7 H2),
3.63 (s, 3H), 3.68 (s, 3H), 3.86 (s, 3H), 3.89 (s, 3H), 5.83 (br, 1H), 6.37 (br, 1H),
6.50 (br, 1H), 6.71 (d, 1H, 8.5 Hz), 6.81 (s, 1H), 6.86 (d, 1H, &~ 8.5 Hz).; 13C
(CDC13) § 30.7, 30.8, 35.7, 36.0, 51.6, 51.6, 56.0, 56.2, 107.0, 111.3, 112.8,
119.6, 120.5, 131.6, 135.3, 137.0, 144.2, 147.8, 150.4, 173.2, 173.3.;

COOMe COOMe

MeO I l OMe

OH OH 69

IR (film) 3448, 2951, 1733; 'H NMR (CDCls) & 2.64 (t, 2H, J~= 7.6 Hz), 2.92 (t,
2H, .~ 7.6 Hz), 3.64 (s, 3H), 3.90 (s, 3H), 6.13 (s, 1H), 6.74 (s, 2H); 13C NMR &
30.7, 36.0, 51.6, 56.0, 1110.4, 122.6, 124.3, 132.3, 140.8, 147.0, 173.2;

O, OMe
OMecoome

OMe
OMe
0 70

1H NMR (CDCls) 8 1.97 (t, 2H, &~ 7.8 Hz), 2.38 (complex, 5H), 2.66 (q, 1H, J~=
6.1 Hz), 2.89 (complex, 3H), 3.32 (s, 3H), 3.40 (s, 3H), 3.41 (s, 3H), 3.65 (s,
3H), 3.68 (s, 3H), 5.48 (d, 1H, = 6.4 Hz), 6.01 (d, 1H, &~ 10.4 Hz), 6.23 (d, 1H,
J= 9.6 Hz); 13C NMR & 29.4, 30.3, 30.7, 34.5, 43.8, 45.3, 47.6, 48.8, 49.9, 50.0,
50.6, 51.5, 51.6, 58.9, 94.2, 97.7, 120.7, 127.9, 145.9, 149.9, 172.8, 173.2,
192.6, 200.9;

MeOOC

Entry 2:

Substrate: 65 Thallium salt: TIOAc

Solvent: MeOH / H20 (4 : 1)  Supporting salt: mBusNNO3

After being stirred for 5 h, the reaction was quenched with Zn powder (500

mg), filtered, and evaporated. The residue was separated by silica gel column
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chromatography using EtOAc / Hex (4 : 1) to afford dihydroxyphenyl product
71 (9.4 mg, 22%).

Entry 3

Substrate: 66 Thallium salt: TIOAc

Solvent: MeOH / H20 (4 : 1) Supporting salt: BusNNO3

After being stirred for 10 h, the reaction was quenched with Na2SO3 (200 mg),
filtered, and evaporated. The residue was separated by silica gel column
chromatography using EtOAc / Hex (4 : 1) to afford 68a ( mg, 51 %) and 68b
(mg, 9%).

MeOOC

OMe
Br COOMe
i Oj@/\/
(e} Br 68a

IR (film) 2950, 1735, 1691cm’; 'H NMR (CDCls) & 1.98 (multi, 1H), 2.14
(multi, 1H), 2.28 (complex, 2H), 2.67 (t, 2H, J= 7.6 Hz), 2.94 (t, 2H, .~ 7.6 Hz),
3.22 (s, 3H), 3.66 (s, 3H), 3.70 (s, 3H), 5.24 (d, 1H, J= 2.4 Hz), 7.18 (d, 1H, &~
2.4 Hz), 7.45 (s, 2H); 13C NMR & 28.5, 29.7, 34.7, 34.99, 51.9, 52.0, 53.4, 77.8,
117.2, 120.6, 124.9, 132.9, 141.4, 141.5, 142.0, 151.2, 172.6

(0]
(0]
Br COOMe
§ Oj@/\/
O Br 68b

IR (film) 2950, 1786, 1733, 1691; 'H NMR (CDCls) § 2.37 (multi, 1H), 2.47
(multi, 1H), 2.64 (complex, 4H), 2.94 (t, 2H, J= 7.2 Hz), 3.42 (s, 3H), 5.48 (d,
1H, &= 2.4 Hz), 7.30 (d, 1H, &~ 2.4 Hz), 7.45 (s, 2H); 13C NMR & 27.8, 29.7,
32.8, 34.8, 51.9, 80.8, 113.0, 117.1, 117.9, 124.3, 131.0, 133.0, 135.5, 141.5,
145.9, 171.7, 174.3

Entry 4
Substrate: 66 Thallium salt: TIOAc
Solvent: MeOH / H20 (4 : 1) Supporting salt: 2.5 mmol NaOMe / 2.5 mmol
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CFsCOOH

After being stirred for 10 h, the reaction was quenched with Na2SO3 (200 mg),
filtered, and evaporated. The residue was separated by silica gel column
chromatography using EtOAc / Hex (4 : 1) to afford 68a (33.0 mg, 51 %) and
68b (6.3 mg, 9%).

Entry 5

Substrate: 65 Thallium salt: Pb(OAc)s

Solvent: acetonitrile / HO (4 : 1) Supporting salt: 7-BusNOAc

After being stirred for 10 h, the reaction was quenched with Na2SO3 (200 mg),
filtered, and evaporated. The residue was separated by silica gel column
chromatography using EtOAc / Hex (4 : 1) to afford 68 (26.7 mg, 44 %), and
recovered 65 (30.1 mg, 50%).

IR recorded of anode surface under non-aqueous condition using T1OAc, and
- BusNNOs.

A platinum disk (1 cm?) electrode, a platinum wire (0.1 mm diameter)
electrode, and a Ag/AgCl electrode were used as the working anode, counter
cathode, and reference electrode, respectively. The TIOAc concentration of
0.01M in THF / MeOH / TFE (40 : 9 : 1, 20 mL) with 0.5 M »BusNNOs as
supporting salts was used. IR spectra were recorded between 1050 cm™ and
4000 cm! by a JASCO Model A-202 spectrophotometer.

CV 2 - 3: CV experiments under non-aqueous condition using Tl(acac), and
- BusNNOs.

A platinum disk (1 cm?) electrode, a platinum wire (0.1 mm diameter)
electrode, and a Ag/AgCl electrode were used as the working anode, counter
cathode, and reference electrode, respectively. The anodic compartment
was charged Tl(acac) (20 mg, 0.066 mmol), and " BusNNO; (401 mg, 1.3
mmol) in acetonitrile (6.6 mL). The cathodic compartment was charged 3 M
HNOj3 aq. (0.5 mL). The potential was swept between -2.0 and +3.0 V at a
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rate of 200 mV/sec.

T1 cyclization of Isodityrosine compounds

OBn OB%
MeOOC HOOC._,NHCbz MeOOC N NHCbz

NHBoc H

) o)

1) CF3COOH
. 2) BOP, DIPEA 5
Br N "
Br
B OH OH OH 1o
c d 73 72

To a solution of ¢ (1.7 g, 2.6 mmol) in TFA (15 mL)- CH:Cl; (30 mL) was
stirred at 0 °C for 3h. After evaporation, the residue was diluted with
NaHCOs3 aq., and extracted with EtOAc. The organic layer was washed with
brine, dried (NazSO4), and evaporated. The residue was dissolved in THF (30
mL), containing d (1.5 g, 2.6 mmol), BOP reagent (1.2 g, 2.7 mmol), and EtsN
(4 mL, 29 mmol) were added at 0 °C. After being stirred overnight, the
reaction was quenched by the addition of NH4Cl .4, extracted with EtOAc,
and washed with brine. The organic layer was dried (Na:SO4), and
evaporated. The residue was separated by silica gel column
chromatography (CHCls/ EtOAc = 20 : 1) to afford 72 as an amorphous solid
(810mg, 30% in 2steps):

IR (film) 3276, 1731, 1691, 1637 cm'’; 'H NMR (¢&-DMSO) & 1.08 (d, 3H, &=
5.6 Hz), 2.88 (complex, 4H), 3.51 (s, 3H), 3.90 (t, 1H, &~ 4.4 Hz), 4.44
(complex, 4H), 4.93 (s, 2H), 7.25 (complex, 10H), 7.40 (s, 2H), 7.50 (d, 1H, =
8.4 Hz), 7.76 (s, 2H), 8.15 (d, 1H, J= 9.2 Hz), 8.38 (d, 1H, <~ 6.8 Hz), 9.37 (s,
1H), 9.77 (s, 1H); 13C NMR § 16.4, 35.1, 51.8, 53.4, 56.0, 56.4, 65.2, 70.4, 75.2,
86.7, 111.6, 124.7, 126.6, 127.2, 127.46, 127.53, 128.0, 128.4, 131.2, 132.6,
134.4, 136.9, 138.5, 139.7, 149.2, 153.5, 155.8, 169.5, 171.3, 171.4, 195.3;

OBn

MeOOC NHCbz

HO 73
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Table 6 Oxidative cyclization of tripeptide by the electrogenerated of
trivalent thallium under non-aqueous conditions.

Condition A (entry 1)

The 20mL bial and divided cell with 4G grass filter were used. The cathodic
compartment was charged 3M HNOs; o4 (0.5 mL). A platinum disk (1 cm?2)
electrode, a platinum wire (0.1 mm diameter) electrode, and an Ag/AgCl
electrode were used as the working anode, counter cathode, and reference
electrode, respectively.

The anodic compartment was charged with TINOs (25 mg, 0.093 mmol), and
1 BusNNOs (350 mg, 1.2 mmol) in THE / MeOH / CFsCH2OH (40:9: 1, 12.5
mL). The electrolysis was performed at 10 mA at room temperature and
was stopped when the current passed 360 C. After anodic oxidation, a
solution of tirpeptide 72 (17 mg, 0.016 mmol) in THF / MeOH (4 : 1, 25 mL)
was added the anolyte solution. After being stirred for 45 min., the reaction
was quenched with NasSOs. After being stirred overnight, the mixture was
evaporated. The residue was separated by silica gel column
chromatography using EtOAc / Hex (1 : 3 ~ 2 : 3) to afford cyclic isodityrosine
derivative 73 (7.2 mg, 47% conv. 62%) and recoverd s.m. 72 (4.1 mg, 24%).:
IR (film) 3325, 3018, 1714, 1658 cm''; 'H NMR (CDCls) § 1.10 (d, 3H, &= 6.85
Hz), 1.86 (m, 1H), 2.33 (m, 1H), 2.82 (m, 1H), 3.29 (m, 2H), 3.75 (m, 1H), 3.84
(s, 3H), 4.41 (m, 1H), 4.55 (m, 1H), 4.71 (m, 1H), 4.86 (complex, 2H), 5.20 (m,
2H), 5.66 (m, 1H), 6.13 (br, 1H), 6.39 (br, 1H), 6.93 (br, 1H), 7.37 (complex,
12H), 7.61 (m, 1H); 13C NMR & 14.4, 29.7, 37.3, 39.1, 52.5, 52.9, 53.7, 54.1,
54.2, 66.7, 71.5, 74.7, 113.5, 127.5, 127.7, 127.9, 128.0, 128.5, 128.7, 133.7,
134.2, 134.9, 136.8, 136.9, 137.0, 137.2, 137.4, 137.5, 167.9, 168.4, 170.0,
170.5; Anal. Caled for CssHssN3sOgBrol+H2O: C, 46.41; H, 3.89; N, 4.27.
Found: C, 46.43; H, 3.85; N, 4.16.

Entry 2

The anodic compartment was charged with TINO; (25 mg, 0.093 mmol),
18-crown-6 etyher (49.1 mg, 0.186 mmol), and »BusNNO; (350 mg, 1.2
mmol) in THE / MeOH / CF3CH20H (40 : 9: 1, 12.5 mL). The electrolysis was
performed at 10 mA at room temperature and was stopped when the current
passed 360 C. After anodic oxidation, the solution was added a solution of
tirpeptide 78 (17 mg, 0.016 mmol) in THF / MeOH (4 : 1, 25 mL). After
being stirred for 45 min., the reaction was quenched with Na2SOs. After

being stirred overnight, the mixture was evaporated. The residue was
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separated by silica gel column chromatography using EtOAc / Hex (1:3~2:
3) to afford cyclic isodityrosine derivative 74 (3.1 mg, 21% conv. 51%) and
recoverd s.m. 73 (10.2 mg, 59%).:

Entry 3

The anodic compartment was charged with TINOs (50 mg, 0.193 mmol) and
1 BusNNOs (350 mg, 1.2 mmol) in THE / MeOH / CFsCH2OH (40:9: 1, 12.5
mL). The electrolysis was performed at 10 mA at room temperature and was
stopped when the current passed 360 C. After anodic oxidation, the
solution was added a solution of tirpeptide 73 (17 mg, 0.016 mmol) in THF /
MeOH (4 : 1, 25 mL). After being stirred for 45 min., the reaction was
quenched with Na2SOs. After being stirred overnight, the mixture was
evaporated. The residue was separated by silica gel column
chromatography using EtOAc / Hex (1 : 3 ~ 2 : 3) to afford cyclic isodityrosine
derivative 74 (8.7 mg, 57% conv. 86%) and recoverd s.m. 73 (5.9 mg, 34%).:

Entry 4

The anodic compartment was charged with TINOs (25 mg, 0.093 mmol), and
mBusNNO; (350 mg, 1.2 mmol) in acetonitrile (12.5 mL). The electrolysis
was performed at 10 mA at room temperature and was stopped when the
current passed 108 C. After anodic oxidation, the solution was added a
solution of tirpeptide 78 (17 mg, 0.016 mmol) in THF / MeOH (4 : 1, 25 mL).
After being stirred for 45 min., the reaction was quenched with Na2SOs.
After being stirred overnight, the mixture was evaporated. The residue was
separated by silica gel column chromatography using EtOAc / Hex (1:3~2:
3) to afford cyclic isodityrosine derivative 74 (7.5 mg, 49% conv. 83%) and
recoverd s.m. 73 (6.9 mg, 40%).

Entry 5

The anodic compartment was charged with TINOs (25 mg, 0.093 mmol), and
mBuNNO; (350 mg, 1.2 mmol) in acetonitrile (12.5 mL). The electrolysis
was performed at 10 mA at room temperature and was stopped when the
current passed 216 C. After anodic oxidation, the solution was added a
solution of tirpeptide 78 (17 mg, 0.016 mmol) in THF / MeOH (4 : 1, 25 mL).
After being stirred for 45 min., the reaction was quenched with Na2SOs.
After being stirred overnight, the mixture was evaporated. The residue was

separated by silica gel column chromatography using EtOAc /Hex (1:3~2:
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3) to afford cyclic isodityrosine derivative 74 (7.7 mg, 50% conv. 74%) and
recoverd s.m. 73 (5.5 mg, 32%).

General procedure of CV under organic / aqueous conditions

Hokuto-denko HX-100 galvano- & potentio-stat was used to perform cyclic voltammetric
measurement. The undivided electrode system consisted of a saturated calomel reference
electrode, Pt plate electrode as an anode, and Pt wire as a cathode, respectively. The
solvent (19 mL) was passed N, gas for 15min., then supporting salts (20 mmol) and TIOAc /
CF3CH,0H solution (0.2 mmol / 1mL) were added. The potential range was measured

properly in each condition and sweep speed was set in 6 mVsec .

CV 4: solvent : H20, supporting salt: 0.02 mol HNOs3

CV 5: solvent : H20, supporting salt: 0.02 mol HCIO4

CV 6: solvent: H20, supporting salt: 0.02 mol LiClO4

CV 7: solvent: MeOH, supporting salt: 0.02 mol CFsCOONa
CV 8: solvent: MeOH, supporting salt, 0.02 mol n-BusNBF4
CV 9: solvent: MeOH, supporting salt: 0.02 mol 11OTf

CV 10: solvent: CH3CN, supporting salt: 0.02 mol n-BusNBF4
CV 11 solvent: CFsCH2OH, supporting salt: 0.02 mol LiOTf

General procedure of electro-generation of thallium(III) under non-aqueous

conditions carrying an anion exchange membrane.

Electrolysis was carried out galvanostatically in an H-type cell and cathodic
and anodic chambers were separated with an anion exchange membrane
(Neosepta AHA). Pt plate (1 cm?2), Pt wire and saturated calomel electrode
were used as an anode, a cathode, and a reference electrode, respectively.

The anolyte was a solution of 0.1 M thallium (I) salt and 0.1 M CF3COONa in
solvent, and the catholyte was a solution of 3 M CFsCOOH aq. Electrolysis
was done under constant current conditions (30 mA/cm?) and passed 3 F/mol.

Organic reactions
To a solution of substrate in MeOH / CH(OMe); (1 : 1) was added 1.4 eq. of
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electro-generated thallium (ITI) solution. After being stirred 10 min. ~ 24 h,
the mixture was quenched sat. NaHCOs aq., and then extracted with EtOAc.
The organic layer was washed by brine, dried over by Na2SO4 and
concentrated in vacuo. The residue was purified by silica gel column

chromatography to afford acetal / ketone compounds.

Table 9

Entry 1: solvent: CFsCH2OH / CH3CN (2 : 1)); thallium salt: TINOs

Entry 2: solvent: CFsCH2OH / CH3CN (2 : 1); thallium salt: TIOAc

Entry 3: solvent: CFsCH2OH / CH3CN (2 : 1); thallium salt: Tl(acac)

Entry 4: solvent: CH3CN; thallium salt: Tl(acac)

Entry 5: solvent: MeOH; thallium salt: Tl(acac)

Entry 6: solvent: CHsCN / CH3NOs (1 : 1); thallium salt: Tl(acac)

Entry 7: solvent: MeOH / CH(OMe); / CF3sCH2OH(10 : 10 : 1), thallium salt:
TIOAc

Table 10 & 11

Electrolysis was carried out galvanostatically in an H-type cell and cathodic
and anodic chambers were separated with an anion exchange membrane
(Neosepta AHA). Pt plate (1 cm?2), Pt wire and saturated calomel electrode
were used as an anode, a cathode, and a reference electrode, respectively.
The anolyte was a solution of 0.1 M T1IOAc and 0.1 M CFsCOONa in MeOH /
CH(OMe)s / CF3CH20H (20 mL, 10 : 10 : 1), and the catholyte was a solution
of 3 M CFsCOOH aq. Electrolysis was done under constant current
conditions (30 mA/cm?2) and passed 3 F/mol.

Organic reactions

To a solution of substrate in MeOH / CH(OMe); (1 : 1) was added 1.4 eq. of
electro-generated thallium (ITI) solution. After being stirred 10 min. ~ 24 h,
the mixture was quenched sat. NaHCOs aq., and then extracted with EtOAc.
The organic layer was washed by brine, dried over by Na2SO4 and
concentrated in vacuo. The residue was purified by silica gel column

chromatography to afford ring expanded / contracted compound.

TBSO 98
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IR (film) : 2930, 1604, 1494, 1290 cm1; 'H NMR (CsDs) & 0.00 (s, 6H), 0.87 (s,
9H), 1.45 (br, 2H), 2.21 (t, 2H, J= 6 Hz), 2.39 (t, 2H, J=6 Hz), 4.73 (s, 1H),
5.28 (s, 1H), 6.55 (s, 1H), 6.57 (d, H, J= 8.8 Hz), 7.42 (d, 1H, J= 8.8 Hz); 13C
NMR § -4.1, 23.6, 26.0, 31.0, 33.8, 106.2, 118.6, 119.9, 120.3, 126.1, 139.0,
143.4, 155.6; HRMS calcd for Ci17H20Si : (M%) 274.1752, found m/z
274.1753.;

MeO

TBSO 99

IR (film) : 2930, 1600, 1255 cm'’; 'H NMR (CDCls) § 0.00 (s, 6H), 0.79 (s, 9H),
1.52 (br, 2H), 1.76 (t, 2H, J = 7.2 Hz), 2.51 (t, 2H, J = 5.5 Hz), 2.81 (s, 2H),
2.99 (s, 6H), 6.40 (d, 1H, J = 8.6 Hz), 6.40 (s, 1H), 6.80 (d, 1H, J = 8.6 Hz); 13C
NMR § -4.3, 18.2, 23.2, 25.8, 35.8, 38.2, 42.1, 47.9, 99.7, 116.8, 120.5, 128.2,
131.6, 143.8, 153.8; HRMS calcd for C19H3203Si : (M*) 336.2119, found m/z
336.2111.

TfO 100

IR (film) : 2933, 1631, 1486, 1423 cm':; 1H NMR (C¢Ds) & 1.38 (dt, 2H, J= 6,
6.4 Hz), 2.14 (t, 2H, J= 6 Hz), 2.20 (t, 2H, J= 6.4 Hz), 4.82 (s, 1H), 5.23 (s, 1H),
6.64 (d, 1H, J= 2.4 Hz), 6.69 (dd, 1H, J= 2.4, 8.4 Hz), 7.22 (d, 1H, J= 8.4 Hz);
13C NMR § 23.4, 30.3, 32.9, 109.8, 118.8, 121.0, 121.7, 126.4, 135.2, 139.9,
142.0, 148.9; HRMS calcd for C12H11F303S @ (M* - H) 291.0302, found m/z
291.0284.;

MeO

TfO 101

IR (film) : 2947, 1422, 1212, 1141, 1108, 919 cm'’; 'H NMR (CDCls) & 1.65 (br,
2H), 1.90 (br, 2H), 2.72 (t, 2H, J = 5.6 Hz), 2.99 (s, 2H), 3.10 (s, 6H), 6.93 (s,
1H), 6.94 (d, 1H, J = 7.6 Hz), 7.13 (d, 1H, J = 7.6 Hz); 13C NMR & 22.7, 35.5,
38.0, 42.2, 47.9, 99.2, 118.3, 121.3, 132.3, 136.4, 145.2, 147.8; HRMS calcd for
C14H17F305S : (M"') 354.0747, found m/z 354.0735.
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oTBS 102
IR (film) : 2933, 1572, 1469 cm’; 'H NMR (CDCls) § 0.01 (s, 6H), 0.79 (s, 9H),
1.64 (dt, 2H, J= 6, 6.4 Hz), 2.26 (t, 2H, J= 6 Hz), 2.51 (t, 2H, J= 6.4 Hz), 4.71
(s, 1H), 5.22 (s, 1H), 6.45 (d, 1H, J= 8 Hz), 6.79 (dd, 1H, J= 8, 8.4 Hz), 7.03 (d,
1H, J= 8.4 Hz); 13C NMR § 18.4, 23.5, 24.8, 25.8, 33.1, 108.0, 116.9, 117.0,
125.7, 128.6, 136.4, 143.9, 153.4; HRMS caled for C17H2608Si : (M*) 274.1751,
found m/z274.1756.;

MeO
OMe

OTBS 103

IR (film) : 2938, 1584, 1463 cm'’; 'H NMR (CDCls) § 0.00 (s, 6H), 0.81 (s, 9H),
1.45 (br, 2H), 1.74 (t, 2H, J = 6.1 Hz), 2.66 (t, 2H, J = 5.3 Hz), 2.85 (s, 2H),
3.00 (s, 6H), 6.49 (d, 1H, J =8.1 Hz), 6.58 (d, 1H, J = 7.3 Hz), 6.76 (dd, 1H, J =
7.3, 8.1 Hz); 13C NMR & -4.3, 18.2, 22.3, 25.3, 25.8, 37.9, 42.9, 47.9, 99.8, 117.5,
124.0, 125.8, 133.1, 137.8, 152.2; HRMS calcd for C19H3205Si : (M+) 336.2119,
found m/z 336.2142.

TfO : 104

IR (film) : 2933, 1644, 1608, 1476, 1424 cm'’; 'H NMR (C¢Ds) & 2.28 (m, 2H),
2.36 (m, 2H), 4.90 (d, 1H, J= 2.4 Hz), 5.26 (dd, 1H, J=2, 2.4 Hz), 6.67 (s, 1H),
6.70 (d, 1H, J= 8 Hz), 6.95 (d, 1H, J = 8 Hz); 13C NMR § 29.9, 31.3, 104.5,
118.6, 119.7, 121.0, 122.1, 141.4, 148.8, 149.1, 149.7; HRMS calcd for
C11HsF303S : (M+-H) 277.0146, found m/z277.0163.;

TfO 105

IR (film) : 2958, 1607, 1490, 1424 cm'!; 'H NMR (CDCls) & 2.34 (t, 2H, J= 8.2
Hz), 2.82 (t, 2H, J~ 8.2 Hz), 3.63 (s,3H), 5.46 (s, 6H), 6.87-6.92 (complex, 3H);
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1BC NMR & 26.9, 28.5, 55.0, 95.1, 104.6, 119.1, 119.8, 125.4, 134.1, 136.1,
146.1, 161.5; HRMS calcd for C12H11F304S @ (M*+F) 289.0345, found m/z
289.0326.

IR (film) : 2936, 1739, 1369 cm'’; 'H NMR (CeDs) & 1.00 (s, 9H), 1.38 (dt, 2H,
J=5.8, 6 Hz), 2.00 (t, 2H, J= 5.8 Hz), 2.60 (t, 2H, J= 6 Hz), 4.56 (s, 1H), 4.93 (s,
1H), 6.09 (d, 1H, J= 3.4 Hz), 6.98 (d, 1H, J= 3.4 Hz); 13C NMR & 24.2, 27.9,
31.9, 82.7, 104.6, 107.4, 120.7, 124.0, 132.0, 139.8, 149.4; HRMS calcd for
C14H19NO; : (M*) 233.1415, found m/z233.1435.;

OMe
oM
a
réloc 107

IR (film) : 2946, 1738, 1370 cm'; 'H NMR (CDCls) § 1.49 (s, 9H), 1.76 (br, 2H),
1.90 (t, 2H, J= 5.5 Hz), 2.76 (s, 2H), 3.05 (t, 2H, J= 5.7 Hz), 3.10 (s, 3H), 5.86
(d, 1H, J= 3.2 Hz), 6.99 (d, 1H, J= 3.2 Hz); 13C NMR § 21.9, 27.4, 28.1, 34.0,
37.3, 48.0, 83.0, 102.2, 113.0, 119.0, 119.1, 132.3, 149.5; HRMS calcd for
C16H25NO4 : (M-£Bu) 238.1077, found m/z 238.1058.

BnO II II 111

IR (film) 2929, 1604, 1498, 1250 cm'’; 'H NMR (CDCls) § 2.19 (dt, 2H, J =4.0,
8.0 Hz), 2.68 (t, 2H, J = 8.0 Hz), 4.96 (s,2H), 5.81 (dt, 1H, J= 4.4, 10.0 Hz),
6.32 (d, 1H, J=10.0 Hz), 6.66 (d, 1H, J= 8.0 Hz), 6.68 (s, 1H), 6.85 (d, 1H, J=
8.0 Hz), 7.21-7.35 (complex, 5H).; HRMS calcd for C17H170 (M+H) 237.1279,
found m/z237.1303.
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OMe

BnO 112

TH NMR (C¢De¢) & 1.53 (m, 1H), 1.63 (m, 1H), 2.16 (m, 1H), 2.30 (m, 1H), 2.72
(s, 3H), 2.74 (s, 3H), 2.97 (dt, 1H, J= 7.2, 8.0 Hz), 3.76 (d, 1H, J= 8.0 Hz), 4.32
(s, 1H), 6.38 (d, 1H, J= 7.6 Hz), 6.62 (d, 1H, J= 7.6 Hz), 6.69 (m, 1H), 6.72
(complex, 2H), 6.83 (d, 2H, J= 7.2 Hz), 7.05 (d, 1H, J= 8.4 Hz) ; 13C NMR &
28.3, 32.0, 32.0, 47.0, 52.4, 53.5, 70.2, 107.4, 107.6, 111.0, 113.6, 126.5, 135.7,
138.0, 141.7, 146.4, and 159.0.; HRMS calcd for C19H2:0s (M-H) 297.1491,
found m/z297.1519.

TBSO II II 113

IR (film) 2929, 1605, 1497, 1255 cm'’; 'H NMR (CDCls) & 0.00 (s, 6H), 0.79 (s,
9H), 2.08 (dt, 2H, J= 4.4, 8.4 Hz), 2.54 (t, 2H, J= 8.4 Hz), 5.70 (dt, 1H, J= 4.4,
10.0 Hz), 6.20 (d, 1H, J=10.0 Hz), 6.40 (s, 1H), 6.41 (d, 1H, J= 7.2 Hz), 6.68 (d,
1H, J= 7.2 Hz).; 13C NMR (Cg¢Ds) § -4.33, 18.4, 23.2, 25.8, 28.1, 115.4, 118.0,
120.0, 122.3, 124.1, 126.1, 127.4, 128.5.; HRMS calcd for C16H250Si (M+H)
261.1675, found m/z 261.1657.

MeO
OMe

TBSO 114

1H NMR (CeDe) & 0.00 (s, 6H), 0.87 (s, 9H), 1.81 (m, 1H), 1.93 (m, 1H), 2.48
(m, 1H), 2.62 (m, 1H), 2.97 (s, 3H), 3.04 (s, 3H), 3.27 (dt, 1H, J= 7.6, 8.0 Hz),
4.05 (d, 1H, J= 8.0 Hz), 6.68 (d, 1H, J= 8.0 Hz), 6.69 (s, 1H), 7.34 (d, 1H, J=
8.0 Hz); 13C NMR & -4.16, 18.5, 26.0, 28.4, 31.9, 47.1, 52.4, 53.4, 107.5, 116.4,
118.4, 126.5, 128.6, 136.3, 146.5, and 155.4.; HRMS caled for C17H2702Si
(M-OMe) 291.1780, found m/z 291.1751.

OBn 116
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IR (film) 2929, 1572, 1460, 1265 cm':; 1H NMR (CgDs) 6 1.67 (m, 2H), 2.54 (t,
2H, J= 8.6 Hz), 4.32 (s, 2H), 5.44 (dt, 1H, J= 4.4, 10.0 Hz), 6.04 (d, 1H, J=
10.0 Hz), 6.25 (d, 1H, J= 8.4 Hz), 6.30 (d, 1H, J= 7.6 Hz), 6.62 (dd, 1H, J= 7.6,
8.4 Hz), 6.68-6.88 (complex, 5H).; 13C NMR (Cg¢Ds) & 20.2, 22.9, 70.1, 115.5,
119.8, 123.9, 126.9, 127.5, 127.9, 128.2, 128.6, 128.8, 135.7, 138.0, 155.9.;
HRMS calcd for C17H170 (M+H) 237.1279, found m/z 237.1281.

MeO
OMe

OBn 117

IR (film) 2933, 1588, 1463, 1261, 1063 cm'’; 1H NMR (CDCl3) & 1.93 (m, 1H),
2.14 (m, 1H), 2.76 (m, 1H), 2.91 (m, 1H), 3.30 (s, 3H), 3.36 (s, 3H), 3.42 (dt,
1H, J= 7.4, 7.6 Hz), 4.26 (d, 1H, J= 7.6 Hz), 5.01 (s, 2H), 6.69 (d, 1H, J= 8.0
Hz), 6.99 (d, 1H, J= 7.8 Hz), 7.06 (dd, 1H, J= 7.8, 8.0 Hz), 7.22-7.37 (complex,
5H).; 13C NMR (CeDe) 6 27.6, 28.7, 48.5, 52.4, 53.7, 69.8, 107.4, 110.3, 118.7,
127.4, 127.8, 128.6, 132.9, 133.3, 138.0, 145.5, 155.5.; HRMS calcd for
C19H2203 (M*) 298.1569, found m/z 298.1568.

OMe
‘\\OMe

OBn 118-trans
IR (film) 2928, 1724, 1587, 1461, 1260 cm'’; 1H NMR (CDCl3) & 1.88 (m, 1H),
2.03 (m, 1H), 2.70 (complex, 2H), 3.38 (s, 3H), 3.45 (s, 3H), 3.65 (m, 1H), 4.19
(d, 1H, J= 4.8 Hz), 4.99 (s, 2H), 6.72 (d, 1H, J= 8.4 Hz), 6.93 (d, 1H, J= 7.2 Hz),
7.09 (dd, 1H, J= 7.2, 8.4 Hz), 7.24-7.37 (complex, 5H).; HRMS calcd for
C19H2203 (M *) 298.1569, found m/z 298.1588.

OMe
OMe

OBn 118-cis
IR (film) 2924, 1718, 1458, 1260 cm'!; 1TH NMR (CDCls) & 1.90 (m, 1H), 2.13
(m, 1H), 2.64 (m, 1H), 2.99 (m, 1H), 3.42 (s, 3H), 3.42 (s, 3H), 3.54 (m, 1H),
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4.29 (d, 1H, J= 2.8 Hz), 5.00 (s, 2H), 6.78 (d, 1H, J= 7.6 Hz), 6.87 (d, 1H, J=
7.6 Hz), 7.09 (dd, 1H, J= 7.6, 7.6 Hz), 7.23-7.37 (complex, 5H).; HRMS calcd
for C1sH1902 (M - OMe) 267.1385, found m/z 267.14017.

oTBS 119
IR (film) 2929, 1571, 1464, 1265 cm'; 'H NMR (CeDe) 5 0.00 (s, 6H), 0.91 (s,
9H), 1.98 (m, 2H), 2.75 (t, 2H, J= 8.4 Hz), 5.73 (dt, 1H, J= 4.4, 9.2 Hz), 6.32 (d,
1H, J= 9.2 Hz), 6.58 (d, 1H, J= 7.2 Hz), 6.62 (d, 1H, J= 8.4 Hz), 6.87 (dt, 1H,
J=17.2, 8.4 Hz).; 13C NMR (CeDe) 6 -4.19, 18.4, 21.1, 23.0, 25.9, 118.7, 120.2,
125.9, 126.8, 128.4, 128.5, 136.1, 152.7;HRMS calcd for CisH250S8i (M+H)
261.1675, found m/z261.1694.

MeO
OMe

OTBS 120

IR (film) 2930, 1587, 1471, 1266 cm'’; 'H NMR (CDCls) § 0..00 (s, 6H), 0.80 (s,
9H), 1.76 (m, 1H), 1.98 (m 1H), 2.56 (m, 1H), 2.69 (m, 1H), 3.16 (s, 3H), 3.22
(s, 3H), 3.26 (m, 1H), 4.12 (d, 1H, J= 7.2), 6.43 (d, 1H, J= 8.8 Hz), 6.82-6.85
(complex, 2H).; 13C NMR (CDCls) § -4.27, 18.2, 25.7, 27.0, 28.5, 27.0, 28.5,
48.1, 53.1, 54.1, 107.3, 117.2, 118.4, 127.3, 135.3, 145.0, 151.7.; HRMS calcd
for C1sH3003Si (M+) 322.1964, found m/z 322.1955.

OMe
‘\\OMe

OTBS 121-trans
IR (film) 2929, 1728, 1585, 1466, 1271 cm'’; tH NMR (CDCls) § 0.00 (s, 6H),
0.80 (s, 9H), 1.70 (m, 1H), 1.88 (m, 1H), 2.46 (complex, 2H), 3.24 (s, 3H), 3.30
(s, 3H), 3.48 (m, 1H), 4.02 (d, 1H, J= 5.2 Hz), 6.48 (d, 1H, J= 8.0 Hz), 6.76 (d,
1H, J= 7.2 Hz), 6.86 (dd, 1H, J= 7.2, 8.0 Hz).; HRMS calcd for CisH3003Si
(M+) 322.1964, found m/z 322.1950.
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OMe
OMe

OTBS 121-cis
IR (film) 2928, 1727, 1584, 1466, 1260 cm'’; H NMR (CDCls) § 0.15 (s, 6H),
0.93 (s, 9H), 1.92 (m, 1H), 2.11 (m, 1H), 2.55 (m, 1H), 2.86 (m, 1H), 3.40 (s,
3H), 3.41 (3H, s), 3.51 (m, 1H), 4.25 (s, 1H), 6.65 (d, 1H, J= 8.0 Hz), 6.83 (d,
1H, J=7.6 Hz), 6.98 (dd, 1H, J= 7.6, 8.0 Hz).; HRMS calcd for C17H2702Si (M -
OMe) 291.1780, found m/z 291.1784.

TfO 115

IR (film) 2940, 1489, 1422, 1214 cm'’; 'H NMR (CDCls) § 2.25 (dt, 2H, J= 4.6,
8.2 Hz), 2.74 (t, 2H, J= 8.2 Hz), 6.02 (dt, 1H, J= 4.6, 10.0 Hz), 6.37 (d, 1H, J=
10.0 Hz), 6.93-6.98 (complex, 3H).; 13C NMR (CsDs) § 22.5, 27.1, 119.2, 120.7,
126.5, 127.2, 130.1, 134.4, 138.1, 148.2.; HRMS calcd for C11HsO3F532S (M+)
278.0225, found m/z 278.0242.

OTf 122

IR (film) 3041, 1421, 1213, 1140 cm'’; 'H NMR (C¢De) & 1.66 (m, 2H), 2.54 (t,
2H, J= 8.2 Hz), 5.54 (dt, 1H, J= 4.6, 10.0 Hz), 6.00 (dt, 1H, J= 2.0, 10.0 Hz),
6.43 (d, 1H, J= 7.6 Hz), 6.55 (dd, 1H, J= 7.6, 8.4 Hz), 6.71 (d, 1H, J= 8.4 Hz).;
HRMS caled for C11HgO3F332S (M+) 278.0225, found m/z 278.0237.

101



. Electroorganic chemistry : , , , Electroorganic
chemistry, 86, , 1980; , ,
1981; Organic Electrochemistry; M. M. Baizer, H. Lund, Eds.: Marcel
Dekker Inc.: New York, 1983; T. Shono, In Electroorganic Chemistry as a
New Tool in Organic Synthesis; Spinger Verlag Publishers: New York,
1984; S. Torii, In Electroorganic Synthesis’ Methods and Applications,
Part 1. Oxidation; Kodansha Ltd.: Tokyo, 1985: Electroorganic
synthesis - Festschrift for manual M. Baezer; R. D. Little.; Weinberg, N. L.
Eds.; Marcel Dekker Inc.: New York, 1991; T. Shono, In Electroorganic
synthesis; Academic press: London / New York, 1991; Novel Trends in
Flectrochemistry; T. Osa, Ed.; Springer-Verlag: Tokyo, 1998; New
Challenges in Organic Electrochemistry; T. Osa, Ed.; Gorden and Breach
Science Publishers: Amsterdam, 1998; New Directions in Organic
Flectrochemistry; A. J. Fly, Y. Matsumura, Eds.; The Electrochemical
Society, Inc.: Pennington, 2000; , , CMC
, 2004
. Green chemistry: M. Lancaster, ‘Green Chemistry: An Introductory Text,
Royal Society of Chemistry, Cambridge, 2002; K. Scott, ‘ Electrochemical
Process For Clean Technology, Royal Society of Chemistry, Cambridge,
1995; , , , 1999.
. Phenolic oxidation: S. Yamamura, ‘Oxidation of Phenols’. In 7The
chemistry of Phenols; Z. Rappoport, Ed.; John Wiley & Sons, Ltd.: New
York, 2003; S. Yamamura, S. Nishiyama, In Studies in Natural Products
Chemistry; Atta-ur-Rahman, Ed.; Elsevier.: Amsterdam, 1992; S.
Yamamura, S. Nishiyama, Synl/ett, 2002, 533-543.; , ,
1984, 52, 2-7.; , , , 1988, 46, 192-204.;
, , , 1997, 65, 626-630.; , ,
1990, 43, 51-56.
. Two electron oxidation toward dienone derivatives: K. Mori, S.
Yamamura, S. Nishiyama, 7etrahedron, 2001, 57, 5527-5532.; K. Mori, S.
Yamamura, S. Nishiyama, 7etrahedron, 2001, 57, 5533-5541.
. Heliannuol: F. Doi, T. Ogamino, T. Sugai, S. Nishiyama, Synlett, 2003, 3,
411-413.; F. Doi, T. Ogamino, T. Sugai, S. Nishiyama, 7etrahedron Lett.,
2003, 44, 4877-4880.; F. Doi, T. Ogamino, T. Sugai, S.Nishiyama,
Proceedings-FElectrochemical Society, 2003, 12, 117-120.; F. Doi, T. Ohara,
T. Ogamino, T. Sugai, K. Higashinakasu, K. Yamada, H. Shigemori, K.
Hasegawa, S. Nishiyama, Phytochemistry, 2004, 65, 1405-1411.; F. Doi, T.
Ohara, T. Ogamino, T. Sugai, K. Higashinakasu, K. Hasegawa, S.
Nishiyama, Bull. Chem. Soc. Jpn, 2004, 77, 2257-2263.
. Spiro-oxazole: T. Ogamino, Y. Ishikawa, S. Nishiyama,
HETEROCYCLES, 2003, 61, 73-78.; T. Ogamino, S. Nishiyama,

102



Tetrahedron, 2003, 59, 9419-9423.; T. Ogamino, S. Nishiyama,
Tetrahedron Lett., 2005, 46, 1083-1086.; T. Ogamino, R. Obata, S.
Nishiyama, Tetrahedron Lett., 2006, 47, 727-731.; T. Ogamino R. Obata,
H. Tomoda, S. Nishiyama, Bull. Chem. Soc. Jpn., 2006, 79, 134-139.

7. One electron oxidation: S. Yamamura, S. Nishiyama, Synlett, 2002,
533-543.; S. Yamamura, S. Nishiyama, /. Syn. Org. Chem., Japan 1997,
55,1029-1039.; S. Yamamura, S. Nishiyama, Studies in Natural Products
Chemistry, (Atts-ur-Rahman Ed.), Elsevier, 1992, 10F, 629-669.; M.
Iguchi, A. Nishiyama, Y. Terada, S. Yamamura, Chem. Lett., 1978,
451-454; H. Ito, Y. Terada, M. Iguchi, S. Yamamura, Chem. Pharm. Bull.,
1983, 31, 2820-2833.

8. Anodic oxidation of halogenated cresol: M. Takahashi, H. Konishi, S. Iida,
K. Nakamura, S. Yamamura, S. Nishiyama, Zetrahedron, 1999, 55,
5295-5302.

9. Vancomycin (TTN): Y. Suzuki, S. Nishiyama, S. Yamamura 7etrahedron
Lett., 1989, 30, 6043-6046.; David A. Evans, Jonathan A. Ellman, Keith
M. DeVries, J. Am. Chem. Soc., 1989, 111, 8912-8914.; David A. Evans,
Christopher J. Dinsmore, la and Andrew M. Ratz, Tetrahedron Lett.,1997,
38, 3189-3192.; David A. Evans, Christopher J. Dinsmore, Andrew M.
Ratz, Deborah A. Evrard, James C. Barrow, J. Am. Chem. Soc., 1997, 119,
3417-3418.

10.K-13 (TTN): S. Nishiyama, Y. Suzuki, S. Yamamura, 7Tetrahedron Lett.,
1989, 30, 379-382.

11.0F4949: S. Nishiyama, Y. Suzuki, S. Yamamura, Tetrahedron Lett., 1988,
29, 559-562.

12. Eurypamide(TTN): M. Venkata Rami Reddy, Mary Kay Harper, D. John
Faulkner, Tetrahedron, 1998, 54, 10649- 10656.; M. Ito, M. Yamanaka, N.
Kutsumura, S. Nishiyama, Tetrahedron Lett., 2003, 44,7949-7952.; M.
Ito, M. Yamanaka, N. Kutsumura, S. Nishiyama, Tetrahedron, 2004, 60,
5623-5634.; R. Obata, T. Ohshiro, H. Tomoda, S. Nishiyama, Bioorg. Med.
Chem. Lett., 2005, 15, 4189—-4191.

13.SNAr reaction: David A. Evans,* Michael R. Wood, B. Wesley Trotter,
Timothy I. Richardson, James C. Barrow, Jeffrey L. Katz, Angew. Chem.
Int. Ed. 1998, 37, 2700-2708;

14.Diarylheptanoide (SnAr): J. Zhu, Syntett, 1997, 2, 133-144; G. I-.
Gonzalez, J. Zhu, Synlett, 2000, 3, 412—414.

15.K-13 (SnAr): R. Beugelmans, A. Bigot, J. Zhu, Tetrahedron Lett., 1994, 35,
5649-5652.; P. Cristau, J-. P. Vors, J. Zhu, Tetrahedron Lett., 2008, 44,
5575-5578.

16.RP-66453 (SxAr ): S. Boisnard, A.-C. Carbonnelle, J. Zhu, Org. Lett., 2001,
3, 2061-2064.; S. Boisnard, J. Zhu, Tetrahedron Lett., 2002, 43,
2577-2580.; M. B-. Choussy, P. Cristau, J. Zhu, Angew. Chem. Int. Ed.,
2003, 42, 4238-4241.

17.Ru mediated SnAr reaction: A. J. Pearson,; J.-Y. Heo, , Tetrahedron Lett.,
2000, 41, 5991-5996; A. J. Pearson, J. —Y. Heo, Org. Lett., 2000, 2,

103



2987-2990; A. J. Pearson, S. Zigmantas, Tetrahedron Lett., 2001, 42,
8765-8768.; A. J. Pearson, D. V. Ciurea, A. Velankar, Tetrahedron Lett.,
2008, 49, 1922-1926.

18.Ullmann reaction: J. F. Bunnett, R. E. Zahler, Chem. Rev., 1951, 49,
273-412.; A. A. Moroz, M. S. Shvartsberg, Russ. Chem. Rev., 1974, 43,
1443-1461.; J. Lindley, Tetrahedron, 1984, 40, 1433-1456.; S. Scott,
Tetrahedron, 2000, 56, 5045-5065.; K. Kunz, U. Scholz, D. Ganzer,
Synlett, 2003, 2428-2439.; S. V. Ley, A. W. Thomas, Angew. Chem., Int.
Fd. Engl., 2003, 42, 5400-5449.; S. V. Ley, A. W. Thomas, Angew. Chem.,
Int. Ed. Engl. 2004, 43, 1043.; D. L. Boger, S. M. Sakya, D. Yohannes, /.
Org.Chem., 1991, 56, 4204-4207.; Q. Cai, B. Zou, D. Ma, Angew. Chem.
Int. Ed., 2006, 45, 1276 —1279.

19.RuO, mediated reactions: S. Torii, T. Inokuchi, T. Sugiura, J. Org. Chem., 1986,
51, 155-161.; U. -St. Baumer, H. J. Schafer, Electrochemica Acta, 2003, 48,
489-495.

20.0s04 mediated reactions: S. Torii, P. Liu, N. Bhuvaneswari, C. Amatori, A.
Jutand, J. Org. Chem., 1996, 61, 3055.; J. S. Mayell, Ind. Eng. Chem.,
Prod. Res. Develop., 1968, 7, 129. MnO2 mediated reaction: J. P. Coleman,
R. C. Hallcher, D. E. HcMackins, T. E. Rogers, J. H. Wagenknecht,
Tetrahedron, 1991, 47, 809-829.

21.DDQ: K. Chiba, T. Arakawa, M Tada, . Chem. Soc. Perkin. Trans. 1.,
1998, 2939-2942.; TEMPO: W. Suemmermann, U. Deffner, 7etrahedron,
1975, 31, 593-6.; M. Schamann, H. J. Schafer, Fur. J. Org. Chem., 2003,
351-358.;R. Barhdadi, C. Comminges, A. P. Doherty, J. Y. Nedelec, S.
O’Toole, M. Troupel, /. Appl. Electrochem., 2007, 37, 723-728.; T. Yoshida,
M. Kuroboshi, J. Oshitani, K. Gotoh, H. Tanaka, SYNLETT, 2007, 17,
2691-2694.

22.d. A. Walder, U. S. Pat., 1979, 4 135051.

23.Diaryl ether synthesis: T. Tanabe, F. Doi, T. Ogamino, S. Nishiyama,
Flectrochemical Society Proceedings, 2004, 10, 157-160.

24.Total synthesis of verbenachalcone: T. Tanabe, F. Doi, T. Ogamino,S.

Nishiyama, Tetrahedron lett., 2004, 45, 3477-3480.

25.SAR study: T. Tanabe, T. Ogamino, Y. Shimizu, M. Imoto, S. Nishiyama,
Bioorg. Med. Chem., 2006, 14, 2753-2762.

26. TTN mediated oxidation: T. Tanabe, R. Obata, S. Nishiyama,
HETEROCYCLES, 2008, 75, 291-296.

27.TTFA mediated oxidation: T. Tanabe, Y. Ishikawa, S. Nishiyama, ECS
Transactions, 2008, 13, in press

28.Y. Li, K. Matsunaga, R. Kato, and Y. Ohizumi, J. Nat. Prod., 2001, 64,
806-808.;

104



29.Y. Li and Y. Ohizumi, YAKUGAKU ZASSHI, 2004, 124, 417-424.

30.Y. L1, M. Ishibashi, X. Chen, Y. Ohizumi, Chem. Pharm. Bull., 2003, 51,
872-874.

31.Y. L1, K. Matunaga, M. Ishibashi, Y. Ohizumi, /. Org. Chem., 2001, 66,

2165-2167.
32.K. E. Malterud, T. Anthonsen, J. Hjortas, 7Tetrahedron Lett., 1976, 35,
3069-3072.; K. —S. Lee, G. Li, S. H. Kim, C. —S. Lee, M. —H. Woo, S. —-H.

Lee, Y. -D. Jhang, J. —K. Son, . Nat. Prod., 2002, 65, 1707-1708.

33.N. Vongvanich, P. Kittakoop, P. Charoenchai, S. Intamas, K.
Danwisetkanjana, Y. Thebraranonth, Planta Med., 2005, 71, 191.; P. E.
Thorpe, D. J. Chaplin, D. C. Blakey, The First International Conference
on Vascular Targeting: Meeting Overview, Cancer Res., 2003, 63, 1144.

34.M. Takahashi, H. Konishi, S. Iida, K. Nakamura, S. Yamamura, S.
Nishiyama, 7etrahedron, 1999, 55, 5295-5302.
35.G. H. Posner, M. Oda, Tetrahedron Lett., 1981, 22 5003—5006.
36. HX-201 50
( L)
Ag/AgCl

> > > > >

, , 1997, 65, 51-56.

37.X. Xing, D. Padmanaban, L. -A. Yeh, G. D. Cuny, Tetrahedron, 2002, 58,
7903-7910

38.L. —-A. Yeh, D. Padmanaban, P. Ho, X. Xing, P. Rowley, L. J. Morse, R. V.
Jensen, G. D. Cuny, Bioorg. Med. Chem. Lett., 2005, 15, 1193-1196.

39.Vancomycin: Atkinson, B. A. in Antibiotics in Laboratory Medicine; V.
Lorian, Ed. Williams and Wilkins:® Baltimore, 1986, 995-1162.;
Glycopeptide Antibiotics; R. Nagarajan, Ed.; Marcel Dekker: New York,
1994.; P. Groves, M. S. Searle, J. P. Waltho, D. H. Williams, J. Am. Chem.
Soc., 1995, 117, 7958-7964 and references cited therein.; Walsh, C. T.;
Fisher, S. L.; Park, I-S.; Prahalad, M.; Wu, Z. Chemistry & Biology, 1996, 3,
21-28, and references cited therein.: Chloropeptine : H. Seto, T. fujioka, K.
Furihata, I. Kaneko, S. Takahashi, 7etrahedron Lett., 1989, 30, 4987 —
4990; I. Kaneko, K. Kamoshida, S. Takahashi, J. Antibiot., 1989, 42, 236 —
241.; K. Matsuzaki, H. Ikeda, T. Ogino, A. Matsumoto, H. B. Woodruff, H.
Tanaka, S. Omura, J. Antibiot., 1994, 47, 1173-1174.: K-13 : H. Kase, M.
Kaneko, and K. Yamada, /. Antibiot., 1987, 40, 450.; T. Yasuzawa, K.
Shirahata, and H. Sano, J. Antibiot., 1987, 40, 455.: OF4949 : S. Sano, K.
Ikai, H. Kuroda, T. Nakamura, A. Obayashi. Y. Ezure, and H. Enomoto, ¢/.
Antibiot., 1986, 39, 1674.; S. Sano, K. Ikai, K. Katayama, K. Takesako, T.
Nakamura. A. Obayashi, Y. Ezure, and H. Enomoto, 1b1d., 1986, 39, 1685.;
S. Nishiyama, Y. Suzuki, and S. Yamamura, 7etrahedron Lett., 1988, 29,
559.

105



40.Y. Suzuki, S. Nishiyama, S. Yamamura 7etrahedron Lett., 1989, 30,
6043-6046.; S. Nishiyama, Y. Suzuki, S. Yamamura, Tetrahedron Lett.,
1988, 29, 559-562.; S. Nishiyama, Y. Suzuki, S. Yamamura, Tetrahedron
Lett., 1989, 30, 379-382.; M. Ito, M. Yamanaka, N. Kutsumura, S.
Nishiyama, Tetrahedron Lett., 2003, 44,7949-7952.; M. Ito, M.
Yamanaka, N. Kutsumura, S. Nishiyama, Tetrahedron, 2004, 60,
5623-5634.; R. Obata, T. Ohshiro, H. Tomoda, S. Nishiyama, Bioorg. Med.
Chem. Lett., 2005, 15, 4189-4191.

41.T. Tajima, T. Fuchigami, Angew. Chem. Int. FEd., 2005, 44, 4760-4763. ; T.
Tajima, T. Fuchigami, Chemistry--A Kuropean Journal, 2005, 11,
6192-6196.; T. Tajima, A. Nakajima, Y. Doi, T. Fuchigami, Angew. Chem.
Int. Fd., 2007, 46, 3550-3552.; H. Kurihara, T. Fuchigami, T. Tajima, /.
Org. Chem., 2008, 73, 6888-6890.; N. Atsushi, Y. Doi, T. Fuchigamia, T.
Tajima, /. Electroanal. Chem., 2008, 623, 177-180.

42.F. Goodridge, C. J. H. King, J. Appl. Chem. Biotechnol., 1971, 2, 208

43.Sukanya Nad, Rolf Breinbauer, Angew. Chem. Int. Ed., 2004, 43, 2297.

44.]. Yoshida, J. Am. Chem. Soc., 2004, 126, 14338.

45.G. A. Tsirlina, O. A. Petrii, J. Electroanal. Chem., 1996, 401, 33-43.

46.A. Nishiyama, H. Eto, Y. Terada, M. Iguchi, S. Yamamura, Chem. Pharm. Bull.,

1983, 31, 2820.

47.M. Sugumaran, H. Dali, H. Kundzicz, V. Semensi, Bioorganic Chemistry,
1989, 17, 443-453.

48.A. Kuzume, Y. Mochiduki, T. Tsuchida, M. Ito, Phys. Chem. Chem. Phys.,
2008, 10, 2175-2179.

49.F. Kakiuchi, Y. Kawasaki, N. Enomoto, H. Akita, K. Ohe, N. Chatani, H.
Kurosawa, S. Murai Organometallics, 1991, 10, 2056-2060; F. Kakiuchi,
K. Ohe, N. Chatani, H. Kurosawa, S. Murai, Y. Kawasaki,
Organometallics, 1992, 11, 752-756., 1. A. Kahwa, D. Miller, M. Mitchel, F.
R. Fronczek, R. G. Goodrich, D. J. Williams, C. A. O'Mahoney, A. M. Z.
Slawin, S. V. Ley, C. J. Groombridge, /norganic Chemistry, 1992, 31,
3963-3970., F. Kakiuchi, S. Murai, Y. Kawasaki, Organometallics, 1992,
11, 4352-4355.; F. Kakiuchi, K. Furuta, S. Murai, Y. Kawasaki,

Organometallics, 1993, 12, 15-16.

50.P. Abley, J. E. Byrd, and J. Halpern, J. Am. Chem.Soc., 1973, 95,
2591-2596.; A. Mckillop, J. D. Hunt, F. Kienzle, E. Bingham, and E. C.
Taylor, J. Am. Chem. Soc., 1973, 95, 3635-3640.; D. Farcasiu, P. V. R.
Schleyer, and D. B. Ledeie, /. Org. Chem., 1973, 38, 3455-3459.

51.E. C. Taylor, C. —S. Chiang, and A. Mckillop, 7Tetrahedron Lett., 1977, 21,
1827-1830.; E. C. Taylor, C. —=S. Chiang, A. Mckillop, J. F. White, /. Am.
Chem. Soc., 1976, 95, 6750-6752..

106



52.H. M. C. Ferraz, L. F. Silva, Jr., and T. O. Vieira, Tetahedron, 2001, 57,
1709-1713.; H. M. C. Ferraz, A. M. Aguilar, and L. F. Silvia, Jr.,
Tetrahedron, 2003, 59, 5817-5821.

107



IR

10

IR

108



